ตารางแสดง cross reference ระหว่างประเด็นการประชุมกับเอกสารผลการประชุม Joint Task Group 4-5-6-7
WD หมายถึง Working Document ซึ่งเป็นเอกสารผลการศึกษาเบื้องต้นที่ยังอยู่ระหว่างการพิจารณาของที่ประชุม ยังไม่เป็นที่ยุติ
DNR หมายถึง Draft New Report ซึ่งเป็นเอกสารผลการศึกษาที่ได้ข้อยุติแล้ว และอยู่ระหว่างการพิจารณาให้ความเห็นชอบโดยกลุ่มศึกษาที่รับผิดชอบ
(สามารถ double-click ที่ icon เพื่อเปิดไฟล์เอกสาร TEMPORARY DOCUMENT ได้ทันที)
Working Group 1 (CPM Text)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	การยกร่าง draft CPM Text สำหรับระเบียบวาระ 1.1
	Document 4-5-6-7/TEMP/142-E (WD)


	· เห็นชอบโครงร่างของ draft CPM Text ซึ่งประกอบด้วย 6 ส่วน คือ Executive summary, Background, Summary of technical and operational studies including a list of relevant ITU-R Recommendations and/or Reports, Analysis of the results of studies, Method(s) to satisfy the agenda item, Regulatory and procedural considerations
· ระบุช่วงความถี่ที่มีผลการศึกษาไว้ในใน draft CPM Text รวมทั้งอ้างอิงไปยังเอกสารผลการศึกษาเบื้องต้น
· เห็นชอบแนวทาง Method(s) to satisfy the agenda item ที่จะเป็นทางเลือกให้ประเทศสมาชิกพิจารณากำหนดท่าทีในแต่ละย่านความถี่ ประกอบด้วย 3 แนวทาง ดังนี้

Method A – No change.
Method B – Make an allocation to the mobile service on a primary basis (either by new allocation or upgrade of an existing secondary allocation) with a view to facilitate the development of terrestrial mobile broadband applications.
Method B1 – Make an allocation to the mobile service on a primary basis in the Table of Frequency Allocations.
Method B2 - Make an allocation to the mobile service on a primary basis in a footnote.
Method C - To identify the frequency band for IMT either in a new or existing footnote. This Method can be applied individually if there is already a primary mobile allocation or in conjunction with method B. 
In addition, any condition of use specific to a band will be described under the specific frequency band under methods B and/or C, if necessary.

	การยกร่าง draft CPM Text สำหรับระเบียบวาระ 1.2
	Document 4-5-6-7/TEMP/141-E (WD)


	ไม่เกี่ยวข้องกับการใช้งานของประเทศไทย ซึ่งอยู่ในเขตภูมิภาคที่ 3



Working Group 2 (Broadcasting)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	sharing and compatibility studies under agenda item 1.1 - Sharing and compatibility studies between digital terrestrial television broadcasting and terrestrial mobile broadband applications, including IMT, in the frequency band 470-694/698 MHz
	Document 4-5-6-7/TEMP/134-E (DNR) (Introduction of sharing srudies)


+ Document 4-5-6-7/TEMP/135-E (DNR) (sharing in GE-06 area)


+ Document 4-5-6-7/TEMP/136-E (DNR)
(sharing outside GE-06 area)


	รายงานผลการศึกษาเบื้องต้น แบ่งเป็น 2 ส่วน
· การใช้งานร่วมกันระหว่าง DTTB กับ IMT ในเขต GE-06 area ในกรณีของ co-channel พบว่า IMT BS ก่อให้เกิดการรบกวนต่อภาครับของ DTTB Receiver และ DTTB Transmitter ก่อให้เกิดการรบกวนต่อภาครับของเครื่องลูกข่าย IMT อยู่ในระดับที่ยอมรับไม่ได้ และจำเป็นต้องมี separation distance ซึ่งในบางกรณีอาจมากได้ถึง 200 กม. และในกรณีของ adjacent channel พบว่า จำเป็นต้องแยกความถี่ให้ห่างกันอย่างน้อย 112 MHz และต้องใช้วงจรกรองความถี่ประกอบ อีกทั้งจำเป็นต้องมี separation distance ตั้งแต่ 180-995 ม.
· การใช้งานร่วมกันระหว่าง DTTB (DVB-T/DVB-T2) กับ IMT นอกเขต GE-06 area ในกรณีของ co-channel พบว่า จำเป็นต้องมี separation distance ซึ่งผลการศึกษามีค่าแตกต่างกันไปตั้งแต่ 20 กม. ไปจนถึง 212 กม. ในกรณีที่ไม่ได้ใช้มาตรการอื่นใดเพื่อลดผลกระทบ ส่วนในกรณีของ adjacent channel พบว่า จำเป็นต้องมี separation distance ซึ่งผลการศึกษามีค่าแตกต่างกันไปตั้งแต่ 14 – 35 กม ขึ้นอยู่กับความห่างของความถี่ (frequency offset)

	sharing and compatibility studies under agenda item 1.2 - Sharing and compatibility studies between digital terrestrial television broadcasting and IMT in the frequency band 694-790 MHz in the GE06 planning area
	Document 4-5-6-7/TEMP/115-E (WD) (IMT OOB emission to protect DTTB Region 1)


Document 4-5-6-7/TEMP/137-E (WD) (Sharing GE-06 Planning Area (in-channel)


Document 4-5-6-7/TEMP/138-E (WD) (Sharing outside GE-06 Planning Area (adjacent channel))


	ไม่เกี่ยวข้องกับการใช้งานของประเทศไทย ซึ่งอยู่ในเขตภูมิภาคที่ 3

	sharing between the mobile service (MS) and the broadcasting service (BS) in the 1 452-1 492 MHz frequency band
	Document 4-5-6-7/TEMP/113-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า มีความเป็นไปได้ในการใช้คลื่นความถี่ร่วมกันระหว่างกิจการ IMT และกิจการกระจายเสียงระบบดิจิตอล (Digital Audio Broadcasting) ในย่านความถี่ดังกล่าว โดยกำหนดค่าความแรงสัญญาณสูงสุดที่ยอมให้ได้ที่ภาคเครื่องรับของ T-DAB (ซึ่งถูกรบกวนด้วยสถานีฐานของ IMT) และภาคเครื่องรับของลูกข่าย IMT (ซึ่งถูกรบกวนด้วยภาคส่งของ T-DAB) อย่างไรก็ตาม ผลการศึกษาที่ได้เป็นเพียงการศึกษาระบบ DAB ที่ใช้งานในกลุ่มประเทศยุโรปเท่านั้น

	SAB/SAP Spectrum Use in Region 1
	Document 4-5-6-7/TEMP/112-E (DNR)


	รายงานข้อมูลเกี่ยวกับความต้องการใช้คลื่นความถี่สำหรับ Services Ancillary to Broadcasting / Program Making (SAB/SAP) ในเขตภูมิภาคที่ 1 ในย่าน 470-698/790 MHz และผลกระทบที่จะเกิดขึ้นหากมีการลดคลื่นความถี่ที่สามารถใช้งานได้สำหรับการประยุกต์ใช้งานในลักษณะดังกล่าว ซึ่งใช้งานในช่องว่างของคลื่นความถี่โทรทัศน์ในลักษณะกิจการรอง
ไม่เกี่ยวข้องกับการใช้งานของประเทศไทย ซึ่งอยู่ในเขตภูมิภาคที่ 3

	Recommendation/Report on assessment of reference protection of DTTB reception considering the cumulative interference of IMT Base stations for application in the GE-06 area
	Document 4-5-6-7/TEMP/114-E(R1)


	เห็นชอบการแต่งตั้ง Correspondence Group เพื่อรับผิดชอบการจัดทำข้อเสนอแนะ/รายงานว่าด้วยเกณฑ์การป้องกันผลกระทบที่เกิดขึ้นกับภาครับโทรทัศน์ระบบดิจิตอล โดยพิจารณากรณีการรบกวนจากหลายสถานีฐาน IMT รวมกัน เพื่อใช้สำหรับ GE-06 area

	CHANNELLING ARRANGEMENTS FOR 694-790 MHz FOR AGENDA ITEM 1.2
	Document 4-5-6-7/TEMP/143-E


	เสนอให้มีเอกสารประสานงานไปยัง WP 5D เพื่อขอให้พิจารณาจัดทำแนวทางการจัดช่องสัญญาณ (channel arrangement) ในย่าน 694-790 MHz ที่เหมาะสมสำหรับ IMT โดยเริ่มต้นที่ 703 MHz (มีช่วง guard band ด้านขอบล่าง ประมาณ 9 MHz)



Working Group 3 (Terrestrial)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	sharing/compatibility studies of IMT systems with radar systems in the frequency band 1 300 - 1 400 MHz
	Document 4-5-6-7/TEMP/132-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่เดียวกันในพื้นที่บริเวณเดียวกัน (co-channel, same geographical area) และคลื่นความถี่เหลื่อมกันในพื้นที่เดียวกัน (frequency offset, same area) ระหว่างเรดาร์กับ IMT ในย่าน 1 300 - 1 400 MHz เป็นไปไม่ได้
อย่างไรก็ตาม อาจมีความเป็นไปได้ที่ IMT จะใช้คลื่นความถี่ย่านนี้ หากมีการแบ่งย่านความถี่ใช้งาน (band segmentation) โดยกำหนด frequency offset และปรับลักษณะทางเทคนิคของทั้งเรดาร์และ IMT ให้เหมาะสม ซึ่งจำเป็นต้องมีการศึกษาต่อไป


	Sharing Studies between potential IMT systems and aeronautical mobile telemetry systems in the frequency band 1 429 – 1 535 MHz
	Document 4-5-6-7/TEMP/110-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า
· ในเขตภูมิภาคที่ 1 (1 452-1 492 MHz) ในกรณีของการใช้คลื่นความถี่เดียวกัน พบว่า การรบกวนที่ IMT จะมีต่อ AMT ทำให้ต้องมี separation distance เกินกว่า 100 กม. ทั้งนี้ หากใช้เทคนิคการลดผลกระทบ จะทำให้ลดระยะทางลงเหลือหลักสิบ กม. และในทางกลับกัน การรบกวนที่ AMT จะมีต่อ IMT ทำให้ต้องมี separation distance ประมาณ 460 กม.
· ในเขตภูมิภาคที่ 2 (1 435-1 535 MHz) ในกรณีของการใช้คลื่นความถี่เดียวกัน พบว่า ต้องมี separation distance ตั้งแต่ 47-400 กม.
· ในเขตภูมิภาคที่ 2 (1 452-1 472 MHz) ในกรณีของการใช้คลื่นความถี่ข้างเคียง พบว่า มีความเป็นไปได้ในการใช้งานร่วมกัน โดยมี separation distance ประมาณ 1 กม. และมีเงื่อนไขบางประการ

	Co-existence of mobile broadband systems and radars in the frequency band 2 700-2 900 MHz
	Document 4-5-6-7/TEMP/129-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่เดียวกันในพื้นที่บริเวณเดียวกัน (co-channel, same geographical area) และคลื่นความถี่เหลื่อมกันในพื้นที่เดียวกัน (frequency offset, same area) ระหว่างเรดาร์กับ IMT ในย่าน 2 700-2 900 MHz เป็นไปไม่ได้
อย่างไรก็ตาม อาจมีความเป็นไปได้ที่ IMT จะใช้คลื่นความถี่ย่านนี้ หากมีการแบ่งย่านความถี่ใช้งาน (band segmentation) โดยกำหนด frequency offset และปรับลักษณะทางเทคนิคของทั้งเรดาร์และ IMT ให้เหมาะสม ซึ่งจำเป็นต้องมีการศึกษาต่อไป

	Co-existence of mobile broadband systems and radars in the frequency band 2 900-3 100 MHz
	Document 4-5-6-7/TEMP/131-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่เดียวกันในพื้นที่บริเวณเดียวกัน (co-channel, same geographical area) และคลื่นความถี่เหลื่อมกันในพื้นที่เดียวกัน (frequency offset, same area) ระหว่างเรดาร์กับ IMT ในย่าน 2 900-3 100 MHz เป็นไปไม่ได้
อย่างไรก็ตาม อาจมีความเป็นไปได้ที่ IMT จะใช้คลื่นความถี่ย่านนี้ หากมีการแบ่งย่านความถี่ใช้งาน (band segmentation) โดยกำหนด frequency offset และปรับลักษณะทางเทคนิคของทั้งเรดาร์และ IMT ให้เหมาะสม ซึ่งจำเป็นต้องมีการศึกษาต่อไป

	sharing studies between IMT systems and radar systems in the frequency band 3 300-3 400 MHz
	Document 4-5-6-7/TEMP/127-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่ร่วมกันระหว่าง indoor IMT system กับเรดาร์ ในย่าน 3 300-3 400 MHz เป็นไปไม่ได้ เนื่องจากต้องการ separation distance มากจนเป็นไปไม่ได้ในทางปฏิบัติ

	sharing studies between IMT systems and fixed service
	Document 4-5-6-7/TEMP/119-E (WD) (470-694/698 MHz band)


	ผลการศึกษาเบื้องต้น พบว่า ในกรณี co-channel จำเป็นต้องมี separation distance ตั้งแต่ 25-220 กม. ขึ้นอยู่กับลักษณะการใช้งาน และในกรณี adjacent channel จำเป็นต้องมี separation distance ประมาณ 30 กม. และอาจลดลงเหลือประมาณ 10 กม. โดยใช้ความถี่ให้ไม่ตรงกันและห่างกันสองสามช่องสัญญาณ
นอกจากนั้น การรบกวนที่เกิดจากเครื่องลูกข่าย IMT มีค่อนข้างน้อย โดยมี separation distance ประมาณหนึ่ง กม.

	
	Document 4-5-6-7/TEMP/120-E (WD) (3400-4200 MHz band)


	ผลการศึกษาเบื้องต้น พบว่า สำหรับ IMT macro cells นั้น ในกรณี co-channel จำเป็นต้องมี separation distance ตั้งแต่ 1-100 กม. ขึ้นอยู่กับลักษณะการใช้งาน และในกรณี adjacent channel จำเป็นต้องมี separation distance ประมาณ 30 กม. และอาจลดลงเหลือไม่กี่ กม. ได้ ขึ้นอยู่กับการเลือกคลื่นความถี่และพื้นที่ไม่ให้เหลื่อมกัน
สำหรับการใช้ IMT indoor (small cell) นั้น พบว่า มีความเป็นไปได้ที่จะใช้งานมากกว่า โดยอาจใช้ได้หากอยู่ห่างกันไม่กี่ กม. โดยใช้ความถี่เดียวกัน หรือหากใช้ความถี่ไม่ตรงกัน อาจมี separation distance เพียง 1 กม. เท่านั้น
นอกจากนั้น การรบกวนที่เกิดจากเครื่องลูกข่าย IMT มีค่อนข้างน้อย โดยอาจใช้เพียงการใช้ความถี่ให้ไม่ตรงกันเกินกว่าหนึ่งช่องสัญญาณ หรือใช้ห่างกันประมาณสองสาม กม.

	
	Document 4-5-6-7/TEMP/121-E (WD) (1350-1527 MHz in adjacent band)


	ผลการศึกษาเบื้องต้น พบว่า ในกรณีของ adjacent channel มีความเป็นไปได้ในการใช้คลื่นความถี่ย่าน 1350-1527 MHz สำหรับ IMT โดยต้องการ separation distance ตั้งแต่ 0.15-6.5 กม. สำหรับสถานีฐาน IMT และน้อยกว่า 2 กม. สำหรับเครื่องลูกข่าย ซึ่งสามารถลดได้มากกว่านี้ หากใช้ความถี่เหลื่อมกันมากขึ้น รวมทั้งปรับลักษณะทางเทคนิค/กำหนดเงื่อนไขการใช้คลื่นความถี่ให้เหมาะสม

	
	Document 4-5-6-7/TEMP/122-E (WD) (1350-1527 MHz co-channel)


	ผลการศึกษาเบื้องต้น พบว่า ในกรณีของ co-channel มีความเป็นไปได้ในการใช้คลื่นความถี่ย่าน 1350-1527 MHz สำหรับ IMT โดยต้องการ separation distance ตั้งแต่ 6.5-21 กม. สำหรับสถานีฐาน IMT (macro cells) และตั้งแต่ 2.5-11 สำหรับสถานีฐาน IMT (micro cells) และน้อยกว่าค่อนข้างมากสำหรับเครื่องลูกข่าย ซึ่งสามารถลดได้มากกว่านี้ หากใช้ความถี่เหลื่อมกันมากขึ้น รวมทั้งปรับลักษณะทางเทคนิค/กำหนดเงื่อนไขการใช้ความถี่ให้เหมาะสม

	
	Document 4-5-6-7/TEMP/123-E (WD) (4400-4990 MHz band)


	ผลการศึกษาเบื้องต้น ค่อนข้างแตกต่างกัน และยังไม่ได้ข้อยุติ

	
	Document 4-5-6-7/TEMP/124-E (WD) (5 925-6 425 MHz band)


	ผลการศึกษาเบื้องต้น พบว่า IMT indoor small cell สามารถใช้งานร่วมกับข่ายเชื่อมโยงประจำที่ได้ โดยสามารถใช้ร่วมกันในทิศทางอื่นตั้งแต่ระยะ 20-200 ม. ยกเว้นในส่วนของ main beam/first sidelobe ซึ่งจำเป็นต้องมีระยะห่างตั้งแต่ 8-50 กม. อย่างไรก็ตาม ยังไม่ได้พิจารณากรณีการใช้งานร่วมกันของสถานีฐานหลายสถานี และความเป็นไปได้ที่สถานีฐานจะอยู่ในทิศของ main beam/first sidelobe

	Compatibility studies between radio local area network systems and aeronautical airborne radar systems in the 5 350-5 460 MHz frequency band
	Document 4-5-6-7/TEMP/125-E (WD)


	ผลการศึกษาเบื้องต้น ในย่าน 5 350-5 470 MHz พบว่า
· กรณีที่ RLAN ไม่ได้ใช้เทคนิคลดผลกระทบใด ๆ เพิ่มเติม จำเป็นต้องมี separation distance ระหว่าง RLAN กับเรดาร์ ตั้งแต่ 53-420 กม.
· กรณีที่ RLAN ใช้เทคนิค DFS พบว่า ไม่สามารถใช้งานร่วมกันได้ และยังต้องศึกษาในประเด็นอื่นเพิ่มเติมต่อไป

	Sharing between radio local area network systems and radiolocation service systems in the 5 350-5 470 MHz frequency range
	Document 4-5-6-7/TEMP/126-E (WD)


	ผลการศึกษาเบื้องต้น ในย่าน 5 350-5 470 MHz พบว่า
· กรณีที่ RLAN ไม่ได้ใช้เทคนิคลดผลกระทบใด ๆ เพิ่มเติม จำเป็นต้องมี separation distance ระหว่าง RLAN กับเรดาร์ ตั้งแต่ 53-420 กม.
· กรณีที่ RLAN ใช้เทคนิค DFS พบว่า ไม่สามารถใช้งานร่วมกันได้ และยังต้องศึกษาในเรดาร์อื่นเพิ่มเติมต่อไป

	Sharing and compatibility studies between aeronautical mobile/ground mobile applications and potential IMT systems in the 4 400-4 990 MHz band
	Document 4-5-6-7/TEMP/109-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า
· การใช้งานคลื่นความถี่เดียวกัน Co-channel ระหว่าง aeronautical mobile และระบบ IMT เป็นไปไม่ได้ ในพื้นที่วงรอบระยะ 706 กม.
· การใช้งานคลื่นความถี่ข้างเคียง adjacent channel ระหว่าง ground mobile และระบบ IMT อาจมีความเป็นไปได้ เนื่องจากมี separation distance ประมาณ 5 กม.
· ยังไม่มีการศึกษาการใช้งานคลื่นความถี่ข้างเคียงระหว่าง aeronautical mobile และระบบ IMT



Working Group 4 (Satellite)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	coexistence between IMT systems and BSS systems in the frequency band 1 452-1 492 MHz
(L-band BSS)
	Document 4-5-6-7/TEMP/116-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่ร่วมกันในพื้นที่เดียวกันระหว่างกิจการ IMT และ BSS (sound) เป็นไปไม่ได้
ผลการศึกษาเบื้องต้น ในกรณีที่มีการใช้คลื่นความถี่แตกต่างกันในประเทศที่มีพรมแดนติดกัน ยังไม่ได้ข้อยุติ ว่าสมควรที่จะกำหนดค่า power flux density จากดาวเทียม BSS ที่จะไม่ก่อให้เกิดการรบกวนกับภาครับของ IMT


	Compatibility studies of the mobile service with the mobile-satellite service in the frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 1 668-1 675 MHz
(L-band MSS)
	Document 4-5-6-7/TEMP/117-E (WD) 


+ Document 4-5-6-7/393 (Annex 7, Attachment 2) (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่ร่วมกันระหว่างกิจการ IMT และ MSS เป็นไปไม่ได้ เนื่องจากต้องการ separation distance ตั้งแต่ 1-830 กม. (ขึ้นอยู่กับสมมุติฐานในการศึกษา) และการที่ดาวเทียม MSS มีเขตบริการครอบคลุมพื้นที่เป็นวงกว้าง

	Sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 MHz and 4 500-4 800 MHz bands
	Document 4-5-6-7/TEMP/140-E (DNR)


	รายงานผลการศึกษา แสดงให้เห็นว่า
· การใช้คลื่นความถี่ร่วมกันระหว่าง IMT กับ FSS เป็นไปได้เฉพาะในกรณีที่สถานีดาวเทียมภาคพื้นดินมีที่ตั้งชัดเจน และอุปกรณ์ IMT มีการใช้งานอยู่นอกระยะ separation distance ตามมุมกวาด (azimuth) ของจานสายอากาศสถานีดาวเทียมภาคพื้นดินนั้น
· ในกรณีที่สถานีดาวเทียมภาคพื้นดินมีอยู่ทั่วไปจำนวนมาก หรือไม่ต้องได้รับอนุญาตเป็นรายกรณี การใช้งานคลื่นความถี่ร่วมกันเป็นไปไม่ได้ เนื่องจากไม่สามารถรับประกันว่าจะมี separation distance ตามที่ต้องการ

	Sharing and compatibility between IMT systems and fixed-satellite service networks in the 5 850-5 925 MHz and 5 925-6 425 MHz bands
	Document 4-5-6-7/TEMP/139-E (DNR)


	รายงานผลการศึกษา แสดงให้เห็นว่า การใช้คลื่นความถี่ร่วมกันระหว่าง IMT กับ FSS ในย่าน 5 850 - 6 425 MHz มีความเป็นไปได้ภายใต้เงื่อนไขบางอย่าง (เช่น การกำหนดค่ากำลังส่ง e.i.r.p และให้ใช้งานอุปกรณ์ IMT ในลักษณะ indoor เท่านั้น)


Working Group 5 (Science)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	Compatibility and sharing studies between the radio astronomy service and IMT systems in the frequency bands 608-614 MHz, 1 330-1 400 MHz, 1 400-1 427 MHz, 1 610.6-1 613.8 MHz, 1 660-1 670 MHz, 2 690-2700 MHz, 4 800-4990 MHz and 4 990-5 000 MHz
	Document 4-5-6-7/TEMP/106-E (DNR)




	รายงานผลการศึกษา แสดงให้เห็นว่า 
· การใช้คลื่นความถี่ร่วมกันระหว่าง IMT และ RA ในย่าน 608-614 MHz, 1 330-1 400 MHz, 4 800-4 990 MHz and 4 990-5 000 MHz เป็นไปได้ยาก โดยต้องมี separation distance ตั้งแต่ 500-1000 กม. สำหรับ macro BS และ 80-300 กม. สำหรับเครื่องลูกข่าย
· การใช้คลื่นความถี่ข้างเคียงย่าน 1 400-1 427 MHz สำหรับ IMT พบว่า สามารถทำได้โดยไม่ก่อให้เกิดผลกระทบต่อ RA เกินระดับที่ยอมรับได้ แต่ต้องมี separation distance ประมาณ 120 กม. จากสถานีฐาน
· การใช้คลื่นความถี่ข้างเคียงย่าน 1 400-1 427 MHz สำหรับ IMT สามารถทำได้โดยไม่ก่อให้เกิดผลกระทบต่อ RA เกินระดับที่ยอมรับได้ แต่ต้องมี guard band ประมาณ 20 MHz และต้องมี separation distance ประมาณ 20 กม. จากสถานีฐาน และ 10 กม. จากเครื่องลูกข่าย
· การใช้คลื่นความถี่ร่วมกันระหว่าง IMT และ RA ในย่าน 608-614 MHz, 2 690-2 700 MHz, 4 800-4 990 MHz and 4 990-5 000 MHz ต้องมี separation distance ตั้งแต่ 60-80 กม. สำหรับ macro BS และ 1-20 กม. สำหรับเครื่องลูกข่าย ขึ้นอยู่กับสมมุติฐานที่ใช้ และอาจลดลงได้หากมีวงจรกรองความถี่ที่สถานีฐาน IMT หรือใช้ guard band ช่วย

	Consideration of the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz for the mobile service - compatibility with systems of the Earth exploration-satellite service (EESS) within the 1 400-1 427 MHz frequency band
	Document 4-5-6-7/TEMP/107-E (WD)
[bookmark: _MON_1455451827][bookmark: _MON_1455112275]


	ผลการศึกษาเบื้องต้น พบว่า จำเป็นต้องมีการกำหนด unwanted emissions ของสถานีฐานและเครื่องลูกข่าย IMT ที่ใช้งานย่าน 1 375-1 400 MHz และ 1 427-1 452 MHz ให้เข้มข้นมากกว่าที่เสนอไว้หรือที่เป็นอยู่ในปัจจุบัน เพื่อคุ้มครองการรบกวนที่อาจจะมีขึ้นต่อ EESS ในย่าน 1 400-1 427 MHz

	Sharing assessment between meteorological satellite systems and IMT stations in the 1 695-1 710 MHz frequency band
	Document 4-5-6-7/TEMP/105-E (DNR)



	รายงานผลการศึกษา แสดงให้เห็นว่า การใช้คลื่นความถี่ย่าน 1 695-1 710 MHz ร่วมกันระหว่างสถานีฐาน IMT กับ MetSat เป็นไปได้ยาก เนื่องจากต้องมี separation distance ค่อนข้างมาก (หลายร้อย กม.)
สำหรับในกรณีของการใช้คลื่นความถี่ดังกล่าวร่วมกันระหว่างเครื่องลูกข่าย IMT กับ MetSat นั้น ผลการศึกษาค่อนข้างแตกต่างกัน โดยมี separation distance ตั้งแต่ 32-120 กม. ทำให้สรุปผลไปในแนวทางเดียวกันไม่ได้

	Sharing between space-to-space links in space research, space operation and Earth exploration-satellite services and IMT systems in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz
	Document 4-5-6-7/393 (Annex 8, Attachment 4) (DNR)


	รายงานผลการศึกษา แสดงให้เห็นว่า การใช้คลื่นความถี่ร่วมกันระหว่าง IMT และ space research (space-to-space), Earth exploration-satellite (space-to-space) and space operations (space-to-space) services ในย่าน 2 025-2 110 MHz และ 2 200-2 290 MHz เป็นไปไม่ได้

	Sharing studies between RLAN and EESS (active) systems in the frequency range 5 350-5 470 MHz
	Document 4-5-6-7/TEMP/108-E (WD)


	ผลการศึกษาเบื้องต้น พบว่า การใช้คลื่นความถี่ร่วมกันระหว่าง IMT RLAN กับ EESS ในย่าน 5 350-5 470 MHz เป็นไปได้ค่อนข้างยาก อย่างไรก็ตาม จำเป็นต้องมีการศึกษาเพิ่มเติมว่า สามารถนำมาตรการบรรเทาผลกระทบอื่นมาใช้ได้หรือไม่ และมีผลเป็นอย่างไร



Ad hoc Group (List of frequency bands)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	List of frequency bands with related proposals and associated comments and explanations
	Document 4-5-6-7/TEMP/111-E (WD)


	ได้ทำการปรับปรุงแก้ไขเอกสารซึ่งรวบรวมช่วงความถี่ที่ประเทศสมาชิกเสนอให้นำมาพิจารณาเพื่อกำหนด/จัดสรรให้กับกิจการ IMT หรือที่เสนอให้มีการพิจารณาศึกษาการใช้งานร่วมกันหรือความเข้ากันได้ของแต่ละกิจการ (sharing and compatibility) หรือเสนอให้ไม่นำพิจารณากำหนด/จัดสรรคลื่นความถี่สำหรับ IMT






Drafting Group of the Plenary (Technical Parameters)
	ประเด็น
	เอกสาร
	สรุปผลการประชุม/ประเด็นที่พิจารณาในการประชุม

	Technical parameters
	Document 4-5-6-7/TEMP/130-E (WD)
COMPILATION OF MATERIAL MAINTAINED BY THE JOINT TASK GROUP 4-5-6-7 WORKING GROUPS


	ได้ทำการปรับปรุงแก้ไขเอกสารประกอบการพิจารณาในส่วนที่เกี่ยวข้องกับเกณฑ์ป้องกัน (protection criteria) ลักษณะทางเทคนิคและการใช้งาน รวมทั้งผลการศึกษาการใช้คลื่นความถี่ร่วมกันระหว่างกิจการต่าง ๆ ที่ได้เคยดำเนินการศึกษาไว้แล้ว โดยแบ่งเป็น 5 ส่วน ประกอบด้วย
กิจการกระจายเสียงและโทรทัศน์
กิจการภาคพื้นดิน
กิจการผ่านดาวเทียม
กิจการทางวิทยาศาสตร์
แบบจำลองการแพร่กระจายคลื่น
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[bookmark: dbreak]CHAPTER 1

Mobile and Amateur issues

(Agenda items 1.1, 1.2, 1.3 and 1.4)

Agenda item 1.2

(JTG 4-5-6-7 / WP 4A, WP 5A, WP 5B, WP 5D, WP 6A, (WP 3K, WP 3M))[footnoteRef:1] [1: 	See the CPM15-1 Decision on the Establishment and Terms of Reference of Joint Task Group 4‑5-6-7 (Annex 10 to Administrative Circular CA/201).] 


1.2 	to examine the results of ITU R studies, in accordance with Resolution 232 (WRC‑12), on the use of the frequency band 694-790 MHz by the mobile, except aeronautical mobile, service in Region 1 and take the appropriate measures;

Resolution 232 (WRC-12): Use of the frequency band 694-790 MHz by the mobile, except aeronautical mobile, service in Region 1 and related studies.

[Ed. Note: Sections 3, 4 and 6 have not been discussed in JTG 4-5-6-7 meeting in February 2014. These sections need to be discussed in the July 2014 meeting. 

Section 5 has been partially discussed and agreed. Only the methods under Issues C and D need further discussions. 

Section 6 contains an Editors Note with those contributions received until the February 2014 JTG 4-5-6-7 meeting proposing changes to this section.

For Section 5 only, it has been agreed that views could be included, if required. 

The agreed procedure for including these views is the following:

1. 	Under each method two balanced views could be added, if required: one view reflecting the comments of those administrations supporting the method; one view reflection the comments of those administrations not supporting the method.

2.	Those proposing views supporting a given method should put together their proposals in a single paragraph of maximum 10 lines. They cannot modify the views of those not supporting the same method.

3. 	Those proposing views not supporting a given method should put together their proposals in a single paragraph of maximum 10 lines. They cannot modify the views of those supporting the same method. ] 

[bookmark: _Toc269125085][bookmark: _Toc286273712]1/1.2/1	Executive summary

[Ed. Note: To be developed, max ½ page]

1/1.2/2	Background

[Ed. Note : This section has been discussed and agreed at the February 2014 meeting of
JTG 4-5-6-7]

[bookmark: _Toc286273721]WRC-12 adopted Resolution 232 (WRC-12) relating to the allocation of the frequency band 694‑790 MHz in Region 1 to the mobile service, except aeronautical mobile service (see also Footnote 5.312A).  This frequency band is already allocated to the mobile service in Regions 2 and 3.  The frequency band 694‑790 MHz is also allocated to the broadcasting service on a primary basis in all three ITU Regions.  In Region 1, it is also allocated to the aeronautical radionavigation service (ARNS) on a primary basis in some countries under RR No. 5.312, the land mobile service (LMS) on a secondary basis intended for applications ancillary to broadcasting in some countries under RR No. 5.296, the fixed and mobile except aeronautical mobile services on a secondary basis in several countries of Africa and Middle East under RR No. 5.300, and the broadcasting satellite service (BSS) under RR No. 5.311A and in accordance with Resolution 549 (WRC-07).

It should be noted that the GE06 Agreement applies in all Region 1 countries (except Mongolia), and including the Islamic Republic of Iran in Region 3.  Compatibility between the mobile service and other primary services to which the frequency band is allocated and in adjacent bands (in particular the broadcasting service and the aeronautical navigation service) needs to be ensured.

There is a demand by many developing countries in Region 1 to use IMT systems in the 700 MHz frequency band in order to meet their needs, and in order to assist them to “bridge the gap” between their communication capabilities and those of developed countries considering, to a certain extent, possibilities of new technologies to provide various radiocommunication services.

The 700 MHz frequency band allows for cost effective implementation of IMT in particular for large areas with low population densities.  Terrestrial broadcasting service provides a cost-efficient solution for high-quality media delivery in particular to population in rural areas.  It is an evolving service that has adapted and continues to adapt to new consumer demands in terms of content and technology, such as three dimensional television (3DTV) and ultra-high definition television (UHDTV).

ITU-R studies have been conducted on spectrum requirements for mobile and broadcasting service and on the channelling arrangements for the mobile service, adapted to the 700 MHz frequency band; 

Furthermore WRC-15 agenda item 1.2 refers to several issues: 

•	Issue A: Options for the refinement of the lower edge.

•	Issue B: Technical and regulatory conditions applicable to the mobile service concerning the compatibility between the mobile service (MS) and the broadcasting service (BS).

•	Issue C: Technical and regulatory conditions applicable to the mobile service concerning the compatibility between the mobile service (MS) and the aeronautical radionavigation service (ARNS).

•	Issue D: Solutions for accommodating applications ancillary to broadcasting requirements.

Resolution 232 (WRC-12) also invites the ITU-R to study solutions for accommodating applications ancillary to broadcasting requirements.  These applications are deployed in a number of countries of Region 1 on a secondary basis in accordance with RR No. 5.296.

1/1.2/3	Summary of technical and operational studies and relevant ITU‑R Recommendations 

[Ed. Note: This section 3 has not been discussed nor agreed at the February 2014 meeting of
JTG 4-5-6-7. It only collects the input from WG2 and WG3 at that meeting. Renumbering and structuring of sections could be needed.]

[bookmark: _Toc269125088][bookmark: _Toc286273715][Ed Note: For information on “Elements for Sharing Studies” see the working document available in Annex 2 to Document 4-5-6-7/113]

[Ed. Note: Elements should be included in this section referring to existing use and spectrum requirements provided by WP’s 5D and 6A for MS and BS, respectively]

[Ed. Note: Elements might be introduced as results of discussions in other working groups. The proposed revisions to Resolution 232 (WRC-12) might be reviewed in accordance.]

[Ed Note: Studies in the frequency band 694–790 MHz in accordance to agenda item 1.2 are under consideration]

[bookmark: circnum]1/1.2/3.1	Spectrum requirements

1/1.2/3.1.1	Spectrum requirements for the broadcasting service

In 2012/13 ITU-R WP 6A conducted a survey to ascertain the spectrum requirements for digital terrestrial broadcasting of Administrations in Region 1. 86 responses from Administrations were received. 

A summary of the responses is given in the following tables.

Table 3.1.X

Proportion of population using terrestrial television

		Population using terrestrial TV

		<25%

		≥25 and <50%

		≥50 and <75%

		≥75%

		No reply



		Number of administrations

		16

		10

		14

		25

		21





Table 3.1.Y

Number of DTTB multiplexes required in the future in the band 470-862 MHz

		Number of multiplexes

		0-3

		4-6

		7-8

		>8

		Still to be determined



		Number of administrations

		4

		57

		9

		4

		12







Table 3.1.Z

Amount of spectrum required in the band 470-862 MHz for DTTB in the future

		Spectrum requirement (MHz)

		<224

		= 224

		> 224

and

 < 320

		= 320

		>320

		Still to be determined



		Required band IV/V 8 MHz TV channels

		Fewer than 28

		28 

		Between 28 and 40

		40

		More than 40

		-



		Number of administrations

		4

		39

		8

		16

		3

		16







Full details of the results of the ITU-R survey can be found in Report ITU-R BT.[DTTBSPECREQ]. 

Following the allocation of the bands 790-862 MHz and 694-790 MHz to the mobile services at WRC-07 and WRC-12 respectively, forty-seven (47) Sub-Saharan countries in Africa plus Egypt reached an agreement on the principle of harmonizing the use of the band 470-694 MHz for terrestrial television broadcasting and the band 694-862 MHz for mobile services. The African Telecommunication Union (ATU), with the assistance of the ITU, concluded an 18-months negotiation and coordination process to complete the GE06 modification activities to satisfy all or most of each nation’s broadcasting frequency requirements. These activities have been very successful with a target number of four multiplexes per site largely attained, showing that the broadcasting spectrum needs of these Administrations can be covered in the UHF band 470‑694 MHz. These Administrations have started with the process of formal submission of official GE06 Plan modification notice files to the ITU BR in order that the modifications to the Plan could officially take effect and reflected in the GE06 Plan.

The result of studies carried out indicates that the lower edge of the band under consideration in WRC-15 agenda item 1.2 should be set at 694 MHz. 

1/1.2/3.1.2		Spectrum requirements for the mobile service

[tbd]

[Ed. Note : ISSUE B]

1/1.2/3.2		 Sharing and compatibility studies

1/1.2/3.2.1 		Broadcasting/IMT

1/1.2/3.2.1.1	Co-Channel Studies

1/1.2/3.2.1.1.1	Mobile Service Base stations as an Interferer into Broadcast 	Reception

[Reference Document 4-5-6-7/312]

A generic study showed that the cumulative effect of interference can exceed 20 dB and that a separation distance of more than 200 km is needed to meet the field strength threshold of 23 dBuV/m which equivalents to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the lower end of the 694-790 MHz band compared to 61 km for a single base station of the mobile service.




[Reference Document 4-5-6-7/487]

The results of another generic study showed that the excess of the cumulative interference from a mobile service network (from IMT to broadcast) over the single interferer can be up to 21 dB. This causes a corresponding increase of separation distance of up to 274 kilometers on land and up to 1,000 km for land/sea paths (warm), when using the same field strength threshold for cumulative interference as for single entry interference.

[Reference Documents 4-5-6-7/307 and 4-5-6-7/487]

A case study showed that excess of the cumulative interference from MS network over the single interferer can be up to 21 dB (using the receiving antenna).

[Reference Documents 4-5-6-7/384 and 4-5-6-7/575]

A generic study showed that even without accumulation of interfering field strength, a single IMT base station will need to be positioned 53 km (for land path) from the DTTB service edge, i.e. from the border of the affected Administration in order not to exceed 23 dBuV/m. This field strength is equivalent to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the input of the DTTB receiver at the lower end of the 694-790 MHz band.
Including multiple interfering base stations would increase the interfering field strength at the DTTB service edge by up to 20 dB which corresponds to a separation distance of up to 200 km based on the parameters used in this particular study, when using the same field strength threshold for cumulative interference as for single entry interference

[Reference Documents 4-5-6-7/375 and 4-5-6-7/416]

A case study showed that  IMT base stations in one country which are not individually subject to coordination, i.e. meeting the trigger threshold of GE06 (25 dBuV/m), will not interfere with the TV receivers in the neighbouring country, even if the cumulative effect of those base stations is taken into account.

1/1.2/3.2.1.1.2	Broadcasting as an Interferer into Mobile Service Base Stations

[Reference Document 4-5-6-7/575]

A generic study showed that separation distances up to 427 km and 269 km, for High Power (HP) and Medium Power (MP) DTTB transmitters respectively, would be required to protect the IMT base station receiver (uplink) for 99% time,  a target I/N of -6 dB and with no additional discrimination by cross polarization or receive antenna directivity. The relaxation of the protection level to 90% time, a target I/N of 0 dB and mitigation by full receive antenna polarization and/or discrimination would reduce the separation distances to 159 km for HP and 76 km for MP. 

[Reference Document 4-5-6-7/575]

A case study showed that co-channel sharing between DTTB broadcasting transmitters and an IMT uplink receiver positioned at 30 meters height, will require separation distances of the order of 200 km on land paths even with antenna cross polarization and a relaxation of the percentage of time for the interfering signal from 1 to 10%.. 

[Reference Document 4-5-6-7/504]

A generic study showed that the maximum permissible interfering field strength threshold for the protection of IMT base stations from DTTB stations based on an I/N=-10 dB is higher than the GE-06 trigger field strength threshold of 13 dBuV/m (generic case, code NB).




1/1.2/3.2.1.2	Adjacent Channel Studies

1/1.2/3.2.1.2.1	IMT base station interference into DTTB

[Reference Document 4-5-6-7/311]

One study showed that the separation distances needed for different adjacent channels cases in order to protect DTTB from IMT base stations, considering the accumulative effect would vary from 15 to 35 km.

[Ed. Note: further discussion is needed what to do with the next summary]

[Reference Document 4-5-6-7/443]

The study of the interference situation between LTE BS downlinks and fixed roof-top DTT reception in adjacent band (in the 800 MHz band) in France shows that the distance between the interfering IMT base station and he fixed roof-top DTT receiving location is in 99% of cases below 1.3 km. This interfering situation is essentially a national matter and does not require any provision in the RR. Almost all reported interference cases observed so far were identified as the LTE base station provoking DTT receiver saturation (active systems like amplifiers or DTT television / set-top box). All these cases had been successfully resolved by the administration and operators by introducing of an LTE 800 filter (either head-end filters or user filters). Regarding the saturation effects, the situation is likely to be similar in the 800 MHz band and in the 700 MHz band.]

1/1.2/3.2.1.2.2	IMT user equipment interference into DTTB

1/1.2/3.2.1.2.2.1	Minimum coupling loss calculations

[Reference Document 4-5-6-7/218,518]

One study showed that the MCL technique establishes known everyday configurations for study. This study showed the TV fixed reception critical distance is around 22m to the areas outside a house with a larger distance spread within a few dB. Using the ACS and OOB/ACLR values provided by the working parties the actual separation distance required between a UE and the fixed TV antenna is a lot greater.  There would be no compatibility at maximum UE powers in lower TV reception signal strength areas at a separation distance of 22m. The potential improvements in compatibility with higher TV ACS values as found in newer TV sets were investigated plus additional external filter mitigation. To achieve compatibility the calculated required UE OOB level is -56dBm/8MHz for 23dBm UE power, for a 10MHz LTE signal, and given a TV receiver plus extra filter combined ACS of 80dB.

[Reference Document 4-5-6-7/328]

A study showed that in a typical European suburban area there is a high probability, over 70% in the example provided, that the path loss between an IMT UE and a DTTB receiver using a fixed receive aerial will be within 6 dB of the minimum coupling loss.

[Reference Document 4-5-6-7/232]

One study based on Minimum Coupling Loss (MCL) method derived the level of Out-Of-Block emissions (OOBE) required to limit the degradation in sensitivity of a DTTB receiver, with fixed roof top antenna, to 0.41 dB; this degradation corresponds to an I/N of -10 dB. The results derived a minimum coupling distance of 22 meters and suggest an OOBE limit of -56 dBm/8MHz would be appropriate to manage the interference into a typical DVB-T2 receiver. The calculations assumed the DTT receiver Adjacent Channel Selectivity (ACS) would be enhanced by using an external filter to give a total ACS value of 79 dB.




[Reference Document 4-5-6-7/339]

One study showed the following with measurements of the performance of three independent new design TV receivers on sale in the UK in the presence of LTE interference. The results also showed that the improved ACS values capabilities of these receivers could not be utilised unless improvements were also made to the ACLR of the UE. The studies showed the additional benefits that were possible with external TV receiving filters. Bandpass transmit filters on the UE were used to vary the OOB emissions. The achieved TV receiver ACS values were between 64dB to 65dB unaided and from nearly 74dB to 80 dB with the aid of an external receiving filter. The TV receiver overload thresholds were improved from around -10dBm to above +10dBm with the external receive filter.

1/1.2/3.2.1.2.2.2	Monte Carlo simulations

[Reference Documents 4-5-6-7/181, 374, 417]

A generic study on the impact of IMT UE into DTT reception at coverage edge showed that the less favourable interference scenario from IMT/LTE uplink to DTT is found in an urban environment for the reason of smaller cell size (higher active user density). In a rural environment the probability of interference is mainly dominated by UE in-band (IB) power, and that this power can only be attenuated by the DTT receiver ACS. It showed also that the total probability of interference decreases with the increase of DTT receiver ACS, and the increase of IMT UE ACLR (decrease of UE OOBE level). Furthermore, for a given DTT receiver ACS, the total probability of interference will not decrease with the increase of IMT UE ACLR (decrease of UE OOBE level) above certain level, since it is limited by DTT receiver ACS. When considering several UE (e.g 10) the probability of interference is mainly dominated by the UE in-band power (IB).

[Reference Document 4-5-6-7/557]

Another study indicated that imposing more stringent OOBE values of up to -35 dBm / 8 MHz, will lead to a minimal reduction in IP = 0.10% at most. On the basis of this minimal reduction in IP the adoption of stricter OOBE limits is not warranted. In view of the above results, and taking into account the potential benefits of harmonisation, it is proposed that an OOBE limit of -25 dBm / 8MHz be adopted as a suitable value

[(Reference Document 4-5-6-7/368]

Another study indicated that at the whole DTT coverage area, for a given IMT UE transmitter blocking mask or ACLR which are based on the APT OOBE that are recommended not to exceed -34 dBm/MHz (ACS values of 25, 38, 50 and 60 dB were taken into account) below 694 MHz, the results of the simulations for different DTT receiver ACS values show that the total interference probability (IP) is less than 1% in all cases.

[Reference Document 4-5-6-7/447)]

Another study indicated a very low Interference Probability (IP) for its worst case (urban environment, one user with full Resource Block allocation, low ACS of DTT receiver) and almost zero potential of IP in the majority of scenarios and parameter combinations.

It was also observed that the IP is more sensitive to the DTT ACS than to the LTE UE OOBE level, so that means that after certain breaking point, more stringent OOBE does not decrease IP anymore. For example, in the urban scenario ( worst case found) and with ACS values 55, 60 and 65 dB, the breaking point for OOBE is somewhere between -33 and -38 dBm/8MHz (for the 10 MHz IMT channel).




[Reference Document 4-5-6-7/563]

Based on previous work testing input parameters, one study calculated the IP for a DTTB receiver ACS of 65, 70 and 75 dB and a range of UE ACLR from 48 to 79 dB. These studies were conducted using the TPC values and network configuration specified by WP5D for studies and 10,000,000 simulations in the Monte Carlo calculations. IP results for urban, suburban and rural environments, for the ACS and ACLR ranges mentioned are presented.

[Reference Document 4-5-6-7/508]

Another study was carried out to calculate the probability of interference into portable outdoor DTTB reception. Its results indicate that this probability is slightly higher than it is for fixed reception, for the same parameters, and that it increases significantly with the number of active UE’s. The results also indicate that the probability of interferences increases by a factor of 2 if no body loss is taken into account or the UE has a higher antenna gain by 4 dB (+1dB in total). Furthermore, the study indicates that more than 100,000 events should be used in order to get converging/reliable results.

1/1.2/3.2.1.2.2.3	Monte Carlo simulations with post-processing

[Reference Document  4-5-6-7/417]

One study indicated that, while the values of IMT UE ACLR and DTT receiver ACS should be similar in order to achieve the best performance configuration with respect to interference into DTTB reception, above a certain level of ACS (e.g. 65 dB), a further improvement of the IMT UE ACLR above a certain level (e.g a value higher than 67 dB) there is no significant reduction of the overall probability of interference. This leads to a range of IMT UE OOBE limit values between -40 and -44 dBm/8 MHz for 10 MHz IMT channel.

[Reference Document  4-5-6-7/563, 564]

Another study used Monte Carlo analysis to generate the interference probability (IP) which was then post-processed to give the probability of interference to a DTTB receiver occurring in a specified time window (TW). This post-processing used a number of independent events generated based on the user density and UE movement. The results of this post processing have been used to derive the out-of-band emissions for IMT UE required to limit interference of DTTB reception to 1%. The study concludes that to limit the interference into channel 48 and below, from IMT UE operating in the 700 MHz band, DTTB receiver ACS should be in the range 70 dB to 75 dB. IMT UE out‑of‑band emissions should be limited to the range -47 dBm/8 MHz to -52 dBm/8 MHz (an ACLR range of 70 dB to 75 dB).

1/1.2/3.2.1.2.2.4	Monte Carlo simulation with time element

[Reference Document 4-5-6-7/579, 382]

One Monte Carlo study investigated adjacent band sharing between DTTB and IMT UE based on RLP, the degradation of reception location probability (RLP). This method was developed to deal with the time element of mobile transmission (e.g. movement of UE during a DTTB viewer’s time frame) and to take into account RLP which is the basis of broadcast planning. The MC methodology used to calculate RLP is described. The results cover a range of ACS values (55‑80 dB) and ACLR values (40-80 dB) and UE density (1-10 UE/sector). It is shown that unacceptable interference from UE results, unless both improved OOBE filtering in the UE and increased ACS at the point of DTTB reception are implemented. Based on the results, an ACS of 80 dB, a set of OOBE limits for 10 MHz IMT UEs are proposed: the OOBE shall not exceed a value of -55 dBm/8MHz for an RB usage of 33%; a value of -49 dBm/8MHz for an RB usage of 50%; and a value of -46 dBm/8MHz for an RB usage of 100%.

1/1.2/3.2.1.2.2.5	Monte Carlo sensitivity studies	

[Reference Document 4-5-6-7/561, 560, 559] 

Another set of studies were carried out to test how the results of Monte Carlo simulations varied for different input parameters. One study concluded that the number of simulations in a Monte Carlo analysis needed to provide confidence in the derived IP, should use more than 100,000 trials – ideally being between 1,000,000 and 10,000,000. Another study investigated the impact of omitting the standard deviation associated with building entry loss. This study concluded that doing so would result in an under estimation of the IP of up to 50% and that such values of IP calculated without building standard deviation should be adjusted appropriately. As the power control settings are key to determining the level of interference of IMT UE to DTTB reception, a further study was carried out to ensure settings are aligned with advice from WP 5D. Values were derived for urban, suburban and rural environments and used in studies to derive the IP.

[Reference Document 4-5-6-7/509]

Another set of studies were carried out to test how the results of MC simulations varied for different input parameters (“sensitivity studies”). With respect to other studies based on ”standard” parameters, the probability of interference into fixed DTTB reception increased by a factor of 2 in case that no body loss applies or the UE antenna gain is by 4 dB higher, as well as if 30% of mobile traffic generated from indoor and 70% generated from outdoor. The probability will increase by a factor of 3 if 30% of traffic is generated indoor, 35% is generated outdoor with body loss and an antenna gain of –3 dBi and the remaining 35% is generated outdoor without body loss and an antenna gain of 0 dBi. The studies also concluded that the number of active devices usually is much higher than the number of users triggered this activity, and that the probability of interference increases significantly with the number of active UEs. This set of studies indicates that more than 100,000 events should be used in order to get converging/reliable results.

1/1.2/3.2.1.2.2.6	Field Trials

[Reference Document 4-5-6-7/488]

This field trial study indicated that necessary line-of-sight separation distance between transmitting antennas of a particular wireless broadband access system (non-3GPP LTE system) and TV broadcasting receiving antennas ranges from 180 to 995 m for specified technical parameters in this study (depending from OOBE limit and frequency separation) in frequency range till at least 112 MHz (N-14) offset, when no mitigation technique for BS is applied, i.e. external frequency rejection filter for 694-790 MHz range at receiver input. With such filter, separation distances decreases from a range of 180 to 995 m to the range from 38 to 713 m for 15 dB rejection to a range from 22 m (relevant to application of OOBE of -56 dBm/8MHz) to 703 m with 25 dB rejection. During trials, it was found that that the separation distance is not more than ~20 meters in practice.

1/1.2/3.2.1.2.3	Measurements

[Reference Document 4-5-6-7/418]

A measurement study showd that the tested DTTB receivers (ACS 62 to 65 dB) behave similarly in the presence of a continuous IMT UE signal, and behaved differently in the presence of a discontinuous (time varying) signal. The IMT UE ACLR tested were between 60 and 70 dB. Modern DVB-T2 receivers behave better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal, while the performance of DVB-T receivers was reduced by about 20 dB. The impact of discontinuous IMT UE emissions on DTTB reception can only be efficiently combated by improving DTTB receivers’ AGC circuits, including the overall ACS of the receivers. It was confirmed that improving the IMT UE ACLR (i.e. above around 


60 dB) does not improve the protection ratio. For these reasons, when determining the IMT UE OOBE limits, only the impact of a continuous IMT UE signal on DTTB reception should be considered.

[Ed Note : Issue C

1/1.2/3.3	ARNS]

[Compatibility studies of the mobile service with the aeronautical radionavigation service in the frequency band 694-790 MHz in Region 1 presented in the Working Document towards Preliminary Draft New Report ITU-R M.[ARNS-MS]]

1/1.2/3.4	SAB/SAP

RR No 5.296 allocates the band 470-790 MHz to the land mobile service on a secondary basis for 60 countries and the band 470-698 MHz for another 12 countries and limits its use to applications ancillary to broadcasting (SAB/SAP). Studies within JTG 4-5-6-7 (see report ITU-R BT.[SAB_SAP] indicate that this spectrum is intensively used by these applications. 

This Report contains a summary of the studies on SAB/SAP, including the following:

•	Technical parameters required for a reliable operation of SAB/SAP

•	The impact of OOB emission from IMT devices in the mobile duplex gap, showing that parts of the duplex gap may not be usable for some SAB/SAP applications.

•	Service requirements for SAB/SAP at large events, including examples of the number of wireless audio links used in major events in recent years. In most cases the whole spectrum available for SAB/SAP in the 470-790 MHz range was required:

•	The impact of the loss of the 700 MHz band on SAB/SAP use, assuming that the DTT transmitters that currently operate in this band will be moved below 694 MHz[footnoteRef:2].  [2: 	In a case study on the Eurovision Song Contest 2011 it has been demonstrated that out of 175 wireless audio links used, it would have been possible to accommodate only 77 links in the remaining spectrum (470-694 MHz) while respecting the required production quality demands. ] 


1/1.2/4	Analysis of the results of studies

[Ed. Note : This section 4 has not been discussed nor agreed at the February 2014 meeting of JTG 4-5-6-7. It only collects the input from WG2 and WG3 at that meeting. Renumbering and structuring of sections could be needed.]

[Ed. Note : ISSUE B]

1/1.2/4.1	Co-Channel Studies

[Ed. Note: the following paragraph is the result of offline discussions and is meant to replace the existing text]

The planning and implementation of the two services will be constrained where they wish to utilize the same frequency in adjacent geographic areas and safe separation distances have to be dealt with.




The results of generic studies described in section [1/1.1/3.2.1.1.1] show that, if one country wants to use the band for broadcasting and the other wants to deploy IMT networks, large separation distances have to be dealt with. For the case of DTTB interfering with IMT those distances are in the range of 76-420 km (xx-yy) on the basis of an I/N protection criterion and for land path (sea path). For the case IMT interfering with DTTB they are in the range of 50 km for land path to x km for sea path on the basis of the GE06 trigger field strength and for a single IMT base station.

The results of one case study described in section [1/1.1/3.2.1.1.1] shows a cumulative effect of interference from IMT to DTTB up to 21 dB, indicating that the GE06 trigger value is not sufficient to provide protection of the broadcasting service because the GE06 trigger value does not take into account cumulative interference.

Another case study using existing network configurations shows an increase up to 15 dB of the cumulative effect and that complying with  GE06 trigger value ensures protection of broadcasting against cumulative interference from the mobile service in terms of the C/(N+I) criterion. 

Another generic study showed that the GE06 trigger value for the protection of the mobile service is sufficient to protect IMT.

1/1.2/4.2	Adjacent Channel Studies

Studies summarised in section [3] were performed in order to obtain an OOBE limit from IMT UE into the DTTB reception below 694 MHz. These studies were performed under the assumption of 9 MHz between the upper channel edge of the DTTB and the lower channel edge of IMT uplink. The required OOBE limits for IMT UE resulting from these studies are the following:

· MCL studies indicate a value of [-56.25dBm/8MHz] for an ACS of 79.25 dB based on I/N and an IMT channel of 10 MHz

· MC IP based studies indicate a range of [-25 to -38 dBm/8 MHz] for a range of ACS between 55 and 65 dB based on C/(N+I) and an IMT channel of 10 MHz [Ed. Note; the values need to be checked]

· MC IP based studies indicate a value of [-25 dBm/8 MHz] for a range of ACS between 25 and 60 dB based on C/(N+I) and an IMT channel of 10 MHz

· MC IP based studies with post processing to account for time indicate :

· In one study, a range of [-40 to -44 dBm/8 MHz] for a range of ACS between 60 and 70 dB based on C/(N+I) and an IMT channel of 10 MHz.

· In another study, a range of [-47 to -52 dBm/8 MHz] for a range of ACS between 70 and 75 dB based on C/(N+I) and an IMT channel of 10 MHz.

· MC deltaRLP based study with time element indicate a range of [-46 to -55 dBm/8 MHz] for a value of ACS of 80 dB based on C/(N+I) and an IMT channel of 10 MHz.

· A field trial study indicated a range of [-46 to -56 dBm/8 MHz] for a range of ACS between 75 and 80 dB based on C/(N+I) and an IMT channel of 10 MHz.

· A measurement study indicates an OOBE limit of -55 dBm/8MHz (portable indoor reception) based on I/N and an IMT channel of 10 MHz.

[Ed. Note: further discussion is needed how to deal with this information]

[Supplementary information

Sensitivity studies, case studies and measurements were performed. In particular a measurement study of current TV set ACS indicated an ACS unaided between 64 and 65 dB and with an additional external filter of 74 dB to 80 dB with an IMT channel of 10 MHz. A separate field trial study also indicated ACS figures between 54 and 60.]



[Ed. Note : ISSUE C. The blue highlighted sections inside this section are provided by the WG3 and reflects the views provided in WG3 meetings]

[1/1.2/4.2	Analysis of the results for the compatibility studies between the mobile service (MS) and the aeronautical radionavigation service (ARNS) for the countries listed in the footnote 5.312

In the studies two different interference impact scenario from MS to ARNS were considered:

1)	Interference from MS to ARNS without interference from the broadcasting service.

2)	Interference from MS to ARNS with interference from the broadcasting service 

1/1.2/4.2.1	Results of compatibility studies of MS with ARNS without interference from BS 

Based on study A1 the coordination distances between MS and ARNS shown in Table 4-1 below can be concluded.

Table 4-1

Coordination threshold values of MS stations with ARNS

		ARNS station

		System type code

		Coordination distances for the receiving MS base stations (km)3

		Coordination distances for the transmitting MS base stations (km)1



		RSBN

		AA8

		Rural: <1

Suburban: <1

Urban: N/A

		Rural: 10/12*2

Suburban: 10/17*2

Urban: 4/5*2

Mixed: 10/12*2



		RLS 2 (type 1) (airborne receiver)

		BD

		Rural: <1

Suburban:<1

Urban: <1

		Rural: >RH

Suburban/urban: >RH

Mixed: >RH



		RLS 2 (type 1) (ground receiver)

		BA

		Rural: <1

Suburban:<1

Urban: N/A

		Rural: 31/42*

Suburban: 70/112*

Urban: 13/18*

Mixed: 40/61*





		RLS 2 (type 2) (airborne receiver)

		BC

		Rural: <1

Suburban:<1

Urban: <1

		Rural: 251

Suburban/urban: 403

Mixed: 373



		RLS 2 (type 2) (ground receiver)

		AA2

		Rural: <1

Suburban: <1

Urban: N/A

		Rural: 45/65*

Suburban: 124/167*

Urban: 18/29*

Mixed: 69/111*



		RLS 1 (types 1 and 2) (ground receiver)

		AB

		Rural: <1

Suburban: <1

Urban: N/A

		Rural: 112/163*

Suburban: 230/274*

Urban: 53/97*

Mixed: 171/212*



		Other ARNS ground stations

		Not applied

		Rural: <1

Suburban: <1

Urban: N/A

		Rural: 112/163*

Suburban: 230/274*

Urban: 53/97*

Mixed: 171/212*



		Other ARNS airborne stations

		Not applied

		Rural: <1

Suburban:<1

Urban: <1

		Rural: >RH

Suburban/urban: >RH

Mixed: >RH



		*	50% ≤ land path ≤ 100% / 0% ≤ land path < 50%.

Note 1: Result based on condition that MS base station operate with antenna height 30 m, cell radius is 8 km for rural area, 2 km for suburban and urban area, MS base station e.i.r.p. in direction towards the country hosting the ARNS is not more than 55 dBm in 5 MHz and 3 degrees down tilt of antenna pattern in accordance with Rec. F. 1336.

Note 2: Result based on condition that MS base stations operate with antenna height 30 m, cell radius is 8 km for rural area, 2 km for suburban and urban area and on an additional signal attenuation up to 10 dB in accordance with the antenna pattern in Annex 8 of Attachment 1

Note 3: All terminals with antenna height 1.5 m transmit with full power (23 dBm). Terminal densities: Rural: 0.17 km-2/5 MHz, suburban/urban: 2.16 km-2/5 MHz







It can be concluded that only the coordination distances between MS base stations and ARNS needs to be considered, since the coordination distances between MS user terminals and ARNS in all cases are considerably smaller than the coordination distances between MS base stations and ARNS.

Further analysing which frequencies the different ARNS systems use, it can also be concluded that only the ground stations of the RSBN system and the ground station of the RLS2 type 2 needs to be taken into account and it could be concluded that the coordination distance between MS BS and ground ARNS receivers in the 694-790 MHz band vary from 10 to 111 kilometres, depending on scenario.

TABLE 4-2

Coordination distance required between MS and ARNS in 694-790 MHz if only RLS 2 (type 2) ground and RSBN receivers of the ARNS system are concerned

		Scenario

		

		Required coordination distance 1



		MS base station to ARNS (RLS 2 (type 2) (ground receiver))

		

		69 / 111*



		MS base station to ARNS (RSBN (ground receiver))

		

		10 / 12*2



		*	50% ≤ land path ≤ 100% / 0% ≤ land path < 50%.



		Note 1: Result based on condition that MS base station operate with antenna height 30 m, cell radius is 8 km for rural area, 2 km for suburban and urban area, MS base station e.i.r.p. in direction towards the country hosting the ARNS is not more than 55 dBm in 5 MHz and 3 degrees down tilt of antenna pattern in accordance with Rec. F. 1336.

Note 2: An additional signal attenuation up to 10 dB in accordance with the antenna pattern in Annex 8 of Attachment 1.





For the case that only RSBN ground receivers are concerned (e.g. if lower duplex pair of frequency arrangement A5 of Recommendation ITU-R M.1036-4 is used for the MS implementation) the distances shown in Table 4-3 below applies.

TABLE 4-3

Coordination distance required between MS and ARNS in 694-790 MHz if only RSBN ground
receivers of the ARNS system are concerned

		Scenario

		

		Required coordination distance1



		MS base station to ARNS (RSBN (ground receiver))

		

		10 / 12*



		*	50% ≤ land path ≤ 100% / 0% ≤ land path < 50%.



		Note 1: Result based on condition that MS base station operate with antenna height 30 m, cell radius is 8 km for rural area, 2 km for suburban and urban area, MS base station e.i.r.p. in direction towards the country hosting the ARNS is not more than 55 dBm in 5 MHz and 3 degrees down tilt of antenna pattern in accordance with Rec. F. 1336. Additional signal attenuation up to 10 dB in accordance with the antenna pattern in Annex 8 of Attachment 1. If lower duplex pair of frequency arrangement A5 of ITU-R M.1036-4 is used for the MS implementation.





[Some administrations noted that study A.1 and obtained results are not correct and cannot be applied because they are based on the methodology that not in line with physical nature of radio wave propagation. This confirms by results of Study A.1 which show that aggregate interference impact from interference is less than impacts from single interfere that is in contradiction with principal of Radio communication.]

In Study A.2 and Study A.3 the interference scenario from MS to ARNS in absence of interference caused by the broadcasting service is feasible when the BS stations operate in the frequency band 694-790 MHz at a large distance (more than 450 kilometres) from ARNS stations and in this case they will not cause interference to ARNS stations.

Under the considered scenario two studies were conducted. The results of the Sudy A.2 are given in Table 4-4.

TABLE 4-4

Compatibility conditions of MS stations with ARNS stations

		ARNS station

		System type code

		Coordination distances for the receiving MS base stations (km)3

		Coordination distances for the transmitting MS base stations (km)



		RSBN (ground receiver)

		AA8

		4411

		752 / 902*



		RLS 2 (type 1) (airborne receiver)

		BD

		1301/1651*

		 4412



		RLS 2 (type 1) (ground receiver)

		BA

		4411

		 1852 /  2002*



		RLS 2 (type 2) (airborne receiver)

		BC

		4051/4451*

		 4002



		RLS 2 (type 2) (ground receiver)

		AA2

		4411

		 2502 /  2752*



		RLS 1 (types 1 и 2) (ground receiver)

		AB

		4051/4451*

		 3502 /  3752*



		Other ARNS ground stations 

		Not applied

		4051/4451*

		 3502 /  3752*



		Other ARNS airborne stations 

		Not applied

		4051/4451*

		 4412



		*	50% ≤ land path ≤ 100% / 0% ≤ land path < 50%.



		Note 1: Result based on conditions that BS MS operate with antenna height 50 m. No downtilt of the MS BS antennas has been applied. Antenna patter only in horizontal plane from Recomendartion F.1336 has ben used.

Note 2: Result based on conditions that BS MS operate with antenna height 50 m, cell radius is 8 km for rural area, 2 km for suburban area (S=300 km2) and 0.5 km (S=100 km2) for urban area, power of BS MS is 55 dBm in 5 MHz due orientation of main beam antenna pattern towards ARNS station. No downtilt of the MS BS antennas has been applied. Antenna patter only in horizontal plane from Recomendartion F.1336 has ben used.

Note 3: The figures given are based on the estimated distance to protect the IMT from ARNS.





[Some administrations are of the view that coordination distances calculated in the study A.2 are overestimated due to deviation from the agreed typical parameters, such as the cell-size and antenna height, down-tilt and pattern given in Document 4-5-6-7/49 from WP 5D. Furthermore, the attenuation for the rural environment from P.1546 has been used for urban and sub-urban environments which lead to overestimation of the interference into ARNS from MS. In addition, the proposed coordination distances for the receiving base stations does not correspond to the distances needed to protect the ARNS systems, because they are derived from the calculation of protection of MS from ARNS. Thus the values are not valid as the protection distances for ARNS.]

The results of the Study A.3 are given in Table 4-5.

The conducted studies showed that the ARNS systems the same that were considered in the frequency band 790-862 MHz under the studies on WRC-12 agenda item 1.17 operate in the frequency band 694-790 MHz. The MS system characteristics in the frequency band 694-790 MHz are also close to the MS systems characteristics which were used in the studies on WRC-12 agenda item 1.17. 

Therefore in the frequency band 694-790 MHz in absence of interference from BS the results previously obtained (at WRC-12) for the frequency band 790-862 MHz reflected in Resolution 749 (WRC-12) and given in Table 5-4 can be applied for protection of ARNS from MS.

TABLE 4-5

Compatibility conditions of MS stations with ARNS stations 

		ARNS station

		System type code

		Minimum separation distance between receiving MS base stations and ARNS stations (km)

		Minimum separation distance between transmitting MS base stations and ARNS stations (km)



		RSBN

		AA8

		50

		125/175*



		RLS 2 (type 1) (airborne receiver)

		BD

		410

		432



		RLS 2 (type 1) (ground receiver)

		BA

		50

		250/275*



		RLS 2 (type 2) (airborne receiver)

		BC

		150

		432



		RLS 2 (type 2) (ground receiver)

		AA2

		50/75*

		300/325*



		RLS 1 (types 1 и 2) (ground receiver)

		AB

		125/175*

		400/450*



		Other ARNS ground stations 

		Not applied

		125/175*

		400/450*



		Other ARNS airborne stations 

		Not applied

		410

		432



		*	50% ≤ land path ≤ 100% / 0% ≤ land path < 50%.

Note: Result based on conditions that BS MS operate with antenna height 60 m, cell radius is 8 km for rural area, 2 km for suburban area (S=1470 km2) and 0.5 km (S=490 km2) for urban area, power of BS MS is 55 dBm in 5 MHz due orientation of main beam antenna pattern towards ARNS station. The results are not based on the updated IMT parameters in document 49 from WP 5D, but used on the parameters from A.I 1.17 WRC-12.





The difference of the obtained results in Table 4-4 and Table 4-5 is explained mainly by the fact that the Study A.2 option addresses the base stations with antenna height of 50 m and urban area of 30 sq. km and suburban area of 90 sq.km. The Study A.3 option addresses base stations with antenna height from 30 m to 60 m and urban area of 490 sq. km and suburban area of 1470 sq.km. For example Moscow area is 1081 sq.km, Berlin area is 900 sq.km, Helsinki area is 680 sq.km and Prague is 500 sq.km.

[Some administrations are of the view that coordination distances calculated in the study A.3 are overestimated due to deviation from the agreed typical parameters as given in Document 4-5-6-7/49 from WP 5D and due to specific assumptions used. Details are given in notes in the Table 4-5.]

1/1.2/4.2.2	Results of compatibility studies of MS with ARNS with interference from BS 

Currently the frequency band 694-790 MHz is widely used by the broadcasting service. Therefore interference to ARNS stations from the MS stations was considered taking into account interference caused by the existing and future stations of the broadcasting service. 

In practice in the frequency band 694-790 MHz the most likely is interference scenario from MS to ARNS with interference caused by broadcasting service when the broadcasting stations operate at the distance of less than 450 km from ANRS stations. It is confirmed by a large number of BS assignments implemented in the frequency band 694-790 MHz.

Under the considered scenario three studies were conducted:

–	First study (study B.1) is based on application of protection criteria for ARNS as the permissible aggregate threshold field strength; 

–	Second study (study B.2) is based on application of protection criteria for ARNS as the permissible interference-to-noise ratio I/N=-6 dB; 

–	Third study (study B.3) is based on application of protection criteria for ARNS as the permissible interference-to-noise ratio I/N=-6 dB to obtain coordination protection distances.

In the first study the permissible aggregate threshold field strength given in Table 4-6 is used as protection criteria for ARNS. It was assumed that in the territory of neighbouring countries different services can operate (in one country –BS, in other –MS and in the third –ARNS).

Table 4-6

Protection criteria for ARNS stations

		ARNS type

		Predetermined aggregate trigger field-strength values (dB(μV/m))



		RSBN

		42 at 10 m in a 3 MHz reference bandwidth



		RLS 2 (Type 1) (aircraft receiver)

		521 at 10 000 m in a 4 MHz reference bandwidth



		RLS 2 (Type 1) (ground receiver)

		291 at 10 m in a 4 MHz reference bandwidth



		RLS 2 (Type 2)

		73 at 10 000 m in a 3 MHz reference bandwidth



		RLS 2 (Type 2) (ground receiver)

		2412 at 10 m in a 8 MHz reference bandwidth



		RLS 1 (Type 1 and 2)

		13 at 10 m in a 6 MHz reference bandwidth



		Other type ARNS ground  stations

		13 at 10 m in a 6 MHz reference bandwidth



		Other type ARNS airborne stations

		52 at 10 000 m in a 4 MHz reference bandwidth



		NOTE 1 – The values provided in this table refer to the permissible aggregate co-channel interference field strength values provided for the necessary emission bandwidth (from all services).





The performed studies showed that compatibility of MS stations of one country with ARNS stations of another country with BS in the third country is feasible. With this restrictions to MS stations from ARNS are not so significant as it was expected. In practice the minimum distance between MS stations and the country border operating ARNS does not exceed several tens km. These restrictions mostly depend on implementation features of BS stations and MS networks in the neighbouring countries.

[Some administrations are of the view that the principle of multiservice interference (simultaneous interference from MS and BS into ARNS) should not be considered. The methodology in study B.1 also takes into account the cumulative effect of broadcasting assignments, both in the country hosting ARNS as well as in countries within a certain radius from the ARNS station, regardless of the fact that these assignments may not be in operation. Thus, this method will highly overestimate the interference experienced by the ARNS station. Furthermore, the methodology proposed is not feasible to use due to the dynamic development of a mobile networks.]

In the second study interference-to-noise I/N = - 6 dB given in the Table 4-7 was used as protection criteria for ARNS. It was assumed that in the territory of neighbouring countries different services can operate (in one country –BS, in other country- MS and in the third country –ARNS). However unlike the first study the protection criterion for ARNS as interference-to-noise ratio allows to estimate interference to ARNS stations from MS station not accounting for interference from broadcasting service even notwithstanding their real existence.

Table 4-7

Protection criteria for ARNS stations

		ARNS system type

		Permissible ratio «interference-to-noise»*, I/N (dB)



		RSBN

		–6 at 10 m in a 3 MHz reference bandwidth



		RLS 1 (types 1 and 2)( ground receiver)

		–6 at 10 m in a 6 MHz reference bandwidth



		RLS 2 (type 1) (aircraft receiver)

		–6 at 10 000 m in a 4 MHz reference bandwidth



		RLS 2 (type 1) (ground receiver)

		–6 at 10 m in a 4 MHz reference bandwidth



		RLS 2 (type 2) (aircraft receiver)

		–6 at 10 000 m in a 3 MHz reference bandwidth



		RLS 2 (type 2) (ground receiver)

		–6 at 10 m in a 8 MHz reference bandwidth



		Other type ARNS ground  stations

		–6 at 10 m in a 6 MHz reference bandwidth



		Other type ARNS airborne stations

		–6 at 10 000 m in a 4 MHz reference bandwidth



		*) Values of «interference-to-noise», presented in the table relate to the total permissible level of «interference-to-noise» (from mobile service) in a common frequency band. For the earth stations the propagation model is used in accordance with Recommendation ITU-R P.1546-4 for 10% of time and 50% of places.





The conducted studies showed that compatibility of MS stations in one country with ARNS stations in the other country with operation of BS in the third country is feasible.

[Some administrations are of the view that the use of the I/N = -6 dB leads to overprotection of ARNS stations in relation to the protection of the broadcasting interference as defined in Geneva-06 and ITU-REC M.1830. In Document 4-5-6-7/134 from WP 5B the field strength trigger used in study A1 and A2 are indicated as a possible alternative to the I/N = -6 dB criterion. The difference between this criterion and the recommended field strengths is greater than 30 dB for some cases. Furthermore, the methodology proposed is not feasible to use due to the dynamic development of mobile networks.]

The third study is based on application of protection criteria for ARNS as the permissible interference-to-noise ratio I/N=-6 dB to obtain coordination protection distances. The approach indicated in this study allows to estimate interference to ARNS stations from MS stations not accounting for interference from the broadcasting service even notwithstanding their real existence.




The conducted studies showed that compatibility of MS stations in one country with ARNS stations in the other country with operation of BS in the third country is feasible. The obtained separation distances between the transmitting MS BS and ARNS stations in the frequency band 694-790 MHz are given in Table 4-8.

Table 4-8

		ARNS station

		System type code

		Coordination distances for the receiving MS base stations (km)3

		Coordination distances for the transmitting MS base stations (km)



		RSBN (ground receiver)

		AA8

		4411

		4552/4802*



		RLS 2 (type 1) (airborne receiver)

		BD

		1301/1651*

		4412



		RLS 2 (type 1) (ground receiver)

		BA

		4411

		4002/4252*



		RLS 2 (type 2) (airborne receiver)

		BC

		4051/4451*

		4412



		RLS 2 (type 2) (ground receiver)

		AA2

		4411

		5302/5502*



		RLS 1 (types 1 и 2) (ground receiver)

		AB

		4051/4451*

		5452/5652*



		Other ARNS ground stations 

		Not applied

		4051/4451*

		5452/5652*



		Other ARNS airborne stations 

		Not applied

		4051/4451*

		4412



		*	50% ≤ land path ≤ 100% / 0% ≤ land path < 50%.



		Note 1: Result based on conditions that BS MS operate with antenna height 50 m. No downtilt of the MS BS antennas has been applied. Antenna patter only in horizontal plane from Recommendation F.1336 has been used.

Note 2: Result based on conditions that BS MS operate with antenna height 50 m, cell radius is 8 km for rural area, 2 km for suburban area (S=300 km2) and 0.5 km (S=100 km2) for urban area, power of BS MS is 55 dBm in 5 MHz due orientation of main beam antenna pattern towards ARNS station. No downtilt of the MS BS antennas has been applied. Antenna patter only in horizontal plane from Recommendation F.1336 has been used.

Note 3: The figures given are based on the estimated distance to protect the IMT from ARNS.





[Some administrations are of the view that coordination distances calculated in the study B.3 are overestimated due to deviation from the agreed typical parameters, such as the cell-size and antenna height, down-tilt and pattern given in document 4-5-6-7/49 from WP 5D. Furthermore, the attenuation for the rural environment from P.1546 has been used for urban and sub-urban environments which lead to overestimation of the interference. In addition, the proposed coordination distances for the receiving base stations does not correspond to the distances needed to protect the ARNS systems, since they are derived from the calculation of protection of MS from ARNS. Thus the values are not suitable as coordination distances to protect ARNS. Finally, the use of the I/N=-6 dB leads to overprotection of ARNS stations in relation to the protection of the broadcasting interference as defined in Geneva-06 and ITU-REC M.1830.
In Document 4-5-6-7/134 from WP5B the field strength trigger used in study A1 and A2 are indicated as a possible alternative to the I/N=-6 dB criterion. The difference between this criterion and the recommended field strengths is greater than 30 dB for some cases. Furthermore, the methodology proposed is not feasible to use due to the dynamic development of mobile networks.]

1/1.2/4.2.3	Conclusion

A results of compatibility Study A.1 shows that for the ground stations of the RSBN system and the ground station of the RLS2 type 2 coordination distance between MS BS and ground ARNS receivers in the 694-790 MHz band vary from 10 to 111 kilometres, depending on scenario. Coordination distances for other types for ARNS systems are contained in Table 4-1 above.

A results of compatibility Study A.2 shows that coordination distances for ARNS stations are in the range from 90 km to 441 km, depending on scenario. Specific coordination distances for different types of ARNS systems are contained in Table 4-4 above.

A results of compatibility Study A.3 shows that coordination distances for ARNS stations are in the range from 125 km to 450 km, depending on scenario. Specific coordination distances for different types of ARNS systems are contained in Table 4-5 above.

A results of compatibility Study B.1 shows that as coordination trigger may be used field strength contained in the Table 4-6 for ARNS stations, depending on scenario. Calculation with the proposed methodology presented in the (Appendix 1 (to Attachment 1) Section 4.2.2.2 of Working Document towards Preliminary Draft New Report ITU-R M.[ARNS-MS].

A results of compatibility Study B.2 shows that as coordination trigger may be used I/N value contained in the Table 4-7 for ARNS stations, depending on scenario. Calculation with the proposed methodology presented in the (Appendix 1 (to Attachment 1) Section 4.2.3.2 of Working Document towards Preliminary Draft New Report ITU-R M.[ARNS-MS].

A results of compatibility Study B.3 shows that coordination distances for ARNS stations are in the range from 130 km to 565 km, depending on scenario.]

[Ed. Note : ISSUE D]

Issue D SAB/SAP

The studies show that co-channel and co-location operation between SAB/SAP and IMT is not feasible and therefore an identification for and use by IMT of the [694] – 790 MHz band implies a substantial loss of frequencies available for SAB/SAP [ITU-R BT. SAB_SAP section 3.2.1]. Taking into account the increasing demand for SAB/SAP, and the need to maintain existing production quality, the band 470 – [694] MHz will not be sufficient. Suitable additional frequency bands, including bands already allocated to the mobile service, below 2 GHz [ITU-R BT. SAB_SAP section x.x.x] need to be found for SAB/SAP to compensate for this loss. Some SAB/SAP applications, which can operate under certain interference conditions, could use IMT duplex gaps and guard bands. However, the duplex gaps of all spectrum currently identified for IMT below 2 GHz will not fully compensate the loss of the band [694]-790 MHz for SAB/SAP applications. Further studies are needed to find additional bands for SAB/SAP, on a regionally harmonised basis. 

Recognising that non-broadcasting production teams use the same kind of equipment as broadcasting teams and many productions are conducted exclusively by external production teams or in cooperation with broadcasting teams, adding the term “and programme making” in addition to “applications ancillary to broadcasting” into RR No. 5.296 will increase flexibility in the use of the spectrum. 

[bookmark: _Toc269125082][bookmark: _Toc286273709]1/1.2/5	Methods to satisfy the agenda item

1/1.2/5.1	Issue A: Option for the refinement of the lower edge

Method A: 

‑	Modification of RR Article 5 to insert the allocation to the mobile, except aeronautical mobile, service in the frequency band 694-790 MHz in Region 1 on a primary basis, technical and regulatory conditions apply as in one of the methods for Issue B and in the Method(s) of Issue C, as decided by WRC-15, based on the results of the studies performed by JTG 4-5-6-7.

‑	Modification of RR No. 5.317A to extend the identification of IMT in Region 1 down to 694 MHz. 

Note: additional provisions related to Resolutions are addressed under Issues B and C

Reasons:	The lower edge of allocation under agenda item 1.2 is proposed to be set at 694 MHz.

1/1.2/5.2	Issue B: technical and regulatory conditions applicable to the mobile service concerning the compatibility between the mobile service (MS) and the broadcasting service (BS)

Method B1: 

The GE06 Agreement applies and no additional regulatory provisions for the protection of the BS are required.

The ITU-R has developed Recommendation(s) which provide a set of technical conditions applicable to mobile service stations and protection to the broadcasting service below 694 MHz based on the results of the studies

· Revision of Recommendation ITU-R M.1036-4 so as to include harmonized channelling arrangements for 700 MHz in Region 1. 

· New ITU-R Recommendation to specify the limit of unwanted emissions of mobile stations in the 700 MHz band.

[Ed Note: The way to adopt these Recommendations is to be discussed and decided upon]

Method B1-bis: 

The GE06 Agreement applies.

The ITU-R has developed Recommendation(s) which specify a set of technical conditions applicable to mobile service stations and protection to the broadcasting service below 694 MHz based on the results of the studies.

· Revision of Recommendation ITU-R M.1036-4 so as to include harmonized channelling arrangements for 700 MHz in Region 1. 

· New Recommendation ITU-R M.[IMTDTT700] to specify the limit of unwanted emissions of mobile stations in the 700 MHz band in Region 1.

Method B1-bis may be applied in two ways:

· B1-bis.1: Reference to the Recommendation(s) in a WRC Resolution.

· B1-bis.2: Reference to the Recommendation(s) in a footnote to the allocation in the RR.

[Ed Note: The way to adopt these Recommendations is to be discussed and decided upon]

[Ed. Note: There were views proposed for method B2 in Document 4-5-6-7/414. During the meeting it was indicated that those views could also apply to this method.]

Method B2:

The GE06 Agreement applies together with additional technical conditions and regulatory mechanisms for the protection of the broadcasting service.

To this effect, a new or a revised WRC-15 Resolution is required which specifies a consistent set of technical conditions and regulatory mechanisms applicable to mobile service stations for protection of the broadcasting service with respect to the co-channel and adjacent channel interference, based on the results of the studies.  

For example, this Resolution may include:

−	OOBE level of mobile stations in the frequency band below 694 MHz,

−	Guard band above 694 MHz.

−	A complementary value to existing GE06 trigger in order to take into account cumulative interference. 

−	Regulatory mechanism to take into account interference in adjacent band.

[Ed. Note: It is necessary to develop section 6 related to this method to clarify the last two bullet points]

[Ed. Note: There were views proposed for this method in Document 4-5-6-7/414]

Method B3:

The GE06 Agreement applies and for the operation of the MS in relation to the protection of the BS, RR No. 9.21 shall apply.

Affected administrations are identified for application of RR No. 9.21 using triggering criteria, as contained in Annex 1 of Resolution xxx, resulting from the studies carried out by the JTG 4-5-6-7, through Resolution 232 (Rev. WRC-15). This Annex could be contained in a new or modified Resolution.

[Ed. Note: There were views proposed for this method in Document 4-5-6-7/569]

1/1.2/5.3	Issue C: Technical and regulatory conditions applicable to the mobile service concerning the compatibility between the mobile service (MS) and the aeronautical radionavigation service (ARNS) for the countries listed in the footnote 5.312.

[Ed. Note : There is a need for further discussions under this issue in order to better define the methods below]

Method C1:

RR No. 9.21 still applies to MS in relation to ARNS in the 694-790 MHz frequency band.  The determination of affected administrations, based on RR No. 9.21 for MS stations in respect of ARNS, shall use the ARNS coordination trigger as specified in section 1/1.2/3.3 of the Report in accordance with Resolution 232 (Rev. WRC-15).

Method C2: 

RR No. 9.21 still applies to MS in relation to ARNS in the 694-790 MHz frequency band.  The determination of affected administrations, based on RR No. 9.21 for MS stations in respect of ARNS, shall use the  predetermined coordination distances specified in section 1/1.2/3.3 (derived from study A.1) of the Report in accordance with a new or modified Resolution 232 (Rev. WRC‑15).

Method C3: 

RR No. 9.21 still applies to MS in relation to ARNS in the 694-790 MHz frequency band.  The determination of affected administrations, based on RR No. 9.21 for MS stations in respect of ARNS, shall use the  predetermined coordination distances specified in section 1/1.2/3.3 (derived from study A.2) of the Report in accordance with a new or modified Resolution 232 (Rev. WRC‑15).

Method C4: 

RR No. 9.21 still applies to MS in relation to ARNS in the 694-790 MHz frequency band.  The determination of affected administrations, based on RR No. 9.21 for MS stations in respect of ARNS, shall use the  predetermined coordination distances specified in section 1/1.2/3.3 (derived from study A.3) of the Report in accordance with a new or modified Resolution 232 (Rev. WRC‑15).

Method C5: 

RR No. 9.21 still applies to MS in relation to ARNS in the 694-790 MHz frequency band.  The determination of affected administrations, based on RR No. 9.21 for MS stations in respect of ARNS, shall use the  predetermined coordination distances specified in section 1/1.2/3.3 (derived from study B.3) of the Report in accordance with a new or modified Resolution 232 (Rev. WRC‑15).

1/1.2/5.4	Issue D: Solutions for accommodating applications ancillary to broadcasting requirements

[Ed. Note : Further discussions are required in order to better define the methods below]

Method D: Method D1: 

This method proposes a modification to RR No. 5.296 and seeks for identification of frequency bands for SAB/SAP. The modification to RR No. 5.296 should include a limitation of this footnote to the band 470-694 MHz as well as an extension to applications ancillary to programme making in addition to applications ancillary to broadcasting.

[Ed. Note: There was an additional input to the February 2014 meeting of JTG4-5-6-7 regarding this section in the following Document : 4-5-6-7/524. This was not discussed.]

[bookmark: _Toc269125083][bookmark: _Toc286273710]1/1.2/6	Regulatory and procedural considerations

[Ed. Note : This section 6 has not been discussed nor agreed at the February 2014 meeting of JTG 4-5-6-7. It only collects the input from WG 2 and WG 3 at that meeting. Renumbering and structuring of sections could be needed.

There were inputs to the February 2014 meeting of JTG 4-5-6-7 regarding this section in the following Documents: 4-5-6-7/414 and 525. This was not discussed. ]

[Ed. Note: Consideration about Resolution 232 (WRC-12) should be further discussed:

‑	Suppression/Modification of Resolution 232 (WRC-12). (Ed. Note: Aspects for protection of the ARNS, including the application of RR No. 9.21, need to be covered in the appropriate method(s) before suppressing Resolution 232 (WRC-12)).

‑	Suppression of Resolution 232 (WRC-12) by introducing a new Resolution or modification of Resolution 232 (WRC-12) / Resolution 749 (Rev.WRC-12), the aim of them being to provide conditions of use of the frequency band.]

1/1.2/6.1 	Issue A: Options for the refinement of the lower edge

	[… TBD]

[Ed. Note: There were inputs to the February 2014 meeting of JTG4-5-6-7 regarding this section in the following Document: 4-5-6-7/414. This was not discussed.]

1/1.2/6.2 	Issue B: technical and regulatory conditions applicable to the mobile service concerning the compatibility between the mobile service (MS) and the broadcasting service (BS)

	[… TBD]

[Ed. Note: There were inputs to the February 2014 meeting of JTG 4-5-6-7 regarding this section in the following documents: 4-5-6-7/525 and 530. This was not discussed.]



1/1.2/6.3	Issue C: technical and regulatory conditions applicable to the mobile service concerning the compatibility between the mobile service (MS) and the aeronautical radionavigation service (ARNS).

	[… TBD]

1/1.2/6.4 	Issue D: solutions for accommodating applications ancillary to broadcasting requirements

	[… TBD]

[Ed. Note: There were inputs to the February 2014 meeting of JTG 4-5-6-7 regarding this section in the following Document: 4-5-6-7/507. This was not discussed.]

[Ed Note: For each Method referenced above a methodology for identification of affected administrations needs to be prepared and reflected either in the Resolution or in the Annex thereto.]

Resolution 232 (Rev.WRC-15)

[TBD]

[Ed. Note: There were inputs to the February 2014 meeting of JTG 4-5-6-7 regarding this section in the following Documents: 4-5-6-7/306, 471, 525 and 531. This was not discussed.]

[Editorial Note: Modification for Resolution 232 (Rev.WRC-15) is suggested to reflect implementation of Method 1 in Issue C proposed in section 1/1.2/]

[Ed Note: Based on the results of the studies and discussion related to the methods, other elements may be added to address the other issues]



[bookmark: _Toc319401796][bookmark: _Toc327364420]Use of the frequency band 694-790 MHz by the mobile, except aeronautical mobile, service in Region 1 and related studies

The World Radiocommunication Conference (Geneva, 2015),

considering

…

noting

…

recognizing

…

resolves

1	to allocate the frequency band 694-790 MHz in Region 1 to the mobile, except aeronautical mobile, service on a co-primary basis with other services to which this band is allocated on a primary basis and to identify it for IMT;

2	that the allocation in resolves 1 is effective immediately after WRC‑15;




3	that use of the allocation in resolves 1 is subject to agreement obtained under No. 9.21 with respect to the aeronautical radionavigation service in countries listed in No. 5.312.  A methodology for identification of the affected administrations under No. 9.21 for MS with respect to ARNS in the 694-790 MHz frequency band is provided in [Annex 1] to this Resolution;

…

invites ITU-R

…

invites the Director of the Radiocommunication Bureau

…

invites administrations

…





______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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1	Introduction

This Report contains sharing and compatibility studies between digital terrestrial television broadcasting and IMT in the frequency band 470-694 MHz in the GE06 planning area.

2	Analysis

2.1	GE06 Agreement field strength parameters

The GE06 Agreement specifies (in Appendix 1 to Section I of Annex 4) the coordination trigger field strength of other primary services for the protection of broadcasting from the modifications to the plan. 

The values are listed in Table A.1.9 of the GE06 Agreement and shown below.

Table 9

GE06 coordination trigger field strength of other primary services for the protection 
of broadcasting from the modifications to the plan.

		Broadcasting service to be protected

		Trigger field strength
(dB(V/m))(1)



		

		Band III
(174-230 MHz)

		Band IV
(470-582 MHz)

		Band V
(582-718 MHz)

		Band V
(718-862 MHz)



		DVB‑T

		17

		21

		23

		25



		T‑DAB

		27

		–

		–

		–



		Analogue TV

		10

		18

		20

		22



		(1) 	The trigger field-strength values are related to the bandwidth of the system to be protected.







Under agenda item 1.2, dealing with the frequency band 694-790 MHz, the coordination threshold is 23 (lower Band V) or 25 dBµV/m (upper Band V). This threshold corresponds to the median interference field strength at the border of a neighbouring country.





For fixed DTTB reception at a point located at the neighbouring country border with a receiving antenna oriented towards the affected country, a field strength at the antenna level of  represents an interference power level  at the receiver input of:







Where:



 is the isotropic antenna gain, including feeder losses: 7 dBd (from Table 0 above) + 2.15 dB = 9.15 dBi



is the Antenna directivity discrimination. From Rec. ITU-R BT.419-3 it is 16 dB for 180°.



 is the frequency in MHz

With a median field strength value of 21 dBµV/m at 470 MHz the received interference power will be:



	= -116.5 dBm (including 16 dB antenna discrimination)



	= -100.5 dBm (no antenna discrimination)



With a noise level at the DTTB receiver input of -98.2 dBm (in 7.61 MHz bandwidth and 7 dB of noise figure), the median I/N, or I/N (50%) corresponding to the triggering field strength of 23 dBµV/m at 694 MHz is:

	I/N (50%) = -18.3 dB (including 16 dB antenna discrimination)

	I/N (50%) = -2.3 dB (no antenna discrimination)



With a median field strength value of 23 dBµV/m at 694 MHz the received interference power will be:



	= -117.9 dBm (including 16 dB antenna discrimination)



	= -101.9 dBm (no antenna discrimination)

With a noise level at the DTTB receiver input of -98.2 dBm (in 7.61 MHz bandwidth and 7 dB of noise figure), the median I/N, or I/N (50%) corresponding to the triggering field strength of 23 dBµV/m at 694 MHz is:

	I/N (50%) = -19.7 dB (including 16 dB antenna discrimination)

	I/N (50%) = -3.7 dB (no antenna discrimination)

2.1	Co-channel sharing studies

2.2.1	Interference from and to mobile service base stations

2.2.1.1	Mobile service as an interferer: Interference from mobile service base stations into broadcasting service reception

2.2.1.1.1	Scenario 1 I/N

Appendix 1 of Annex 2 contains a case study for this scenario. 

2.2.1.1.1.1	Study 1a I/N

2.2.1.1.1.1.1	Description

In order to estimate the cumulative effect of co-channel interference from IMT BS to DTT in particular DVB-T receiving system, a single base station is first evaluated and the required separation distance to meet the field strength threshold value corresponding to the required I/N criteria is calculated. Then a network of several IMT base stations is modelled and the cumulative effect is evaluated. Finally, the new separation distance that would be required to reduce the cumulative effect to the original threshold is calculated. 

2.2.1.1.1.1.2	Methods of calculation with formulas

A threshold field strength of 23 dB V/m was used in the calculations which equivalents to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the upper end of the 470-694 MHz band.

Step 1: Single base station  

All base station parameters used in this study are as specified in Annex 1. Specifically, these are:

–	Frequency: 700 MHz[footnoteRef:1] [1:  	This frequency does not correspond to any specific IMT band plan. Rather, it is selected to be representative of both the 700 MHz band (A.I. 1.2) and the 600 MHz band (A.I. 1.1). Results at other frequencies would be much similar and just slightly change.] 


–	Radiated Power: 55 dBm

–	Tx Antenna Height: 30m

The separation distance R required to give the threshold field strength (23 dB(V/m)) from a single base station at 1% time is then calculated using Recommendation ITU-R P.1546.

It is found that R would be around 61 km (see figure 1 below), if the whole path between the base station and the receiving point A is considered to be land.

[image: ]

Step 2: Several base stations

In Step 2, a network consisting of several IMT base stations is modelled on either side of base station in Step 1, and also behind it. All base stations have the same characteristics as that in Step 1, as defined in Annex 1. The area in which this network operates is assumed to be urban and therefore a cell range of 1km is selected. This is within the range specified by WP 5D (0.5 km – 5 km). The inter-site distance is 1.6 km.

The IMT network used in this study consists of alternately 15 or 16 cells across and 17 cells deep, making a total of 263 cells.

Now the field strength from each base station in the extended IMT network is calculated at point A, according to the methodology given by WP 3K in Document 3K/69 (i.e. calculated at 2% time).

The field strengths from each base station in the extended IMT network are summed to give accumulated field strength at A. 

The resultant accumulated field strength is found to be 43.4 dBV/m, i.e. an increase of 20.4 dB compared to the single cell case in Step 1.

Step 3: Derive a new separation distance

Having derived a value for the accumulated field strength, the distance modelled between the IMT network and the DTTB receiving point A can be recalculated such that the accumulated field strength drops to the original threshold.

In the case considered here, that is found to be about 212 kilometres.




2.2.1.1.1.1.3	Results

The results found above are summarised in the table below.



		Interfering field strength threshold @700MHz

		Initial separation distance R

		Total cumulative field strength

		Increase over original threshold 

		New required separation distance



		[dB(V/m)]

		[km]

		[dB(V/m)]

		[dB]

		[km]



		23

		61

		43.4

		20.4

		212



		

		

		

		

		





2.2.1.1.1.2	Study 1b I/N

2.2.1.1.1.2.1	Description

When assessing the interference from MS networks to broadcasting service it necessary to evaluate the interference field strength of MS base stations (BS) in the test points at the territory of other country. “Geneva-06” Agreement provides trigger value for consideration of the single assignment of mobile service BS to which a threshold value applied at any test point within the territory of 
the country concerned. However, at the time of the “Geneva-06” Agreement development IMT implementation plans currently under consideration were not known. Those plans assume use of 
the same frequency throughout all country (frequency reuse factor 1).

2.2.1.1.1.2.2	Calculations

Single base station

Calculations were performed for a single base station with typical parameters (see Table. 1) at 
500 and 600 MHz. The distance at which the interfering base station field strength decreases to the threshold value of 21 and 23 dBµV/m. This equivalents to an I/N of -19 dB (50% locations) and ‑10  dB (95% locations) at 470 MHz and 694 MHz, respectively.

Base stations network

A network of base stations created, with typical parameters corresponding to given in Table. 2. Calculation of the increment of the total interference from the network of BS performed, 
and cumulative field strength compared to field strength from a single interferer. For the summation of multiple interfering signals method proposed WP 3K used. 

After obtaining cumulative field strength values, the distance between the simulated network IMT and DTTB reception point A were recalculated until the cumulative field strength drops to 
the initial threshold of 21 or 23 dBµV/m.






Table 2

Network parameters for MS base stations 

		Parameter

		Scale

		Value



		e. without loss and Giso for 10 MHz

		dBm



		58.00





		Cable loss (Lcable)

		dB

		3.00



		Antenna factor (Giso)

		dBi

		15.00



		Polarization discrimination

		dB

		3



		Antenna height above ground

		m

		30.00



		Antenna tilt, downside

		Degrees

		3



		Main beam by 3 dB loss in H plane

		Degrees

		65



		Main beam by 3 dB loss in V plane

		Degrees

		ITU-R F.1336.  Annex 8 of this Recommendation and a
k-value of 0.7



		MS network type

		

		Rural





		Cell radius (rIMT)

		4 km

		8







2.2.1.1.1.2.3	Results

The results are shown in Table 3. Calculation performed for BS antenna height of 30 m 

Table. 3

Separation distances and the increment of the field strength

		Frequency

		Trigger field strenngth

		Propagation path

		Separation distance for single BS

		Total cumulative field strength

		Increase over original threshold 

		Separation distance for MS network, km



		[MHz]

		[dB(V/m)]

		

		[km]

		[dB(V/m)]

		[dB]

		[km]



		500

		21

		land

		86

		40,9

		19,9

		274



		600

		23

		land

		72

		41

		18

		243



		500

		21

		warm sea

		695

		47,5

		26,5

		>1000



		600

		23

		warm sea

		694

		50,1

		27,1

		>1000





The case study indicating the increment of the cumulative interference from the multiple base stations MS network with respect to a single interferer given in the Appendix 1 of Annex 2.

The results show that the excess of the cumulative interference from MS network over the single interferer can be up to 21 dB what causes a significant increase of required separation distance when using the same field strength threshold for cumulative interference as for single entry interference. This study shows that when conducting compatibility studies, cumulative interference of signals from the MS base stations should be considered.

2.2.1.1.2	Scenario 2: Degradation of Reception Location Probability

2.2.1.1.2.1	Introduction

The aim of this study is to assess the co-channel impact of a network of IMT base stations in one country into DTTB reception in a neighbouring country in terms of degradation in location probability at different levels of the DTTB coverage area: at one pixel at the edge and in a ring of pixels at the coverage edge. 

The study also assesses the required geographical separation, for co-channel operation, between IMT base stations (single and multiple) and DTTB reception area for a land path and for different network configurations. It uses the methodology described in Annex 2 to Report ITU‑R BT.2265.

2.2.1.1.2.2	Background

The study takes into account the liaison statements received from WP 3K with regard to time percentages of individual base stations (1.7% instead of 1%), and from WP 5D on generic IMT networks to be used in sharing studies. All technical parameters are in line with the agreed parameters in the JTG 4-5-6-7 (see Table 0 further below). 

2.2.1.1.2.3	Technical characteristics

In this  study the cumulative effect of interference of a network of base stations is considered. The base stations are placed so that individually the GE06 coordination threshold is not exceeded at the border. A broadcast coverage area is placed on the opposite side of the border, just touching the border (see Figure 1). Tri-sector cell structure is used (see Figure 2). The interference probability is calculated, using Monte Carlo simulation, throughout a ring at the coverage edge, and at the two pixels on the coverage edge, closest to and farthest from, respectively, the base station network. (see Figure 3).

Figure 1
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Figure 3

DTTB coverage area, coverage area edge, nearest and farthest pixels
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Direction of BS network
DTTB coverage area
DTTB coverage area edge
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Table 0

Parameters for the study

		Television tower (TT)



		EIRP

		High power:		23 dBkW/(8 MHz)

Medium power	7 dBkW/(8 MHz)



		Coverage radius

		Urban High power:		39.5 km

Urban medium power: 12.6 km

Rural high power:		70.5 km

Rural medium power: 	32.1 km



		Antenna height

		Urban: 	300 metres

Rural: 		150 metres



		Antenna pattern

		Recommendation ITU-R BT.419



		TV receiver (victim)



		Antenna gain (inc. feeder loss)  

		12 – 5 = 7 dBd



		Antenna height

		10 m



		Receiver minimum C/N

		21 dB



		Antenna pattern

		Recommendation ITU-R BT.419-3



		Noise figure

		7 dB



		Noise equivalent bandwidth

		7.6 MHz



		BS transmitter



		EIRP

		55 dBm



		Cell range 

		Urban: 		1 km

Suburban: 	2 km

Rural: 			8 km



		Antenna height

		30 metres



		Antenna elevation pattern

		Recommendation ITU-R F. 1336



		
Other parameters



		Operating frequency 

		708 MHz



		Mean path loss

		Recommendation ITU-R P.1546 model



		Log-normal shadowing standard deviation:

		3.5 dB 	for d < d0 ,

5.5 dB for d > d0 , where for d0 = 100 m.



		Cross polarization (in the main lobe)

		3 dB



		Location probability for reception at the edge of broadcast coverage area

		95%



		Median Wanted field strength at the edge of broadcast coverage area

		56.7 dBV/m



		Protection ratio (co-channel)

		21 dB










2.2.1.1.2.4	Analysis

2.2.1.1.2.4.1	Degradation in reception location probability

Tables 1 to 4 provide degradation in reception location probability at the considered pixels/areas of the DTTB coverage area for different numbers of interferers. They also provide the SINR exceeded in 95% of the locations in the considered pixels/areas.

Urban DTTB coverage

Table 1

Urban cell network, high power urban DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of  reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.02%

		0.12%

		1.3%

		3.6%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge

		21.1 dB

		21.0 dB

		20.4 dB

		19.3 dB



		Degradation of reception location probability for a PR of 21 dB at the border DTTB coverage 

		0.3%

		1.7%

		15.3%

		30.5%



		SINR exceeded at 95% of coverage at the border DTTB coverage 

		20.9 dB

		20.2 dB

		16.6 dB

		13.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge pixel

		0%

		0.03%

		0.4%

		1.6%



		SINR exceeded at 95% of coverage at the far DTTB coverage edge pixel

		21.1 dB

		21.1 dB

		20.9 dB

		20.2 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD = 17.2 km

Broadcast coverage: ERP = 23 dBkW, Htx = 300 m, Hrx = 10 m, coverage radius = 39.5 km

Thickness of Broadcast coverage edge: 100 m





Table 2

Urban cell network, medium power urban DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.1%

		0.5%

		5.4%

		14.3%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge

		21 dB

		20.8 dB

		18.9 dB

		16.5 dB



		Degradation of reception location probability for a PR of 21 dB at the border  DTTB coverage edge 

		0.3%

		1.7%

		15.3%

		30.5%



		SINR exceeded at 95% of coverage at the border DTTB coverage edge 

		21 dB

		20.9

		16.6 dB

		13.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge pixel

		0.1%

		0.7%

		8.7%

		25.3%



		SINR exceeded at 95% of coverage at the far DTTB coverage edge pixel

		21 dB

		20.7 dB

		18.1 dB

		14.7 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD = 17.2 km

Broadcast coverage: ERP = 7 dBkW, Htx = 150 m, Hrx = 10 m, coverage radius = 12.6 km

Thickness of Broadcast coverage edge: 100 m





Rural DTTB coverage

Table 3

Urban cell network, high power rural DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.04%

		0.3%

		3.4%

		10.7%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge

		21 dB

		20.9 dB

		19.5 dB

		16.9 dB



		Degradation of reception location probability for a PR of 21 dB at the border  DTTB coverage edge 

		0.3%

		1.9%

		22.2%

		51.5%



		SINR exceeded at 95% of coverage at the border  DTTB coverage edge 

		20.9 dB

		20.2 dB

		15.4%

		10.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge pixel

		0.03%

		0.2%

		2.6%

		15%



		SINR exceeded at 95% of coverage at the far  DTTB coverage edge pixel

		21 dB

		21 dB

		20 dB

		17.6 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD =  47.1 km

Broadcast coverage: ERP = 23 dBkW, Htx = 300 m, Hrx = 10 m, coverage radius =  70.5 km

Thickness of Broadcast coverage edge: 100 m





Table 4

Urban cell network, medium power rural DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.1%

		0.7%

		10.3%

		29.1%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge

		21.1 dB

		20.6 dB

		17.5 dB

		13.4 dB



		Degradation of reception location probability for a PR of 21 dB at the border DTTB coverage edge pixel

		0.4%

		1.9%

		22.2%

		51.4%



		SINR exceeded at 95% of coverage at the border DTTB coverage edge 

		20.9 dB

		20.2 dB

		15.4 dB

		10.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge 

		0.2%

		1.5%

		20.2%

		52.4%



		SINR exceeded at 95% of coverage at the far  DTTB coverage edge pixel

		20.9 dB

		20.4 dB

		15.7 dB

		10.8 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD =  47.1 km

Broadcast coverage: ERP = 7 dBkW, Htx = 150 m, Hrx = 10 m, coverage radius = 32.1 km

Thickness of Broadcast coverage edge: 100 m










2.2.1.1.2.4.2	Relationship between Reception location probability degradation (RLP) and I/N criteria

This relationship is shown in Table 5 below.

Table 5

Reception location probability degradation (RLP) as a function of I/N(50%) and I/N(95%) 
RLP target = 95%

		I/N (50%)[footnoteRef:2] [2: 	I/N(50%) is the I/N exceeded in 50% of the location in the considered pixel.] 


		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)[footnoteRef:3] [3: 	I/N(95%) is the I/N exceeded in 95% of the location in the considered pixel.] 


		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		RLP

		0.23%

		1%

		1.84%

		4.47%

		14.68%





2.2.1.1.2.4.3	Separation distances

Tables 6 to 8 provide co-channel separation distances for a land path with single and multiple base stations, for different network configurations, on the basis of protecting the nearest DTTB coverage edge pixel (with full Antenna discrimination).

Table 6

Co-channel separation distances for a land path with single and multiple base stations for Urban IMT network (sector range = 1 km) into urban fixed DTT reception (at 20 m), suburban fixed DTT reception (at 10 m), rural fixed DTT reception (at 10 m) for different target levels of RLP and corresponding I/N protection criteria

		I/N (50%)

		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)

		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		DRLP%

		0.23%

		1%

		1.85%

		4.48%

		14.68%



		Number of base stations

		

		

		

		

		



		1

		53.50 km

		37.55 km

		32.39 km

		26.15 km

		19.02 km



		6

		81.80 km

		55.04 km

		47.12 km

		37.98 km

		28.27 km



		91

		160.90 km

		111.20 km

		94.32 km

		73.30 km

		52.30 km



		378

		212.60 km

		157.70 km

		135.45 km

		105.15 km

		72.80 km





For example, as can be seen in Table 6 above, a single IMT base station needs to be 53 km away from the border in order to be implemented without coordination. If 91 similar stations are implemented in an urban area beyond this distance they will similarly not need to be individually coordinated. In that case the impact on the DTTB coverage with that same separation distance would be increased by 19 dB in terms of I/N at the coverage edge and the degradation of location probability would be increased from 0.23% to 14.68% at that same coverage edge.   

Table 7

Co-channel separation distances for a land path with single and multiple base stations for suburban IMT network (sector range = 2 km) into urban fixed DTT reception (at 20 m), suburban fixed
DTT reception (at 10 m), rural fixed DTT reception (at 10 m) for different target levels
of RLP and corresponding I/N protection criteria

		I/N (50%)

		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)

		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		DRLP%

		0.23%

		1%

		1.85%

		4.48%

		14.68%



		Number of base stations

		

		

		

		

		



		1

		53.5 km

		37.6  km

		32.4 km

		26.2 km

		19.0 km



		6

		81.3 km

		54.3 km

		46.5 km

		37.3 km

		28.6 km



		91

		157.1 km

		107.0 km

		90.0 km

		68.8 km

		47.3 km



		378

		204.3 km

		148.3 km

		125.3 km

		94.3 km

		61.1 km





Table 8

Co-channel separation distances for a land path with single and multiple base stations for Rural IMT network (sector range = 8 km) into urban fixed DTT reception (at 20 m), suburban fixed DTT reception (at 10 m), rural fixed DTT reception (at 10 m) for different target levels of RLP and corresponding I/N protection criteria

		I/N (50%)

		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)

		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		DRLP%

		0.23%

		1%

		1.85%

		4.48%

		14.68%



		Number of base stations

		

		

		

		

		



		1

		53.5 km

		37.6 km

		32.4 km

		26.2 km

		19.0 km



		6

		76.6 km

		48.9 km

		40.6 km

		31.2 km

		21.4 km



		91

		126.0 km

		74.1 km

		57.7 km

		39.9 km

		24.5 km



		378

		142.8 km

		84.3 km

		63.9 km

		42.3 km

		25.1 km





2.2.1.1.2.5	Analysis of Results

The protection of DTTB from co-channel IMT downlink requires a separation distance to avoid coordination according to GE06. Calculations show that, even without accumulation of interfering field strength, a single IMT base station will need to be positioned 53 km (for land path) from the DTTB service edge, i.e. from the border of the affected Administration. 

Including multiple interfering base stations would increase the interfering field strength at the DTTB service edge by up to 20 dB. Based on the parameters used in this particular study, the resulting separation distance could be increased up to 200 km when using the same field strength threshold for cumulative interference as for single entry interference (23dBuV/m). 

The calculations are made according to Report ITU-R BT.2265 which contains a method to assess the impact of interference from multiple base station networks on DTTB reception. 

2.2.1.1.3	Scenario 3 C/(N+I)

Appendix 2 of Annex 2 contains a case study for this scenario.

2.2.1.2	Mobile service as a victim: Interference from broadcasting transmissions into mobile base stations 

Appendix 2 of Annex 2contains a case study for this scenario.

2.2.1.2.1	Introduction 

This section presents results of co-channel interference calculations from existing DVB-T/T2 transmitters and GE06 Plan entries, into IMT uplink receivers. Calculations have been made for a generic case and for a Case study (see Appendix 3 of Annex 2) including two countries France and German using the existing and coordinated DTTB transmitters on a UHF channel.

The aim of this study is to assess the feasibility of using the same band for DTTB by one country and the IMT uplink in a neighbouring country.

The results show that such a simultaneous use would only be feasible beyond large separation distances even taking into consideration mitigation techniques such as cross polarisation or relaxation of the percentage of time for the protection of the uplink.

2.2.1.2.2	Background

This study deals with the protection of the IMT networks, in particular the uplink receivers, from existing or planned DTTB transmissions.

The criteria used by the Mobile service for the protection of the Mobile and base stations receivers is based on the I/N criteria. This criteria is used in this study where only the case of the base station receiver is considered.

2.2.1.2.3	Technical characteristics 

2.2.1.2.3.1	DTTB Transmitter data

For the generic study, two reference single broadcast transmitter configurations are considered, taken from Appendix 2 to Attachment 1 to Annex 2 to Document 4-5-6-7/393 (Chairman's Report of the Fourth JTG4-5-6-7 meeting). They are representative of actual deployments in the case of assignments used in the GE06 planning area.

	High power transmitter

	ERP: 200 kW

	Effective antenna height: 300 m

	Antenna height a.g.l.: 200 m

	Antenna pattern:

	Horizontal: Omnidirectional

	Vertical antenna aperture: based on 24 aperture with 1° beam tilt

	Medium power

	ERP: 5 kW

	Effective antenna height: 150 m

	Antenna height a.g.l.: 75 m

	Antenna pattern:

	Horizontal: Omnidirectional

	Vertical: based on 16 aperture with 1.6° beam tilt

For the case studies, the French DTTB transmitter data is based upon existing coordination data using about 100 transmitters. Highest ERP is about 50 kW.  Transmitters with an ERP below 100 W have not been included in the calculation. The German DTTB transmitters are taken directly from the GE06 Plan, which means that a few transmitters have an ERP of 200 kW. In both cases, only DTTB transmitters on channel 50 have been included in the calculations. 

2.2.1.2.3.2	Mobile Network data

In Table 1 the calculation of the interference limits for an IMT Base station (uplink) is made [1]. This limit is based on I/N of -6 dB as protection criteria, which corresponds to a 1 dB desensitization of the uplink receiver at the base station.

Table 1

Calculation of interference threshold for base station

		Parameter

		Value for base Station

		Unit

		Comment



		Frequency

		698

		MHz

		F



		Rx Noise figure

		5

		dB

		NF



		Bandwidth

		10

		MHz

		BW



		Temperature

		290

		K

		T



		Thermal Noise (10 MHz)

		-99,0

		dBm

		PN = 10log(kTB) + NF



		I/N protection criterion

		-6

		dB

		I/N



		Interference power threshold

		-105,0

		dBm

		PI = PN + I/N



		Downtilt

		3

		°

		



		Rx antenna discrimination

		1,19

		dB

		Dant (Rec ITU-R F 1336)



		Polarization discrimination

		3

		dB

		Dpol



		Rx antenna gain

		15

		dB

		Grx



		Feeder loss

		1

		dB

		Dfl



		

		

		

		



		Field strength interference threshold at Rx antenna height

		19,3

		dBµV/m

		Eunwanted = 77.21+PI+20log(F)-Grx+Dant+Dpol+Dfl



		Antenna height

		30

		m

		Hant







In Table 2 the field strength thresholds used in the plots are given, subject to different assumption on I/N and different polarization for the broadcast and the mobile IMT network.  

Table 2

Field strength thresholds

		Threshold

		Value

[dB(V/m)]

		Rx Antenna height

[m]

		Comment



		Th1

		19,3

		30m

		I/N of -6 dB



		Th2

		25,3

		30m

		Relaxed I/N from -6 to 0 dB



		Th3

		31,1

		30m

		Cross polarization and I/N of -6 dB



		Th4

		37,1

		30m

		Cross polarization and I/N of 0 dB





2.2.1.2.3.3	Field strength prediction and summation

For the generic study, only Rec. ITU-R P.1546 was used.

For the case studies in Appendix 3 of Annex 2, the calculations are made using the Recommendations ITU-R P.1812-2 and ITU-R P.1546-4 prediction models. For Recommendation ITU-R P.1546 Terrain clearance angle has been used in order to more correctly take the terrain into account.

Calculation has been used using the PROGIRA-Plan broadcast planning software using 100 meter resolution clutter and height (topographical) data.

Field strength values are presented for 1%, 5% and 10% of time. No aggregation (summation) of field strength has been used. The plots for the case studies show the highest field strength in each pixel of calculation

2.2.1.2.4	Analysis

2.2.1.2.4.1	Generic study

Figure 1 shows the basic configuration for the assessment of the separation distance between interfering DTTB transmitter and victim IMT base station receiver (uplink) 

Figure 1

 Basic configuration for the assessment of separation distance between interfering DTTB transmitter 
and victim IMT base station receiver (uplink)

 (
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For this generic study, only Rec. ITU-R P.1546 was used. There is no point in using other methods based on terrain for generic studies. 

The separation distances were calculated for all the field strength thresholds calculated in Table 2, which correspond to two different levels of protection and to the possible use of cross polarisation as a mitigation technique (or alternatively the use of full antenna discrimination).

Finally, the prediction was made for three percentages of time, 1%, 5 % and 10% to consider also a range of protection levels in terms of acceptable time percentage for the interference.

The DTTB coverage radius corresponding to the two reference transmitters are:

	70.53 km for the high power transmitter (HP)

	32.11 km for the medium power transmitter (MP)




Table 3

Required separation distances between interfering DTTB transmitter and 
victim IMT base station receiver (uplink)

		ERP

		Antenna height

(m)

		Target Field Strength

(dBµV/m)

		1%

time

		5%

time

		10%

time

		Comment



		200 kW

		300

		19.3

		427

		355

		318

		I/N of -6 dB



		200 kW

		300

		25.3

		359

		290

		258

		I/N of 0 dB



		200 kW

		300

		31.1

		297

		235

		207

		Cross polar and I/N of -6dB



		200 kW

		300

		37.1

		235

		183

		159

		Cross polar and I/N of 0dB



		

		

		

		

		

		

		



		5 kW

		150

		19.3

		269

		215

		192

		I/N of -6 dB



		5 kW

		150

		25.3

		211

		167

		148

		I/N of 0 dB



		5 kW

		150

		31.1

		161

		126

		110

		Cross polar and I/N of -6dB



		5 kW

		150

		37.1

		117

		89

		76

		Cross polar and I/N of 0dB





As can be seen in Table yy, separation distances up to 427 km and 269 km, for HP and MP BTTB transmitters respectively, would be required to protect the IMT base station receiver (uplink) in 99% time for a target I/N of -6 dB and with no additional discrimination by cross polarization of antenna directivity.

The relaxation of the protection level to 90% time, a target I/N of 0 dB and mitigation by full antenna polarization and/or antenna discrimination would reduce the separation distances to 159 km  for HP and 76 km for MP.

2.2.1.2.4.2	Case study

The results show that the two different propagation models Recommendation ITU-R P.1812 and ITU-R P.1546 are more or less equivalent. Although the fully terrain based Recommendation ITU‑R P. 1812 tend to give slightly higher values in some areas. 

The results are presented in Appendix 3 of Annex 2. The following results are presented:

Plots 1 - 3:		Interference from GE06 Channel 50 DTTB in France using Recommendation ITU‑R P.1546, for 1%, 5% and 10% of time

Plots 4 - 6:		Interference from GE06 Channel 50 DTTB in France using Recommendation ITU‑R P.1812, for 1%, 5% and 10% of time

Plots 7 - 9:		Interference from GE06 Channel 50 DTTB in Germany using Recommendation ITU‑R P.1546, for 1%, 5% and 10% of time

Plots 10 - 12:	Interference from GE06 Channel 50 DTTB in Germany using Recommendation ITU‑R P.1812, for 1%, 5% and 10% of time

As expected the inference areas are reduced for “higher” time percentage (e.g. 10% of time) field strength, but the interfered areas are still significant for all the considered percentages of time.

It should be kept in mind that no aggregation of field strength has been made in the examples shown here. This means that field strength would be higher in case of for example an SFN with several transmitters.

It should be noted however that the results may change, in the sense of reducing the separation distances, when considering variation of certain parameters in the IMT network:

–	The antenna height of some base station may be lower than 30 m, which would result in reduced levels of DTTB co-channel interference;

–	The use of down tilt for the antenna of the base station would also introduce an attenuation of the DTTB interference received from long distance

–	The acceptable level of I/N for the IMT uplink may be high depending on on the extent to which a typical IMT network is noise limited or self interference limited.

2.2.1.2.5	Analysis of results

The calculations show that Co-channel sharing between DTTB broadcasting and IMT at UHF will be difficult due to significant interference into the IMT uplink receiver positioned at 30 meters height.

High level protection of the IMT uplink from DTTB co-channel interference would require separation distances of up to 269 km with a medium power DTTB station and up to 427 km with a high power DTTB station.

This has also been shown also on a case study using planned assignments and allotments from the GE06 plan. Interference distances up to 200 km into uplink in neighbouring countries are predicted with the use of certain mitigation techniques and relaxation of the protection requirements.

2.3	Adjacent-channel [footnote explaining this term] compatibility studies

2.3.1	Interference from and to mobile service user equipment

2.3.1.1	Mobile service as an interferer: interference from mobile service user equipment into broadcasting service reception

2.3.1.1.1	Scenarios

Laboratory and field trial of wireless broadband access system in the frequency band 470-694 MHz were conducted. As outcome, the field trial highlights the problems of compatibility between such systems and terrestrial television broadcasting. Since there is currently no way to conduct field trials of real IMT/LTE systems in this band, the results of this work is a good example that can be used for assessment of the problems of sharing TV broadcasting and mobile services within bands, allocated to BS.

2.3.1.1.1.1	Description

Studies of compatibility between terrestrial TV broadcasting and terrestrial mobile networks based on various simulation methods, show that there is the possibility of interference in the co-channel and multiple adjacent channels case. At the same time, no field trials for frequency bands sharing between two systems conducted yet. This contribution represents the results of field trials of the of wireless broadband access system, similar to the wireless broadband communications in the mobile networks (IMT/LTE). Topology, similar to mobile communication network (BS + subscriber terminals), used. 

Equipment specification 

Technical characteristics of wireless broadband access equipment are shown in Table 1.

Table 1

Basic technical characteristics of wireless broadband access equipment in the band 470-686 MHz

		Parameter 

		Value 

		Unit 



		Type of channel separation

		TDD



		Max e.i.r.p.

		Base stations 

		6

		dBW



		

		Portable and personal stations

		0

		dBW



		Minimum range of transmitter automatic power control (APC)

		20

		dB



		Accuracy of automatic station location 

		50

		m



		Operating channels shall be selected by sending request to the database for protected systems, and if there is no response from the database, station emission must be automatically ceased





Technical characteristics of wireless broadband access equipment are shown in Table 2.

Table 2

Technical characteristics of wireless 
broadband access equipment prototype

		Parameter 

		Value



		Operating frequency range, MHz

		

From 470 to 686



		Frequency raster, MHz

		1



		Type of duplex 

		Time-division (TDMA)



		Frequency tuning bandwidth, MHz

		216



		Type of modulation 

		BPSK / QPSK / QAM16 / QAM64

(programmable)



		Coding

		LDPC and block



		Code rate 

		5/6 and 15/16



		Transmission rate (main bit stream), Kbit/s

		From 300 to 15000

(programmable)



		Frequency stability, ppm

		±5



		Transmitter output power, dBm

		23 ± 1



		Transmitter power control 

with 1 dB increment, dB

		from +0 to -10



		Transmitter emission bandwidth, MHz

		1.5,3; 6; 12 (programmable)



		Spurious emission level, dBc

		- 50



		Minimum permissible signal level at the receiver input (sensitivity) dBW, with FER = 10-2 / 10-3

		from - 128/ -125 to -98/95

(depending on type of modulation and emission bandwidth)



		Maximum permissible signal level at the receiver input, dBm

		Non-destructive

		6



		

		with FER<=1·10-2

		Not less than -3,



		

		with FER<=1·10-3

		Not less than -10,



		Permissible level of adjacent channel interference, dB

		0



		Power supply voltage, V

		Nominal voltage (Usup)

minus 60 (-39...-72)



		Power consumption, W

		40



		Maximum length of lead-in cable

		Up to 100 m, with Usup = - 60 V;





2.3.1.1.1.2	Methods of calculation with formulas

Research conducted through laboratory and field tests.

2.3.1.1.1.2.1	Laboratory trial

Field test was preceded by laboratory tests. During the laboratory trial, basic operational modes of the equipment were tested, and basic technical characteristics and protection ratios were measured with interference from wireless broadband access system to the TV reception. 

Measurement of protection ratios for wanted signals of digital terrestrial television DVB-T2, interfered with by broadband equipment sample 1

DVB-T2 signal parameters:

●	Modulation: 64 QAM

●	Radio channel bandwidth: 8 MHz

●	Carrier mode: 32K

●	Code rate: 4/5

Block-diagram for measuring is shown in Fig. 1.

Figure 1

Block-diagram for measuring protection ratios for wanted DVB-T2 signal interfered with
by wireless broadband access equipment





●	A – DVB-T2 signal with constant level

●	B –DVB-T2 wanted signal with predetermined levels at the receiver input: -70 dBm, -60 dBm, -50 dBm, -40 dBm (corresponded spectrograms are plotted in Fig. 2)

●	C –generated signal (spectrogram is plotted in Fig. 3)

●	D –signal with variable level to determine interfering signal causing distortions

●	E –signal at the output of RF combiner, applied to the input of STB receiving device
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figure 2

Spectrograms of DVB-T2 signals

		-70 dBm[image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -70 дБм без помех 2.jpg]

		-60 dBm[image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -60 дБм без помех 2.jpg]



		-50 dBm[image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -50 дБм без помех 2.jpg]

		-40 dBm[image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -40 дБм без помех 2.jpg]
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Figure 3

Spectrogram of wireless broadband access prototype 1 signal
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2.3.1.1.1.2.2	Field tests of compatibility between broadcasting service and wireless broadband equipment (transmitters and receivers).

For different position configurations of the receiving TV antenna and the wireless broadband access system transmitting antenna (Fig. 4-5) and different frequency offsets, ratios of signal levels were measured and received TV signal quality was recorded. 

Figures 4, 5

Positions of TV broadcasting receive antenna 
and fixed wireless broadband access system transmit antenna

[image: D:\Документы ITU\ECC PTD\Любляна 2013\105752.gif][image: D:\Документы ITU\ECC PTD\Любляна 2013\105911.gif]






Technical and metrological means

The following equipment is necessary to conduct experimental studies in the pilot area:

–	Cars to install radio electronic equipment needed to perform radio measurements (mobile platforms) – 2 pieces;

–	Wireless broadband access base stations with the set of standard antennas (previously installed and ready for operation in the selected points of installation);

–	wireless broadband access user equipment with the set of standard antennas;

–	Receiving TV antenna with matched characteristics;

–	TV signal analyser (e.g. R&S ETL);

–	Digital TV DVB-T2 Set-Top-Boxes;

–	TV set to receive analogue TV programmes.

Measurement methodology

Position of the wireless broadband access system base station retains fixed during the experimental studies.

During pilot studies the following aspects were evaluated:

–	Effect of the TV transmitter radiation on the operation of the wireless broadband access system user equipment at the edge of the base station service area;

–	Effect of the wireless broadband access user equipment radiation on the operation of DVB-T2 STBs and measuring receiver (or analogue TV Set) at the edge of TV transmitter service area;

–	Effect of the wireless broadband access base station radiation on the operation of DVB‑T2 STBs and measuring receiver (or analogue TV Set) at the edge of TV transmitter service area.

Radiation effect of TV transmitter on the operation of the wireless broadband access user equipment is evaluated by assessing wireless broadband access base station QoS using specified criteria, for points at the edge of base station service area, located closest to the TV transmitter.

Radiation effect of wireless broadband access user equipment on the operation of DVB-T2 STBs and measuring receiver (or analogue TV Set) is evaluated by verifying the selected criteria of EMC for reception quality or, when using the DVB-T2 measuring receiver, for threshold value LBER = 10-7 when interfered with by subscriber station.

Minimum separation distance between wireless broadband access user equipment and subscriber TV STBs is evaluated, when the compatibility conditions are met.

Evaluating separation distances required to meet the compatibility conditions 

Separation distance between the mobile terminal and the TV broadcasting receiving antenna determined for fixed reception in rural environment. As the propagation model, Recommendation ITU-R P.1546-RRC06 used. Trigger value of allowable interference field strength from mobile service user equipment was determined based on the measured protection ratios and applied to the value of the field strength of the useful signal relevant to 95% of locations and 99 % of the time. As a representative DVB-T2 modulation mode, 64 QAM 4/5 used, same as was used in the measurements.



2.3.1.1.1.3	Calculations

Given below is a calculated estimate of the useful field strength values at digital terrestrial broadcasting system DVB-T2 signal reception locations for fixed antenna by population of the 11 regions of the Russian Federation and with different topologies of networks, the distribution of the population and terrain.

Figure 6

The distribution of the field strength of the useful signal networks of terrestrial digital television
broadcasting in the public reception areas, dB μV / m



As can be seen in Fig. 6, the distribution of the field strength has two characteristic peaks. The first maximum is located in the 85-100 dB μV / m and exists due to the high density of the population living in cities near the broadcasting centers. The second maximum is in the region of 56-77 dB μV / m and caused by the large coverage in terms of space over rural areas with low and medium population density. Modulation mode of DVB-T2 networks in this example - 64 QAM, 4/5.

With the distribution at Fig. 6 is easy to estimate the number of people that will be subject to interference if protection ratios are not met. The calculation of the interference for an arbitrary multiple adjacent channel can be made by using the method of minimal coupling loss or the Monte Carlo method, assuming compliance with the conditions 99% of the time and 95% of the TV broadcasting receiving antenna locations. 

The non-flat distribution of the population through the territory also to be taken into account, which typically causes dense concentration of interference sources within borders of populated areas (villages, towns, etc.), in close proximity to broadcasting service receiving antenna locations (see Fig. 7). This applies most to IMT user equipment, but also typical for base station locations.

Figure 7

The probability of distance between IMT terminal and the TV reception place when TV receivers and IMT terminals distributed evenly through the surface or within the boundaries of populated sites ("Within PS")



Graphs in Fig. 7 were obtained by simulation in regions of the Russian Federation. The test site of the TV broadcasting receiving antenna and IMT terminal located either evenly across the all territory, or within the boundaries of populated sites taken from hi-resolution digital map of relevant region ("Within PS").

2.3.1.1.1.4	Results

Protection ratios for wanted signals of digital terrestrial television DVB-T2, interfered with by broadband equipment sample 1 emissions

Protection ratios were measured for three different receivers operating in the DVB-T2 mode:

●	ORIEL 810 – Table 3.

●	GENERAL SATELLITE TE8714 – Table 4

●	ROHDE & SCHWARZ test equipment – Tables 5, 6 and 7.

Table 3

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Protection ratios (dB) for DVB-T2 (Oriel 810 receiver) interfered with
by wireless broadband access system

		DVB-T2 signal power at the receiver input

		-60 dBm

		-50 dBm

		-40 dBm



		Channel

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB



		N-14

		-41

		-35.5

		-



		N-13

		-40

		-35

		-



		N-12

		-40

		-35

		-



		N-11

		-39

		-35

		-



		N-10

		-39

		-35

		-



		N-9

		-38

		-35

		-



		N-8

		-38

		-35

		-



		N-7

		-38

		-34.5

		-



		N-6

		-38

		-34

		-



		N-5

		-38

		-34

		-



		N-4

		-38

		-33.5

		-



		N-3

		-38

		-33

		-



		N-2

		-37.5

		-32.5

		-31



		N-1

		-39.5

		-29.5

		-25



		N

		16

		16

		15



		N+1

		-37

		-29.5

		-25



		N+2

		-37.5

		-33

		-31



		N+3

		-38

		-32

		-



		N+4

		-38

		-33

		-



		N+5

		-38.5

		-34

		-
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Table 4

Protection ratios (dB) for DVB-T2 (General Satellite TE8714) interfered with
by wireless broadband access equipment

		DVB-T2 signal power at the receiver input

		-70 dBm

		-60 dBm

		-50 dBm

		-40 dBm



		Channel

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB



		N-14

		-43.5

		-42.5

		-45.5

		-



		N-13

		-43

		-42

		-45

		-



		N-12

		-43

		-42

		-45

		-



		N-11

		-43

		-42

		-45

		-



		N-10

		-43

		-42

		-45

		-



		N-9

		-43

		-42

		-45

		-



		N-8

		-43

		-42

		-45

		-



		N-7

		-43

		-42

		-38.5

		-



		N-6

		-43

		-42

		-39

		-



		N-5

		-42.5

		-41.5

		-39

		-



		N-4

		-42

		-41.5

		-39

		-



		N-3

		-42

		-41

		-39

		-



		N-2

		-41

		-41

		-39

		-



		N-1

		-34

		-35.5

		-31

		-26



		N

		18

		16

		16

		16



		N+1

		-35

		-35

		-30

		-23



		N+2

		-40

		-41

		-40

		-30



		N+3

		-41

		-41

		-36.5

		-



		N+4

		-41

		-41.5

		-41

		-



		N+5

		-41.5

		-42

		-42

		-












Table 5

Protection ratios (dB) for DVB-T2 (Rohde & Schwarz test receiver) interfered with
by wireless broadband access equipment

		DVB-T2 signal power at the receiver input 

		-50 dBm



		Channel

		Protection ratio, dB



		N-14

		-40



		N-13

		-40



		N-12

		-40



		N-11

		-40



		N-10

		-40



		N-9

		-40



		N-8

		-40



		N-7

		-40



		N-6

		-40



		N-5

		-40



		N-4

		-40



		N-3

		-40



		N-2

		-40



		N-1

		-37



		N

		18



		N+1

		-37



		N+2

		-40



		N+3

		-40



		N+4

		-40



		N+5

		-40







Table 6 and Table 7 show protection ratios (dB) for the majority of DVB-T2 modes and two Pilot Patterns.




Table 6

Protection ratios (dB) for DVB-T2, PP4 (Rohde & Schwarz test receiver) interfered with
by wireless broadband access equipment

		DVB-T2 signal power -50 dBm at the receiver input 



		Modulation

		Code rate

		Protection ratio, dB



		

		

		Co-channel

		Adjacent channel



		QPSK

		1/2

		5.1

		-46.6



		QPSK

		3/5

		5.2

		-46.5



		QPSK

		2/3

		5.3

		-464



		QPSK

		3/4

		5.6

		-46.0



		QPSK

		4/5

		6.3

		-45.8



		QPSK

		5/6

		6.8

		-45.7



		16-QAM

		1/2

		8.4

		-45.5



		16-QAM

		3/5

		9.5

		-45.3



		16-QAM

		2/3

		10.5

		-45.0



		16-QAM

		3/4

		11.4

		-44.2



		16-QAM

		4/5

		12.2

		-42.0



		16-QAM

		5/6

		13.0

		-40.4



		64-QAM

		1/2

		12.1

		-40.6



		64-QAM

		3/5

		13.5

		-40.3



		64-QAM

		2/3

		14.9

		-39.9



		64-QAM

		3/4

		16.7

		-39.7



		64-QAM

		4/5

		17.7

		-38.2



		64-QAM

		5/6

		18.8

		-37.0



		256-QAM

		1/2

		16.3

		-39.7



		256-QAM

		3/5

		18.1

		-38.7



		256-QAM

		2/3

		19.9

		-37.8



		256-QAM

		3/4

		21.6

		-30.8



		256-QAM

		4/5

		22.7

		-30.1



		256-QAM

		5/6

		23.8

		-29.4










Table 7

Protection ratios (dB) for DVB-T2 signal, PP7 (Rohde & Schwarz test receiver),
interfered with by wireless broadband access system

		DVB-T2 signal power -50 dBm at the receiver input 



		Modulation

		Code rate

		Protection ratio, dB



		

		

		Co-channel

		Adjacent channel



		QPSK

		1/2

		4.4

		-46.8



		QPSK

		3/5

		4.5

		-46.6



		QPSK

		2/3

		4.6

		-46.4



		QPSK

		3/4

		5.5

		-46.2



		QPSK

		4/5

		6.1

		-46.0



		QPSK

		5/6

		6.6

		-45.9



		16-QAM

		1/2

		7.4

		-45.8



		16-QAM

		3/5

		8.9

		-45.5



		16-QAM

		2/3

		10.5

		-45.3



		16-QAM

		3/4

		11.4

		-45.0



		16-QAM

		4/5

		12.2

		-42.8



		16-QAM

		5/6

		13.1

		-40.5



		64-QAM

		1/2

		11.8

		-40.6



		64-QAM

		3/5

		13.1

		-39.5



		64-QAM

		2/3

		14.8

		-38.4



		64-QAM

		3/4

		16.7

		-36.9



		64-QAM

		4/5

		17.5

		-36.1



		64-QAM

		5/6

		18.5

		-35.3



		256-QAM

		1/2

		16.7

		-37.3



		256-QAM

		3/5

		17.1

		-35.5



		256-QAM

		2/3

		19.6

		-33.6



		256-QAM

		3/4

		21.5

		-31.0



		256-QAM

		4/5

		22.6

		-30.3



		256-QAM

		5/6

		23.7

		-29.5







Study results indicate very limited adjacent band selectivity of modern TV receivers from any signals within TV receiver tuning range. Based upon the trial results, general requirements for regulatory and technical restrictions for the use of wireless broadband access systems in TV bands were identified. To fulfill these conditions during these field trials, BS and mobile user terminals should normally not go within borders of cities/towns/villages and nearby.

In particular, the protection ratios of the order of -43 .. -35 dB were measured over a wide frequency range (up to channel N +14 and beyond). In very many locations, due to difference in signal levels from distant broadcast transmitter and wireless broadband access system BS/UE located nearby, it means requirement for space separation between BS/UE and terrestrial broadcasting antennas necessary to reduce signal level emitted from BS/UE antenna system. Mandatory application of such a measure cannot be ensured because one end of wireless broadband access radio link is user-controlled.

Field test measurements confirmed the laboratory measurements results. Effect of interference from wireless broadband access user equipment and base stations was experimentally confirmed. Regulatory and technical requirements were defined to be applied to the wireless broadband access system operating in the TV broadcasting frequency bands.

Results of field test measurements are shown in Table 8.
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Table 8

Measured protection ratios for the case of interference to DTV 

		No. of measurement

		Date

		TV Frequency, MHz

		TV channel

		TV. Programme

		Use of TV amplifier. STB

		Signal at the TV antenna input, dBµV/m

		Interference at the TV antenna input, dBµV/m

		Actual Ewant-Einterf, dB

		Frequency spacing (fInterf -fWanted), MHz

		Interference scenario (interference channel)

		Calculated protection ratio (lab test), dB

		wireless broadband access frequency, MHz

		wireless broadband access
ERP, dBm



		34

		06.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		52

		97

		-45

		96

		N+12

		-43

		642

		30



		106

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		53

		95

		-42

		96

		N+12

		-42

		642

		30



		107

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		53

		95

		-42

		96

		N+12

		-43

		642

		30



		108

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		57

		99

		-42

		96

		N+12

		-43

		642

		30



		109

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		57

		99

		-42

		96

		N+12

		-42

		642

		30



		105

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		53

		99

		-46

		-16

		N-2

		-42

		530

		30
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Separation distances required to meet the compatibility conditions 

Separation distance between the transmitting end-user terminal (user equipment) and the broadcasting receiving antenna determined for broadcasting service fixed reception in rural environment for the line of sight conditions. The calculation was performed for different levels of out-of-band emissions (OOBE). Corresponding separation distances are shown in Table 9.

Table 9

Required separation distances end-user terminal (user equipment) and the broadcasting receiving antenna determined for broadcasting service fixed reception in rural environment for the line of sight conditions

		Channel

		Protection  ratio for 90th receivers percentile, dB

		Separation distance for OOBE -25 dBm/8 MHz, 
m

		Separation distance for OOBE -46 dBm/8 MHz, 
m

		Separation distance for OOBE -56 dBm/8 MHz, 
m



		N-14

		-35

		725

		190

		180



		N-13

		-35

		725

		190

		180



		N-12

		-35

		725

		190

		180



		N-11

		-35

		725

		190

		180



		N-10

		-35

		725

		190

		180



		N-9

		-35

		725

		190

		180



		N-8

		-35

		725

		190

		180



		N-7

		-34

		752

		276

		270



		N-6

		-34

		752

		276

		270



		N-5

		-34

		752

		276

		270



		N-4

		-33

		785

		357

		352



		N-3

		-33

		785

		357

		352



		N-2

		-32

		825

		437

		433



		N-1

		-29

		995

		708

		705



		N+1

		-29

		995

		708

		705



		N+2

		-33

		785

		357

		352



		N+3

		-32

		825

		437

		433



		N+4

		-33

		785

		357

		352



		N+5

		-34

		752

		276

		270





Analysis of trial results 

The trial results showed the following:

–	It is necessary to have separation distance between transmitting antennas of wireless broadband access system and TV broadcasting receiving antennas to achieve electromagnetic compatibility between wireless broadband access system and terrestrial TV broadcasting system. The required separation can range from 180 to 995 m (equipment was tested with different transmitting power levels and different transmitting frequencies), depending on technical characteristics of wireless broadband access system. During this study compatibility could not be provided for base stations or user equipment in a sufficiently great number of cases. A special order of operation for base stations and user equipment to be required, use of fixed antennas with limitation on possible places of installation, antenna orientation in the horizontal and vertical planes and technical parameters of antennas. It is evident that in the case of user equipment, to provide such order of operation is extremely difficult in practice.

–	It was observed that protection ratio, needed for compatibility, depended on the operation mode wireless broadband access system, such as proportion between reception and transmission time intervals, when using TDD (50% reception vs 50% transmission, 90% reception vs 10% transmission, etc.).

–	When considering possible locations for installation of wireless broadband access system, the effect of overload at the input stage of wireless broadband access receiver can be the limiting factor for some types of transmit and receive systems due to high-power TV and sound broadcasting stations, mobile communications and other systems, operating outside the bandwidth of the wireless broadband access radio channel (mirror channels).

In this study it was found that application of interference mitigation techniques, such as additional frequency-selective filters at the input of TV receivers was necessary to ensure compatibility. However it was found that, the use of frequency-selective interference filters within broadcasting baseband of 470‑694 MHz is problematic because the receiver must be able to work with any RF channel within tuning range. There is small dependence of this effect from frequency separation and OOB limits, what means all broadcast TV channels reception in all UHF range to be affected by interference from mobile service operating within 470-694 MHz frequency band.

3	Summary

3.1	Summary of co-channel studies

3.1.1	Mobile Service Base stations as an Interferer into Broadcast Reception

[Reference Document 4-5-6-7/312]	

The generic study in Section 4.3.1.1.1.1 showed that the cumulative effect of interference can exceed 20 dB and that a separation distance of more than 200 km is needed to meet the field strength threshold of 23 dBuV/m which equivalents to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the lower end of the 694-790 MHz band compared to 61 km for a single base station of the mobile service.

[Reference Document 4-5-6-7/490]

The results of another generic in Section 4.3.1.1.1.2 study showed that the excess of the cumulative interference from a mobile service network (from IMT to broadcast) over the single interferer can be up to 21 dB. This causes a corresponding increase of separation distance of up to 274 kilometers on land and up to 1,000 km for land/sea paths (warm), when using the same field strength threshold for cumulative interference as for single entry interference.

[Reference Document 4-5-6-7/490]

The case study in Appendix 1 of Annex 2 showed two particular examples where the excess of the cumulative interference from MS network over the single interferer can be up to 21 dB, even when using fixed directional receiving antennas 




[Reference Document 4-5-6-7/575]

The generic study in Section 4.3.1.1.2 showed that even without accumulation of interfering field strength, a single IMT base station will need to be positioned 53 km (for land path) from the DTTB service edge, i.e. from the border of the affected Administration in order not to exceed 23 dBuV/m. This field strength is equivalent to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the input of the DTTB receiver at the lower end of the 694-790 MHz band.
Including multiple interfering base stations would increase the interfering field strength at the DTTB service edge by up to 20 dB which corresponds to a separation distance of up to 200 km based on the parameters used in this particular study, when using the same field strength threshold for cumulative interference as for single entry interference

[Reference Document 4-5-6-7/375 and 4-5-6-7/416]

The case study in Appendix 2 of Annex 2 showed that  IMT base stations in one country which are not individually subject to coordination, i.e. meeting the trigger threshold of GE06 (25 dBuV/m), will not interfere with the TV receivers in the neighbouring country, even if the cumulative effect of those base stations is taken into account.

3.1.2	Broadcasting as an Interferer into Mobile Service Base Stations

[Reference Document 4-5-6-7/575]

The generic study in Section 4.3.1.2 showed that separation distances up to 427 km and 269 km, for High Power (HP) and Medium Power (MP) DTTB transmitters respectively, would be required to protect the IMT base station receiver (uplink) for 99% time,  a target I/N of -6 dB and with no additional discrimination by cross polarization or receive antenna directivity. The relaxation of the protection level to 90% time, a target I/N of 0 dB and mitigation by full receive antenna polarization and/or discrimination would reduce the separation distances to 159 km for HP and 76 km for MP. 

 [Reference Document 4-5-6-7/575]

The case study in Appendix 3 of Annex 2 showed that co-channel sharing between DTTB broadcasting transmitters and an IMT uplink receiver positioned at 30 meters height, will require separation distances of the order of 200 km on land paths even with antenna cross polarization and a relaxation of the percentage of time for the interfering signal from 1 to 10%.

3.2	Summary of the adjacent channel study

3.2.1	Mobile Service Base stations as an Interferer into Broadcast Reception

The field trial study indicated that necessary line-of-sight separation distance between transmitting antennas of wireless broadband access system and TV broadcasting receiving antennas ranges from 180 to 995 m for specified technical parameters in this study (depending from OOBE limit and frequency separation) in frequency range till at least 112 MHz (N-14) offset, taken into account fundamental difficulties with application of such mitigation techniques as additional sideband filters within 470-694 MHz frequency band. During trials, it was no way found for further mitigation improvement while maintaining the basic features of wideband access system available, because one end of radio link is user-controlled.


ANNEX 1

Co-Channel Case Studies

Appendix 1 OF Annex 1

Study for specific examples of coordination situation, indicating the increment
of the cumulative interference from the MS network with respect
to a single interferer

The calculation of the increment of the cumulative interference field strength from the MS network in relation to a field strength from single interference source carried out in the following order:

1)	to select country A and country B; 

2)	create along the borders of countries A and B of the regular network of MS base stations with typical parameters (see Table 1.) within the territory of the country A at 
a distance up to X km from the border, so that the first row of the BS stay close to the border;

3)	to create test points on the territory of country B on the border of countries A and B, and inland to a distance Dt km by step, for example 10 km.

4)	In each test point to calculate:

a)	the highest interfered field strength (for 1% of the time) from a single base station at an altitude of 10 meters, but without take into account receiving antenna directivity;

b)	the highest interfered field strength (for 1% of the time) from a single base station at an altitude of 10 meters, taking into account receiving antenna directivity with the orientation of the fixed receiving antenna to the TV station with the strongest signal;

c)	cumulative interference field strength from all base stations in MS network, but without taking into account receiving antenna directivity, using the ITU-R 
WP 3K guidance for the 1% of time interfering signals summation.

d)	cumulative interference field strength from all base stations in MS network, taking into account receiving antenna directivity, using the ITU-R WP 3K guidance for the 1% of time interfering signals summation.

5)	to plot the distributions of the variables a, b, c, d by the number of test points on the same graph;

6)	to plot the distributions of the variables  c - a  and  d - b  in respective test points, 
by the number of control points.




Table 1

Network parameters for MS base stations 

		Parameter

		Scale

		Value



		ERP without loss and Giso for 10 MHz

		dBm



		58.00





		Cable loss (Lcable)

		dB

		3.00



		Antenna factor (Giso)

		dBi

		15.00



		Polarization discrimination

		dB

		3



		Antenna height above ground

		m

		30.00



		Antenna tilt, downside

		Degrees

		3



		Main beam by 3 dB loss in H plane

		Degrees

		65



		Main beam by 3 dB loss in V plane

		Degrees

		ITU-R F.1336.  Annex 8 of this Recommendation and a 
k-value of 0.7



		MS network type

		

		Rural





		Cell radius (rIMT)

		km

		8







Fig. 1 shows an example of MS network, located along the border of the neighboring state 
(blue dots indicate the place of base stations sites) and covering close-to-border part of the country. Evaluation of increase of cumulative interference field strength from MS network over maximum interference field strength from one base station was carried out at the test points established in the territory of the neighboring country (black dots). Fig. 2 shows an example of the reverse 
situation – when MS network located in opposite country.

Figure 1

Example 1 – MS network base stations sites (blue circles) within the borders of one country and the test points (black circles) on the territory of another country.

[image: UKR LTE 3]

Figure 2

Example 2 – MS network base stations sites (blue circles) within the borders of second country and 
the test points (black circles) on the territory of first country.

[image: RUS LTE 3]

The distribution of the interfering fields in the test points of Example 1 shown in Fig. 2 
Example 2 - Fig. 4.

Figure 3

Distribution of the interfering field strength at the test points of Example 1 in cases a, b, c and d

[image: ]

Figure 4

Distribution of the interfering field strength at the test points of Example 2 in cases a, b, c and d.

[image: ]




At figures 3 and 4, cases a, b, c and d correspond to those previously described:

a)	the highest interfered field strength (for 1% of the time) from a single base station at an altitude of 10 meters, but without take into account receiving antenna directivity;

b)	the highest interfered field strength (for 1% of the time) from a single base station at an altitude of 10 meters, taking into account receiving antenna directivity with the orientation of the fixed receiving antenna to the TV station with the strongest signal;

c)	cumulative interference field strength from all base stations in MS network, but without taking into account receiving antenna directivity, using the ITU-R WP 3K guidance for the 1% of time interfering signals summation;

d)	cumulative interference field strength from all base stations in MS network, taking into account receiving antenna directivity, using the ITU-R WP 3K guidance for the 1% of time interfering signals summation.

The resulting distribution of the increments of the total strength of the interfering field with respect to the maximum field strength of the interfering signal from one station is shown in Figures 5 and 6.

Figures 5 and 6 show results for the case of using omnidirectional receiving antenna, and for the case of using the receiving antenna oriented in direction to TV station with the highest level of the desired signal. The receiving TV antenna modeled according to ITU-R BT.419.

Figure 5

Distribution of cumulative interfering field strength from MS network increments over the maximum field strength from a single MS base station in example 1

[image: ]



Figure 6

Distribution of cumulative interfering field strength from MS network increments over the maximum field strength from a single MS base station in example 2

[image: ]

Conclusion

The results show that the excess of the cumulative interference from MS network over the single interferer can be up to 21 dB (using the receiving antenna). This study shows that when conducting compatibility studies, cumulative interference of signals from the MS base stations should be considered.
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Appendix 2 OF Annex 1



A2.1	Description

This section presents a summary of the results of a co-channel sharing study in the UHF band, based on  a real mobile network , in order to assess the potential impact of multiple sources of interference in terms of C/N+I at different points at the border between two countries and inside the victim country. 

Two areas are studied in this section: 

· Area 1:Bordering area between France and Germany

· Area 2 : Bordering area between France and United Kingdom

Figure X 

Areas of the study

 (
Area 
1
) (
Area 2
)[image: ]





Both areas have a different DTT planning strategy as DTT is planned for portable outdoor reception (RPC2) in Germany and for fixed rooftop reception (RPC1) for United Kingdom.

The coordinated DTT networks, which are currently on air, have been used for both areas[footnoteRef:4] and base stations of the GSM 900 have been used for mobile service[footnoteRef:5]. In order to simplify the calculations, the base stations are considered as omnidirectional with 0° downtilt. As a consequence, the simulated field strength of the IMT network is overestimated. Due to the level of details the level of the DTT field strength is also overestimated.  [4:  More information at “http://www.anfr.fr/fr/planification-international/coordination/recherche-daccords/television-et-radio-numerique.html”]  [5:  Information at “http://www.cartoradio.fr/cartoradio/web/”] 


The methodology of the study consists first, on a large set of test points, on the border or inside the victim country, in computing the DTT wanted field strength from all broadcasting stations. We can consider that the DTT reception antenna is receiving the maximum of all the field strength provide by all the broadcasting stations, taking into account the antenna directivity depending on the RPC. Thus, for each test points, the maximum of the median field strength, Ewanted is determined.

The second step consists in computing the interfering field strength for each test point and from each base station. 

In order to consider only the base stations not subject to the coordination process under the condition of GE-06 Agreement, the base stations providing an interfering field strength above or equal to 25 dBµV/m on, at least, one test point on the border are withdrawn from the simulation

For each test point where Ewanted is above the minimum median DTT field strength, the cumulative median interfering field strength, IMedCmul, is computed with all the “non-coordinated” base stations, using the power summing methodology. 

The minimum median DTT field strength are taken from the GE06 Agreement (table A-3-5-1 of Annex 3.5)

Table A.3.5-1

RPCs for DVB‑T

		RPC

		RPC 1

		RPC 2

		RPC 3



		Reference location probability

		95%

		95%

		95%



		Reference C/N (dB)

		21

		19

		17



		Reference (Emed)ref (dB(V/m)) at fr = 200 MHz

		50

		67

		76



		Reference (Emed)ref (dB(V/m)) at fr = 650 MHz

		56

		78

		88



		(Emed)ref: Reference value for minimum median field strength

RPC 1: RPC for fixed reception

RPC 2: RPC for portable outdoor reception or lower coverage quality portable indoor reception or mobile reception

RPC 3: RPC for higher coverage quality for portable indoor reception





The appropriate frequency correction factor is used to adjust the minimum median DTT field strength.

The calculations were performed at 790 MHz. The coordinated antenna pattern was used for the horizontal plane of the antenna while for the vertical plane an omnidirectional pattern was used.

For the field strength calculations, the propagation model of the ITU-R P 1546 is used, 50% of time for the DTT and 2% of the time for the IMT network.

Finally, each IMedCumul is compared with Emaxint defined as: 



	(1)

Where: 



		Emaxint

		maximum median allowable base station field strength in 8 MHz bandwidth at the wanted receiving antenna (dB(V/m))



		Ewanted

		median wanted BS field strength at the wanted (BS) receiving antenna (dB(V/m))



		w

		standard deviation (dB) of the normal distribution of the wanted signal level (BS signals). The value of 5.5 dB is used for both cases.



		σi:

		standard deviation (dB) of the normal distribution of the interfering signal (base station signals). The value of 5.5 dB is used for both cases.



		Q

		correction factor obtained from the complementary cumulative inversed normal function Q(x%), where x% represents the locations where a certain field strength is present; and is equal to 95%



		



		“propagation correction factor” (Recommendation ITU-R P.1546) (dB);



		PR 	

		appropriate BS protection ratio (dB), the value of 19 dB is used according to ITU-R BT 1368.



		IM

		allowance for inter-service sharing (dB). The value of 0 dB is used



		Ddir

		BS receiver antenna directivity discrimination with respect to base station signal (dB). For RPC1 the recommendation ITU-R BT 419 is used and for RPC2 , no antenna discrimination is considered.



		Dpol:

		BS receiver polarization discrimination with respect to base station signal (dB). It is assumed that base station signals are cross polarized. The receiver antenna polarization discrimination is, therefore, assumed to be 3 dB for RPC1 and 0 dB for RPC2.





Table X – Parameters of the study

An interference situation occurs when the cumulative interference field strength, IMedCmul, from the selected set of base stations is above the maximum median allowable base station field strength, Emaxint.

As a consequence, the following criteria must be kept to avoid interference situation



IMedCmul < Emaxint		 (2)




A2.2	Area 1: Bordering area between France and Germany

The DTT network used for this case study is illustrated below. 

Figure X 

DTT network

[image: ]



The IMT network is illustrated below. The figure on the left corresponds to all the considered IMT stations and the figure on the right correspond to all the IMT stations not concern by the international coordination, i.e. interfering field strength is below the triggering threshold according to the GE06 Agreement.
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		IMT Network (1 384)

		Non coordinated IMT Network (519)





The considered test points are illustrated below.
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		Test points at the border (328)

		Complementary test points (48)







The results of the simulations with a 1.5 m receiving antenna height are illustrated below.
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Complementary test points
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For all the test points where C/N ≥ PR, the cumulative median interfering field strength is below the maximum median allowable base station field strength in 8 MHz bandwidth at the wanted receiving antenna. The criterion (2) is always respected.

The results of the simulations with a 10 m receiving antenna height are illustrated below.
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Complementary test points
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The same conclusion applies.

A2.3	Area 2: Bordering area between France and United Kingdom

The DTT network used for this case study is illustrated below. 

Figure X 

DTT network
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The IMT network is illustrated below. The figure on the left corresponds to all the considered IMT stations and the figure on the right correspond to all the IMT stations not concern by the international coordination, i.e. interfering field strength is below the triggering threshold according to the GE06 Agreement.
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		IMT Network (6 811)

		Non coordinated IMT Network (5 137)







The considered test points are illustrated below.
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		Test points at the border (84)

		Complementary test points (29)







The results of the simulations with a 10 m receiving antenna height are illustrated below.
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For all the test points where C/N ≥ PR, the cumulative median interfering field strength is below the maximum median allowable base station field strength in 8 MHz bandwidth at the wanted receiving antenna. The criterion (2) is always respected.

A2.4	Conclusions

The purpose of GE-06 coordination trigger threshold evaluations is to indicate when it is advisable to have discussions with your neighbours. In this study the stations that would have been subject to coordination have been left out. In normal bilateral situations it would be advisable to discuss the whole of the proposed network with your neighbours. If these discussions do not take place the study above would provide an indication of potential residual interference field strength of the remaining stations omitted from the coordination.

With the parameters and assumptions taken for this study, it is shown that the strict application of GE-06 Agreement (including its coordination threshold) adequately protects the reception of the broadcasting service. In this case study, those base stations in one country which are not individually subject to coordination will not interfere with the TV receiving station in the neighbouring country even if the cumulative effect of those base stations is taken into account.
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Results of calculations

Plots 1-3

Interference from GE06 channel 50 DTTB in France using Recommendation ITU-R P.1546,
for 1%, 5% and 10% of time
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Plots 4‑6

Interference from GE06 channel 50 DTTB in France using Recommendation ITU-R P.1812,
for 1%, 5% and 10% of time
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Plots 7‑9

Interference from GE06 channel 50 DTTB in Germany using Recommendation ITU-R P.1546,
for 1%, 5% and 10% of time
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Plots 10‑12

Interference from GE06 channel 50 DTTB in Germany using Recommendation ITU-R P.1812,
for 1%, 5% and 10% of time
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Joint Task Group 4-5-6-7 has conducted sharing and compatibility studies between terrestrial mobile broadband applications, including IMT, and DTTB in the frequency band 470-698 MHz outside the GE06 planning area under WRC-15 agenda item 1.1. These studies have been compiled into this Report.

[Editorial Note – Within the study framework established by the Joint Task Group it was decided that technical and operational characteristics to be applied within the studies should be those agreed and found in Annex 2 to Document 4-5-6-7/393. If there is a variation to any of the technical and operational characteristics found in Annex 2 to Document 4-5-6-7/393 and used in a study then the variation must be identified.]



The studies are contained in the Annexes listed below.

Annex 1:	Compatibility between broadcast service systems and proposed
IMT systems in the 470-698 MHz frequency range outside the GE06 area

Annex 2:	Sharing and compatibility study between IMT operating at frequencies offset from a Digital Terrestrial Television Broadcasting (DTTB) System A (ATSC) channel in the 470-694/698 MHz Band outside the GE06 area

Annex 3:	Co-channel sharing and compatibility study between IMT and the Digital Terrestrial Television Broadcasting (DTTB) System A (ATSC)
in the 470-694/698 MHz Band outside the GE06 area

Annex 4:	Co-channel and adjacent channel sharing and compatibility study of Digital Terrestrial Television Broadcasting (DTTB) System A (ATSC) interference into an IMT base station in the 470-694/698 MHz Band outside the GE06 area

Annex 5:	Mobile service as an interferer: interference from mobile service base stations into broadcasting service reception outside the GE06 area



Annex 6:	Cumulative effect of co-channel interference from IMT BS to DTT outside the GE06 area

Annex 7:	Adjacent channel sharing and compatibility studies between DTTB System C (ISDB-T) and IMT in the 470-694/698 MHz frequency band outside the GE06 area

Annex 8:	Assessment of interference from IMT into DTTB and sharing criteria outside the GE06 area

Annex 9:	Co-channel coexistence study between IMT and DTT in 470-694/698 MHz outside the GE06 area

Finally, Annex 10 includes a List of Acronyms used in this Report.
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Annex 1

Compatibility between broadcast service systems and proposed
IMT systems in the 470-698 MHz frequency range outside the GE06 area

Introduction

This study examines the compatibility of proposed International Mobile Telecommunications (IMT) systems and broadcasting service (BS) systems operating in the 470‑694/698 MHz frequency range.  

Methodology

This analysis examines the required frequency rejection as a function of separation distance for compatible operation of IMT and BS systems.  Two interference scenarios are considered: IMT base station into BS receive station and IMT mobile station into BS receive station. Three deployment environments for IMT systems are considered: macro urban, macro suburban, and macro rural.  Propagation loss is calculated using Recommendation 
ITU-R P.1546-5.

The IMT network layout is illustrated in Figure 1.  Nineteen cells are arranged in a hexagonal pattern with each cell consisting of three sectors.  An IMT base station is located at the centre of each cell and operates with a 3-sector antenna. Each antenna serves a single sector covering 120 degrees of the cell. 






Figure 1

IMT Network layout
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The interference calculation methodology used depends on the interference scenario considered:

IMT base station into BS receive station

Both co-channel and adjacent channel scenarios are addressed.

For the co-channel scenario, the interference from a single IMT base or mobile station pointing in azimuth toward the BS receive station is computed over a range of azimuths and distances.  The result is presented as a plot of the required separation distance around the BS receive station.  

For the adjacent channel scenario, the BS receive station is positioned adjacent to the IMT network base stations.  The aggregate interference into the BS station is computed assuming varying separation distances.  At each distance, the required rejection is determined based on a specified protection requirement (I/N).  The result is presented as a plot of the required rejection as a function of separation distance.  The required frequency separation between the two systems is then determined based on the out-of-band emission characteristics of the IMT base station signal and the adjacent channel selectivity of the BS receiver.

IMT mobile station into BS receive station

Aggregate interference from IMT mobile stations is modelled based on the Monte Carlo methodology described by Working Party 5D in Document 4-5-6-7/236, Annex 2.  The methodology consists of 1) randomly positioning IMT mobile stations throughout the IMT 

network area, 2) randomly assigning these mobile stations to an IMT base station based on the propagation loss and a specified “handover margin”, 3) randomly locating the mobile stations either indoors or outdoors based on a specified percentage of indoor devices, and 4) applying a power control algorithm to the mobile stations based on their path loss distribution.  The calculations are repeated for a number of “snapshots”, from which statistics are extracted.  Elements from the WP 5D methodology pertinent to this analysis are presented below:

The network region relevant for simulations is the cluster of 19 cells illustrated in Figure 1.  Additional clusters of 19 cells are repeated around this central cluster based on a “wrap-around” technique employed to avoid the network deployment edge effects as shown in Figure 2. For more details on wrap-around technique and the rational for its application to system-level simulations, refer to the WP 5D document cited above.

Figure 2

IMT Network layout with “wrap-around” clusters

[image: ]

As described in the WP 5D document referenced above, the simulation of interference on the IMT uplink is structured as follows:

For i=1:# of snapshots

1.	Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the handover margin of 3 dB the same number KUL of users is allocated as active UEs. 

•	Calculate the path-loss from each UE to all cells and find the smallest path-loss

•	Link the UE randomly to a cell to which the path-loss is within the smallest path loss plus the handover margin of 3 dB

•	Select KUL UEs randomly from all the UEs linked to one cell as active UEs. These KUL active UEs will be scheduled during this snapshot 

2.	Perform UL power control



•	Set UE transmit power to 

where Pt is the transmit power of the UE, Pmax is the maximum transmit power, Rmin is the ratio of UE minimum and maximum transmit powers Pmin / Pmax and determines the minimum power reduction ratio to prevent UEs with good channel conditions to transmit at very low power level. PL is the path-loss for the UE from its serving BS and PLx-ile is the x-percentile path-loss (plus shadowing) value. With this power control scheme, the 1-x percent of UEs that have a path-loss larger than PLx-ile will transmit at Pmax. Finally, 0<γ<=1 is the balancing factor for UEs with bad channel and UEs with good channel.

The analysis assumes that there are a sufficient number of IMT mobile stations in each sector to fully occupy the bandwidth of the BS receive station receiver. The number of “snapshots” used for the Monte Carlo simulation is set to 50. Note that this methodology gives a small deviation in the power levels and the results converge with a small number of runs.

Again, both co-channel and adjacent channel scenarios are addressed.

Interference levels are calculated as follows:



		



where:



I0	= Interference power density, dBW/Hz

PDtx	= Transmit station signal power density, dBW/Hz

FLtx	= Transmit station feeder loss, dB

HLtx	= Transmit station head loss (applicable only to hand-held mobile stations), dB

Gtx(θtx)	= Transmit station antenna gain in direction of receive station, dBi

BLtx	= Building penetration loss (applicable only to indoor transmit stations), dB

PL	= Propagation loss, dB

BLrx	= Building penetration loss (applicable only to indoor receive stations), dB

Grx(θrx)	= Receive station antenna gain in direction of transmit station, dBi

FLrx	= Receive station feeder loss, dB

HLrx	= Receive station head loss (applicable only to hand-held mobile stations), dB

[bookmark: _GoBack]PD	= Polarization discrimination, dB

The required rejection is determined from the interference level as follows:











where:



N0	=Receive station noise power density, dBW/Hz

R	= Rejection needed to meet protection requirement, dB

I/Nreqt	= I/N protection requirement, dB

System characteristics

The following tables summarize the IMT and BS characteristics considered for this analysis.  IMT system characteristics are provided in Document 4-5-6-7/393, Annex 2.  BS system characteristics are provided in Document 4-5-6-7/242, Annex 2. Note that a BS receive antenna height of 20 m was used instead of 10 m as per Document 4-5-6-7/242, Annex 2.  Note that BS reference material does not directly specify adjacent channel selectivity values, and levels similar to those for the IMT base station are assumed for this analysis.

Table 1

IMT base station characteristics
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Table 2

IMT mobile station characteristics
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Table 3

Broadcast service station characteristics
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Propagation loss is based on Recommendation ITU-R P.1546-5.  The propagation characteristics used in this analysis are shown in Table 4.

Table 4

Propagation characteristics
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Results of Interference Calculations

Co-channel

The interference from a single IMT base or mobile station pointing in azimuth toward the BS receive station is computed over a range of azimuths and distances.  From this data, a contour is drawn at the locations around the BS receive station that meet interference protection requirement.

Figure 3

Separation distance 
IMT base station into BS receive station

[image: ]



Applying this methodology to the interference scenarios and deployment environments shown in the tables above gives the following results:






Table 5

Co-channel separation distance
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It should be noted that mobile operators can determine which locations are suitable for the deployment of IMT base stations which can prove advantageous in terms of meeting any required separation distances.

Adjacent channel

Nineteen IMT base stations are positioned over the network area as illustrated in Figure 1.  The BS receive station is initially positioned at the centre of the IMT network area. The pointing angle of the BS receive antenna is along the -x axis.  (The pointing angles in the following figures are measured counter-clockwise from the x-axis.)  This positioning (180 degree case) creates the worst case scenario for receiving interference from the IMT network. As such, it could be expected that in reality interference is somewhat lower due to varying pointing direction of BS receive station with respect to IMT network.  Next, the aggregate interference from the IMT base stations into the BS receive station is computed.  Then the BS receive station position is moved incrementally along the x-axis and the aggregate interference is recomputed at each of these positions.  This aggregate interference is compared with the BS protection requirement to determine the additional rejection needed to meet the protection requirement as a function of separation distance.  The results are illustrated in the following figures.  For Figure 4A, the separation distance is measured from the center of the cluster, and for Figure 4B, the separation distance is measured from the edge of the cluster.

Figure 4A

Required rejection
IMT base station into BS receive station
BS receive station located within IMT deployment area

[image: ]

Figure 4B

Required rejection
IMT base station into BS receive station
BS receive station located adjacent to IMT deployment area

[image: ]

For the scenario of aggregate interference from IMT mobile stations, a Monte Carlo simulation is used to determine the interference into the BS station receiver.  The IMT mobile terminals are randomly positioned over each sector in sufficient numbers to ensure that the entire bandwidth of the BS receiver is fully occupied by interfering signals.  A specified percentage of the IMT terminals are assumed to be located indoors.  As described above, a power control algorithm is applied to assign path loss and transmit power levels to each of the mobile terminals.  Again, the BS receive station is initially positioned just to the right of the IMT network area and its antenna is pointed along the –x axis, or directly toward the IMT service area.  The aggregate interference is computed for a range of separation distances and compared with the BS protection requirement to derive the needed rejection as a function of distance.  This calculation is repeated 50 times. 

These methodologies are applied to the deployment environments shown in the tables above, but, for brevity, plots of these results are not included here.

Results of frequency separation calculations

Frequency dependent rejection (FDR) is dependent on the characteristics of the interfering signal and the wanted receiver filter.  FDR is calculated from the following equation:





		



where:

FDR	= Frequency dependent rejection, dB

S	= Power spectral density of the interfering signal, W/Hz

F	= Frequency response of the wanted receiver, relative power fraction

f	= Frequency, Hz

Δf	= Frequency offset between the IMT and BS channel centers, Hz

The interfering signal, S, is modelled as a flat spectrum within the signal bandwidth and a specified adjacent channel leakage ratio (ACLR) curve outside the signal bandwidth.  Similarly, the wanted receiver filter response, F, is modelled as a flat response within the receive signal bandwidth and a specified adjacent channel selectivity (ACS) curve outside the signal bandwidth.  The following figures show the interfering signal, wanted receiver frequency response, and resulting FDR for an IMT base station and a BS fixed reception station.




Figure 5

Frequency dependent rejection IMT base station into BS receive station

[image: ][image: ][image: ]



This methodology is applied to the other combinations of IMT and BS station types, but, for brevity, plots of these results are not included here.

The adjacent channel interference levels and FDR curves computed above are combined to derive the frequency separation (centre-to-centre) necessary to meet the stated protection requirement at various separation distances.  Table 6 provides results for selected separation distances for the various interference scenarios and deployment environments considered here.

Table 6

Adjacent channel frequency/distance separation
IMT signal bandwidth = 10.0 MHz, BS signal bandwidth = 7.6 MHz

[image: ]



Conclusions

The co-frequency channel results, taking into account only one base station as interferer, show that the required separation distance can range from 10‑12 km for portable indoor BS systems and around 13-19 km for portable outdoor BS systems.  The co‑channel results for fixed outdoor reception BS systems range from around 28 to 70 km. These results are based on worst-case assumptions including the pointing direction of the IMT station and the application of the propagation model. Furthermore, mobile operators can determine which locations are suitable for the deployment of IMT base stations which can prove advantageous in terms of meeting any required separation distances.

The adjacent channel results show that in the worst-case scenarios (BS receive station pointing directly toward a macro suburban or rural deployment of IMT base stations), a distance separation of around 5 km combined with a frequency separation one channel bandwidth is needed in order to meet the BS protection requirement.  However, these pointing scenarios should be avoidable in practice, and for more realistic pointing scenarios, the interference can be mitigated through a combination of geographic separation and frequency separation.  For these cases, the interference can be mitigated with a separation distance on the order of one kilometre coupled with a frequency separation of about one channel bandwidth.  It is important to note that the frequency separation results reflect channel centre-to-channel centre separations and not guard bands, which are usually expressed as channel edge-to-channel edge. 

These results also show that the interference from the IMT mobile stations is acceptable with a geographic separation as low as 1 kilometre.

It should be noted that certain assumptions such as BS receive station placement and direction, use of propagation model, etc. overestimate interference from the IMT network.










Source:	Documents 4-5-6-7/272 and 452

ANNEX 2

Sharing and compatibility study between IMT operating at frequencies offset from a Digital Terrestrial Television Broadcasting (DTTB) System A (ATSC) channel in the 470-694/698 MHz Band outside the GE06 area

1	Introduction

This Annex provides a sharing and compatibility study between IMT base stations and user terminals operating at frequencies offset from fixed digital terrestrial television broadcast (DTTB) systems operating on a channel in the 470-694/698 MHz band.  
The 470-694/698 MHz band with its propagation characteristics and limited environmental noise is ideal for a single DTTB transmitter to service vast numbers of receivers within a given coverage area.

This analysis is based upon the latest IMT parameters below one GHz provided by Working Party 5D to the Joint Task Group 4-5-6-7.  The analysis is also based upon the parameters for DTTB System A provided by Working Party 6A.

1.1	Requirement

Sharing and compatibility between the mobile service and the broadcasting service requires that the protection criteria for each service be met in order to minimize interference between the services.

1.2	

Study elements

This study addresses the following elements:

1)	The impact of a single IMT base station on fixed DTTB receiving systems (System A).

2)	The impact of a single IMT user terminal on fixed DTTB receiving systems (System A).

The study takes into account various ITU-R Recommendations and Reports as well as parameters provided by Working Parties 5D and 6A.

2	Background

Numerous ITU-R Recommendations and Reports are relevant to this study.  With respect to the broadcasting service these documents are tabulated in Document 4-5-6-7/126.  Additionally, Recommendation ITU-R BT.2036 provides the characteristics of the DTTB reference receiver.  Recommendation ITU-R P.1546-4 (and its revision in Document 3/39 (Rev.1)) provides propagation methodologies for point-to-area predictions for terrestrial services including DTTB.  With respect to IMT systems, IMT related parameters are provided in Document 4-5-6-7/236 and its Attachment, Annexes, and references.  Propagation models for IMT user terminals are provided in Report ITU‑R SM.2028.

3	Technical characteristics

3.1	DTTB System A -- Receiving system parameters

The System A planning parameters for DTTB reception using a fixed antenna are tabulated in Table 1 based upon a reference receiving system described in Recommendation
 ITU-R BT.2036.  The symbols correspond to those in Report ITU-R BT.2265.  The isotropic antenna gain including feeder loss, GR, is given by:

	GR = Gd + 2.15 ‑ Lf

TABLE 1

System A Planning Parameters

		Planning Parameter

		Symbol

		Value

		Units



		Channel bandwidth

		

		6

		MHz



		System bandwidth

		B

		5.38

		MHz



		Temperature

		T

		290

		K



		Receive system noise figure

		F

		7

		dB



		Receiver inherent noise power

		NR

		-129.7

		dBW



		Feeder loss

		Lf

		4

		dB



		Receiver antenna gain

		Gd

		10

		dBd



		Isotropic receive antenna gain
including feeder loss

		GR

		8.15

		dBi



		Receive antenna height

		h2

		10

		m



		Reception location probability

		RLP

		50

		Percent



		Reception time probability

		RTP

		90

		Percent





In addition to interference within the DTTB channel, the broadcasting receiving System A is susceptible to interference from signals on frequencies offset from the DTTB channel.  The deterioration in the ATSC receiver sensitivity from interference at frequencies offset from the main channel is determined by the total power of the interfering signal within the respective offset channel.  The protection ratios for System A from Recommendation 
ITU-R BT.1368 are summarized in Table 2.

TABLE 2

[bookmark: _Toc519933470][bookmark: _Toc519680566]Protection ratios for interference at frequencies offset from the broadcast channel N for System A

		Interference channel

		Protection ratio (dB)



		N (Co-channel)

		+2.5



		N – 1 (Lower adjacent channel)

		−28



		N + 1 (Upper adjacent channel)

		−26



		N ± 2

		−44



		N ± 3

		−48



		N ± 4

		−52



		N ± 5

		−56



		N ± 6 to N ± 13

		−57



		N ± 14 and N ± 15

		−50





3.2 	IMT transmitter parameters

The relevant parameters for studying IMT interference into the terrestrial broadcast receiving system are tabulated in Table 3[footnoteRef:1].  Two types of devices are considered: 1) a fixed transmitter for a base station with an antenna height between 30 (HAAT) and an e.i.r.p. of 58 dBm; and 2) a user terminal transmitter operating at a height of 1.5 metres (HAAT) with a lower e.i.r.p. of 16 dBm.  The interference location probability is 50 percent.  Since only one interferer is being considered as opposed to an aggregation of interferers, the interference time probability is one percent. [1: 	In accordance with Table B in Annex 1 to Document 4-5-6-7/236.] 


TABLE 3

Study parameters for two IMT devices

		Planning Parameter

		Value

		Units



		Frequency band

		470-694/698 MHz

		--



		Interference location probability

		50

		Percent



		Interference time probability

		1

		Percent



		Base station transmitter:

		

		



			Maximum power

		46

		dBm



			Feeder loss

		3

		dB



			Antenna gain

		15

		dBi



			Maximum e.i.r.p.

		58

		dBm



			Antenna height (HAAT)

		30

		m



			Antenna downtilt

		3

		degrees



		User terminal transmitter:

		

		



			Maximum power

		23

		dBm



			Antenna gain

		-3

		dBi



			Body loss

		4

		dB



			Maximum e.i.r.p.

		16

		dBm



			Antenna height (HAAT)

		1.5

		m





3.2.1	IMT System Bandwidth

The study includes two IMT channel bandwidths of 5 and 10 MHz with system bandwidths of 4.5 and 9 MHz, respectively, in accordance to Report ITU-R M.2039.

3.2.2	IMT Base station antenna downtilt

The application of downtilt in the base station antenna will effectively reduce the IMT power interfering with the DTTB System.  The reduction in power is determined by the vertical radiation pattern of the IMT base station antenna.  Recommendation ITU-R F.1336-3 provides the relative antenna gain for various angles of azimuth and elevation.  This study uses the parameters tabulated in Table 4 to determine both the peak and average gains for the IMT antenna.  The worst case or average relative gain of –1.9 dB was used to reduce the effective interference into the DTTB receiving system.

TABLE 4

Parameters used to determine IMT base station
relative antenna gain due to antenna downtilt[footnoteRef:2] [2: 	Note that for small elevation angles at zero azimuth, the relative antenna gains are equal for all approaches being considered for the revision of Recommendation ITU-R F.1336-3 as described in Document 5D/330.] 


		Parameter

		Value

		Units



		Azimuth angle

		0

		degrees



		Elevation angle

		0

		degrees



		Horizontal 3dB beamwidth

		65

		degrees



		Vertical 3 dB beamwidth

		9.1

		degrees



		k

		0.3

		



		Downtilt

		3

		Degrees



		Average relative gain

		-1.9

		dB



		Peak relative gain

		-1.22

		dB





3.2.3 	Additional parameters

The following additional parameters are used to determine separation distances:

•	Broadcasting protection criteria, I/N = ‑10 dB[footnoteRef:3] [3: 	In accordance with Section 5 in the Annex to Document 4-5-6-7/126.] 


For specific application scenarios, directivity discrimination may be considered. 
 Report ITU-R BT.2265 provides methodologies for discrimination as well as multiple interferers.

It should be noted that multiple interferers on various DTTB frequencies may be significant.  It has been reported[footnoteRef:4],[footnoteRef:5] that combinations of undesired signals can cause interference on a desired DTTB channel.  For example, as reported, if the desired DTTB channel is N, signals on channels N + K and N + 2K, where K is an integer between 1 and 10, will combine to cause interference into the desired channel N.  These results have confirmed with the observation of single and double interferers on frequencies near the DTTB channel[footnoteRef:6]. [4:  	Martin, S. F., “RF Performance of DTV Converter Boxes—An Overview of FCC Measurements” IEEE Transactions on Broadcasting, Vol. 56, No. 4, December 2010.]  [5:  	“Interference rejection thresholds of consumer digital television receivers available in 2005 and 2006”, FCC/OET 07-TR-1003, 30 March 2007.]  [6:  	Salehian, K., Y. Wu and G. Gagnon, “Performance of the Consumer ATSC-DTV Receivers in the presence of single and double interference on adjacent/taboo channels”, IEEE Transactions on Broadcasting, Vol. 56, No. 1, March 2010.] 





4	Analysis

4.1	Assumptions

–	A single interferer is assumed.

–	Peak interference power is used since the minimum noise burst duration performance for the DTTB System A is 165 microseconds (per Recommendation ITU-R BT.2036).

–	Propagation curves for one percent time variability are used for interference thresholds.

–	Propagation over land is assumed; sea paths are not considered.

–	No specific terrain information is implied so a representative clutter height of
 10 m is used.

–	Polarisation discrimination is not considered[footnoteRef:7]. [7: 	In accordance with Section 11.1.5.2 in the Annex to Document 4-5-6-7/126.] 


–	DTTB System A channel frequency for this study is 692 to 698 MHz.

–	DTTB elevation pattern per Recommendation ITU-R BT.419 does not impact the required separation distances between the IMT user terminal and a fixed DTTB receiving system for horizontal separations greater than 24 metres.

–	Indoor applications are not considered.

4.2	Methodology

The methodology for determining the separation distance between single IMT transmitters (base station and user terminal) involves the following steps:

1	The field strength for an IMT base station transmitter as a function of distance and frequency is calculated based upon propagation curves in Recommendation
 ITU-R P.1546 adjusted for frequency, transmitter power output, antenna gain, antenna height, feeder loss, and downtilt angle.

2	The field strength for an IMT user terminal transmitter as a function of distance (up to 100 km) and frequency is calculated based upon the “Modified Hata” propagation model described in Report ITU-R SM.2028.

3	The effective field strength threshold for the DTTB receiving system is calculated from the equivalent noise field strength based upon the receiver bandwidth, noise factor, antenna gain, antenna lead loss, frequency, protection ratios, and the protection criterion, I/N.

4	If the interfering IMT signal occupies a bandwidth greater than the DTTB bandwidth, it is necessary to apportion the power of the interference and its impact in the corresponding DTTB channel.  For the case of System A, the interference is directly related to the total power in the DTTB channel.  As the IMT signal is offset from the occupied channel or channels, the interference caused by the IMT signal is lessen by the protection ratio of the DTTB channel.  For System A, the total effective field strength is calculated using the protection ratios in Recommendation ITU-R BT.1368.

5	The separation distance is calculated at the point at which the total effective field strength from the IMT signal equals the DTTB effective field strength threshold.  The separation distance is further calculated for each MHz of frequency separation between the centre of the IMT signal and the centre of the DTTB signal up to ±90 MHz. 

4.3	Calculations

4.3.1	IMT Propagation curves

Recommendation ITU-R P.1546 contains propagation curves of field-strength values for a nominal 1 kW effective radiated power (e.r.p.) transmitter at nominal frequencies of 100, 600, and 2 000 MHz as a function of path type (land and sea), discrete transmitting antenna heights (10, 20, 37.5, 75, 150, 300, 600, and 1 200 metres HAAT), and distance from the transmitter (1 to 1 000 km).  The curves represent field-strength values exceeded at 50 percent of the locations within any area of approximately 500 m by 500 m and for 50 percent, 10 percent, and one percent of the time.  For the purposes of this study with a single interferer, curves for land paths and one percent of the time were used.

4.3.1.1	Transmitting antenna height interpolation

Since a base station antenna height of 30 metres is to be considered, the propagation curves are interpolated using equation 8 in section 4.1 of Annex 5 to Recommendation
 ITU-R P.1546-4.

4.3.1.2	Frequency interpolation

The propagation curves in Recommendation ITU-R P.1546-4 are specified for the nominal frequencies of 100, 600, and 2 000 MHz.  These curves are interpolated using equation 14 in section 6 to Annex 5, for the specific frequencies from 605 to 785 MHz (695 ± 90 MHz).

4.3.1.3	Transmitter power

The propagation curves in Recommendation ITU-R P.1546 are specified for a nominal transmitter of 1 kW e.r.p. or 0 dBkW e.r.p..  The relationship between e.r.p. and e.i.r.p. is given by the equation:

		e.r.p. = e.i.r.p. – 2.15

Consequently, the e.i.r.p. and e.r.p. for the IMT transmitters to be considered are shown in Table 5.

TABLE 5

Transmitter powers for IMT base station and user terminal

		IMT Transmitter

		Power

		Units



		Fixed base station:

		

		



			Maximum e.i.r.p.

		58

		dBm



			Maximum e.r.p.

		55.85

		dBm



			Maximum e.r.p.

		-4.15

		dBkW



		User terminal:

		

		



			Maximum e.i.r.p.

		16

		dBm



			Maximum e.r.p.

		13.85

		dBm



			Maximum e.r.p.

		-46.15

		dBkW





4.3.1.4	Example propagation curves for an IMT fixed base station transmitter

Figure 1 illustrates the resulting propagation curve interpolated from Recommendation 
ITU-R P.1546 for a fixed IMT base station transmitter operating at an antenna height of 
30 metres HAAT with an e.i.r.p. of 58 dBm.  The curves have been interpolated for 
695 MHz.  Emax is the free-space field-strength propagation curve.

FIGURE 1

Field-strength propagation curve for an IMT fixed base station transmitter
operating with a 58 dBm e.i.r.p., at 695 MHz, and a 30 metre (HAAT) antenna height

[image: ]

4.3.1.5	Example propagation curves for an IMT user terminal transmitter

Figure 2 illustrates the resulting propagation curve using the “Modified Hata” model described in Report ITU-R SM.2028 for an IMT user terminal transmitter operating in an urban environment at an antenna height of 1.5 metres HAAT with an e.i.r.p. of 16 dBm.

FIGURE 2

Field-strength propagation curve for an IMT user terminal transmitter in an urban environment
operating with a 16 dBm e.i.r.p., at 695 MHz, and a 1.5 metre (HAAT) antenna height

[image: ]

4.3.2	Receiving system noise equivalent field-strength

The DTTB receiving system noise equivalent field-strength, ENR, is calculated from
 equation 3 of Report ITU-R BT.2265.  Since the field-strength is frequency dependent, values have been chosen to include the limits of the 470-694/698 MHz band as well as the DTTB channel being considered with a centre frequency at 695 MHz.  The results are tabulated in Table 6.  Field-strengths for other frequencies can be interpolated using the methodology in Section 5 of Annex 5 to Recommendation ITU-R P.1546-4.

TABLE 6

Noise equivalent field-strength, ENR, at various frequencies for the receiving System A

		Frequency

		470 MHz

		695 MHz



		Noise equivalent field-strength, ENR, (dB(µV/m))

		22.8

		26.2





In addition to the thermal noise power, environmental noise is present at the broadcast receive antenna.  However, as shown in Report ITU-R BT.2265, the impact of environmental noise in the 470-694/698 MHz band is minimal and is not considered here.

4.3.3	Individual median effective interfering field-strength threshold

The individual median effective interfering field-strength threshold, Eeff, for the DTTB system, is derived from the noise equivalent field-strength in Table 6, the protection ratios in Table 2, and the protection criterion, I/N.  The results for the various frequencies are tabulated in Table 7.

TABLE 7

Individual median effective interfering field-strength thresholds (Eeff) for a DTTB System 
A receiving system at various frequencies and frequency offsets

		Type of interference

		Frequency Offset[footnoteRef:8] (MHz) [8:  Frequency offset is the separation between the channel centres of IMT and DTTB systems.] 


		Interference field-strength threshold (dB(µV/m))



		

		

		470 MHz

		695 MHz



		Co-channel (N) interference

		0

		10.3

		13.7



		Lower adjacent channel interference (N – 1)

		-6

		38.3

		41.7



		Upper adjacent channel interference (N + 1)

		+6

		36.3

		39.7



		N±2

		±12

		54.3

		57.7



		N±3

		±18

		58.3

		61.7



		N±4

		±24

		62.3

		65.7



		N±5

		±30

		66.3

		69.7



		N±6 to N±13

		±36 to ±78

		67.3

		70.7



		N±14 and N±15

		±84 and ±90

		60.3

		63.7





4.3.4	Separation distance interpolation

The separation distance between the interfering IMT transmitter and the broadcast receiving system is determined by the intersection of the individual median effective interfering field-strength threshold, Eeff, with the appropriate field-strength propagation curve.  Since the tabulated data for the curves utilize discrete distance values, it is necessary to interpolate to obtain a precise separation distance.  The equation for the separation distance, dsep, is given by:

		dsep = dinf (dsup / dinf)ΔE	(1)

where:

		ΔE = (Eeff – Einf) (Esup – Einf)

and where:

	dsep:	separation distance

	Einf :	nearest tabulation field-strength less than Eeff

	Esup :	nearest tabulation field-strength greater than Eeff

	dinf :	distance value for Einf

	dsup :	distance value for Esup.

4.4	Results

This study considers the separation distances necessary to avoid interference between IMT transmitters (base station and user terminal) operating at frequencies within 90 MHz of a DTTB System A receiver channel.

In addition, to frequency separation between the IMT transmitter and the DTTB receiver, IMT channel bandwidths of 5 and 10 MHz are considered.

4.4.1	Separation distances for IMT base stations operating within 90 MHz of a DTTB channel

The separation distances at the individual median effective interfering field-strength threshold for IMT base stations operating at 58 dBm e.i.r.p., 30 metre antenna heights (HAAT), three degree downtilt, and 5 and 10 MHz channel bandwidths are tabulated in Table 8.  The table includes the separation distances for IMT base station interferers into a broadcast receiving System A for any of the 15 DTTB channels above or below (up to N±15) the main DTTB channel, N.  Separation distances are calculated with the centre of the IMT signal offset by multiples of six MHz from the centre frequency (N = 695 MHz) of the DTTB signal.

Table 8

Separation distances at the interference threshold for an IMT base station interfering
with a 6 MHz DTTB System A receiver at 695 MHz in the 470-694/698MHz band

(IMT base station operating at 58 dBm e.i.r.p. with a 30 metre HAAT antenna
and 5 or 10 MHz bandwidths within 90 MHz of a DTTB channel)

		IMT Centre Frequency (MHz)

		IMT Channel Bandwidth



		

		5 MHz

		10 MHz



		Co-channel (N = 695)

		106 km

		94.7 km



		Channel N+1 (701)

		20.7 km

		64.9 km



		Channel N-1 (689)

		18.6 km

		65.1 km



		Channels N±2 (683, 707)

		7.8 km

		12.7 km



		Channels N±3 (677, 713)

		6.1 km

		6.4 km



		Channels N±4 (671, 719)

		4.8 km

		5.0 km



		Channels N±5 (665, 725)

		3.7 km

		3.9 km



		Channels N±6 to N±13 (617, 623, 629, 635, 641, 647,
 653, 659, 731, 737, 743, 749, 755, 761, 767, 773)

		3.4 km

		4.0 km



		Channels N±14 and N±15 (605, 611, 779, 785)

		5.4 km

		5.2 km










Figure 3 illustrates the separation distances required to maintain the interference threshold as a function of frequency offset between the centres of the IMT and DTTB channels.

FIGURE 3

Separation distance versus frequency offset required to maintain the interference threshold for an IMT base station interfering with a fixed 6 MHz DTTB System A receiver at 695 MHz in the 470-694/698MHz band.

(IMT base station operating at a 58 dBm e.i.r.p. with a 30 metre HAAT antenna and 5 or 10 MHz bandwidths
within 90 MHz of the DTTB channel centre frequency; DTTB antenna height is 10 m.)
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4.4.2	Separation distances for IMT user terminals operating within 90 MHz of a DTTB channel

The separation distances at the individual median effective interfering field-strength threshold for IMT user terminals operating at 16 dBm e.i.r.p., 1.5 metre antenna height (HAAT), and 5 or 10 MHz channel bandwidths are tabulated in Table 9.  The table includes the separation distances for IMT user terminal interferers into a broadcast receiving System A for any of 
15 DTTB channels above or below (up to N±15) the DTTB channel, N.  Interference is calculated with the centre of the IMT signal offset by a multiple of six MHz from the centre frequency (N = 695 MHz) of the DTTB signal.

Table 9

Separation distances at the interference threshold for an IMT user terminal interfering
with a 6 MHz DTTB System A receiver at 695 MHz in the 470-694/698MHz band

(IMT user terminal operating at a 16 dBm e.i.r.p. with a 1.5 metre HAAT antenna
and 5 or 10 MHz bandwidths within 90 MHz of a DTTB channel)

		IMT Centre Frequency (MHz)

		IMT Channel Bandwidth



		

		5 MHz

		10 MHz



		Co-channel (N = 695)

		1.22 km

		1.09 km



		Channel N+1 (701)

		0.19 km

		0.74 km



		Channel N-1 (689)

		0.17 km

		0.74 km



		Channels N±2 (683, 707)

		0.082 km

		0.104 km



		Channels N±3 (677, 713)

		0.074 km

		0.075 km



		Channels N±4 (671, 719)

		0.067 km

		0.068 km



		Channels N±5 (665, 725)

		0.060 km

		0.062 km



		Channels N±6 to N±13 (617, 623, 629, 635, 641, 647,
 653, 659, 731, 737, 743, 749, 755, 761, 767, 773)

		0.059 km

		0.062 km



		Channels N±14 and N±15 (605, 611, 779, 785)

		0.071 km

		0.069 km










Figure 4 illustrates the separation distances required for to maintain the interference threshold as a function of frequency offset between the centres of the IMT and DTTB channels.

FIGURE 4

Separation distance versus frequency offset required to maintain the interference threshold for an IMT user terminal interfering with a fixed 6 MHz DTTB System A receiver at 695 MHz in the
 470-694/698 MHz band.

(IMT user terminal operating at a 16 dBm e.i.r.p. with a 1.5 metre HAAT antenna
and 5 or 10 MHz bandwidths within 90 MHz of a DTTB channel)

[image: ] 

5	Summary

The required separation distances needed in order to meet the protection criterion of I/N = –10 dB for interference of IMT into DTTB are significant for a single IMT transmitter (base station or user terminal).  Furthermore, the required frequency separations needed to meet protection levels are also significant.  The study illustrates the possibility of interference from IMT transmitter operating in proximity, both distance and frequency, to a broadcast receiving system.




Source:	Documents 4-5-6-7/272 and 452

ANNEX 3

Co-channel sharing and compatibility study between IMT and the Digital Terrestrial Television Broadcasting (DTTB) System A (ATSC)
in the 470-694/698 MHz Band outside the GE06 area

1	Introduction

This Annex provides a sharing and compatibility study between IMT base stations and user terminals and fixed digital terrestrial television broadcast (DTTB) systems operating on a 
co-channel and near co-channel basis in the 470-694/698 MHz band.  The 470-694/698 MHz band with its propagation characteristics and limited environmental noise is ideal for a single DTTB transmitter to service vast numbers of receivers within a given coverage area.

This analysis is based upon the latest IMT parameters below one GHz provided by Working Party 5D to Joint Task Group 4-5-6-7.  The analysis is also based upon the parameters for DTTB System A provided by Working Party 6A.

1.1	Requirement

Sharing and compatibility between the mobile service and the broadcasting service requires that the protection criteria for each service be met in order to minimize interference between the services.

1.2	Study elements

This study addresses the following elements:

1)	The impact of a single IMT base station on fixed DTTB receiving systems (System A).

2)	The impact of a single IMT user terminal on fixed DTTB receiving systems (System A).

The study takes into account various ITU-R Recommendations and Reports as well as parameters provided by Working Parties 5D and 6A.

2	Background

Numerous ITU-R Recommendations and Reports are relevant to this study.  With respect to the broadcasting service these documents are tabulated in Document 4-5-6-7/126.  Additionally, Recommendation ITU-R BT.2036 provides the characteristics of the DTTB reference receiver.  Recommendation ITU-R P.1546-4 (and its revision in Document 3/39 (Rev.1)) provides propagation methodologies for point-to-area predictions for terrestrial services including DTTB.  With respect to IMT systems, IMT related parameters are provided in Document 4-5-6-7/236 and its Attachment, Annexes, and references.  Propagation models for IMT user terminals are provided in Report ITU‑R SM.2028.

3	Technical characteristics

3.1	DTTB System A -- Receiving system parameters

The System A planning parameters for DTTB reception using a fixed antenna are tabulated in Table 1 based upon a reference receiving system described in Recommendation 
ITU-R BT.2036.  The symbols correspond to those in Report ITU-R BT.2265.  The isotropic antenna gain including feeder loss, GR, is given by:

	GR = Gd + 2.15 ‑ Lf

TABLE 1

System A Planning Parameters

		Planning Parameter

		Symbol

		Value

		Units



		Channel bandwidth

		

		6

		MHz



		System bandwidth

		B

		5.38

		MHz



		Temperature

		T

		290

		K



		Receive system noise figure

		F

		7

		dB



		Receiver inherent noise power

		NR

		-129.7

		dBW



		Feeder loss

		Lf

		4

		dB



		Receiver antenna gain

		Gd

		10

		dBd



		Isotropic receive antenna gain
including feeder loss

		GR

		8.15

		dBi



		Receive antenna height

		h2

		10

		m



		Reception location probability

		RLP

		50

		Percent



		Reception time probability

		RTP

		90

		Percent





In addition to interference within the DTTB channel, the broadcasting receiving System A is susceptible to interference from signals on frequencies offset from the DTTB channel.  The deterioration in the ATSC receiver sensitivity from interference at frequencies offset from the main channel is determined by the total power of the interfering signal within the respective offset channel.  The protection ratios for System A from Recommendation ITU-R BT.1368 are summarized in Table 2.

TABLE 2

Protection ratios for interference at frequencies offset
from the broadcast channel N for System A

		Interference channel

		Protection ratio (dB)



		N (Co-channel)

		+2.5



		N – 1 (Lower adjacent channel)

		−28



		N + 1 (Upper adjacent channel)

		−26





3.2	IMT transmitter parameters

The relevant parameters for studying IMT interference into the terrestrial broadcast receiving system are tabulated in Table 3[footnoteRef:9].  Two types of devices are considered: 1) a fixed transmitter for a base station with an antenna height between 30 (HAAT) and an e.i.r.p. of 58 dBm; and 2) a user terminal transmitter operating at a height of 1.5 metres (HAAT) with a lower e.i.r.p. of 16 dBm.  The interference location probability is 50 percent.  Since only one interferer is being considered as opposed to an aggregation of interferers, the interference time probability is one percent. [9: 	In accordance with Table B in Annex 1 to Document 4-5-6-7/236.] 


TABLE 3

Study parameters for two IMT devices

		Planning Parameter

		Value

		Units



		Frequency band

		470-694/698 MHz

		--



		Interference location probability

		50

		Percent



		Interference time probability

		1

		Percent



		Base station transmitter:

		

		



			Maximum power

		46

		dBm



			Feeder loss

		3

		dB



			Antenna gain

		15

		dBi



			Maximum e.i.r.p.

		58

		dBm



			Antenna height (HAAT)

		30

		m



			Antenna downtilt

		3

		degrees



		User terminal transmitter:

		

		



			Maximum power

		23

		dBm



			Antenna gain

		-3

		dBi



			Body loss

		4

		dB



			Maximum e.i.r.p.

		16

		dBm



			Antenna height (HAAT)

		1.5

		m





3.2.1	IMT System Bandwidth

The study includes two IMT channel bandwidths of 5 and 10 MHz with system bandwidths of 4.5 and 9 MHz, respectively, in accordance to Report ITU-R M.2039.

3.2.2	IMT Base station antenna downtilt

The application of downtilt in the base station antenna will effectively reduce the IMT power interfering with the DTTB System.  The reduction in power is determined by the vertical radiation pattern of the IMT base station antenna.  Recommendation ITU-R F.1336-3 provides the relative antenna gain for various angles of azimuth and elevation.  This study uses the parameters tabulated in Table 4 to determine both the peak and average gains for the IMT antenna.  The worst case or average relative gain of –1.9 dB was used to reduce the effective interference into the DTTB receiving system.

TABLE 4

Parameters used to determine IMT base station
relative antenna gain due to antenna downtilt[footnoteRef:10] [10: 	Note that for small elevation angles at zero azimuth, the relative antenna gains are equal for all approaches being considered for the revision of Recommendation ITU-R F.1336-3 as described in Document 5D/330.] 


		Parameter

		Value

		Units



		Azimuth angle

		0

		degrees



		Elevation angle

		0

		degrees



		Horizontal 3dB beamwidth

		65

		degrees



		Vertical 3 dB beamwidth

		9.1

		degrees



		K

		0.3

		



		Downtilt

		3

		Degrees



		Average relative gain

		-1.9

		dB



		Peak relative gain

		-1.22

		dB





3.2.3 	Additional parameters

The following additional parameters are used to determine separation distances:

•	Broadcasting protection criteria, I/N = ‑10 dB[footnoteRef:11] [11: 	In accordance with Section 5 in the Annex to Document 4-5-6-7/126.] 


For specific application scenarios, directivity discrimination may be considered. 
 Report ITU-R BT.2265 provides methodologies for discrimination as well as multiple interferers.

4	Analysis

4.1	Assumptions

–	A single interferer is assumed.

–	Peak interference power is used since the minimum noise burst duration performance for the DTTB System A is 165 microseconds (per Recommendation ITU-R BT.2036).

–	Propagation curves for one percent time variability are used for interference thresholds.

–	Propagation over land is assumed; sea paths are not considered.

–	No specific terrain information is implied so a representative clutter height of 10 m is used.

–	Polarisation discrimination is not considered[footnoteRef:12]. [12: 	In accordance with Section 11.1.5.2 in the Annex to Document 4-5-6-7/126.] 


–	DTTB System A channel frequency for this study is 692 to 698 MHz.

–	DTTB elevation pattern per Recommendation ITU-R BT.419 does not impact the required separation distances between the IMT user terminal and a fixed DTTB receiving system for horizontal separations greater than 24 metres.

–	Indoor applications are not considered.

4.2	Methodology

The methodology for determining the separation distance between single IMT transmitters (base station and user terminal) involves the following steps:

1	The field strength for an IMT base station transmitter as a function of distance and frequency is calculated based upon propagation curves in Recommendation ITU-R P.1546 adjusted for frequency, transmitter power output, antenna gain, antenna height, feeder loss, and downtilt angle.

2	The field strength for an IMT user terminal transmitter as a function of distance (up to 100 km) and frequency is calculated based upon the “Modified Hata” propagation model described in Report ITU-R SM.2028.

3	The effective field strength threshold for the DTTB receiving system is calculated from the equivalent noise field strength based upon the receiver bandwidth, noise factor, antenna gain, antenna lead loss, frequency, protection ratios, and the protection criterion, I/N.

4	If the interfering IMT signal occupies a bandwidth greater than the DTTB bandwidth, it is necessary to apportion the power of the interference and its impact in the corresponding DTTB channel.  For the case of System A, the interference is directly related to the total power in the DTTB channel.  As the IMT signal is offset from the occupied channel or channels, the interference caused by the IMT signal is lessen by the protection ratio of the DTTB channel.  For System A, the total effective field strength is calculated using the protection ratios in Recommendation ITU-R BT.1368.

5	The separation distance is calculated at the point at which the total effective field strength from the IMT signal equals the DTTB effective field strength threshold.  The separation distance is further calculated for each MHz of frequency separation between the centre of the IMT signal and the centre of the DTTB signal up to ±6 MHz.

4.3	Calculations

4.3.1	IMT Propagation curves

Recommendation ITU-R P.1546 contains propagation curves of field-strength values for a nominal 1 kW effective radiated power (e.r.p.) transmitter at nominal frequencies of 100, 600, and 2 000 MHz as a function of path type (land and sea), discrete transmitting antenna heights (10, 20, 37.5, 75, 150, 300, 600, and 1 200 metres HAAT), and distance from the transmitter (1 to 1 000 km).  The curves represent field-strength values exceeded at 50 percent of the locations within any area of approximately 500 m by 500 m and for 50 percent, 10 percent, and one percent of the time.  For the purposes of this study with a single interferer, curves for land paths and one percent of the time were used.

4.3.1.1	Transmitting antenna height interpolation

Since a base station antenna height of 30 metres is to be considered, the propagation curves are interpolated using equation 8 in section 4.1 of Annex 5 to Recommendation 
ITU-R P.1546-4.

4.3.1.2	Frequency interpolation

The propagation curves in Recommendation ITU-R P.1546-4 are specified for the nominal frequencies of 100, 600, and 2 000 MHz.  These curves are interpolated using equation 14 in section 6 to Annex 5, for the specific frequencies from 605 to 785 MHz (695 ± 90 MHz).

4.3.1.3	Transmitter power

The propagation curves in Recommendation ITU-R P.1546 are specified for a nominal transmitter of 1 kW e.r.p. or 0 dBkW e.r.p. The relationship between e.r.p and e.i.r.p. is given by the equation:

		e.r.p. = e.i.r.p. – 2.15

Consequently, the e.i.r.p. and e.r.p. for the IMT transmitters to be considered are shown in Table 5.

TABLE 5

Transmitter powers for IMT base station and user terminal

		IMT Transmitter

		Power

		Units



		Fixed base station:

		

		



			Maximum e.i.r.p.

		58

		dBm



			Maximum e.r.p.

		55.85

		dBm



			Maximum e.r.p.

		-4.15

		dBkW



		User terminal:

		

		



			Maximum e.i.r.p.

		16

		dBm



			Maximum e.r.p.

		13.85

		dBm



			Maximum e.r.p.

		-46.15

		dBkW





4.3.1.4	Example propagation curves for an IMT fixed base station transmitter

Figure 1 illustrates the resulting propagation curve interpolated from Recommendation 
ITU-R P.1546 for a fixed IMT base station transmitter operating at an antenna height of 
30 metres HAAT with an e.i.r.p. of 58 dBm.  The curves have been interpolated for 
695 MHz.  Emax is the free-space field-strength propagation curve.

FIGURE 1

Field-strength propagation curve for an IMT fixed base station transmitter
operating with a 58 dBm e.i.r.p., at 695 MHz, and a 30 metre (HAAT) antenna height
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4.3.1.5	Example propagation curves for an IMT user terminal transmitter

Figure 2 illustrates the resulting propagation curve using the “Modified Hata” model described in Report ITU-R SM.2028 for an IMT user terminal transmitter operating in an urban environment at an antenna height of 1.5 metres HAAT with an e.i.r.p. of 16 dBm.

FIGURE 2

Field-strength propagation curve for an IMT user terminal transmitter in an urban environment
operating with a 16 dBm e.i.r.p., at 695 MHz, and a 1.5 metre (HAAT) antenna height

[image: ]

4.3.2	Receiving system noise equivalent field-strength

The DTTB receiving system noise equivalent field-strength, ENR, is calculated from 
equation 3 of Report ITU-R BT.2265.  Since the field-strength is frequency dependent, values have been chosen to include the limits of the 470-694/698 MHz band as well as the DTTB channel being considered with a centre frequency at 695 MHz.  The results are tabulated in Table 6.  Field-strengths for other frequencies can be interpolated using the methodology in Section 5 of Annex 5 to Recommendation ITU-R P.1546-4.




TABLE 6

Noise equivalent field-strength, ENR, at various frequencies for the receiving System A

		Frequency

		470 MHz

		695 MHz



		Noise equivalent field-strength, ENR, (dB(µV/m))

		22.8

		26.2





In addition to the thermal noise power, environmental noise is present at the broadcast receive antenna.  However, as shown in Report ITU-R BT.2265, the impact of environmental noise in the 470-694/698 MHz band is minimal and is not considered here.

4.3.3	Individual median effective interfering field-strength threshold

The individual median effective interfering field-strength threshold, Eeff, for the DTTB system, is derived from the noise equivalent field-strength in Table 6, the protection ratios in Table 2, and the protection criterion, I/N.  The results for the various frequencies are tabulated in Table 7.

TABLE 7

Individual median effective interfering field-strength thresholds (Eeff) for a DTTB System 
A receiving system at various frequencies and frequency offsets

		Type of interference

		Frequency Offset[footnoteRef:13]  (MHz) [13:  Frequency offset is the separation between the channel centres of IMT and DTTB systems.] 


		Interference field-strength threshold (dB(µV/m))



		

		

		470 MHz

		695 MHz



		Co-channel (N) interference

		0

		10.3

		13.7



		Lower adjacent channel interference (N – 1)

		-6

		38.3

		41.7



		Upper adjacent channel interference (N + 1)

		+6

		36.3

		39.7





4.3.4	Separation distance interpolation

The separation distance between the interfering IMT transmitter and the broadcast receiving system is determined by the intersection of the individual median effective interfering field-strength threshold, Eeff, with the appropriate field-strength propagation curve.  Since the tabulated data for the curves utilize discrete distance values, it is necessary to interpolate to obtain a precise separation distance.  The equation for the separation distance, dsep, is given by:

		dsep = dinf (dsup / dinf)ΔE	(1)

where:

		ΔE = (Eeff – Einf) (Esup – Einf)

and where:

	dsep:	separation distance

	Einf :	nearest tabulation field-strength less than Eeff

	Esup :	nearest tabulation field-strength greater than Eeff

	dinf :	distance value for Einf

	dsup :	distance value for Esup.

4.4	Results

This study considers the separation distances necessary to avoid interference between IMT transmitters (base station and user terminal) and receivers for the DTTB System A where the IMT transmitter is operating at or near the same frequency of the DTTB System A.

In addition, to frequency separation between the IMT transmitter and the DTTB receiver, IMT channel bandwidths of 5 and 10 MHz are considered.

4.4.1	Co-channel separation distances for IMT base stations

The separation distances at the individual median effective interfering field-strength threshold for IMT base stations operating at 58 dBm e.i.r.p., 30 metre antenna heights (HAAT), three degree downtilt, and 5 or 10 MHz channel bandwidths are tabulated in Table 8.  The table includes the separation distances for co-channel and first adjacent-channel (N±1) interferers into a broadcast receiving System A.  Separation distances for adjacent channel interference are calculated with the centre of the IMT signal offset by six MHz from the centre frequency (695 MHz) of the DTTB signal.

Table 8

Separation distances at the interference threshold for an IMT base station interfering
with a 6 MHz DTTB System A receiver at 695 MHz in the 470-694/698MHz band

(IMT base station operating at 58 dBm e.i.r.p. with a 30 metre HAAT antenna
and 5 or 10 MHz bandwidths on co-channel and/or first adjacent channels)

		IMT Centre Frequency

		IMT Channel Bandwidth



		

		5 MHz

		10 MHz



		Channel N+1 (701 MHz)

		20.7 km

		64.9 km



		Co-channel (N = 695 MHz))

		106 km

		94.7 km



		Channel N-1 (689 MHz)

		18.6 km

		651 km
































Figure 3 illustrates the separation distances required to maintain the interference threshold as a function of frequency offset between the centres of the IMT and DTTB channels.  Note that increasing the IMT bandwidth may lower the separation distance required in the co-channel but extends the frequency separation requirement.

FIGURE 3

Co-channel separation distance versus frequency offset required to maintain the interference threshold for an IMT base station interfering with a fixed 6 MHz DTTB System A receiver at 695 MHz in the 
470-694/698 MHz band.

(IMT base station operating at 58 dBm e.i.r.p. with a 30 metre HAAT antenna and 5 or 10 MHz bandwidths on co-channel and/or first adjacent channels; DTTB antenna height is 10 m.)
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4.4.2	Co-channel separation distances for IMT user terminals

The separation distances at the individual median effective interfering field-strength threshold for IMT user terminals operating at 16 dBm e.i.r.p., 1.5 metre antenna height (HAAT), and 5 and 10 MHz channel bandwidths are tabulated in Table 9.  The table includes the separation distances for co-channel and first adjacent-channel (N±1) interferers into a broadcast receiving System A.  Separation distances are calculated with the centre of the IMT signal offset by six MHz from the centre frequency (695 MHz) of the DTTB signal.  


Table 9

Separation distances at the interference threshold for an IMT user terminal interfering
with a 6 MHz DTTB System A receiver at 695 MHz in the 470-694/698 MHz band

(IMT user terminal operating at 16 dBm e.i.r.p. with a 1.5 metre HAAT antenna
and 5 or 10 MHz bandwidths on co-channel and/or first adjacent channels)



		IMT Centre Frequency

		IMT Channel Bandwidth



		

		5 MHz

		10 MHz



		N+1 (701 MHz)

		0.19 km

		0.74 km



		Co-channel (N = 695 MHz)

		1.22 km

		1.09 km



		N-1 (689 MHz)

		0.17 km

		0.74 km







Figure 4 illustrates the separation distances required to maintain the interference threshold as a function of frequency offset between the centres of the IMT and DTTB channels.  Note that increasing the IMT bandwidth may lower the separation distance required in the co-channel but extends the frequency separation requirement.

Figure 4

Co-channel separation distance versus frequency offset required to maintain the interference threshold for an IMT user terminal interfering with a fixed 6 MHz DTTB System A receiver at 695 MHz in 
the 470-694/698 MHz band.

(IMT user terminal operating at 16 dBm e.i.r.p. with a 1.5 metre HAAT antenna and 5 or 10 MHz bandwidths on co-channel and/or first adjacent channels; DTTB antenna height is 10m.)
[image: ]

5	Summary

The required separation distances needed in order to meet the protection criterion
 of I/N = –10 dB for interference of IMT into DTTB are significant for a single IMT transmitter (base station or user terminal).  Furthermore, the required frequency separations needed to meet protection levels are also significant.  The study illustrates the possibility of interference from IMT transmitter operating in proximity, both distance and frequency, to a broadcast receiving system.



Source: 	Document 4-5-6-7/452

ANNEX 4

Co-channel and adjacent channel sharing and compatibility study of Digital Terrestrial Television Broadcasting (DTTB) System A (ATSC) interference into an IMT base station in the 470-694/698 MHz Band outside the GE06 area

1	Introduction

This Annex provides a sharing and compatibility study between IMT base station receivers operating at frequencies offset, both co-channel and first adjacent channel, from fixed digital terrestrial television broadcast (DTTB) transmission systems operating on a channel in the 470-694/698 MHz band.  The 470-694/698 MHz band with its propagation characteristics and limited environmental noise is ideal for a single DTTB transmitter to service vast numbers of receivers within a wide coverage area.

This analysis is based upon the latest IMT parameters below one GHz provided by Working Party 5D to the Joint Task Group 4-5-6-7.  The analysis is also based upon the parameters for DTTB System A provided by Working Party 6A.

1.1	Requirement

Sharing and compatibility between the mobile service and the broadcasting service requires that the protection criteria for each service be met in order to minimize interference between the services.

1.2	Study elements

This study addresses the following elements:

	The impact of a single DTTB (System A) transmission system at various power levels and antenna heights on a fixed IMT base station receiving system

The study takes into account various ITU-R Recommendations and Reports as well as parameters provided by Working Parties 5D and 6A.

2	Background

Numerous ITU-R Recommendations and Reports are relevant to this study.  With respect to the broadcasting service these documents have been provided by Working Party 6A[footnoteRef:14].  Recommendation ITU-R P.1546-5 provides propagation methodologies for point-to-area predictions for terrestrial services including DTTB.  Recommendation ITU-R BT.1206-1 provides spectrum characteristics for DTTB System A.  With respect to IMT systems, IMT related parameters are provided by Working Party 5D[footnoteRef:15].  The parameters related to this study are provided below. [14:  	The Working Party 6A documents are tabulated in Document 4-5-6-7/126.]  [15:  	The Working Party 5D information is found in Document 4-5-6-7/236 and its Attachment, Annexes, and references.] 


3	Technical characteristics

3.1	DTTB System A -- Transmission system parameters

The System A parameters for DTTB transmission using a fixed antenna for three power levels are tabulated in Table 1.

TABLE 2

System A Transmission Parameters

		Planning Parameter

		Value

		Units



		Channel bandwidth

		6

		MHz



		High Power e.r.p.

		1 000

		kW



			Antenna height (HAAT)

		365

		metres



		Medium Power e.r.p.

		400

		kW



			Antenna height (HAAT)

		550

		metres



		Low Power e.r.p.

		50

		kW



			Antenna height (HAAT)

		550

		metres







3.1.1	DTTB System A antenna downtilt and radiation pattern

The field strength in the vicinity of the broadcast UHF transmitting station is a function of the vertical radiation pattern of the transmitting antenna.  Table 2 tabulates the radiation pattern as a function of the angle from the horizon.

Table 2

Vertical UHF radiation pattern

		Angle from horizon (degrees)

		Relative Field Strength



		0.75

		1.000



		1.50

		0.880



		2.00

		0.690



		2.50

		0.460



		3.00

		0.260



		3.50

		0.235



		4.00

		0.210



		5.00

		0.200



		6.00

		0.150



		7.00

		0.150



		8.00

		0.150



		9.00

		0.150



		10.00

		0.150



		To allow for null fill the value of the relative field strength is not less than 0.150 at all angles.





3.1.2	DTTB System A transmitter spectrum

Since this study considers the impact of the DTTB signal into the adjacent channels, it is necessary to consider the power emitted outside of the designated DTTB channel.  The spectrum limit mask for a high power DTTB transmitter is described in Recommendation ITU-R BT.1206-1 and is illustrated graphically in Figure 1.

Figure 1

Spectrum limit mask for 6 MHz high power 8-VSB digital terrestrial television systems (System A)








3.2 	IMT base station receiving system parameters

The relevant parameters for studying DTTB interference into an IMT base station receiving system are tabulated in Table 3[footnoteRef:16]. [16: 	In accordance with Table A in the Attachment to Document 4-5-6-7/236.] 


TABLE 3

Study parameters for IMT base station receiving system

		Planning Parameter

		Value

		Units



		Frequency band

		470-694/698 MHz

		--



		Base station receiving system:

		

		



			Channel bandwidth

		10

		MHz



			System bandwidth

		9

		MHz



			Antenna gain

		15

		dBi



			Antenna height (HAAT)

		30

		m



			Antenna downtilt

		3

		degrees



			Feeder loss

		3

		dB



			Receiver noise figure

		5

		dB



			Temperature

		290

		K



			Receiver inherent noise

		-129.4

		dBW



			Reference sensitivity level

		-101.5

		dBm



			Dynamic range:

		

		



				Wanted signal mean power

		-70.2

		dBm



				Interfering signal mean power

		-79.5

		dBm



			ACS:

		

		



				Wanted signal mean power

		-95.5

		dBm



				Interfering signal mean power

		-52

		dBm



		Interference location probability

		50

		Percent



		Interference time probability

		1

		Percent





3.2.1	IMT Base station antenna downtilt

The application of downtilt in the base station antenna will effectively reduce the DTTB power interfering with the IMT System.  The reduction in power is determined by the vertical radiation pattern of the IMT base station antenna.  Recommendation ITU-R F.1336-3 provides the relative antenna gain for various angles of azimuth and elevation.  This study uses the parameters tabulated in Table 4 to determine both the peak and average gains for the IMT antenna.  The worst case or average relative gain of –1.9 dB was used to reduce the effective interference into the IMT receiving system.




Table 4

Parameters used to determine IMT base station
relative antenna gain due to antenna downtilt[footnoteRef:17] [17: 	Note that for small elevation angles at zero azimuth, the relative antenna gains are equal for all approaches being considered for the revision of Recommendation ITU-R F.1336-3 as described in Document 5D/330.] 


		Parameter

		Value

		Units



		Azimuth angle

		0

		degrees



		Elevation angle

		0

		degrees



		Horizontal 3dB beamwidth

		65

		degrees



		Vertical 3 dB beamwidth

		9.1

		degrees



		k

		0.3

		



		Downtilt

		3

		Degrees



		Average relative gain

		-1.9

		dB



		Peak relative gain

		-1.22

		dB





3.2.2	Additional parameters

The following additional parameters are used to determine separation distances:

•	Protection criteria, I/N = ‑10 dB

For specific application scenarios, horizontal directivity discrimination may be considered.

4	Analysis

4.1	Assumptions

–	A single interferer is assumed.

–	Propagation curves for one percent time variability are used for interference thresholds.

–	Propagation over land is assumed; sea paths are not considered.

–	No specific terrain information is implied so a representative clutter height of 
10 m is used.

–	Polarisation discrimination is not considered.

–	DTTB System A channel frequency for this study is 692 to 698 MHz.

–	Indoor applications are not considered.

4.2	Methodology

The methodology for determining the separation distance between single IMT transmitters (base station and user terminal) involves the following steps:

1	The field strength for a DTTB System A transmitter as a function of distance and frequency is calculated based upon propagation curves in Recommendation ITU-R P.1546 adjusted for frequency, transmitter power output, antenna emission pattern, antenna height, and spectrum mask.

2	The effective field strength threshold for the IMT base station receiving system is calculated from the equivalent noise field strength based upon the receiver bandwidth, noise factor, antenna gain, antenna lead loss, frequency, protection ratios, and the protection criterion, I/N.

3	If the interfering DTTB signal occupies a portion of the spectrum outside of the IMT bandwidth, it is necessary to apportion the power of the interference and its impact in the corresponding IMT channel.  As the IMT channel is offset from the DTTB channel, the interference caused by the DTTB signal is lessen by the Adjacent Channel Selectivity (ACS) of the IMT receiving system.

4	The separation distance is calculated at the point at which the total effective field strength from the DTTB signal equals the IMT effective field strength threshold.  The separation distance is further calculated for each 0.5 MHz of frequency separation between the centre of the IMT signal and the centre of the DTTB signal up to 15.5 MHz.  Note that the separation distances are nearly equal in both directions of frequency separation.

4.3	Calculations

4.3.1	IMT Propagation curves

Recommendation ITU-R P.1546 contains propagation curves of field-strength values for a nominal 1 kW effective radiated power (e.r.p.) transmitter at nominal frequencies of 100, 600, and 2 000 MHz as a function of path type (land and sea), discrete transmitting antenna heights (10, 20, 37.5, 75, 150, 300, 600, and 1 200 metres HAAT), and distance from the transmitter (1 to 1 000 km).  The curves represent field-strength values exceeded at 50 percent of the locations within any area of approximately 500 m by 500 m and for 50 percent, 10 percent, and one percent of the time.  For the purposes of this study with a single interferer, curves for land paths and one percent of the time were used.

4.3.1.1	Transmitting antenna height interpolation and extrapolation

Since DTTB antenna heights of 365 and 550 metres are to be considered, the propagation curves are interpolated using equation 8 in section 4.1 of Annex 5 to Recommendation
 ITU-R P.1546-5.  The DTTB antenna height of 1 800 metres is extrapolated using equation 8.

4.3.1.2	Frequency interpolation

The propagation curves in Recommendation ITU-R P.1546-4 are specified for the nominal frequencies of 100, 600, and 2 000 MHz.  These curves are interpolated using equation 14 in section 6 to Annex 5, for the specific frequency of 695 MHz.

4.3.1.3	Transmitter power

The propagation curves in Recommendation ITU-R P.1546 are specified for a nominal transmitter of 1 kW e.r.p. or 0 dBkW e.r.p.  The e.r.p. and associated antenna height above average terrain (HAAT) for the System A DTTB transmitters to be considered are shown in Table 5.




Table 5

Transmitter powers and antenna heights (HAAT) for System A DTTB

		DTTB Transmitter

		Power

		Units

		HAAT

		Units



		High Power:

		

		

		

		



			e.r.p.

		1 000

		kW

		365

		metres



			e.r.p

		30

		dBkW

		

		



		Medium Power:

		

		

		

		



			e.r.p.

		400

		kW

		550

		metres



			e.r.p.

		26

		dBkW

		

		



		Low Power

		

		

		

		



			e.r.p.

		50

		kW

		1 800

		metres



			e.r.p.

		17

		dBkW

		

		





4.3.1.4	Example propagation curves for a System A DTTB transmitter

Figure 2 illustrates the resulting propagation curves at an IMT base station receive site derived from Recommendation ITU-R P.1546 for a System A DTTB transmitter operating at an antenna heights of 365, 550, and 1 800 metres HAAT with an e.r.p. of 1 000, 400, and 50 kW, respectively.  The curves have been compensated for the DTTB transmitter vertical emission pattern, the IMT antenna pattern and downtilt, and the effective horizontal distance.



Figure 2

Effective field-strength propagation curves for various System A DTTB transmitters operating at 695 MHz with e.r.p. levels of 1 000, 400, and 50 kW and antenna heights of 365, 550, and 1 800 metres (HAAT), respectively, and accounting for antenna patterns and downtilt
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4.3.2	Separation distance interpolation

The separation distance between the interfering DTTB transmitter and the IMT receiving system is determined by the intersection of the individual median effective interfering field-strength threshold, Eeff, with the appropriate field-strength propagation curve.  Since the tabulated data for the curves utilize discrete distance values, it is necessary to interpolate to obtain a precise separation distance.  The equation for the separation distance, dsep, is given by:

		dsep = dinf (dsup / dinf)ΔE	(1)

where:

		ΔE = (Eeff – Einf) (Esup – Einf)

and where:

	dsep:	separation distance

	Einf :	nearest tabulation field-strength less than Eeff

	Esup :	nearest tabulation field-strength greater than Eeff

	dinf :	distance value for Einf

	dsup :	distance value for Esup.

4.4	Results

This study considers the separation distances necessary to avoid interference between DTTB transmitters operating at frequencies within the IMT receiver co-channel and adjacent channel.  The separation distances for various System A DTTB transmitters are tabulated in Table 6.  The table includes the separation distances for DTTB interferers into an IMT base station receiving system for a DTTB channel centered about the IMT co-channel as well as the IMT adjacent channel.

TABLE 6

Horizontal separation distances at the interference threshold for a 6 MHz System A DTTB transmitter at 695 MHz and various power levels and antenna heights centered within the 10 MHz co-channel and adjacent-channel of an IMT base station receiving system in the 470-694/698MHz band

		DTTB Transmitter

		Power
(kW)

		Antenna
Height
(HAAT)

		Co-channel
Separation
Distance (km)

		Adjacent
Channel
Separation
Distance (km)



		High Power

		1 000

		365

		621

		131



		Medium Power

		400

		550

		593

		129



		Low Power

		50

		1 800

		559

		153







Figure 3 illustrates the separation distances required to maintain the interference threshold as a function of frequency offset between the centres of the IMT and DTTB channels.  Note that the separation distances will be symmetrical for frequency offsets above and below the IMT channel.

Figure 3

Horizontal separation distances at the interference threshold for a 6 MHz System A DTTB transmitter at 695 MHz and various power levels and antenna heights within the 10 MHz co-channel and adjacent-channel of an IMT base station receiving system in the 470-694/698MHz band

[image: ]

The separation distances shown in Table 7 and Figure 3 are significant when compared with the total radio horizon distances resulting from a 30 metre IMT antenna height and a System A DTTB transmitter antenna height or 365, 550, or 1 800 metres.  Table 7 provides the comparison and illustrates that co-channel interference will occur for all cases.  Adjacent-channel interference will occur to the radio horizon for both the high power and medium power cases.

TABLE 7

Comparison of horizontal separation distances with total distances to the radio horizon
for various DTTB transmitter heights and an IMT antenna height of 30 metres.

		DTTB Transmitter

		Antenna
Height
(HAAT)

		Co-channel
Separation
Distance (km)

		Adjacent
Channel
Separation
Distance (km)

		Radio
Horizon
Distance
(km)



		High Power

		365

		621

		131

		101



		Medium Power

		550

		593

		129

		119



		Low Power

		1 800

		559

		153

		197





5	Conclusions

The required separation distances for interference of DTTB into IMT base stations are significant for both co-channel and adjacent-channel scenarios.  Since the separation distances exceed radio horizons, it is unlikely that spectrum sharing between DTTB and IMT is possible within a given geographic location.






Source:	Document 4-5-6-7/311

Annex 5

Mobile service as an interferer: interference from mobile service base stations into broadcasting service reception outside the GE06 area

Methods of calculation with formulas

In order to estimate multiple adjacent channels cumulative effect of interference from IMT base station (BS) to DTT in particular DVB-T system, following steps are done:

–	First, the field strength threshold of IMT BS is calculated using I/N criteria. 

– 	Then, single base station is evaluated and required separation distance to meet this value is calculated. 

–	Then a network of IMT consisting of several base stations is constructed and cumulative effect is evaluated. 

–	Finally, required separation distance by considering cumulative effect is calculated. The above steps are further described in detail in following sections.

Calculations

Field strength threshold of IMT BS at different frequency offsets

In order to calculate the field strength threshold of IMT BS at different frequency offsets, the I/N criteria as prescribed by WP 6A (I/N= -10dB) is used. The methodology is fully in line with WP 6A advice and is similar to what proposed in Report ITU-R BT.2265 (Annex 1). Frequency offset is the separation between the channel centres of the IMT and DTT systems.

Then, using protection ratios at different frequency offsets as presented by WP 6A and assuming f(MHz) = 690 MHz[footnoteRef:18], median effective interfering field strength threshold for a reception location probability of 95% (EINT) will be derived as shown in table 1 below. [18: 	This frequency does not correspond to any specific IMT band plan. Rather, it is selected to be representative for both 700 MHz(A.I 1.2) and 600 MHz(A.I 1.1)bands. Results at other frequencies would be much similar and just slightly change.] 


TABLE 1

		Interferer
offset
N/(MHz)

		PR 
PR (dB)

		EINT

(dBµV/m)





		1/(10 MHz)

		-25.7

		51.3



		2/(18 MHz)

		-21.9

		47.5



		3/(26 MHz)

		-24.9

		50.5



		4/(34 MHz)

		-28.9

		54.5



		5/(42 MHz)

		-32.8

		58.4



		6/(50 MHz)

		-35.0

		60.6



		7/(58 MHz)

		-37.8

		63.4



		8/(66 MHz)

		-38.9

		64.5



		9/(74 MHz)

		-39.2

		64.8





Single base station separation distance 

A base station with nominal characteristics submitted by WP 5D is considered. The required separation distance is then calculated using Recommendation ITU-R P.1546, so that the 1% time field strength from base station just reaches values of EINT as specified above. Table 2 shows the results.

TABLE 2

		Interferer
offset
N/(MHz)

		EINT
(dBµV/m)



		Separation distance
(km)



		1/(10 MHz)

		51.3

		13.3



		2/(18 MHz)

		47.5

		16.4



		3/(26 MHz)

		50.5

		14



		4/(34 MHz)

		54.5

		11.2



		5/(42 MHz)

		58.4

		9



		6/(50 MHz)

		60.6

		8



		7/(58 MHz)

		63.4

		6.6



		8/(66 MHz)

		64.5

		6.2



		9/(74 MHz)

		64.8

		6.1





Case of several base stations

Now, a network consisting of several IMT base stations is constructed at the two sides of above base station and also behind it. All base stations have nominal characteristics submitted by WP 5D. The area is assumed as urban and cell size is 1 km.

Now the field strengths from each base station in the extended IMT network is calculated according to the guidelines given by WP 3K in Document 3K/69 (i.e. calculated at 2% time), and summed to give an accumulated field strength.

The increase in field strength (cumulative effect) and final separation distance at which the total field strength (considering cumulative effect) would be equal to threshold value are presented in Table 3.

Results

TABLE 3

		Interferer
offset
N/(MHz)

		EINT

(dBµV/m)

		Initial separation distance
(km)

		Increase in field strength (Cumulative effect)(dB)

		Final separation distance(km)




		1/(10 MHz)

		51.3

		13.3

		15

		35.2



		2/(18 MHz)

		47.5

		16.4

		15.5

		45.5



		3/(26 MHz)

		50.5

		14

		15.2

		37.4



		4/(34 MHz)

		54.5

		11.2

		13.4

		28.5



		5/(42 MHz)

		58.4

		9

		12.2

		22



		6/(50 MHz)

		60.6

		8

		11.5

		18.7



		7/(58 MHz)

		63.4

		6.6

		11

		15.3



		8/(66 MHz)

		64.5

		6.2

		10.5

		14.3



		9/(74 MHz)

		64.8

		6.1

		10.5

		14





Source:	Document 4-5-6-7/312



ANNEX 6

Cumulative effect of co-channel interference from IMT BS to
 DTT outside the GE06 area

Description

In order to estimate the cumulative effect of co-channel interference from IMT base station (BS) to DTT in particular DVB-T receiving system, a single base station is first evaluated and the required separation distance to meet the field strength threshold value corresponding to the required I/N criteria is calculated. Then a network of several IMT base stations is modelled and the cumulative effect is evaluated. Finally, the new separation distance that would be required to reduce the cumulative effect to the original threshold is calculated. 

Methods of calculation with formulas

The methodology used here is as specified in Report ITU-R BT.2265 (Annex 1). The value of I/N specified in ITU‑R BT.1895, -10 dB, is used. 

At f(MHz) = 700 MHz[footnoteRef:19], assuming no receiving antenna directivity discrimination, the median effective interfering field strength for a reception location probability of 95% would be 
E = 7.85 dB(V/m). In some cases of fixed DTTB reception, antenna directivity discrimination of 16 dB as specified in ITU-R BT 419-3 could be assumed, and therefore a value of E around 23 dB(V/m) can be calculated. [19: 	This frequency does not correspond to any specific IMT band plan. Rather, it is selected to be representative of both the 700 MHz band (Agenda item 1.2) and the 600 MHz band (Agenda item 1.1). Results at other frequencies would be much similar and just slightly change.] 


 It should be noted that in practise, for example in the case that there is less than 60o directivity or in case of portable reception, this would not always apply. However, the increase in interfering field strength due to the cumulative effect in either case would be similar.

Calculations

Step 1: Single base station  

All base station parameters used in this study are as specified in Annex 2 to Document 
4-5-6-7/393. Specifically, these are:

–	Frequency: 700 MHz

–	Radiated Power: 55 dBm

–	Tx Antenna Height: 30 m.

The separation distance R required to give the threshold field strength (23 dB(V/m)) from a single base station at 1% time is then calculated using Recommendation ITU-R P.1546.

It is found that R would be around 61 km (see figure 1 below) if the whole path between the base station and the receiving point A is considered to be land.

[image: ]

Step 2: Several base stations

In Step 2, a network consisting of several IMT base stations is modelled on either side of base station in Step 1, and also behind it. All base stations have the same characteristics as that in Step 1, as defined in Annex 2 to Document 4-5-6-7/393. The area in which this network operates is assumed to be urban and therefore a cell range of 1km is selected. This is within the range specified by WP 5D (0.5 km – 5 km).

The IMT network used in this study consists of alternately 15 or 16 cells across and 17 cells deep, making a total of 263 cells.

Now the field strength from each base station in the extended IMT network is calculated at point A, according to the methodology given by WP 3K in Document 3K/69 (i.e. calculated at 2% time).

The field strengths from each base station in the extended IMT network are summed to give an accumulated field strength at A. 

The resultant accumulated field strength is found to be 43.4 dB(V/m), i.e. an increase of 20.4 dB compared to the single cell case in Step 1.

Step 3: Derive a new Separation Distance

Having derived a value for the accumulated field strength, the distance modelled between the IMT network and the DTTB receiving point A can be recalculated such that the accumulated field strength drops to the original threshold.  In the case considered here, that is found to be about 212 kilometres.

Results

The results found above are summarised in Table 1 below.

TABLE 1



		Interfering field strength threshold @700 MHz

		Initial separation distance R

		Total cumulative field strength

		Increase over original threshold

		New required separation distance



		[dB(V/m)]

		[km]

		[dB(V/m)]

		[dB]

		[km]



		23

		61

		43.4

		20.4

		212










Source: 	Document 4-5-6-7/407

Annex 7

Adjacent channel sharing and compatibility studies between DTTB System C (ISDB-T) and IMT in the 470-694/698 MHz frequency band 
outside the GE06 area

1	Introduction

The Minimum Coupling Loss (MCL) method and the Monte Carlo simulation are the main methods for sharing studies between broadcasting and mobile services, especially for IMT. Both methods have their respective merits for the sharing study, and do not preclude other methods to estimate the fundamental technical conditions.

This report provides a study of the protection of the 6 MHz DTTB System C (ISDB-T) from a Mobile Broadband terminal (MBB). The findings of this report provide insight for feasibility of coexistence of ISDB-T receivers and MBB terminals.

The result shows that the separation distance of 15 metres is required to achieve the I/N of under ‑10 dB when assuming the MBB transmitter output power of -9 dBm, the maximum OOB of ‑55 dBm and the DTTB receiver ACS of 80 dB.

1.1	Study elements

This study addresses the minimum separation distance to protect the indoor portable reception of an ISDB-T receiver from a MBB terminal being operated in the same room.

2	Background

There are many scenarios for studying the sharing conditions of DTTB and IMT. In the case of DTTB indoor reception, with poor antenna gain and large wall loss, the receiving C/N is generally lower compared to outdoor fixed reception. It means the interferences tend to affect the quality of DTTB indoor reception. Hence, a study of indoor DTTB reception and a MBB terminal being operated in the same room needs to be considered.

This study looks at the sharing conditions of ISDB-T indoor reception and a MBB terminal being operated in the same room. 

3	Technical characteristics

3.1	Geometry of DTTB receiver and MBB

The geometry is shown in FIGURE 1. The minimum separation distances between the ISDB-T receiver and the MBB are estimated with the MCL method.

Figure 1

Model for portable indoor reception 

[image: \\133.127.102.97\plnsvr2\common\国際\ITU\WRC-15関連\JTG4-5-6-7\201402 JTG4-5-6-7会合\NHK寄書\FIGURE1.PNG]



3.2	DTTB receiver filter characteristics

This study assumes ACS (Adjacent Channel Selectivity) values of 40, 60 and 80 dB, given the varying ACS characteristics of actual receivers. The ACS value of 60 and 80 dB may not be achieved only with an internal filter of the DTTB receiver, which means an external filter may also be required.

3.3	DTTB parameters (portable indoor reception)

Table 1 below lists the DTTB receiver parameters of portable indoor reception.

Table 1

DTTB receiver parameters of portable indoor reception (ISDB-T)



		Parameter

		Value

		Unit

		Symbol



		Noise Figure

		7

		dB

		NF



		Noise equivalent bandwidth

		5.6

		MHz

		B



		Antenna gain

		2.15

		dBi

		GRx



		Antenna height

		1.5

		metre

		HRx



		Receiver ACS

		40, 60, 80

		dB

		ACS







3.4	MBB terminal parameters

Table 2 below lists the MBB terminal parameters assumed in this study. Transmitter output power (PTX) at 23 dBm (maximum power), 2 dBm (average power in macro rural scenarios), and -9 dBm (average power in macro urban/suburban scenarios) are assumed for the purposes of comparison.

Table 2

MBB terminal parameters

		Parameter

		Value

		Unit

		Symbol



		Transmitter output power 

		23, 2, -9 

		dBm

		PTx



		Antenna gain 

		-3

		dBi

		GTx



		Antenna height 

		1.5

		metre

		HTx



		Antenna pattern

		Omni-directional

		

		



		Body loss 

		4

		dB

		LBody





4	Analysis

4.1	Minimum separation distance for portable indoor reception

Table 3 below lists the calculation details of the frequency used in this study. The study assumes the frequency of 695 MHz, which is the centre frequency of the Japanese CH50.

Table 3

Frequency parameters

		Parameter

		Value

		Unit

		Symbol



		Centre Frequency

		695

		MHz

		f



		Thermal noise (290K, 5.6 MHz)

		–106.5

		dBm/5.6MHz

		PN = 10log(kTB) + NF







where 	k = Boltzmann constant = 1.38 × 10-23 (J/K)

	T = noise temperature of the receiver (K)

The propagation loss LP is given by the following equation:



For d  0.04 km, 



	



For d  0.1 km, 

	LP(0.1) = 69.5 + 26.66 log f(MHz) – 13.82 log [max(30,Htx(m))] – min(0,20log(Htx(m)/30) – {44.9 – 6.55 log[max(30, Htx(m))]}log (0.1).



For 0.04 km < d < 0.1 km 



	

The total maximum equivalent isotropically radiated power (eirp) of the MBB terminal is given by:



where:

	PTx	=	transmitter output power of the MBB terminal; and

	GTx	= 	MBB terminal antenna gain.



The in-band interference power seen by the victim DTTB receiver is given by:



where:

	POOB	=	maximum OOB emission level of the MBB terminal 
at the DTTB receiving channel frequency; and

	GTot	= 	total coupling gain between the MBB terminal and the DTTB receiver.

The study assumes -35, -45 and -55 dBm for the maximum OOB emission levels of the MBB terminal (POOB) at the DTTB receiving channel.  The adjacent channel leakage power ratios (ACLR) of 55, 65, and 75 dB are respectively required to achieve these OOB emission levels for PTx = 23 dBm and GTx = -3 dB. 

The adjacent channel interference power seen by the victim DTTB receiver is given by:





The total coupling gain between the MBB terminal and the DTTB receiver is given by



where:

	GRx	=	DTTB receive antenna gain including cable losses;

	LWall	= 	wall loss (= 0 dB); and

	LBody	= 	body loss at the MBB terminal.



The total interference power seen by the victim DTTB receiver is given by:





From the above, I/N is calculated as follows:





Table 4 gives an example of the calculation of separation distance for the case of POOB = -55 dB, PTx = -9 dBm and ACS = 80 dB.  In case of this large ACS, the value of total interference power mostly depends on In-band interference power.

TABLE 4

Example of the calculation to achieve I/N = -10 dB in POOB = -55 dBm, PTx = -9 dB, ACS = 80 dB

		Noise equivalent bandwidth B

		5.6

		MHz



		Noise figure : NF

		7

		dB



		Thermal noise (290K, 5.6 MHz) : PN

		-106.5

		dBm/5.6MHz



		Total interference power : ITot

		-109.6

		dBm



		In-band interference power : IIB

		-109.6

		dBm



		Adjacent channel interference power : IAC

		-146.6

		dBm



		Total coupling gain : GTot

		-54.6

		dB



		Tx output power : PTx

		-9

		dBm



		Tx antenna gain : GTx 

		-3

		dBi



		Tx EIRP : Pe.i.r.p

		-12

		dBm



		Maximum OOB : POOB

		-55

		dBm



		Rx adjacent channel selectivity : ACS 

		80

		dB



		Rx antenna gain : GRx

		2.15

		dBi



		Wall loss : LWall

		0

		dB



		Tx Body loss : LBody

		4

		dB



		Propagation loss : LP

		52.8

		dB



		Frequency : f

		695

		MHz



		Separation distance : d

		15

		m



		I/N ratio

		-10.12

		dB







Tables 5, 6 and 7 summarise the calculations of the separation distances necessary to achieve the target I/N value of –10 dB for the three different ACS and PTx assumptions.  This I/N value is based on the Recommendation ITU-R BT.1895.

TABLE 5

Minimum separation distance to achieve I/N < -10 dB (Maximum OOB = -35 dBm)

		

		ACS = 40 dB

		ACS = 60 dB

		ACS = 80 dB



		PTx = 23 dBm

(maximum power)

		49 m

		44 m

		44 m



		PTx = 2 dBm

(average power in macro rural scenarios)

		44 m

		44 m

		44 m



		PTx = -9 dBm

(average power in macro urban/suburban scenarios)

		44 m

		44 m

		44 m





TABLE 6

Minimum separation distance to achieve I/N < -10 dB (Maximum OOB = -45 dBm)

		

		ACS = 40 dB

		ACS = 60 dB

		ACS = 80 dB



		PTx = 23 dBm

(maximum power)

		49 m

		43 m

		41 m



		PTx = 2 dBm

(average power in macro rural scenarios)

		43 m

		41 m

		41 m



		PTx = -9 dBm

(average power in macro urban/suburban scenarios)

		41 m

		41 m

		41 m





TABLE 7

Minimum separation distance to achieve I/N < -10 dB (Maximum OOB = -55 dBm)

		

		ACS = 40 dB

		ACS = 60 dB

		ACS = 80 dB



		PTx = 23 dBm

(maximum power)

		49 m

		42 m

		17 m



		PTx = 2 dBm

(average power in macro rural scenarios)

		42 m

		17 m

		15 m



		PTx = -9 dBm

(average power in macro urban/suburban scenarios)

		15 m

		15 m

		15 m







5	Summary

The minimum separation distances between a DTTB System C (ISDB-T) receiver and a mobile broadband (MBB) terminal operated in the same room have been presented. A minimum separation distance of 15 metres is required to achieve I/N of -10 dB, even in instances where the MBB transmitter output power of -9 dBm, the OOB emission level 
of -55 dBm and the receiver ACS of 80 dB.

Considering the actual usage of a DTTB and a MBB terminal in the same room, this separation distance seems unrealistic. In addition, to achieve the ACS value of 80 dB requires an insertion of external filters to the receivers concerned. Although it has not been considered in this study, additional measures may need to be taken into account for the effect of direct interference from a MBB terminal into a DTTB receiver circuit. The above shows the difficulties of coexistence of both ISDB-T receivers and IMT in the same band in the same geographical area.






Source: 	Document 4-5-6-7/444

Annex 8

Assessment of interference from IMT into DTTB and 
sharing criteria outside the GE06 area

1	Technical characteristics

1.1	Description of the digital terrestrial television system

The digital terrestrial television system under study is the System C (ISDB-T) operating in 
the frequency range between 470 and 698 MHz. The analysis has focused in an intermediate frequency within this range, in particular, 581 MHz, corresponding to channel 32 in some countries, and with a 6 MHz channelling. 

1.1.1	General parameters

The system’s technical parameters are the ones defined mainly in Document 4-5-6-7/146 for 
the ISDB-T system. However, for some parameters not included there, this document refers to Document 4-5-6-7/126 containing general information, technical and operational characteristics of the System B (DVB-T), similar to those of the ISDB-T. The values of the ITU Recommendations in the reference have also been considered.

Table 1 summarizes the system’s general parameters to be taken into account for the sharing studies. The table also shows the reference document from which the adopted value has been taken.

[bookmark: _Ref378681385]Table 1

General characteristics of the DTTB system under study

		Parameter/Characteristic

		Value

		Reference



		Band

		UHF

		



		Central frequency

		581 MHz

		



		Channel bandwidth

		6 MHz

		



		Noise bandwidth

		5,6 MHz

		Document 4-5-6-7/146



		Propagation model

		Rec. ITU-R 1546-4

		



		Minimum field strength

		46 dBV /m

		Document 4-5-6-7/146





As regards the propagation model adopted, it is deemed necessary to study the effects of 
the different environments. Thus, the study will include cases of urban and rural deployments.

1.1.2	Parameters for the transmitter

All cases show a single transmitter with high power configuration. 

Table 2 details the parameters adopted for the television transmitting station. 

[bookmark: _Ref378682061]




Table 2

Technical characteristics for DTTB transmitter

		Parameter/Characteristic

		Value

		Reference



		Configuration

		High power

		Document 4-5-6-7/126



		

		Single transmitter

		Document 4-5-6-7/126



		Effective radiated power

		200 kW

		Document 4-5-6-7/126



		Horizontal radiation pattern

		Omnidirectional

		Document 4-5-6-7/126



		Vertical antenna aperture

		24

		Document 4-5-6-7/126



		Vertical beam tilt

		1°

		Document 4-5-6-7/126



		Antenna gain

		0 dBd

		



		Mean height of the antenna

		300 m

		Document 4-5-6-7/126



		Minimum receiver input voltage (1)

		29.3 dBV

		Rec. ITU-R BT. 2036



		Coverage radius (for (1))

		Urban: 55 km

Rural: 90 km

		





1.1.2.1	Radiation pattern of the transmitting antenna 

According to Document 4-5-6-7/126-E, all television transmission configurations use an antenna with a radiation pattern in a horizontal plane, of omnidirectional type. As opposed to this, in the vertical radiation pattern, the beam’s aperture and inclination depend on the configuration. For a high power transmitter like the one considered in the study, the parameters defining 
the vertical radiation pattern are the following:

	–	Aperture: 24;

	–	Beam tilt: 1°.

A null fill of 0.15 and 0.1 (minimum electric field) has been used for the first and second null of the pattern respectively. From the third null on, the fill is of 0.05.

1.1.3	Parameters for the receiver

Fixed rooftop reception with an outdoor antenna, assuming also that this receiver is located at 
a certain distance from the television transmitting station, so that the useful signal received equals the minimum useful signal level required at its entry (i.e., its sensitivity). In all cases, the radiation pattern of the receiving antenna is oriented towards the transmitting plant, both in terms of azimuth and elevation. 

Table 3 details the parameters adopted for the digital terrestrial television receiver. 

[bookmark: _Ref378682253]


Table 3

Technical characteristics for DTTB receiver

		Parameter/Characteristic

		Value

		Reference



		Reception mode

		Fixed roof top

		 



		Antenna radiation pattern

		Rec. ITU-R BT.419-3

		Document 4-5-6-7/126-E



		Antenna gain (at 500 MHz)

		10 dBd

		Document 4-5-6-7/126-E



		Polarization discrimination

		16 dB

		Document 4-5-6-7/126-E



		Antenna height above ground level

		10 m

		Document 4-5-6-7/126-E



		Feeder loss

		3 dB

		Document 4-5-6-7/126-E



		Noise bandwidth

		5,6 dB

		Document 4-5-6-7/146-E



		Thermal noise density

		-173,98 dBm/Hz

		Document 4-5-6-7/146-E



		Receiver noise figure

		7

		Document 4-5-6-7/146-E



		Carrier-to-noise relationship (C/N)

		22 dB

		Document 4-5-6-7/146-E



		Protection ratio (vs. co-channel LTE base station)

		20 dB

		Document 4-5-6-7/146-E



		Protection ratio (vs. co-channel LTE mobile station)

		19.5 dB

		Document 4-5-6-7/146-E



		Protection ratio (vs. LTE base station or mobile station)

		See Table in 
Document 4-5-6-7/146-E

		Document 4-5-6-7/146-E



		Interference-to-noise relationship (I/N)

		-10 dB

		Document 4-5-6-7/126-E





The required I/N value (-10 dB or lower) is essential at the time of assessing, by simulation, whether a television receiver will be interfered or not by an IMT system. Those cases in which the I/N ratio obtained after the simulation is higher than the one required will be regarded as interfered.

1.2	Description of the IMT system

In order to perform sharing studies involving IMT systems and other systems and services, broadcasting in this case, the specifications given in Appendix 1 to Attachment 2 to Annex 2 
to 4-5-6-7/393 should be considered. That document classifies the characteristics of terrestrial 
IMT-Advanced systems into specification-related parameters and deployment-related parameters.

From the set of parameters provided by the IMT specifications and adopted by JTG 4-5-6-7, this study considers a channel bandwidth of 10 MHz, operating in the FDD (Frequency Division Duplex) mode for its calculations and simulations. 

The general characteristics of the IMT system under study can be found in Table 4.

[bookmark: _Ref378693021]Table 4

General characteristics of the IMT system for uplink and downlink

		Parameter/Characteristic

		Value



		Duplex mode

		FDD



		Channel bandwidth

		10 MHz



		Channel central frequency

		581 MHz



		Propagation model

		Extended Hata



		Carrier Aggregation

		NO



		MIMO

		NO





Like in the case of DTTB, it is deemed necessary to study the effects of different environments. Thus, the study will include cases of urban and rural deployments.

1.2.1	Specification-related parameters

Table 5 details the specification-related parameters for the base station, when operating as 
a transmitter in the downlink. The reception parameters in the uplink are not listed here since 
the interference into the station is not part of the present analysis.

[bookmark: _Ref378693306]Table 5

Technical characteristics for IMT base stations

		Parameter/Characteristic

		Value

		Reference



		Class

		Wide Area

		



		Channel bandwidth

		10 MHz

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Signal bandwidth

		9 MHz

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Transmitter



		Maximum output power at 10 MHz

		46 dBm

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Spectral Mask

		Table 6.6.3.1-3 of 3GPP TS 36.104 V11.2.0 (2012-09) [footnoteRef:20](Category A) [20:  As referenced in Table 2 of Draft Revision of Report ITU-R M.2039-2.] 


		4-5-6-7/393-E. An 2. Att 2. Ap. 1





Likewise, Table 6 details the specification-related parameters for the mobile station when operating as a transmitter in the uplink. The reception parameters in the downlink are not listed here since the interference into the station is not the subject of this study.

[bookmark: _Ref378695163]Table 6

Technical characteristics for IMT mobile stations

		Parameter/Characteristic

		Value

		Reference



		Channel bandwidth

		10 MHz

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Signal bandwidth

		9 MHz

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Transmitter



		Maximum output power

		23 dBm

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Power dynamic range

		63 dB

		4-5-6-7/393-E. An 2. Att 2. Ap. 1



		Spectral Mask

		Table 6.6.2.1.1-1of 3GPP TS 36.101 V11.2.0 (2012-09)[footnoteRef:21] [21:  As referenced in Table 2 of Draft Revision of Report ITU-R M.2039-2.] 


		4-5-6-7/393-E. An 2. Att 2. Ap. 1





[bookmark: OLE_LINK4][bookmark: OLE_LINK3]1.2.2	Deployment-related parameters

The deployment-related parameters, necessary to conduct sharing studies, define aspects of the base stations and the cells’ structure such as height and radiation pattern of the antenna, sectorization and dimensions of the cell, among others. For some of them, JTG 4-5-6-7 provides variation ranges, but at the same time it suggests using typical values in order to simplify sharing studies. Table 7 establishes the values that are taken into account for this study. Please note that the deployment environment can be urban or rural.

[bookmark: _Ref378696432]Table 7

Deployment-related parameters for IMT base stations

		Parameter/Characteristic

		Value

		Reference



		Cell radius (urban environment)

		2 km

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Cell radius (rural environment)

		8 km

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Network layout

		19 cells with Wrap Around

		



		Antenna height

		30 m

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Sectors per site

		3

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Radiation pattern

		Rec. ITU-R F.1336 Annex 10

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Antenna gain

		15 dBi

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Downtilt

		3°

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Feeder loss

		3 dB

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1





For the mobile station, the deployment-related parameters are those listed in Table 8.

[bookmark: _Ref378696905]Table 8

Deployment-related parameters for IMT mobile stations

		Parameter/ Characteristic

		Value

		Reference



		Radiation pattern

		Rec. ITU-R F.1336 Annex 10

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		Antenna gain

		-3 dBi

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		User terminal density in active mode (urban environment)

		2.16 /5MHz.km2

		4-5-6-7/393-E. An. 2 - Att. 2 - Ap. 1



		User terminal density in active mode (rural environment)

		0.17 /5MHz.km2

		4-5-6-7/393-E An. 2 - Att. 2 - Ap. 1





1.2.2.1	Radiation pattern for IMT base station antenna

Recommendation ITU-R F.1336 has been used when performing the sharing studies and currently work is under way to develop a document for a preliminary draft revision of this recommendation, which can be found in Document 5C/171. 

Annex 10 to this new draft recommendation provides mathematical equations to improve the reference radiation patterns of the sectoral antennas. Also, the parameters agreed by 
JTG 4-5-6-7 are the following:

–	ka = 0.7

–	kp = 0.7

–	kh = 0.7

–	kv = 0.3

–	Horizontal 3 dB beamwidth: 65°

–	Antenna gain: 15 dBi

–	Downtilt: 3°

The parameters may be applied for both average and peak side lobes; however the equations for them are different, so the resulting patterns differ from one case to the other. In this study,
 peak side lobes have been taken into account.

2	Analysis

2.1	Methodology

Two interference scenarios are under study. The first one involves determining the interfering signal levels present in a digital television receiver, caused by the group of downlinks of an IMT network, i.e., the transmission from the base stations to the mobile stations. The second scenario involves determining the interfering signal levels present in a digital television receiver, caused by the group of downlinks of an IMT network, i.e. the transmission into the base stations.

In both scenarios, the procedure must be carried out considering that both systems operate in an urban or rural environment.

It is assumed that the digital TV receiver is located at such a distance of the DTTB transmitter that the useful signal level at its entry is the minimum necessary so as to guarantee proper reception (i.e., equal to its sensitivity). Said distance turns out to be of approximately 55 km in an urban propagation environment and of approximately 90 km in a rural propagation environment.

The study assumes that the central cell of the IMT network is co-located with this receiver and operates in a co-channel manner with respect to it, i.e., at a central channel frequency of 581 MHz. For this modality, the Monte Carlo simulation method is used to assess the total interfering signal (regarded as the sum of unwanted emissions and blocking signal) present in the television receiver, caused by the transmissions made from the base stations into the mobile stations.

Thus, and considering that the interference criterion is I/N higher than or equal to –10 dB, it is estimated that the probability of interference, calculated as the quotient between the number of simulated cases in which the interference criterion is satisfied, divided by the total number of simulations.

The study is repeated for spatial separations of up to 50 km, in 5 km steps, and frequency separations of up to 18 MHz, in 2 MHz steps.

Within the spatial range of 18 MHz, the presence of a single DTTB channel and a single IMT channel is assumed, ruling out the cumulative interfering effects of various IMT adjacent channels with each other on one or more DTTB channels.

The way in which the systems under study are laid out, both spatially and spectrally, can be seen in Figure 1.






Figure 1

Spatial and spectral separation between DTTB system and IMT network
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The simulations under the Monte Carlo method are carried out with SEAMCAT software, developed within the frame of the CEPT (European Conference of Postal and Telecommunications Administrations).

The separation criterion is defined as a pair of spatial and spectral separation for which 
the probability of interference is equal to or lower than 10%.

2.2	Results

By using the methodology described above, the following results have been obtained for each scenario. 

[bookmark: OLE_LINK2][bookmark: OLE_LINK1]2.2.1	Scenario 1. Interference from IMT downlink into DTTB receiver

2.2.1.1	Urban environment




Table 9

Probability of interference values obtained with the simulation method 

		

		

		Δf (MHz) – Frequency separation Rx(ISDBT-T) / Tx(IMT)



		

		

		0 (co-canal)

		2

		4

		6

		8

		10

		12

		14

		16

		18



		Δd (km) - Spatial separation Rx(ISDBT-T) / Tx(IMT)

		0

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		5

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		10

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		98,27%

		91,92%

		90,99%



		

		15

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		98,32%

		70,60%

		25,69%

		14,89%

		14,59%



		

		20

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		56,88%

		15,79%

		3,17%

		1,81%

		1,38%



		

		25

		100,00%

		100,00%

		100,00%

		100,00%

		98,03%

		14,12%

		2,84%

		0,45%

		0,28%

		0,32%



		

		30

		100,00%

		100,00%

		100,00%

		100,00%

		72,15%

		3,17%

		0,38%

		0,04%

		0,06%

		0,02%



		

		35

		100,00%

		100,00%

		100,00%

		100,00%

		32,27%

		0,82%

		0,28%

		0,00%

		0,02%

		0,04%



		

		40

		100,00%

		100,00%

		100,00%

		100,00%

		10,77%

		0,34%

		0,00%

		0,00%

		0,00%

		0,00%



		

		45

		100,00%

		100,00%

		100,00%

		100,00%

		3,79%

		0,06%

		0,00%

		0,00%

		0,00%

		0,00%



		

		50

		100,00%

		100,00%

		100,00%

		100,00%

		1,57%

		0,02%

		0,00%

		0,00%

		0,00%

		0,00%







		Spatial separation Rx(ISDBT-T) - Tx(IMT) (km) for PI  10% (2)



		

		

		

		 

		 

		 

		 

		 

		 

		

		

		



		Δf (MHz)

		0

		2

		4

		6

		8

		10

		12

		14

		16

		18



		Δd (km)

		#N/A

		#N/A

		#N/A

		#N/A

		42

		26,5

		22

		17,5

		15,5

		15,5





[bookmark: _Ref378842589]Figure 2

Spatial and spectral separation curve for PI  10%

[image: ]




2.2.1.2	Rural environment

Table 10

Probability of interference values obtained with the simulation method

		

		

		Δf (MHz) - Frequency separation Rx(ISDBT-T) / Tx(IMT)



		

		

		0 (co-canal)

		2

		4

		6

		8

		10

		12

		14

		16

		18



		Δd (km) - Spatial separation Rx(ISDBT-T) / Tx(IMT)

		0

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		5

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		10

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		15

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		20

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		25

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		30

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		35

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%



		

		40

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		99,71%

		99,61%



		

		45

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		98,49%

		92,80%

		91,81%



		

		50

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		99,43%

		86,35%

		69,03%

		66,99%







		Spatial separation Rx(ISDBT-T) - Tx(IMT) (km) for PI  10%



		

		

		

		 

		 

		 

		 

		 

		 

		

		

		



		Δf (MHz)

		0

		2

		4

		6

		8

		10

		12

		14

		16

		18



		Δd (km)

		#N/A

		#N/A

		#N/A

		#N/A

		#N/A

		#N/A

		78

		69

		67

		64,5





Figure 3

Spatial and spectral separation curve for PI  10%

[image: ]

Note: In this case, the simulation was extended up to 100 km in order to find the required spatial separation.

2.2.2	Scenario 2. Interference from IMT uplink into DTTB receiver

2.2.2.1	Urban environment

Table 11

Probability of interference values obtained with the simulation method

		

		

		Δf (MHz) - Frequency separation Rx(ISDBT-T) / Rx(IMT)



		

		

		0 (co-canal)

		2

		4

		6

		8

		10

		12

		14

		16

		18



		Δd (km) - Spatial separation Rx(ISDBT-T) / Tx(IMT)

		0

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		70,91%

		48,98%

		35,71%

		28,33%



		

		5

		100,00%

		100,00%

		100,00%

		100,00%

		97,87%

		84,00%

		55,93%

		29,03%

		26,42%

		18,00%



		

		10

		87,50%

		85,96%

		57,41%

		28,57%

		12,77%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		15

		13,46%

		3,70%

		2,17%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		20

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		25

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		30

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		35

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		40

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		45

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%



		

		50

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%





2.2.2.2	Rural environment

Table 12

Probability of interference values obtained with the simulation method

		

		

		Δf (MHz) - Frequency separation Rx(ISDBT-T) / Rx(IMT)



		

		

		0 (co-canal)

		2

		4

		6

		8

		10

		12

		14

		16

		18



		Δd (km) - Spatial separation Rx(ISDBT-T) / Tx(IMT)

		0

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		79,59%

		50,00%



		

		5

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		81,82%

		72,00%



		

		10

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		98,00%

		90,74%

		69,09%



		

		15

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		91,07%

		88,00%

		72,58%

		63,83%



		

		20

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		100,00%

		76,36%

		71,15%

		33,33%

		31,75%



		

		25

		100,00%

		100,00%

		100,00%

		100,00%

		98,15%

		90,00%

		58,93%

		64,71%

		48,08%

		29,09%



		

		30

		100,00%

		100,00%

		100,00%

		100,00%

		90,74%

		22,58%

		11,29%

		5,66%

		1,89%

		2,00%



		

		35

		100,00%

		100,00%

		100,00%

		97,96%

		45,83%

		5,45%

		0,00%

		0,00%

		0,00%

		0,00%



		

		40

		100,00%

		100,00%

		98,31%

		81,25%

		23,08%

		1,96%

		0,00%

		0,00%

		0,00%

		0,00%



		

		45

		98,44%

		98,18%

		68,00%

		56,86%

		7,55%

		1,82%

		0,00%

		0,00%

		0,00%

		0,00%



		

		50

		73,33%

		65,00%

		43,64%

		24,49%

		1,82%

		0,00%

		0,00%

		0,00%

		0,00%

		0,00%





3	Summary

[bookmark: _Ref378756752]a)	The simulations performed show that the interfering signal levels caused by 
the downlink of the IMT system on the DTTB receiver, and as a consequence of 
the probability of interference, are greater and require spatial separations up to 4 times as much as those required in the case of the uplink, under equal frequency separation conditions between both systems.

b)	Due to the propagation conditions, the interfering signal levels produced by the IMT system on the DTTB receiver in a rural environment are higher and require spatial separations of up to 4 as much as those necessary in an urban environment, under equal frequency separation conditions between both systems.

c)	The interfering signal levels caused by the IMT uplinks show greater deviations than in the case of the downlink, due to higher randomness in the position of the mobile stations and their transmitted power. For this reason there were no separation curves in terms of distance versus frequency. However, the values in  Tables 11 and 12 are regarded as representative within a variation margin of 5 km.

[bookmark: _Ref378756992]d)	In an urban environment, simulations for the IMT downlink show that sharing between both systems is only possible for spectral separations equal to or higher than 8 MHz between both systems. For a separation of 8 MHz, a 45 km distance is required between the DTTB receiver and the central cell of the IMT network. For a separation of 18 MHz, a 20 km distance is required between the DTTB receiver and the central cell of the IMT network.

e)	The spectral separation of 8 MHz particularly corresponds to the case in which both systems operate in an adjacent way. However, should there be more than one IMT channel and/or more than one DTTB channel in the same simulated spectral range, something usual in real conditions, more interference cases between them are to be expected. 

[bookmark: _Ref378756993]f)	In a rural environment, the simulations of the IMT downlink show that the sharing between both systems is only possible for spectral separations equal to or higher than 12 MHz between both systems, and with distances exceeding 50 km.

g)	In an urban environment, the simulations of the IMT uplink show that co-channel sharing is possible if a distance equal to or higher than 20 km is guaranteed, and 15 or 10 km if a frequency offset of up to 8 MHz or higher is introduced, respectively.

h)	In a rural environment, the simulations of the IMT uplink show that sharing between both systems is only possible for spectral separations equal to or higher than 8 MHz between both systems, with distances that under no circumstances are lower than 30 km.

i)	Considering that the IMT downlink causes more limitations, as indicated in the conclusion point ‎0, the separations indicated in points ‎0 and ‎0 are the ones that should be observed for sharing purposes.

Based on the results of the sharing study conducted, the following is recommended:

a)	to avoid the co-channel sharing of IMT mobile and terrestrial broadcasting systems operating under the ISDB-T standard, both in urban and rural environments;

b)	to avoid the sharing of IMT mobile systems and terrestrial broadcasting systems operating under the ISDB-T standard both in urban and rural environments, with lower separation than those established in the sharing criteria of this document;

c)	to apply the methodology proposed herein to assess the new interference scenarios, especially in the case of IMT systems operating with channel bandwidths lower or higher than 10 MHz, and in mixed propagation environments (urban/rural);

d)	to apply the methodology proposed herein to assess the interfering cumulative effect of two or more IMT adjacent channels with each other, into one, two or more DTTB adjacent channel with each other.






Source: 	Document 4-5-6-7/544

Annex 9

Co-channel coexistence study between IMT and DTT 
in 470-694/698 MHz outside the GE06 area

1	Introduction

This study considers the feasibility of co-channel coexistence between IMT and DTT systems operating in the 470-694/698 MHz band. The study focuses on the impact of interference from IMT into DTT systems. Due to relatively high antenna gains, EIRP values and fixed antennas positioned above the clutter, the protection of DTT receivers from IMT base station (BS) interference is assumed to be the key issue to investigate in this context.

This annex provides a description of the system parameters and analysis methodology used in the study, followed by results from the interference analysis and some conclusions. IMT BS transmitter and DTT receiver parameters used in the study were taken from relevant 
JTG 4-5-6-7 documents.

[bookmark: _Toc356807088]2	Technical characteristics

This section provides an overview of parameter values assumed for the interference analysis.

2.1	DTT parameters

DTT system parameters for use in compatibility/sharing studies between broadcasting and IMT systems are defined in JTG Document 4-5-6-7/393 Annex 2 Attachment 1. Appendix 2 of this document provides system parameters and protection requirements for ATSC, DVB-T and DVB-T2. Values for ISDB-T are suggested in Appendix 5 of the same document. Table 1 summarises the DTT receiver characteristics that have been assumed for the interference modelling in this study.

TABLE 1

DTT receiver parameters

		

		ATSC

		DVB-T

		DVB-T2

		ISDB-T

		Notes



		Frequency

		650 MHz

		



		Antenna Gain

		9.15 dBi
(including 4 dB feeder loss)

		Based on 11 dBd gain and 4 dB feeder loss at 650 MHz.



		Antenna Height (a.g.l.)

		10 m

		Fixed rooftop reception.



		Antenna Pattern

		ITU-R BT.419 Band IV & V

		Front-to-back ratio is 16 dB.



		Polarization Discrimination[footnoteRef:22] [22:  Polarization discrimination has not been taken into account in this study.] 


		not applicable

		3 dB

		3 dB

		3 dB

		



		Channel Bandwidth

		6 MHz

		8 MHz

		8 MHz

		6 MHz

		DVB-T signal bandwidth is 7.6 MHz,  DVB-T2 signal bandwidth is 7.77 MHz and ISDB‑T & ATSC signal bandwidth is 5.6 MHz



		Noise Figure

		7 dB

		7 dB

		6 dB

		7 dB

		



		Noise Floor

		−99.5 dBm

		−98.2 dBm

		−99.1 dBm

		-99.5 dBm

		kTBNF



		Minimum Median Wanted Signal Field Strength

		50 dBµV/m (−74.31 dBm @ RX input)

		56 dBµV/m (−68.31 dBm @ RX input)

		54 dBµV/m (−70.31 dBm @ RX input)

		47 dBµV/m (−77.31 dBm @ RX input)

		Defined for fixed reception at 10 m for 95% location probability.



		Coverage Radius

		113.4 km (Assuming DTT TX is at 550 m with 400 kW ERP)

		33.1 km (Assuming DTT TX is at 150 m with 5 kW ERP)

		35.9 km (Assuming DTT TX is at 150 m with 5 kW ERP)

		46.2 km (Assuming DTT TX is at 150 m with 5 kW ERP)

		Using “Medium power” reference configurations in 4-5-6-7/393 Annex 2. Path loss is assumed to be ITU–R Rec. P.1546 for 50%.



		Co-channel Protection Ratio

		23 dB

		18 dB & 
21 dB

		19 dB & 
21 dB

		20 dB

		C/N+I ratios (see below)





where 	k = Boltzmann constant = 1.38 × 10-23 (J/K)

	T = noise temperature of the receiver (K)

	B = bandwidth (Hz)



The above C/N+I protection ratios used in this study are co-channel PR values (for LTE base station) taken from JTG Document 4-5-6-7/393 Annex 2 Attachment 1. Additionally, for DVB-T & DVB-T2, the higher value of 21 dB has also been used.




2.2	IMT parameters

IMT base station transmitter parameters are defined in JTG 4-5-6-7 Document 4-5-6-7/393 Annex 2 Attachment 2 Appendix 1. Table 2 provides the parameter values assumed for the modelling in this study.

Table 2

IMT base station parameters

		Parameter

		Value

		Notes



		Channel Bandwidth

		10 MHz

		



		e.i.r.p.

		55 dBm

		



		Antenna Gain

		12 dBi 
(including 3 dB feeder loss)

		



		Antenna Height (a.g.l.)

		30 m

		



		Antenna Pattern

		Recommendation ITU-R F.1336

		Horizontal and vertical patterns defined for 
a 3-sector BS TX.



		Antenna Downtilt

		3 deg

		



		Cell Radius

		2 km

		Typical cell radius for suburban deployment.



		Path Location Variability Factor

		12.7 dB
(normal distribution with 5.5 dB std. dev.)

		To account for 95% DTT RX location probability.



		Interference Path Loss Model

		Recommendation ITU-R P.1546 

		Propagation percentage time of 1.75% is used for each IMT BS interference path.





[bookmark: _Toc356807103]3	Analysis

In this section, a brief description of the interference analysis method is given. This is followed by the analysis results.

3.1	Methodology

The aim of the interference analysis was to assess the impact of interference from IMT base station transmitters into DTT receivers. Deterministic analysis was performed to calculate worst-case separation distances between an example IMT network and a DTT coverage area. The CEPT’s SEAMCAT tool was used in order to calculate aggregate interference levels from the IMT network, using SEAMCAT’s built-in IMT BS site cluster (part of the OFDMA module), and noise was then added to that. Note that SEAMCAT was used as a means to calculate signal levels in minimum coupling loss (MCL) analysis, rather than as a statistical Monte Carlo analysis tool. The aggregate interference was calculated by means of a power sum, in accordance with the advice from WP3K in document 6A/198.

A total of 19 cell sites each with three sectors were placed at a given distance from the DTT coverage area, with one of the antennas at each site pointing directly towards the DTT coverage area. The path loss on the wanted DTT path was calculated using SEAMCAT’s built-in Recommendation ITU-R P.1546 propagation model by setting the path loss percentage time to 50%. Path losses on interference paths were also calculated using Recommendation ITU-R P.1546 by setting the path loss percentage time to 1.75%. A path loss factor of 12.7 dB was introduced to accommodate for the location variability in the pixel where the DTT receiver was assumed to be located.

In the MCL analysis, the DTT receiver was assumed to be located at the edge of the DTT coverage area. The distance between the DTT receiver and the IMT BS transmitter cluster was then varied until the protection ratio was satisfied. Two scenarios were examined. The first scenario assumed that the DTT receiver was pointing away from the IMT BS cluster and the second scenario assumed that the DTT receiver was pointing towards the IMT BS cluster. These scenarios are illustrated in Figure 1 below.

Figure 1

Edge of coverage interference scenarios

[image: ]



3.2	Results without mitigation

Table 3 provides the separation distances calculated for each DTT technology, corresponding to MCL scenarios where the DTT receiver is assumed to be located at the edge of the DTT coverage area pointing towards / away from the IMT cluster as shown in Figure 1.



Table 3

Separation distance analysis results (no mitigation)

		

DTT Technology

		Required separation (km) between the edge of the IMT BS cluster and the edge of the DTT coverage area 



		

		DTT receiver pointing away from IMT BS cluster
(scenario 1)

		DTT receiver pointing towards IMT BS cluster[footnoteRef:23]
(scenario 2) [23:  These separation distances were found to be lower than the sum of the corresponding separation distance for scenario 1 plus the DTT cell diameter.] 




		ATSC

		72 km 

		Not relevant



		DVB-T 
(18 dB PR)

		30 km 

		Not relevant



		DVB-T 
(21 dB PR)

		37 km

		Not relevant



		DVB-T2 
(19 dB PR)

		37 km

		Not relevant



		DVB-T2 
(21 dB PR)

		43 km

		Not relevant



		ISDB-T

		72 km

		Not relevant







The results indicate that the worst-case separation from the edge of the DTT coverage area to 
the edge of the IMT cluster is dominated by the scenario where the DTT receiver is at the edge of the TV coverage area closest to the IMT network and pointing away from the IMT network towards the DTT receiver. The worst-case separation varies according to the DTT technology, between 30 km and 72 km for the DTT technologies considered in the modelling (30-43 km for DVB-T/T2 and 72 km for ATSC and ISDB-T).

3.3	Effect of mitigation

This section examines the implications of one possible mitigation measure, namely pointing IMT BS transmitter antennas away from the victim DTT receiver. This is just one example of a number of possible mitigation techniques that may potentially be used (including also antenna downtilt, transmit powers and antenna heights), as part of the network planning process. Pointing of mobile antennas away from a DTT coverage area is a standard practice that is widely used in such scenarios.

3.3.1	IMT base station transmitter antenna pointing 

The first (worst-case) scenario where it was assumed that the DTT receiver located at the edge of DTT coverage area was pointing away from the IMT BS cluster was modified so that each IMT BS transmitter is pointing away from the DTT receiver. The EIRP of the IMT base stations was increased by 3 dB. It is worth noting that the IMT BS transmitter antenna front to back ratio is approximately 15 dB in the horizontal plane. 

Figure 3

IMT BS transmitter antenna pointing for interference mitigation

[image: ]

In Table 4, calculated separation distances for this scenario with and without 
the IMT BS transmitter antenna pointing mitigation are compared.

Table 4

Comparison of separation distances with and without IMT BS antenna pointing mitigation

		DTT Technology

		Required separation (km) between the edge of the IMT BS cluster and the edge of the DTT coverage area 



		

		No mitigation

		With mitigation



		ATSC

		72 km 

		33 km



		DVB-T 
(18 dB PR)

		30 km 

		14 km



		DVB-T 
(21 dB PR)

		37 km

		17 km



		DVB-T2 
(19 dB PR)

		37 km

		17 km



		DVB-T 
(21 dB PR)

		43 km

		20 km



		ISDB-T

		72 km

		33 km





Under this scenario, with antennas pointing away from the DTT coverage area, the separation distances are reduced to 14-20 km for DVB-T/T2 and 33 km for ATSC and ISDB-T.




4	Summary

This study calculated aggregate interference from a cluster of 19 IMT base station sites into DTT receivers for ATSC, DVB-T, DVB-T2 and ISDB-T technologies. Initial deterministic  calculations with IMT base station antennas directed towards the DTTB coverage area indicated that separation distances between the edge of the DTT coverage area and the IMT network ranged from 30-43 km (for DVB-T/T2) to 72 km (for ATSC and ISDB-T).

Further analysis was then conducted to examine the potential impact of one possible mitigation technique which may be considered as standard practice when planning IMT networks close to borders. It was calculated that the separation distances were reduced 
to 14-20 km (for DVB-T/T2) and 33 km (for ATSC and ISDB-T) when it was assumed that the IMT base station antennas were pointing away from the DTT coverage area.

...


Annex 10

List of Acronyms

		3GPP

		3rd Generation Partnership Project



		ACLR

		Adjacent Channel Leakage Ratio



		ACS

		Adjacent Channel Selectivity



		ATSC

		Advanced Television Standards Committte



		CEPT

		European Conference of Postal and Telecommunications Administrations



		C/N

		Carrier-to-Noise Ratio



		dBd

		Antenna gain in dB relative to a dipole antenna



		dBi

		Antenna gain in dB relative to an isotropic antenna



		DTTB

		Digital Terrestrial Television Broadcasting



		DTT

		Digital Terrestrial Television



		DTV

		Digital Television



		DVB-T

		Digital Video Broadcasting - Terrestrial



		DVB-T2

		2nd Generation Digital Video Broadcsting - Terrestrial



		e.i.r.p.

		Equivalent Isotropically Radiated Power



		e.r.p.

		Effective Radiated Power



		FCC

		Federal Communications Commission



		FDD

		Frequency Division Duplex



		FDR

		Frequency Dependent Rejection



		GE06

		Geneva 2006 Agreement



		HAAT

		Antenna Height Above Average Terrain



		IEEE

		Institute of Electrical and Electronics Engineers



		IMT

		International Mobile Telecommunications



		I/N

		Interference-to-Noise Ratio



		ISDB-T

		Integrated Services Digital Broadcasting - Terrestrial



		LTE

		Long Term Evolution



		MBB

		Mobile Broadband



		MCL

		Minimum Coupling Loss



		MIMO

		Multiple Input Multiple Output



		OOB

		Out-of-Band



		PR

		Protection ratio



		SEAMCAT

		Spectrum Engineering Advanced Monte Carlo Tool



		UE

		User Equipment



		UHF

		Ultra High Frequency
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Parameter Macro Urban Macro Suburban Macro Rural


Deployment


Number of cells 19 19 19


Number of sectors per cell 3 3 3


Cell radius 2 km 2 km 8 km


Percent indoor 0% 0% 0%


Base Station


Antenna


Height 30 m 30 m 30 m


Frequency range 470-698 MHz 470-698 MHz 470-698 MHz


Peak gain 15 dBi 15 dBi 15 dBi


Gain pattern F.1336 Annex 10 F.1336 Annex 10 F.1336 Annex 10


ka 0.7 0.7 0.7


kp 0.7 0.7 0.7


kh 0.7 0.7 0.7


kv 0.3 0.3 0.3


k n/a n/a n/a


Horizontal beamwidth 65 degrees 65 degrees 65 degrees


Downtilt -3 degrees -3 degrees -3 degrees


Transmitter


Power 16 dBW 16 dBW 16 dBW


Activity factor 3 dB 3 dB 3 dB


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 3 dB 3 dB 3 dB


ACLR


1st adjacent 45 dB 45 dB 45 dB


2nd adjacent 45 dB 45 dB 45 dB


Spurious 54 dB 54 dB 54 dB
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Parameter Macro Urban Macro Suburban Macro Rural


Deployment


Percent indoor 70% 70% 50%


Mobile Station


Antenna


Height 1.5 m 1.5 m 1.5 m


Frequency range 470-698 MHz 470-698 MHz 470-698 MHz


Peak gain -3 dBi -3 dBi -3 dBi


Gain pattern ND ND ND


Transmitter


Maximum power -7 dBW -7 dBW -7 dBW


Minimum power -39 dBW -39 dBW -28 dBW


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 0 dB 0 dB 0 dB


Power control


Handover margin 3 dB 3 dB 3 dB


Balancing factor (gamma) 1.0 1.0 1.0


Percent at maximum power 10% 10% 10%


ACLR


1st adjacent 30 dB 30 dB 30 dB


2nd adjacent 33 dB 33 dB 33 dB


Spurious 53 dB 53 dB 53 dB
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Parameter Fixed Reception Portable Reception


Broadcast Station


Antenna


Height 20 m 1.5 m


Peak gain 12 0


Gain pattern BT.419 ND


Downtilt 0 degree 0 degree


Receiver


Signal bandwidth 7.6 MHz 7.6 MHz


Channel spacing 8.0 MHz 8.0 MHz


Feeder loss 5 dB 0 dB


Noise figure 7 dB 7 dB


I/N requirement -10 dB -10 dB


ACS


1st adjacent 45 dB 45 dB


2nd adjacent 50 dB 50 dB


> 2nd adjacent 55 dB 55 dB
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Parameter Macro Urban Macro Suburban Macro Rural


Propagation


Model P.1546-5 P.1546-5 P.1546-5


Percentage of time basic loss is not exceeded 1.75% 1.75% 1.75%


Reference transmit station height 20 m 10 m 10 m


Reference receive station height 20 m 10 m 10 m


Polarization discrimination


IMT base station 3 dB 3 dB 3 dB


IMT mobile station 0 dB 0 dB 0 dB


Other propagation effects


Building penetration loss (indoor stations only) 20 dB 20 dB 15 dB


IMT mobile station body loss 4 dB 4 dB 4 dB
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Scenario BS Type Environment Separation


distance


IMT base station into BS receive station Fixed reception Macro Urban 28.2 -  69.3 km


outdoor Macro Suburban 28.2 -  69.3 km


Macro Rural 28.2 -  69.3 km


Portable reception Macro Urban ~13 km


outdoor Macro Suburban ~19 km


Macro Rural ~19 km


Portable reception Macro Urban ~10 km


indoor Macro Suburban ~10 km


Macro Rural ~12 km


IMT mobile station into BS receive station Fixed reception Macro Urban < 1.0 km


outdoor Macro Suburban < 1.0 km


Macro Rural < 1.0 km


Portable reception Macro Urban < 1.0 km


outdoor Macro Suburban < 1.0 km


Macro Rural < 1.0 km


Portable reception Macro Urban < 1.0 km


indoor Macro Suburban < 1.0 km


Macro Rural < 1.0 km
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Scenario Environment BS Pointing


Angle 1.0 km 5.0 km 10.0 km 20.0 km 30.0 km


IMT base station into BS fixed Macro Urban 180 deg - 9.0 MHz 9.0 MHz 8.9 MHz 8.7 MHz


reception station 90 deg 9.0 MHz 9.0 MHz 8.8 MHz 6.3 MHz 1.0 MHz


Macro Suburban 180 deg - 9.0 MHz 9.0 MHz 8.9 MHz 8.7 MHz


90 deg 9.0 MHz 9.0 MHz 8.8 MHz 6.3 MHz 1.0 MHz


Macro Rural 180 deg 9.0 MHz 9.0 MHz 8.9 MHz 8.7 MHz 7.9 MHz


90 deg 9.0 MHz 8.6 MHz 7.2 MHz 1.0 MHz 1.0 MHz


IMT mobile station into BS fixed Macro Urban 180 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


reception station 90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Suburban 180 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Rural 180 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Scenario Environment BS Location


1.0 km 5.0 km 10.0 km 20.0 km 30.0 km


IMT base station into BS portable Macro Urban Outdoor 9.0 MHz 8.1 MHz 2.1 MHz 0.0 MHz 0.0 MHz


reception station Indoor 8.9 MHz 7.0 MHz 1.0 MHz 0.0 MHz 0.0 MHz


Macro Suburban Outdoor 9.0 MHz 8.8 MHz 7.5 MHz 0.0 MHz 0.0 MHz


Indoor 9.0 MHz 8.4 MHz 4.1 MHz 0.0 MHz 0.0 MHz


Macro Rural Outdoor 8.7 MHz 6.6 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Indoor 8.6 MHz 6.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


IMT mobile station into BS portable Macro Urban Outdoor 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


reception station Indoor 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Suburban Outdoor 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Indoor 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Rural Outdoor 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Indoor 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz
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Spatial vs Spectral Separation Rx(ISDBT-T) - Tx(IMT)
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		[bookmark: dtitle1][Out-of-band emission][Technical characteristics] of IMT mobile stations
in the frequency band 694‑790 MHz [necessary] for the protection of the broadcasting service in the frequency band 470-694 MHz in Region 1





[bookmark: dbreak]Scope

In order to ensure the appropriate level of protection for the broadcasting service in the frequency band 470-694 MHz in Region 1, it is necessary [to limit the out-of-band emissions] [to specify 
the technical characteristics] of IMT mobile stations operating in the frequency band 694-790 MHz.

This Recommendation provides [the out-of-band emission level of IMT mobile stations in the frequency band 694-790 MHz for the protection of the broadcasting service in the frequency band 470-694 MHz in Region 1] [these technical characteristics].

The ITU Radiocommunication Assembly,

considering

a) that Recommendation ITU-R M.1581 specifies the generic unwanted emission characteristics of IMT-2000 mobile stations;

b) [that Recommendation ITU-R M.1036-4 specifies the frequency arrangements of IMT networks, including those to be used in the band 694-790 MHz in Region 1;]

c) that Resolution 232 (WRC-12) has invited the ITU-R to study the compatibility with other primary services to which the frequency band is allocated, including in adjacent frequency bands;

d) that IMT mobile stations may operate in areas where television broadcast signals are received through different modes of reception, thus creating complex coexistence scenarios;

e) that a limitation of the maximum [permitted output power level and] levels of out-of-band emissions of IMT mobile stations (MSs) operating in Region 1 in the frequency band 
694-790 MHz is necessary to protect broadcast signal reception below 694 MHz from interference;

f) [that too stringent limits may lead to an increase in size or in complexity of IMT radio equipment;]

g) [the importance of consistency between all Regions concerning technical conditions for coexistence with the broadcasting service, while recognizing] that there are differences in broadcasting channelling and characteristics [amongst] [between] Regions;

h) the need to facilitate global [harmonisation] [circulation and to ensure economies of scale];

[notes

that the frequency arrangements referred to in Recommendation ITU-R M.1036 imply a minimum guard band of 9 MHz between the highest frequency used for the broadcasting service in the band 470-694 MHz and the lowest frequency used for the mobile service in the band 694-790 MHz.]

recommends

a) [bookmark: _GoBack][that the out-of-band emission of IMT mobile stations operating in Region 1 in the frequency band 694-790 MHz should not exceed [YY dBm/8 MHz] in the frequency band 
470-694 MHz in Region 1.]

b) [that the out-of-band emission of mobile stations operating in Region 1 in the frequency band 694-790 MHz for a usage of 33% of resource blocks (RBs) shall not exceed AA dBm/8MHz, for 50% of RBs it should not exceed BB dBm/8MHz, and for 100% RBs it should not exceed CC dBm/8MHz in the frequency band 470-694 MHz for any IMT channel bandwidth;

c) that the maximum output power of mobile stations operating in Region 1 in the frequency band 694-790 MHz should not exceed +23 dBm.]



______________



Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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1	Introduction

[Editor’s note: This section should introduce why the paper is being developed and what needs to be done with it as well as what will be accomplished. This can be handled with the following sub‑sections:

i)	requirement;

ii)	actions required;

iii)	study elements.]

2	Background

[Editor’s note: This section should provide background material on the study to be performed including relevant services and any related Recommendations or Reports.]

3	Technical characteristics

[Editor’s note: unless otherwise stated input parameters are in line with the following section values. Revisit studies to ensure consistency.

Editor’s note: The parameters have to be reviewed based on the output of the relevant Drafting Group on parameters.

May only contain delta-set to general parameters from the aforementioned DG.]

Refer to [Annex 1.]

4	Analysis

[Editor’s note: This is where the actual analysis is shown. Each case should be its own sub-section under this section. The following sub-sections should be used for each case studied.

i)	assumptions;

ii)	methodology with formulas;

iii)	calculations;

iv)	results.]

4.2	General assumptions on Broadcasting Service

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]4.2.1	GE06 Agreement field strength parameters

The GE06 Agreement specifies (in Appendix 1 to Section I of Annex 4) the coordination trigger field strength of other primary services for the protection of broadcasting from the modifications to the plan. 

The values are listed in Table A.1.9 of the GE06 Agreement and shown below.

Table 9

GE06 coordination trigger field strength of other primary services for the protection 
of broadcasting from the modifications to the plan.

		Broadcasting service to be protected

		Trigger field strength
(dB(V/m))(1)



		

		Band III
(174-230 MHz)

		Band IV
(470-582 MHz)

		Band V
(582-718 MHz)

		Band V
(718-862 MHz)



		DVB‑T

		17

		21

		23

		25



		T‑DAB

		27

		–

		–

		–



		Analogue TV

		10

		18

		20

		22



		(1) 	The trigger field-strength values are related to the bandwidth of the system to be protected.







[bookmark: _GoBack]Under agenda item 1.2, dealing with the frequency band 694-790 MHz, the coordination threshold is 23 (lower Band V) or 25 dBµV/m (upper Band V). This threshold corresponds to the median interference field strength at the border of a neighbouring country.





For fixed DTTB reception at a point located at the neighbouring country border with a receiving antenna oriented towards the affected country, a field strength at the antenna level of  represents an interference power level  at the receiver input of:







Where:



 is the isotropic antenna gain, including feeder losses: 7 dBd (from Table 0 above) + 2.15 dB = 9.15 dBi



is the Antenna directivity discrimination. From Rec. ITU-R BT.419-3 it is 16 dB for 180°.



 is the frequency in MHz

With a median field strength value of 23 dBµV/m at 694 MHz the received interference power will be:



	= -117.9 dBm (including 16 dB antenna discrimination)



	= -101.9 dBm (no antenna discrimination)

With a noise level at the DTTB receiver input of -98.2 dBm (in 7.61 MHz bandwidth and 7 dB of noise figure), the median I/N, or I/N (50%) corresponding to the triggering field strength of 23 dBµV/m at 694 MHz is:

	I/N (50%) = -19.7 dB (including 16 dB antenna discrimination)

	I/N (50%) = -3.7 dB (no antenna discrimination)

With a median field strength value of 25 dBµV/m at 790 MHzthe received interference power will be:



	= -117.0 dBm (including 16 dB antenna discrimination)



	= -101.0 dBm (no antenna discrimination)

With a noise level at the DTTB receiver input of -98.2 dBm (in 7.61 MHz bandwidth and 7 dB of noise figure), the median I/N, or I/N (50%) corresponding to the triggering field strength of 23 dBµV/m at 790 Mhz is:

	I/N (50%) = -18.8 dB (including 16 dB antenna discrimination)

	I/N (50%) = -2.8 dB (no antenna discrimination)

4.3	[Co-channel sharing studies]

4.3.1	Interference from and to mobile service base stations

4.3.1.1	Mobile service as an interferer: Interference from mobile service base stations into broadcasting service reception

4.3.1.1.1	Scenario 1 I/N 

Section X.1.1 of Annex 3 contains a case study for this Scenario.

4.3.1.1.1.1	Study 1a

4.3.1.1.1.1.1	Description

In order to estimate the cumulative effect of co-channel interference from IMT BS to DTT in particular DVB-T receiving system, a single base station is first evaluated and the required separation distance to meet the field strength threshold value corresponding to the required I/N criteria is calculated. Then a network of several IMT base stations is modelled and the cumulative effect is evaluated. Finally, the new separation distance that would be required to reduce the cumulative effect to the original threshold is calculated. 

4.3.1.1.1.1.2	Methods of calculation with formulas

A threshold field strength of 23 dB V/m was used in the calculations which equivalents to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the lower end of the 694-790 MHz band.Step 1: Single base station  

All base station parameters used in this study are as specified in Annex 1. Specifically, these are:

–	Frequency: 700 MHz[footnoteRef:1] [1:  	This frequency does not correspond to any specific IMT band plan. Rather, it is selected to be representative of both the 700 MHz band (A.I. 1.2) and the 600 MHz band (A.I. 1.1). Results at other frequencies would be much similar and just slightly change.] 


–	Radiated Power: 55 dBm

–	Tx Antenna Height: 30m

The separation distance R required to give the threshold field strength (23 dB(V/m)) from a single base station at 1% time is then calculated using Recommendation ITU-R P.1546.

It is found that R would be around 61 km (see figure 1 below), if the whole path between the base station and the receiving point A is considered to be land.

[image: ]

Step 2: Several base stations

In Step 2, a network consisting of several IMT base stations is modelled on either side of base station in Step 1, and also behind it. All base stations have the same characteristics as that in Step 1, as defined in Annex 1. The area in which this network operates is assumed to be urban and therefore a cell range of 1km is selected. This is within the range specified by WP 5D (0.5 km – 5 km). The inter-site distance is 1.6 km.

The IMT network used in this study consists of alternately 15 or 16 cells across and 17 cells deep, making a total of 263 cells.

Now the field strength from each base station in the extended IMT network is calculated at point A, according to the methodology given by WP 3K in Document 3K/69 (i.e. calculated at 2% time).

The field strengths from each base station in the extended IMT network are summed to give accumulated field strength at A. 

The resultant accumulated field strength is found to be 43.4 dBV/m, i.e. an increase of 20.4 dB compared to the single cell case in Step 1.

Step 3: Derive a new separation distance

Having derived a value for the accumulated field strength, the distance modelled between the IMT network and the DTTB receiving point A can be recalculated such that the accumulated field strength drops to the original threshold.

In the case considered here, that is found to be about 212 kilometres.

4.3.1.1.1.1.4	Results

The results found above are summarised in the table below.



		Interfering field strength threshold @700MHz

		Initial separation distance R

		Total cumulative field strength

		Increase over original threshold 

		New required separation distance



		[dB(V/m)]

		[km]

		[dB(V/m)]

		[dB]

		[km]



		23

		61

		43.4

		20.4

		212





4.3.1.1.1.2	Study 1b

4.3.1.1.1.2.1	Description

When assessing the interference from MS networks to broadcasting service it necessary to evaluate the interference field strength of MS base stations (BS) in the test points at the territory of other country. “Geneva-06” Agreement provides trigger value for consideration of the single assignment of mobile service BS to which a threshold value applied at any test point within the territory of the country concerned. However, at the time of the “Geneva-06” Agreement development IMT implementation plans currently under consideration were not known. Those plans assume use of the same frequency throughout all country (frequency reuse factor 1).

4.3.1.1.1.2.3	Calculations

4.3.1.1.1.2.3.1	Single base station  

Calculations were performed for a single base station with typical parameters (see Table. 2) at 
700 MHz. The distance at which the interfering base station field strength decreases to the threshold value of 25 dBµV/m. This equivalents to an I/N of -19 dB (50% locations) and -10 dB (95% locations) at the upper end of the 694-790 MHz band.

4.3.1.1.1.2.3.2	Base stations network

A network of base stations created, with typical parameters corresponding to given in Table. 2. Calculation of the increment of the total interference from the network of BS performed, and cumulative field strength compared to field strength from a single interferer. For the summation of multiple interfering signals method proposed WP 3K used. 

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]After obtaining cumulative field strength values, the distance between the simulated network IMT and DTTB reception point A were recalculated until the cumulative field strength drops to the initial threshold of 25 dBµV/m.

Table 2

Network parameters for MS base stations 

		Parameter

		Scale

		Value



		e.r.p without loss and Giso for 10 MHz

		dBm



		58.00





		Cable loss (Lcable)

		dB

		3.00



		Antenna factor (Giso)

		dBi

		15.00



		Polarization discrimination

		dB

		3



		Antenna height above ground

		m

		30.00



		Antenna tilt, downside

		Degrees

		3



		Main beam by 3 dB loss in H plane

		Degrees

		65



		Main beam by 3 dB loss in V plane

		Degrees

		ITU-R F.1336.  Annex 8 of this Recommendation and a k-value of 0.7



		MS network type

		

		Rural





		Cell radius (rIMT)

		Km

		8







4.3.1.1.1.2.4	Results

The results are shown in Table 3. Calculation performed for BS antenna height of 30 m 

Table 3

Separation distances and the increment of the field strength

		Frequency

		Trigger field strenngth

		Propagation path

		Separation distance for single BS

		Total cumulative field strength

		Increase over original threshold 

		Separation distance for MS network, km



		[MHz]

		[dB(V/m)]

		

		[km]

		[dB(V/m)]

		[dB]

		[km]



		700

		25

		Land

		60

		42,4	

		17,4

		212



		700

		25

		warm sea

		704

		52,8	

		27,8

		>1000





The case study indicating the increment of the cumulative interference from the multiple base stations MS network with respect to a single interferer given in the Appendix 3 to Attachment 3 to Annex 5 to Chairman’s Report, Document JTG 4-5-6-7/393.

The results show that the excess of the cumulative interference from MS network over the single interferer can be up to 21 dB what causes a significant increase of required separation distance when using the same field strength threshold for cumulative interference as for single entry interference. This study shows that when conducting compatibility studies, cumulative interference of signals from the MS base stations should be considered.

4.3.1.1.2	[...]

4.3.1.1.3	Scenario 2 degradation of C/N 

4.3.1.1.3.1	Description

4.3.1.1.3.2	Methods of calculation with formulas

4.3.1.1.3.3	Calculations

4.3.1.1.3.4	Results

4.3.1.1.4	Scenario 3 Degradation of Reception Location Probability [from EBU 384]

4.3.1.1.4.1	Description

The study assessed the cumulative effect of co-channel interference from a network of IMT base stations in one country into DTTB reception in a neighboring country in terms of degradation in location probability at different levels of the DTTB coverage area: at one pixel at the edge and in a ring of pixels at the coverage edge. 

The study also assessed co-channel geographical separation between IMT base stations (single and multiple) and DTTB reception area for a land path and for different network configurations.

4.3.1.1.4.2	Methods of calculation with formulas

This study uses the methodology described in Annex 2 to Report ITU‑R BT.2265. It takes into account the liaison statements received from WP 3K with regard to time percentages of individual base stations (1.7% instead of 1%), and from WP 5D on generic IMT networks to be used in sharing studies. All technical parameters are in line with the agreed parameters in the JTG4-5-6-7.

The base stations are placed uniformly so that individually the GE06 coordination threshold is not exceeded at the border. A broadcast coverage area is placed on the opposite side of the border, just touching the border (see Fig. 1). Tri-sector cell structure is used (see Figure 2). The interference probability is calculated, using Monte Carlo simulation, throughout a ring at the broadcast coverage edge, and at the two pixels on the coverage edge, closest to and farthest from, respectively, the base station network. (see Fig. 2). The cumulative interfering field strength from increasing numbers of base stations was calculated.




Figure 1
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Figure 2

Cell structure
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Figure 3

DTTB coverage area, coverage edge, nearest and farthest pixels
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4.3.1.1.4.3	Calculations

4.3.1.1.4.4	Degradation in reception location probability

Tables 1 to 4 provide degradation in reception location probability at the considered pixels/areas of the DTTB coverage area for different numbers of interferers. They also provide the SINR exceeded in 95% of the locations in the considered pixels/areas.

Urban DTTB coverage




Table 1

Urban cell network, high power urban DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.02%

		0.12%

		1.3%

		3.6%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge 

		21.1 dB

		21.0 dB

		20.4 dB

		19.3 dB



		Degradation of reception location probability for a PR of 21 dB at the border DTTB coverage pixel

		0.3%

		1.7%

		15.3%

		30.5%



		SINR exceeded at 95% of coverage at the border DTTB coverage pixel

		20.9 dB

		20.2 dB

		16.6 dB

		13.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge pixel

		0%

		0.03%

		0.4%

		1.6%



		SINR exceeded at 95% of coverage at the far DTTB coverage edge pixel

		21.1 dB

		21.1 dB

		20.9 dB

		20.2 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD = 17.2 km

Broadcast coverage: ERP = 23 dBkW, Htx = 300 m, Hrx = 10 m, coverage radius = 39.5 km

Thickness of Broadcast coverage edge: 100 m





Table 2

Urban cell network, medium power urban DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.1%

		0.5%

		5.4%

		14.3%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge 

		21 dB

		20.8 dB

		18.9 dB

		16.5 dB



		Degradation of reception location probability for a PR of 21 dB at the border DTTB coverage pixel

		0.3%

		1.7%

		15.3%

		30.5%



		SINR exceeded at 95% of coverage at the border DTTB coverage pixel

		21 dB

		20.9

		16.6 dB

		13.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far DTTB coverage edge pixel

		0.1%

		0.7%

		8.7%

		25.3%



		SINR exceeded at 95% of coverage at the far DTTB coverage edge pixel

		21 dB

		20.7 dB

		18.1 dB

		14.7 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD = 17.2 km

Broadcast coverage: ERP = 7 dBkW, Htx = 150 m, Hrx = 10 m, coverage radius = 12.6 km

Thickness of Broadcast coverage edge: 100 m










Rural DTTB coverage

Table 3

Urban cell network, high power rural DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.04%

		0.3%

		3.4%

		10.7%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge 

		21 dB

		20.9 dB

		19.5 dB

		16.9 dB



		Degradation of reception location probability for a PR of 21 dB at the border DTTB coverage pixel

		0.3%

		1.9%

		22.2%

		51.5%



		SINR exceeded at 95% of coverage at the border DTTB coverage pixel

		20.9 dB

		20.2 dB

		15.4%

		10.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge pixel

		0.03%

		0.2%

		2.6%

		15%



		SINR exceeded at 95% of coverage at the far DTTB coverage edge pixel

		21 dB

		21 dB

		20 dB

		17.6 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD =  47.1 km

Broadcast coverage: ERP = 23 dBkW, Htx = 300 m, Hrx = 10 m, coverage radius =  70.5 km

Thickness of Broadcast coverage edge: 100 m





Table 4

Urban cell network, medium power rural DTTB coverage

		Number of interferers (IMT 3-sector base stations)

		1

		6

		91

		378



		Degradation of reception location probability for a PR of 21 dB at the DTTB coverage edge

		0.1%

		0.7%

		10.3%

		29.1%



		SINR exceeded in 95% of the locations in a ring of 100m at the DTTB coverage edge 

		21.1 dB

		20.6 dB

		17.5 dB

		13.4 dB



		Degradation of reception location probability for a PR of 21 dB at the border DTTB coverage pixel

		0.4%

		1.9%

		22.2%

		51.4%



		SINR exceeded at 95% of coverage at the border DTTB coverage pixel

		20.9 dB

		20.2 dB

		15.4 dB

		10.9 dB



		Degradation of reception location probability for a PR of 21 dB at the far  DTTB coverage edge pixel

		0.2%

		1.5%

		20.2%

		52.4%



		SINR exceeded at 95% of coverage at the far DTTB coverage edge pixel

		20.9 dB

		20.4 dB

		15.7 dB

		10.8 dB



		1% time aggregated interference (1.7% time individual interference)

Urban network: EIRP = 55 dBm, Htx = 30 m, cell range = 1 km, SCCD =  47.1 km

Broadcast coverage: ERP = 7 dBkW, Htx = 150 m, Hrx = 10 m, coverage radius = 32.1 km

Thickness of Broadcast coverage edge: 100 m










4.3.1.1.4.5	Relationship between Reception location probability degradation (RLP) and I/N criteria

Table 5

Reception location probability degradation (RLP) as a function of I/N(50%) and I/N(95%) 
RLP target = 95%

		I/N (50%)[footnoteRef:2] [2: 	I/N(50%) is the I/N exceeded in 50% of the location in the considered pixel.] 


		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)[footnoteRef:3] [3: 	I/N(95%) is the I/N exceeded in 95% of the location in the considered pixel.] 


		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		RLP

		0.23%

		1%

		1.84%

		4.47%

		14.68%







4.3.1.1.4.6	Separation distances

Tables 6 to 8 provide co-channel separation distances for a land path with single and multiple base stations, for different network configurations, on the basis of protecting the nearest DTTB coverage edge pixel (with full Antenna discrimination).

Table 6

Co-channel separation distances for a land path with single and multiple base stations for Urban IMT network (sector range = 1 km) into urban fixed DTT reception (at 20 m), suburban fixed DTT reception (at 10 m), rural fixed DTT reception (at 10 m) for different target levels of RLP and corresponding I/N protection criteria

		I/N (50%)

		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)

		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		DRLP%

		0.23%

		1%

		1.85%

		4.48%

		14.68%



		Number of base stations

		

		

		

		

		



		1

		53.50 km

		37.55  km

		32.39 km

		26.15 km

		19.02 km



		6

		81.80 km

		55.04 km

		47.12 km

		37.98 km

		28.27 km



		91

		160.90 km

		111.20 km

		94.32 km

		73.30 km

		52.30 km



		378

		212.60 km

		157.70 km

		135.45 km

		105.15 km

		72.80 km








Table 7

Co-channel separation distances for a land path with single and multiple base stations for suburban IMT network (sector range = 2 km) into urban fixed DTT reception (at 20 m), suburban fixed
DTT reception (at 10 m), rural fixed DTT reception (at 10 m) for different target levels
of RLP and corresponding I/N protection criteria

		I/N (50%)

		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)

		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		DRLP%

		0.23%

		1%

		1.85%

		4.48%

		14.68%



		Number of base stations

		

		

		

		

		



		1

		53.5 km

		37.6  km

		32.4 km

		26.2 km

		19.0 km



		6

		81.3 km

		54.3 km

		46.5 km

		37.3 km

		28.6 km



		91

		157.1 km

		107.0 km

		90.0 km

		68.8 km

		47.3 km



		378

		204.3 km

		148.3 km

		125.3 km

		94.3 km

		61.1 km





Table 8

Co-channel separation distances for a land path with single and multiple base stations for Rural IMT network (sector range = 8 km) into urban fixed DTT reception (at 20 m), suburban fixed DTT reception (at 10 m), rural fixed DTT reception (at 10 m) for different target levels of RLP and corresponding I/N protection criteria

		I/N (50%)

		–19 dB

		–12.8 dB

		–10 dB

		–6 dB

		0 dB



		I/N (95%)

		–10 dB

		–3.8 dB

		–1 dB

		+3 dB

		9 dB



		DRLP%

		0.23%

		1%

		1.85%

		4.48%

		14.68%



		Number of base stations

		

		

		

		

		



		1

		53.5 km

		37.6 km

		32.4 km

		26.2 km

		19.0 km



		6

		76.6 km

		48.9 km

		40.6 km

		31.2 km

		21.4 km



		91

		126.0 km

		74.1 km

		57.7 km

		39.9 km

		24.5 km



		378

		142.8 km

		84.3 km

		63.9 km

		42.3 km

		25.1 km





Analysis of Results

The protection of DTTB from co-channel IMT downlink requires a separation distance to avoid coordination according to GE06. Calculations show that, even without accumulation of interfering field strength,  a single IMT base station will need to be positioned 53 km (for land path) from the DTTB service edge, i.e. from the border of the affected Administration. 

Including multiple interfering base stations would increase the interfering field strength at the DTTB service edge by up to 20 dB. Based on the parameters used in this particular study, the resulting separation distance could be increased up to 200 km when using the same field strength threshold for cumulative interference as for single entry interference (23dBuV/m).The calculations are made according to Report ITU-R BT.2265 which contains a method to assess the impact of interference from multiple base station networks on DTTB reception. 

4.3.1.1.5 	Scenario 4 C/(N+I) 

Section X.1.2 of Annex 3 contains a case study for this Scenario.

4.3.1.1.5.1	Description

4.3.1.1.5.2	Methods of calculation with formulas

4.3.1.1.5.3	Calculations

4.3.1.1.5.4	Results

4.3.1.2	Mobile service as a victim: Interference from broadcasting transmissions into mobile base stations 

4.3.1.2.1 Scenario 1: I/N

Section X.2.1 of Annex 3 contains a case study for this scenario.

4.3.1.2.1.1 Study 1

4.3.1.2.1.1.1	Introduction 

This section presents results of co-channel interference calculations from existing DVB-T/T2 transmitters and GE06 Plan entries, into IMT uplink receivers. Calculations have been made for a generic case. Also a Case study was made (Annex 3 section 7.2.1) including two countries France and Germany using the existing and coordinated DTTB transmitters on UHF channel 50 (706 MHz).

The aim of this study is to assess the feasibility of using the same band for DTTB by one country and the IMT uplink in a neighbouring country.

The criteria used by the Mobile service for the protection of the Mobile and base stations receivers is based on the I/N criteria. This criteria is used in this study where only the case of the base station receiver is considered.

4.3.1.2.1.1.2	Technical characteristics 

4.3.1.2.1.1.2.1		DTTB Transmitter data

For the generic study, two reference single broadcast transmitter configurations are considered, taken from Appendix 2 to Attachment 1 to Annex 2 to document 4-5-6-7/393 (Chairman's Report of the Fourth JTG4-5-6-7 meeting). They are representative of actual deployments in the case of assignments used in the GE06 planning area.

	High power transmitter

	ERP: 200 kW

	Effective antenna height: 300 m

	Antenna height a.g.l.: 200 m

	Antenna pattern:

	Horizontal: Omnidirectional

	Vertical antenna aperture: based on 24 aperture with 1° beam tilt

	Medium power

	ERP: 5 kW

	Effective antenna height: 150 m

	Antenna height a.g.l.: 75 m

	Antenna pattern:

	Horizontal: Omnidirectional

	Vertical: based on 16 aperture with 1.6° beam tilt

4.3.1.2.1.1,2.2		Mobile Network data

In Table 1 the calculation of the interference limits for an IMT Base station (uplink) is made [1]. This limit is based on I/N of -6 dB as protection criteria, which corresponds to a 1 dB desensitization of the uplink receiver at the base station.

Table 1

Calculation of interference threshold for base station

		Parameter

		Value for base Station

		Unit

		Comment



		Frequency

		698

		MHz

		F



		Rx Noise figure

		5

		dB

		NF



		Bandwidth

		10

		MHz

		BW



		Temperature

		290

		K

		T



		Thermal Noise (10 MHz)

		-99,0

		dBm

		PN = 10log(kTB) + NF



		I/N protection criterion

		-6

		dB

		I/N



		Interference power threshold

		-105,0

		dBm

		PI = PN + I/N



		Downtilt

		3

		°

		



		Rx antenna discrimination

		1,19

		dB

		Dant (Rec ITU-R F 1336)



		Polarization discrimination

		3

		dB

		Dpol



		Rx antenna gain

		15

		dB

		Grx



		Feeder loss

		1

		dB

		Dfl



		

		

		

		



		Field strength interference threshold at Rx antenna height

		19,3

		dBµV/m

		Eunwanted = 77.21+PI+20log(F)-Grx+Dant+Dpol+Dfl



		Antenna height

		30

		m

		Hant







In Table 2 the field strength thresholds are given, subject to different assumption on I/N and different polarization for the broadcast and the mobile IMT network.  

Table 2

Field strength thresholds

		Threshold

		Value

[dB(V/m)]

		Rx Antenna height

[m]

		Comment



		Th1

		19,3

		30m

		I/N of -6 dB



		Th2

		25,3

		30m

		Relaxed I/N from -6 to 0 dB



		Th3

		31,1

		30m

		Cross polarization and I/N of -6 dB



		Th4

		37,1

		30m

		Cross polarization and I/N of 0 dB





4.3.1.2.1.1.3	Analysis

Figure 1 shows the basic configuration for the assessment of the separation distance between interfering DTTB transmitter and victim IMT base station receiver (uplink) 

Figure 1

Basic configuration for the assessment of separation distance between interfering DTTB transmitter 
and victim IMT base station receiver (uplink)
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For this generic study, only Rec. ITU-R P.1546 was used. There is no point in using other methods based on terrain for generic studies. 

The separation distances were calculated for all the field strength thresholds calculated in Table 2, which correspond to two different levels of protection and to the possible use of cross polarisation as a mitigation technique (or alternatively the use of full antenna discrimination).

Finally, the prediction was made for three percentages of time, 1%, 5 % and 10% to consider also a range of protection levels in terms of acceptable time percentage for the interference.

The DTTB coverage radius corresponding to the two reference transmitters are:

70.53 km for the high power transmitter (HP)

32.11 km for the medium power transmitter (MP)

Table 3

Required separation distances between interfering DTTB transmitter and victim IMT
 base station receiver (uplink)



		ERP

		Antenna height

(m)

		Target Field Strength

(dBµV/m)

		1%

time

		5%

time

		10%

time

		Comment



		200 kW

		300

		19.3

		427

		355

		318

		I/N of -6 dB



		200 kW

		300

		25.3

		359

		290

		258

		I/N of 0 dB



		200 kW

		300

		31.1

		297

		235

		207

		Cross polar and I/N of -6dB



		200 kW

		300

		37.1

		235

		183

		159

		Cross polar and I/N of 0dB



		

		

		

		

		

		

		



		5 kW

		150

		19.3

		269

		215

		192

		I/N of -6 dB



		5 kW

		150

		25.3

		211

		167

		148

		I/N of 0 dB



		5 kW

		150

		31.1

		161

		126

		110

		Cross polar and I/N of -6dB



		5 kW

		150

		37.1

		117

		89

		76

		Cross polar and I/N of 0dB





As can be seen in Table 3, separation distances up to 427 km and 269 km, for HP and MP BTTB transmitters respectively, would be required to protect the IMT base station receiver (uplink) in 99% time for a target I/N of -6 dB and with no additional discrimination by cross polarization of antenna directivity.

The relaxation of the protection level to 90% time, a target I/N of 0 dB and mitigation by full antenna polarization and/or antenna discrimination would reduce the separation distances to 159 km  for HP and 76 km for MP.

4.3.1.2.1.1.4Analysis of results

The calculations show that Co-channel sharing between DTTB broadcasting and IMT at UHF will be difficult due to significant interference into the IMT uplink receiver positioned at 30 meters height.

High level protection of the IMT uplink from DTTB co-channel interference would require separation distances of up to 269 km with a medium power DTTB station and up to 427 km with a high power DTTB station.




This has also been shown on a case study (Annex 3 section 7.2.1) using planned assignments and allotments from the GE06 plan. Interference distances up to 200 km into uplink in neighbouring countries are predicted with the use of certain mitigation techniques and relaxation of the protection requirements. 

4.3.1.2.1.2 Study 2: Assessment of mechanisms of GE06 for protection of IMT from modification to GE06 Plan

4.3.1.2.1.2.1	Description

Base stations of mobile service (generic case, code NB) is protected from the modifications of GE06 Plan based on coordination trigger field strength to be calculated at 20 m above the ground with use of 10% time and 50% location curves. Since the typical characteristics of IMT base station differ from the generic mobile base station considered in GE06 Agreement and typical IMT base station antenna height is 30 m, it is necessary to verify whether the mechanisms in GE06 Agreement is still appropriate to protect IMT base stations form the modification to the GE06 Plan or not. 

4.3.1.2.1.2.2	Methods of calculation with formulas

Maximum permissible interference filed strength for IMT base station was found based on I/N interference criteria and this value was compared to the equivalent of GE06 coordination filed strength at 30 m height above the ground. Conclusion was drawn out based on this comparison. 

Maximum permissible interference filed strength for protection of IMT base station from DTTB transmitter is calculated based on I/N interference criteria:

		

Where

EN - 	total equivalent noise field strength of IMT base Station Receiver (dBuV/m)
I/N – 	required interference-to-noise ratio (interference criteria), (dB)
DDIR – 	IMT base station antenna directivity discrimination (dB)
DPOL - 	IMT base Station antenna polarization discrimination (dB)

GE06 coordination trigger field strength for protection of the base stations of mobile service (generic case, code NB) is calculated as per paragraph 5.1.2 of Section I of Annex 4 of the GE06 Final Acts:



Where

Bi - Bandwidth of DVB-T (MHz)
F - Centre frequency of interfering station (MHz)
I/N - Interference to noise ratio (dB)
 = -10 dB Typical value for Generic case (code NB, at 790 MHz)

Correction for increase of interfering filed strength at 30 m compared to its value calculated at 20 m height above the ground is done as per the Chapter 9 of Annex 5 of Rec. ITU-R P.1546-5. 




4.3.1.2.1.2.3	Calculations

Maximum permissible interference filed strength for protection of IMT base station



		Required I/N 
(interference criteria)

		Maximum permissible interfering field strength for protection of IMT base station receiver, dBuV/m at 30 m above ground level



		

		In city area

		In residential area

		In rural area



		I/N = -6 dB

		29.59

		25.65

		21.52



		I/N = -10 dB

		25.59

		21.65

		17.52





Note: to simulate the worst case, IMT base station’s antenna directivity and polarization (DDIR=0 and DPOL=0) discriminations were not taken into account in calculation of maximum permissible interfering field strength. 



		

		Unit

		Values

		Formula

		Notes



		IMT BS receiver system noise floor (NR)

		dBW

		-129.43

		

		k = 1.38E-23 JK-1
T = 290 K
B = 9E+6 Hz (Signal bandwidth)
F = 5 dB (receiver noise figure)



		Noise equivalent field strength (ENR)

		dBµV/m

		22.74

		

		GR = 12 dBi (antenna gain incl.3 dB feeder loss)
f=706 MHz (reference frequency)



		Environmental equivalent noise field strength (ENE)

		dBµV/m

		35.36

		

		City

		Values of c and d were taken from Rep. ITU-R BT.2265



		

		

		31.06

		

		Residential

		



		

		

		25.76

		

		Rural

		



		Total equivalent noise field strength (EN)

		dBµV/m

		35.59

		

		City area



		

		

		31.65

		

		Residential area 



		

		

		27.52

		

		Rural area





Note: Values of variables related to IMT Base stations are typical ones and provided in the Document 4-5-6-7/49

GE06 coordination trigger field strength





Note: In accordance with GE06 Agreement, this trigger filed strength (i.e. 13 dB uV/m) shall be calculated at 20 m height (Table A.1.3, Appendix 1, Section I, Appendix 4 GE06 Final Acts) for 10% time and 50% location (Para. 5.1.2, Section I, Appendix 4 GE06 Final Acts). 






		Values

		Unit

		Notes

		References to Annex 4 of GE06 Final Acts



		8

		MHz

		Bandwidth of DVB-T (Bi)

		



		706

		MHz

		Centre frequency of interfering station (f)

		



		-6

		dB

		Interference to noise ratio (I/N)

		Para. A.2, Appendix 1, Section I



		-10

		dB

		Typical values for Generic case (code NB, at 790 MHz)

)

		Table A.1.4, Appendix 1, Section I







Increase of interfering filed strength calculated at 30 m height above ground level compared to 20 m height



		Area of location of IMT base station 

		Notes



		Dense urban area

		Urban area

		Rural area

		Assumption of representative height of ground cover surrounding the receiver antenna, R2 is 10m for suburban and rural area, 20m for urban area and 30m for dense urban area



		0.4

		3.67

		3.67 dB

		





4.3.1.2.1.2.4	Results

Since the maximum permissible interfering field strengths for IMT base station situated in city, urban or in rural areas are always higher (25.59 dBuV/m, 21.65 dBuV/m,  17.52 dBuV/m) than the equivalent trigger field strength of 16.67 dBuV/m (13 dB uV/m +3.67 dB), all IMT base stations behind the coordination contour would be protected better than I/N = -10 dB if GE06 coordination mechanisms are applied for protection of IMT base stations.

4.3.2	Interference from and to mobile service user equipment
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4.3.4	Conclusions for co-channel sharing studies

4.4	[Adjacent-channel sharing studies]

[INSERT ADJACENT CHANNEL STUDIES HERE]

5	Summary

5.1	Mobile Service Base stations as an Interferer into Broadcast Reception

[Reference Document 4-5-6-7/312]

The generic study in section 4.3.1.1.1.1 showed that the cumulative effect of interference can exceed 20 dB and that a separation distance of more than 200 km is needed to meet the field strength threshold of 23 dBuV/m which equivalents to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the lower end of the 694-790 MHz band compared to 61 km for a single base station of the mobile service.

[Reference Document 4-5-6-7/487]

The results of another generic study in section 4.3.1.1.1.2 showed that the excess of the cumulative interference from a mobile service network (from IMT to broadcast) over the single interferer can be up to 21 dB. This causes a corresponding increase of separation distance of up to 274 kilometers on land and up to 1,000 km for land/sea paths (warm), when using the same field strength threshold for cumulative interference as for single entry interference.




[Reference Document 4-5-6-7/307 and 4-5-6-7/487]

The case study in section 7.1.1 showed that excess of the cumulative interference from MS network over the single interferer can be up to 21 dB (using the receiving antenna).

[Reference Document 4-5-6-7/384 and 4-5-6-7/575]

The generic study in section 4.3.1.1.4 showed that even without accumulation of interfering field strength, a single IMT base station will need to be positioned 53 km (for land path) from the DTTB service edge, i.e. from the border of the affected Administration in order not to exceed 23 dBuV/m. This field strength is equivalent to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the input of the DTTB receiver at the lower end of the 694-790 MHz band.
Including multiple interfering base stations would increase the interfering field strength at the DTTB service edge by up to 20 dB which corresponds to a separation distance of up to 200 km based on the parameters used in this particular study, when using the same field strength threshold for cumulative interference as for single entry interference

[Reference Document 4-5-6-7/375 and 4-5-6-7/416]

The case study in section 7.1.2 showed that  IMT base stations in one country which are not individually subject to coordination, i.e. meeting the trigger threshold of GE06 (25 dBuV/m), will not interfere with the TV receivers in the neighbouring country, even if the cumulative effect of those base stations is taken into account. 

5.2	Broadcasting as an Interferer into Mobile Service Base Stations

[Reference Document 4-5-6-7/575]

The generic study in in section 4.3.1.2.1.1 showed that separation distances up to 427 km and 269 km, for High Power (HP) and Medium Power (MP) DTTB transmitters respectively, would be required to protect the IMT base station receiver (uplink) for 99% time,  a target I/N of -6 dB and with no additional discrimination by cross polarization or receive antenna directivity. The relaxation of the protection level to 90% time, a target I/N of 0 dB and mitigation by full receive antenna polarization and/or discrimination would reduce the separation distances to 159 km for HP and 76 km for MP. 

[Reference Document 4-5-6-7/575]

The case study in section 7.2.1 showed that co-channel sharing between DTTB broadcasting transmitters and an IMT uplink receiver positioned at 30 meters height, will require separation distances of the order of 200 km on land paths even with antenna cross polarization and a relaxation of the percentage of time for the interfering signal from 1 to 10%.. 

[Reference Document 4-5-6-7/504]

The generic study in in section 4.3.1.2.1.2 showed that the maximum permissible interfering field strength threshold for the protection of IMT base stations from DTTB stations based on an I/N=‑10 dB is higher than the GE-06 trigger field strength threshold of 13 dBuV/m (generic case, code NB). 

6	[Recommendations]




ANNEX 3 (TO ATTACHMENT 3)
Co-Channel Case Studies

7	Case Studies

7.1	Mobile service as an interferer: Interference from mobile service base stations into broadcasting service reception

7.1.1	Scenario I/N 

7.1.1.1	Description

When assessing the interference from Mobile Service (MS) networks to broadcasting service it necessary to evaluate the interference field strength of MS base stations in the test points (tp) at the territory of other country. Russian Federation has assessed the change of the interference field strength taking into account the aggregate interference from base stations in the MS network compared to the single-interference source for typical implementation of MS in the border areas. The results show that the excess of the cumulative interference from MS network over the single interferer can be up to 21 dB (using the receiving antenna). This study shows that when conducting compatibility studies, cumulative interference of signals from the MS base stations should be considered.  

7.1.1.2	Methods of calculation with formulas

The calculation of the increment of the cumulative interference field strength from the MS network in relation to a field strength from single interference source carried out in the following order:

1. Select country A and country B. 

2. Create along the borders of countries A and B a uniform network[footnoteRef:4] of MS base stations with typical parameters within the territory of the country A at a distance up to X km from the border, so that the first row of the BS stay close to the border. [4:  	Using the reference network topology as specified in [tech Annex].] 


3. Create test points on the territory of country B on the border of countries A and B, and inland to a distance Dt km by step, for example 10 km. 

At each test point calculate:

a.	The highest interfered field strength (for 1% of the time) from a single base station at an altitude of 10 meters, but without take into account receiving antenna directivity.

b.	The highest interfered field strength (for 1% of the time) from a single base station at an altitude of 10 meters, taking into account receiving antenna directivity with the orientation of the fixed receiving antenna to the TV station with the strongest signal.

c.	Cumulative interference field strength from all base stations in MS network, but without taking into account receiving antenna directivity, using the ITU-R WP 3K guidance for the 1% of time interfering signals summation.

d.	Cumulative interference field strength from all base stations in MS network, taking into account receiving antenna directivity, using the ITU-R WP 3K guidance for the 1% of time interfering signals summation.

Fig. 1 shows positions of MS network base stations (blue dots) on the territory of country A and test points established in the territory of the country B (black dots). Fig. 2 shows an example of the opposite situation – when MS network located in country B and test points in country A.

Figure 1

Mobile service network base stations sites (blue circles) within the borders of country A and the test points (black circles) on the territory of country B

[image: UKR LTE 3]




Figure 2

Mobile service network base stations sites (blue circles) within the borders of country B
and the test points (black circles) on the territory of country A

[image: RUS LTE 3]



7.1.1.3	Results

The resulting distribution of the increments of the total strength of the interfering field with respect to the maximum field strength of the interfering signal from one station is shown in Figures 3 and 4 (∆Fs).

Figures below show results for the case of using omnidirectional receiving antenna, and for the case of using the receiving antenna oriented in direction to TV station with the highest level of the desired signal.

Figure 3

Distribution of cumulative interfering field strength from MS network increments over the maximum field strength from a single MS base station (Country A with MS and Country B with test points)
[image: ]

Figure 4

Distribution of cumulative interfering field strength from MS network increments over the maximum field strength from a single MS base station (Country B with MS and Country A with test points)
[image: ]




7.1.2	Scenario 4: C/(N+I)

7.1.2.1	Description

This section presents a summary of the results of a co-channel sharing study in the UHF band, based on  a real mobile network , in order to assess the potential impact of multiple sources of interference in terms of C/N+I at different points at the border between two countries and inside the victim country. 

Two areas are studied in this section: 

· Area 1:Bordering area between France and Germany

· Area 2 : Bordering area between France and United Kingdom

Figure X 

Areas of the study

 (
Area 
1
) (
Area 2
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Both areas have a different DTT planning strategy as DTT is planned for portable outdoor reception (RPC2) in Germany and for fixed rooftop reception (RPC1) for United Kingdom.




The coordinated DTT networks, which are currently on air, have been used for both areas[footnoteRef:5] and base stations of the GSM 900 have been used for mobile service[footnoteRef:6]. In order to simplify the calculations, the base stations are considered as omnidirectional with 0° downtilt. As a consequence, the simulated field strength of the IMT network is overestimated. Due to the level of details the level of the DTT field strength is also overestimated.  [5: 	More information at “http://www.anfr.fr/fr/planification-international/coordination/recherche-daccords/television-et-radio-numerique.html”]  [6: 	Information at “http://www.cartoradio.fr/cartoradio/web/”] 


The methodology of the study consists first, on a large set of test points, on the border or inside the victim country, in computing the DTT wanted field strength from all broadcasting stations. We can consider that the DTT reception antenna is receiving the maximum of all the field strength provide by all the broadcasting stations, taking into account the antenna directivity depending on the RPC. Thus, for each test points, the maximum of the median field strength, Ewanted is determined.

The second step consists in computing the interfering field strength for each test point and from each base station. 

In order to consider only the base stations not subject to the coordination process under the condition of GE-06 Agreement, the base stations providing an interfering field strength above or equal to 25 dBµV/m on, at least, one test point on the border are withdrawn from the simulation

For each test point where Ewanted is above the minimum median DTT field strength, the cumulative median interfering field strength, IMedCmul, is computed with all the “non-coordinated” base stations, using the power summing methodology. 

The minimum median DTT field strength are taken from the GE06 Agreement (table A-3-5-1 of Annex 3.5)

Table A.3.5-1

RPCs for DVB‑T

		RPC

		RPC 1

		RPC 2

		RPC 3



		Reference location probability

		95%

		95%

		95%



		Reference C/N (dB)

		21

		19

		17



		Reference (Emed)ref (dB(V/m)) at fr = 200 MHz

		50

		67

		76



		Reference (Emed)ref (dB(V/m)) at fr = 650 MHz

		56

		78

		88



		(Emed)ref: Reference value for minimum median field strength

RPC 1: RPC for fixed reception

RPC 2: RPC for portable outdoor reception or lower coverage quality portable indoor reception or mobile reception

RPC 3: RPC for higher coverage quality for portable indoor reception





The appropriate frequency correction factor is used to adjust the minimum median DTT field strength.

The calculations were performed at 790 MHz. The coordinated antenna pattern was used for the horizontal plane of the antenna while for the vertical plane an omnidirectional pattern was used.

For the field strength calculations, the propagation model of the ITU-R P 1546 is used, 50% of time for the DTT and 2% of the time for the IMT network.

Finally, each IMedCumul is compared with Emaxint defined as: 



	(1)

Where: 

Table X

Parameters of the study

		Emaxint

		maximum median allowable base station field strength in 8 MHz bandwidth at the wanted receiving antenna (dB(V/m))



		Ewanted

		median wanted BS field strength at the wanted (BS) receiving antenna (dB(V/m))



		w

		standard deviation (dB) of the normal distribution of the wanted signal level (BS signals). The value of 5.5 dB is used for both cases.



		σi:

		standard deviation (dB) of the normal distribution of the interfering signal (base station signals). The value of 5.5 dB is used for both cases.



		Q

		correction factor obtained from the complementary cumulative inversed normal function Q(x%), where x% represents the locations where a certain field strength is present; and is equal to 95%



		



		“propagation correction factor” (Recommendation ITU-R P.1546) (dB);



		PR 	

		appropriate BS protection ratio (dB), the value of 19 dB is used according to ITU-R BT 1368.



		IM

		allowance for inter-service sharing (dB). The value of 0 dB is used



		Ddir

		BS receiver antenna directivity discrimination with respect to base station signal (dB). For RPC1 the recommendation ITU-R BT 419 is used and for RPC2 , no antenna discrimination is considered.



		Dpol:

		BS receiver polarization discrimination with respect to base station signal (dB). It is assumed that base station signals are cross polarized. The receiver antenna polarization discrimination is, therefore, assumed to be 3 dB for RPC1 and 0 dB for RPC2.





An interference situation occurs when the cumulative interference field strength, IMedCmul, from the selected set of base stations is above the maximum median allowable base station field strength, Emaxint.

As a consequence, the following criteria must be kept to avoid interference situation

IMedCmul < Emaxint		 (2)




7.1.2.2	Area 1: Bordering area between France and Germany

The DTT network used for this case study is illustrated below. 

Figure X 

DTT network
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The IMT network is illustrated below. The figure on the left corresponds to all the considered IMT stations and the figure on the right correspond to all the IMT stations not concern by the international coordination, i.e. interfering field strength is below the triggering threshold according to the GE06 Agreement.
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		IMT Network (1 384)

		Non coordinated IMT Network (519)





The considered test points are illustrated below.
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		Test points at the border (328)

		Complementary test points (48)





The results of the simulations with a 1.5 m receiving antenna height are illustrated below.
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Complementary test points
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For all the test points where C/N ≥ PR, the cumulative median interfering field strength is below the maximum median allowable base station field strength in 8 MHz bandwidth at the wanted receiving antenna. The criterion (2) is always respected.




The results of the simulations with a 10 m receiving antenna height are illustrated below.

[image: ]

 (
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The same conclusion applies.

7.1.2.3	Area 2: Bordering area between France and United Kingdom

The DTT network used for this case study is illustrated below. 

Figure X 

DTT network

[image: ]

The IMT network is illustrated below. The figure on the left corresponds to all the considered IMT stations and the figure on the right correspond to all the IMT stations not concern by the international coordination, i.e. interfering field strength is below the triggering threshold according to the GE06 Agreement.
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		IMT Network (6 811)

		Non coordinated IMT Network (5 137)







The considered test points are illustrated below.
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		Test points at the border (84)

		Complementary test points (29)







The results of the simulations with a 10 m receiving antenna height are illustrated below.



 (
Complementary test points
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For all the test points where C/N ≥ PR, the cumulative median interfering field strength is below the maximum median allowable base station field strength in 8 MHz bandwidth at the wanted receiving antenna. The criterion (2) is always respected.

7.1.2.3	Conclusions

The purpose of GE-06 coordination trigger threshold evaluations is to indicate when it is advisable to have discussions with your neighbours. In this study the stations that would have been subject to coordination have been left out. In normal bilateral situations it would be advisable to discuss the whole of the proposed network with your neighbours. If these discussions do not take place the study above would provide an indication of potential residual interference field strength of the remaining stations omitted from the coordination.

With the parameters and assumptions taken for this study, it is shown that the strict application of GE-06 Agreement (including its coordination threshold) adequately protects the reception of the broadcasting service. In this case study, those base stations in one country which are not individually subject to coordination will not interfere with the TV receiving station in the neighbouring country even if the cumulative effect of those base stations is taken into account.

7.2	Mobile service as a victim: Interference from broadcasting transmissions into mobile base stations

7.2.1	Scenario 1 I/N

7.2.1.1	Introduction 

This section presents results of co-channel interference calculations from broadcasting transmissions into IMT uplink receivers. Calculations have been made for two countries France and Germany using the existing and coordinated DTTB transmitters on UHF channel 50 (706 MHz).

The aim of this study is to assess the feasibility of using the same band for DTTB by one country and the IMT uplink in a neighbouring country.

The criterion of I/N is used for the protection of the mobile service base station in this study.

7.2.1.2	Technical characteristics 

7.2.1.2.1	DTTB Transmitter data

The French DTTB transmitter data is based upon existing coordination data using about 100 transmitters. Highest ERP is about 50 kW.  Transmitters with an ERP below 100 W have not been included in the calculation.
The German DTTB transmitters are taken directly from the GE06 Plan (DT1 entries), which means that a few transmitters have an ERP of 200 kW. 

In both cases, only DTTB transmitters on channel 50 have been included in the calculations.

7.2.1.2.2	Mobile Network data

In Table 1 the calculation of the interference limits for an IMT Base station (uplink) is made [1]. This limit is based on I/N of -6 dB as protection criteria, which corresponds to a 1 dB desensitization of the uplink receiver at the base station.




Table 1

Calculation of interference threshold for base station

		Parameter

		Value for base Station

		Unit

		Comment



		Frequency

		698

		MHz

		F



		Rx Noise figure

		5

		dB

		NF



		Bandwidth

		10

		MHz

		BW



		Temperature

		290

		K

		T



		Thermal Noise (10 MHz)

		-99,0

		dBm

		PN = 10log(kTB) + NF



		I/N protection criterion

		-6

		dB

		I/N



		Interference power threshold

		-105,0

		dBm

		PI = PN + I/N



		Downtilt

		3

		°

		



		Rx antenna discrimination

		1,19

		dB

		Dant (Rec ITU-R F 1336)



		Polarization discrimination

		3

		dB

		Dpol



		Rx antenna gain

		15

		dBi

		Grx



		Feeder loss

		1

		dB

		Dfl



		

		

		

		



		Field strength interference threshold at Rx antenna height

		19,3

		dBµV/m

		Eunwanted = 77.21+PI+20log(F)-Grx+Dant+Dpol+Dfl



		Antenna height

		30

		M

		Hant







In Table 2 the field strength levels used in the plots are given, subject to different assumption on I/N and different polarization for the broadcast and the mobile IMT network.  

Table 2

Field strength levels used in the presentations

		Threshold

		Value

[dB(V/m)]

		Rx Antenna height

[m]

		Comment



		Th1

		19,3

		30m

		I/N of -6 dB



		Th2

		25,3

		30m

		Relaxed I/N from -6 to 0 dB



		Th3

		31,1

		30m

		Cross polarization and I/N of -6 dB



		Th4

		37,1

		30m

		Cross polarization and I/N of 0 dB







7.2.1.2.3	Field strength prediction and summation

The calculations are made using the Recommendation ITU-R P.1812-2 which takes the terrain into account.

Calculation has been used using the PROGIRA-Plan broadcast planning software using 100 meter resolution clutter and height (topographical) data.

Field strength values are presented for 1% and 10% of time. No aggregation (summation) of field strength has been used. The plots show the highest field strength in each pixel of calculation

7.2.1.3	Results

The results are presented in the figures in Appendix XX1:

Figures 1 and 2:	Interference from GE06 Channel 50 DTTB in France using Recommendation ITU‑R 1812, for 1% and 10% of time

Figures 3 and 4:	Interference from GE06 Channel 50 DTTB in Germany using Recommendation ITU‑R 1812, for 1% and 10% of time

The interference areas are reduced for “higher” time percentage (e.g. 10% of time) field strength.

It should be kept in mind that no aggregation of field strength has been made in the examples shown here. 

It should be noted however that the results would change, in the sense of reducing the interference, when  the following measures are applied:

–	The antenna height of some base station may be lower than 30 m, which would result in reduced levels of DTTB co-channel interference;

–	The use of down tilt for the antenna of the base station would also introduce an attenuation of the DTTB interference received from long distance

–	The acceptable level of I/N for the IMT uplink may be higher depending on the extent to which a typical IMT network is noise limited or self interference limited.

These calculations for this case study show that co-channel sharing between DTTB broadcasting transmitters and IMT uplink receiver positioned at 30 meters height at UHF will require separation distances of the order of 200 km on land paths, even  considering cross polarisation or relaxation of the percentage of time for the protection of the uplink.

Possible solution would be to relax the protection of IMT uplink by accepting the existing levels of DTTB emissions as planned in the GE06 agreement and subsequent cross boarder coordination.

7.2.1.4	References

[1] 	PTD(13) 023 “ WRC-15 agenda item 1.2 co-channel case study. Mobile Service interfered with by Broadcasting Service”, Source: France, Input to CPG-15 PTD, January 2013



Appendix XX1 (TO ATTACHMENT 3)

Figure 1
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Figure 2
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Figure 3
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Figure 4
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4.4	Adjacent-channel [footnote explaining this term] compatibility studies

Laboratory and field trial of wireless broadband access system prototype in the frequency band 694‑790 MHz indicate the presence of interference caused by relatively high levels of in-band emissions from located nearby wideband access BS and UEs, falling within TV receiver tuning range. Any unwanted high-power signal within tuning range confuse receiver input circuits, reducing the ability to demodulate less powerful useful signals from broadcasting stations, with almost no respect to given frequency separation. In particular, the protection ratios of the order of ‑43 … -35 dB were measured over a wide frequency range (up to channel N +14 and beyond)[footnoteRef:1]  [1: 	This kind of interference occurs from all types of unwanted signals – ATV, other DTV, wideband access mobile or fixed systems, etc. In terrestrial TV networks this problem at receiver side also may occur in some places - but very seldom, due to normally uniform topology of TV transmission networks at all channels within UHF range and the fact that useful signal itself in most cases taken from broadcast station with strongest signal levels in the area.
] 


This effect can be described as limited ACS of broadcasting receiver to any unwanted signal within its tuning range, 470-862 MHz in UHF range. The number of locations within conventional broadcast network coverage area, where useful signal level is relatively low, is significant. 

Limited ACS of broadcasting receiver to any unwanted signal within its tuning range is to be taken into account.  Studies to be performed for the both cases - when no mitigation is applied, and when mitigation applied in all necessary cases with indication of number of such cases.

4.4.1	Interference from and to mobile service base stations 
[302, 311]

4.4.1.1	Mobile service as an interferer: interference from mobile service base stations into broadcasting service reception

4.4.1.1.1	Scenarios

4.4.1.1.2	Methods of calculation with formulas

In order to estimate multiple adjacent channels cumulative effect of interference from IMT BS to DTT in particular DVB-T system, following steps are done:

–	first, the field strength threshold of IMT BS is calculated using I/N criteria. Then, single base station is evaluated and required separation distance to meet this value is calculated. Then a network of IMT consisting of several base stations is constructed and cumulative effect is evaluated. Finally, required separation distance by considering cumulative effect is calculated. The above steps are further described in detail in following sections.

4.4.1.1.3	Calculations

Field strength threshold of IMT BS at different frequency offsets

In order to calculate the field strength threshold of IMT BS at different frequency offsets, the I/N criteria as prescribed by WP 6A (I/N= -10 dB) is used. The methodology is fully in line with WP 6A advice and is similar to what proposed in Report ITU-R BT.2265 (Annex 1).

Then, using protection ratios at different frequency offsets as presented by WP 6A and assuming f(MHz) = 690 MHz[footnoteRef:2], median effective interfering field strength threshold for a reception location probability of 95% (EINT) will be derived as shown in Table 1 below. [2:  	This frequency does not correspond to any specific IMT band plan. Rather, it is selected to be representative for both 700 MHz (A.I 1.2) and 600 MHz (A.I 1.1) frequency bands. Results at other frequencies would be much similar and just slightly change.] 


Table 1

		Interferer
offset
N/(MHz)

		PR 
PR (dB)

		EINT

(dBµV/m)





		1/(10 MHz)

		-25.7

		51.3



		2/(18 MHz)

		-21.9

		47.5



		3/(26 MHz)

		-24.9

		50.5



		4/(34 MHz)

		-28.9

		54.5



		5/(42 MHz)

		-32.8

		58.4



		6/(50 MHz)

		-35.0

		60.6



		7/(58 MHz)

		-37.8

		63.4



		8/(66 MHz)

		-38.9

		64.5



		9/(74 MHz)

		-39.2

		64.8





Single base station separation distance

A base station with nominal characteristics submitted by WP 5D is considered. The required separation distance is then calculated using Recommendation ITU-R P.1546, so that the 1% time field strength from base station just reaches values of EINT as specified above. Table 2 shows the results.

Table 2

		Interferer
offset
N/(MHz)

		EINT
(dBµV/m)



		Separation distance
(km)



		1/(10 MHz)

		51.3

		13.3



		2/(18 MHz)

		47.5

		16.4



		3/(26 MHz)

		50.5

		14



		4/(34 MHz)

		54.5

		11.2



		5/(42 MHz)

		58.4

		9



		6/(50 MHz)

		60.6

		8



		7/(58 MHz)

		63.4

		6.6



		8/(66 MHz)

		64.5

		6.2



		9/(74 MHz)

		64.8

		6.1





Case of several base stations

Now, a network consisting of several IMT base stations is constructed at the two sides of above base station and also behind it. All base stations have nominal characteristics submitted by WP 5D. The area is assumed as urban and cell size is 1 kilometre.

Now the field strengths from each base station in the extended IMT network is calculated according to the guidelines given by WP 3K in Document 3K/69 (i.e. calculated at 2% time), and summed to give an accumulated field strength.

The increase in field strength (cumulative effect) and final separation distance at which the total field strength (considering cumulative effect) would be equal to threshold value are presented in Table 3.




4.4.1.1.4	Results

Table 3

		Interferer
offset
N/(MHz)

		EINT

(dBµV/m)

		Initial separation distance
(km)

		Increase in field strength (Cumulative effect)(dB)

		Final separation distance(km)




		1/(10 MHz)

		51.3

		13.3

		15

		35.2



		2/(18 MHz)

		47.5

		16.4

		15.5

		45.5



		3/(26 MHz)

		50.5

		14

		15.2

		37.4



		4/(34 MHz)

		54.5

		11.2

		13.4

		28.5



		5/(42 MHz)

		58.4

		9

		12.2

		22



		6/(50 MHz)

		60.6

		8

		11.5

		18.7



		7/(58 MHz)

		63.4

		6.6

		11

		15.3



		8/(66 MHz)

		64.5

		6.2

		10.5

		14.3



		9/(74 MHz)

		64.8

		6.1

		10.5

		14





4.4.1.1.5 Experience of the inferference from 800 MHz IMT basestations into fixed DTTB reception in France [4-5-6-7/443]

Appendix 8 contains a description on the experience of the initial deployment of the MS in France dealing with the impact of interference from MS Base stations into the DTTB reception in adjacent band.

4.4.1.2	Mobile service as a victim: Interference from broadcasting transmissions into mobile service

4.4.1.2.1	Scenarios

4.4.1.2.2	Methods of calculation with formulas

4.4.1.2.3	Calculations

4.4.1.2.4	Results

4.4.2	Interference from and to mobile service user equipment

4.4.2.1	Mobile service as an interferer: interference from mobile service user equipment into broadcasting service reception

The studies have the objective to study the interrelation between the following four parameters:

1	The UE maximum transmit power

2	The minimum width of guard band above 694 MHz

3	The target ACS of the DTTB receiver for the frequencies above the guard band

4	The Out of Band emission limits of the UE below 694MHz. 




4.4.2.1.1	Scenario 1: Minimum Coupling Loss study [case studies in Annex]
[218, 232, 269rev1, 302,339, 358, 380, 518]

Minimum Coupling Loss (MCL) is a generic term used to describe deterministic methods to calculate, for a specified level of interference:

•	the Out of Band (OOB) limits for an LTE user terminal (UE), and 

•	the DTTB receiver adjacent channel selectivity (ACS).

4.4.2.1.1.1	Description

The minimum coupling loss (MCL) approach uses deterministic calculations to analyse the maximum level of interference from an IMT UE into a DTTB receiver, under a particular set of conditions. Typically, the scenario modelled in a MCL type analysis assumes a number of conditions and events occur at the same time.

4.4.2.1.1.2	Methods of calculation with formulas

The basic MCL method is based upon the following key elements:

•	Use of a reference geometry in order to identify the critical case for interference from an handheld LTE terminal into a DTTB receiving antenna, normally located at the edge of the DTTB coverage area;

•	The Adjacent channel selectivity (ACS) of DTT receivers; and

•	The use of free space propagation model to determine the maximum allowed out of band (OOB) emissions from the LTE UE for a certain guard band between the LTE downlink and the broadcast service.

For fixed DTTB reception the reference geometry consists of a fixed rooftop receiving antenna at 10 meters height, interfered by a LTE UE at 1.5 meters above ground. The situation is illustrated in Figure 1: 

Figure 1

Reference geometry for fixed rooftop reception

[image: ]

The reference geometry is used to determine the horizontal separation distance between the rooftop antenna and the LTE terminal, resulting in the highest interference levels into the DTT antenna. When determining this critical distance the following parameters are taken into account:




•	The antenna gain and horizontal discrimination of the rooftop antenna in using Recommendation ITU-R BT.419-3;

•	Propagation loss between the two antennas, normally applying the free space loss model (Recommendation ITU-R P.525-2).

The resulting critical distance is found to be around 22 meters.

In order to determine the adjacent channel selectivity (ACS) there is a need to determine the Protection Ratio (PR) applicable for a given guard band between the two services. For example the PR for a DTTB receiver at 690 MHz (channel 48) and an IMT UE operating in a 10 MHz Bandwidth using the APT band plan (centred at 708 MHz). When deriving ACS values from protection ratios, it becomes clear that additional filtering of the DTTB receiver will be needed and an external filter is usually assumed based on the experience of operating DTTB receivers in proximity to LTE-800 services. The calculations of MCL assume a realistic external filter before the DTTB receiver, which will improve the PR and provide an acceptable ACS value.

Before the required OOB for the IMT UE terminal can determined, there is a need to make an assumption about the allowed loss of receiver noise performance. In Recommendation ITU-R BT.1895 the value of ‑10dB I/N is recommended.  However, in some cases an I/N threshold of –6 dB (corresponding to a desensitization of the DTT receiver of 1 dB) may be considered to provide adequate protection. 

[Ed. note: The following text till the note before Appendix 8 have not been fully discussed and accepted at February 2014 JTG 4-5-6-7]

Also, in practice, IMT UE will not usually operate at maximum power. The actual transmit power of an IMT UE is influenced by a number of factors including its location in relation to its serving cell, whether it is indoors or outdoors, the specifics of the scheduler and power control algorithms employed, the data-rate demanded, etc. Document 4-5-6-7/49 provides time averaged IMT UE transmit powers for two example scenarios: 2 dBm for a macro rural scenario; and –9 dBm for a for macro urban/suburban scenario.

Table X below provides for the two examples at 2 dBm and –9 dBm the corresponding maximum OOB emission level calculated to protect fixed rooftop DTT reception for I/N thresholds of –6 dB and –10 dB. Table X also provides the values for an IMT UE terminal operating at maximum power; 23 dBm.. For these calculations a DTT receiver ACS of 79.25 dB has been assumed together with an 18 MHz frequency offset between the centres of the 8 MHz TV channel and the 10 MHz LTE channel.

Table X

OOB emission levels to meet I/N thresholds of–6 and –10 dB

		I/N Threshold

(dB)

		OOB emission level (dBm/(8MHz)



		

		Terminal 23 dBm

Maximum power

		Terminal 2 dBm

Average power rural macro scenario

		Terminal –9 dBm

Average power urban/suburban macro scenario



		–6

		–50.20

		–49.24

		–49.24



		–10

		–56.25

		–53.25

		–53.24





]

Based upon these simple input data it is then possible to calculate the maximum allowed OOB of the LTE terminal. This typically yields values below -50 dBm / 8MHz

4.4.2.1.1.4 	DTT receiver adjacent channel selectivity (ACS)

The ACS of the DTT receiver, for a particular frequency offset ∆f, can be calculated from PR and ACLR values as follows:

		

The ACS values for DVB-T and DVB-T2 have been calculated as reported in the Table below.

Table [  ]

Unfiltered ACS values for DVB-T and DVB-T2 receivers

		Interferer
offset
N/(MHz)

		Unfiltered ACS (dB)



		

		DVB-T

		DVB-T2



		1/(10 MHz)

		30.6

		36.7



		2/(18 MHz)

		34.0

		42.4



		3/(26 MHz)

		40.9

		46.8



		4/(34 MHz)

		47.0

		56.5



		5/(42 MHz)

		47.6

		57.5



		6/(50 MHz)

		52.7

		59.1



		7/(58 MHz)

		46.8

		61.5



		8/(66 MHz)

		53.5

		61.6



		9/(74 MHz)

		51.2

		62.6





The unfiltered ACS values in the Table above combined with an assumed DTT filter performance of 34 dB for frequency offsets of 18 MHz or greater and 7.5 dB for a frequency offset of 10 MHz gives the filtered ACS values in the following Table:

Table [  ]

Filtered ACS values for DVB-T and DVB-T2 receivers

		Interferer
offset
N/(MHz)

		Filtered ACS (dB)



		

		DVB-T

		DVB-T2



		1/(10 MHz)

		38.1

		44.2



		2/(18 MHz)

		68.0

		76.4



		3/(26 MHz)

		74.9

		80.8



		4/(34 MHz)

		81.0

		90.5



		5/(42 MHz)

		81.6

		91.5



		6/(50 MHz)

		86.7

		93.1



		7/(58 MHz)

		80.8

		95.5



		8/(66 MHz)

		87.5

		95.6



		9/(74 MHz)

		85.2

		96.6





For DVB-T receivers, ACS performance is, in general poorer, than for DVB-T2 at the same frequency offset.

4.4.2.1.1.5 	Results from MCL analysis

Rather that calculate the separation distance needed to meet the –10 dB I/N interference threshold, the same approach to calculate the MBB terminal OOB emissions into the DTT channel for any given separation distance can be used. A horizontal separation distance of 22 metres has been used since this provides the worst case geometry.

Results are only provided below for a frequency offset of 18 MHz as it is evident that for the 10 MHz frequency offset the calculated ACIR is dominated by the DTT receiver ACS value, hence an improvement in MBB terminal ACLR will have no material effect. In fact even at a frequency offset of 18 MHz, a minimum separation distance of 22 metres cannot be achieved by improving MBB terminal ACLR alone.   Therefore the MBB terminal OOB emission level necessary has been calculated to meet the –10 dB I/N interference threshold assuming the ACLR and ACS contribute equally to ACIR.

The Table below provides the results of this calculation where the MBB terminal is transmitting at maximum power (23 dBm).

Table [   ]

MBB terminal OOB Emissions – rooftop reception – with additional filtering

		Parameter

		Value

		Unit

		Comment



		Frequency offset

		10

		MHz

		



		Tx height

		1.5

		metres

		hTx



		Rx height

		10.0

		metres

		hRx 



		Rx noise figure 

		7

		dB

		NF



		Thermal noise (7.6 MHz)

		–98.17

		dBm

		PN = 10log(kTB) + NF



		Protection criterion

		–10

		dB

		I/N



		Target interference power

		–108.17

		dBm

		PI = PN + I/N



		ACS

		79.25

		dB

		With additional filtering



		ACLR

		79.25

		dB

		



		ACIR

		76.24

		dB

		ACIR-1 = ACLR-1 + ACS-1



		Tx Transmit power

		23

		dBm

		PTx



		Rx antenna bore-sight gain

		9.15

		dBi

		GRx



		Rx antenna discrimination gain

		–0.45

		dB

		GDir



		Tx antenna gain

		–3

		dB

		GTx



		Body loss

		4

		dB

		LBody



		Required propagation loss

		56.63

		dB

		LProp



		Horizontal separation distance

		22.00

		metres

		At 690 MHz



		MBB Terminal OOB

		–56.25

		dBm/8MHz

		OOB = Tx Power - ACLR










This result demonstrates that to meet the -10 dB I/N interference threshold for the worst case geometry when MBB terminals are transmitting at full power, both of the following are necessary:

–	additional filtering at the DTT receiver; and

–	improved MBB terminal OOB emissions.

The extent of the necessary additional DTT filtering is of the order of 45 dB in the case of DVB-T and 37 dB in the case of DVB-T2.

It is clear from these results that the –26.2 dBm/6MHz spurious emission limit currently included in 3GPP 36.101 for band 28 across the frequency range 662-694 MHz is not adequate to achieve compatibility with DTT.

In practice MBB terminals will rarely operate at maximum power. The actual transmit power of an MBB terminal is influenced by a number of factors including its location in relation to its serving cell, whether it is indoors or outdoors, the specifics of the scheduler and power control algorithms employed, the data-rate demanded, etc. 

It should be noted that Recommendation ITU-R BT.1895 recommends the use of an I/N threshold of –10 dB as a guideline above which compatibility studies on the effect of radiations and emissions from other co-primary applications and services into the broadcasting service should be undertaken. Hence, the use of an I/N threshold of –10 dB to set the maximum OOB emission level of MBB terminals guarantees compatibility (according to Recommendation ITU-R BT.1895). However, in many cases an I/N threshold of –6 dB (corresponding to a desensitization of the DTT receiver of 1 dB) may be considered to provide adequate protection. It is also interesting to see the impact on the results for the case of an I/N threshold of 0 dB corresponding to a desensitization of the DTT receiver of 3dB).

The Table below provides the maximum OOB emission level calculated to protect fixed rooftop DTT reception for MBB terminal transmit powers of 23 dBm, 2 dBm and –9 dBm and for I/N thresholds of 0 dB, –6 dB and –10 dB. For these calculations we have assumed a DTT receiver ACS of 79.25 dB. All results assume an 18 MHz frequency offset.

Table [  ]

OOB emission levels to meet I/N thresholds of 0, –6 and –10 dB

		I/N Threshold

(dB)

		OOB emission level (dBm/(8MHz)



		

		Terminal 23 dBm
Maximum power

		Terminal 2 dBm
Average power rural macro scenario

		Terminal –9 dBm
Average power urban/suburban macro scenario



		0

		–43.46

		–43.24

		–43.24



		–6

		–50.20

		–49.24

		–49.24



		–10

		–56.25

		–53.25

		–53.24







The sensitivity of the calculated maximum OOB emission level necessary to protect rooftop DTT reception (at the worst case separation distance of 22 metres) to variation in the assumed DTT receiver ACS is explored in the following Figure. For this sensitivity analysis it is assumed that the MBB terminal is transmitting at maximum power (23 dBm).

Figure 5

Sensitivity of maximum OOB emission level to assumed DTT receiver ACS

[image: ]



 [Editorial note: the remaining part of this section is proposed deleted in 575/EBU][Ed. note: Expand section taking on board newly found ACS values, F et. al. studies]

The UE OOB limit is a function of the permitted degradation in sensitivity for a given receiver ACS value. Assuming a receiver ACS of 79 dB, the permitted level of UE OOB is given by the graph below:

Figure 2

UE OOB limit as a function of receiver desensitization
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The relationship between receiver desensitization and I/N is given below:

Figure 3

Calculation of I/N for a given desensitization

[image: ]



A given I/N budget will result in a degradation in the broadcast coverage, characterised by a reduction in the location probability. This can be calculated using numerical methods or analytical approximations and is given by the following graph:

Figure 4

Degradation in Location Probability vs I/N for a given Location Probability at the broadcast cell coverage edge





Note the degradation in broadcast coverage is a function of the standard deviation of the path loss in the propagation model used to predict the interference from the LTE-UE device. For the graph in Figure 4, the standard deviation is set to zero to facilitate calculations.

Measurements of recently manufactured DTTB receivers, with additional external filtering, and when the interference was generated from an LTE source with suitable filtering to reduce its out‑of‑band emissions, support the assumptions made in this study that working ACS values of around 80 dB are achievable.

The MCL study indicates that, due to limited ACS of broadcasting receiver to any unwanted signal within its tuning range, the compatibility of new mobile service in 694-790 MHz band and broadcasting service in 470-694 MHz band may not be provided without mitigation techniques application. 

With the known distribution field strength at receiving locations it is easy to estimate the number of people that will be subject to interference if the protection criteria are not met. Ed. note: Clarify values into account.]

4.4.2.1.2	Scenario 2: Monte Carlo study

In general Monte Carlo analysis employs statistical modelling and therefore provides an approach to model the behaviour of mobile terminals in order to simulate an IMT network and provide an indication of the level of interference that would be experienced by DTTB receivers in practice. 

 [There are two purposed studies:

•	A [short description]

•	B [short description]

•	C [short description]

]

4.4.2.1.3	Scenario 2a: Monte Carlo studies [case studies in Annex] 
[181, 236, 302, 325, 326, 358, 365, 366, 367, 368, 374, 380, 385, 557, 408, 409]

4.4.2.1.3.1	Description

The Monte Carlo modelling described here is the widely used form of Monte Carlo modelling as implemented for example in the SEAMCAT tool. The modelling has been applied to calculating the probability that a DTT receiver will be affected by interference from IMT.

The interference scenarios between broadcasting and mobile (IMT) services considered in this compatibility study are summarized in Table 1 below.

TABLE 1

Interference Scenarios

		Scenario

		UE (Interferer) Location 

		Digital television receiver (Victim) antenna location 



		[image: ]

		Outdoor

		Fixed reception/Outdoor rooftop



		[image: ]

		Indoor

		Fixed reception/Outdoor rooftop





Two simulation scenarios are provided, both of them described in Annex 1: 

•	In the first scenario, a pixel of 100 m x 100 m is placed at DTT coverage edge. At each simulation run (event), a DTT receiver is randomly positioned within this pixel following a uniform distribution. For each generated DTT receiver point in the pixel, an IMT network cluster of 7 tri-sector sites (21 cells) is created around it. At simulation run (event), the relative position between the victim DTT receiver and the reference IMT BS (BS at the centre of the cluster) is randomly generated. The maximum distance between the DTT receiver and the IMT cluster is always equal to IMT cell range. (see Figure 1).

•	In the second scenario, the DTT receiver is located randomly, following a uniform distribution, within the whole DTT coverage area. (see Figure [2])



[GSMA doc 546, 547]

The majority of the modelling that has been conducted has assumed that the DTT receivers are all located at the edge of TV coverage from an isolated TV transmitter, as in the first scenario above. In practice, most DTT receivers will be located further inside a TV coverage area/cell rather than at the extreme coverage edge, and/or TV cells will be overlapping with DTT receivers within the coverage area of more than one DTT transmitter. For the majority of DTT receivers there will therefore be a significant margin between the (median) level of received TV signal at a DTT receiver, and the level when it is assumed in the modelling that DTT receivers are at the edge of the TV coverage area.

Interference probability results will be significantly lower for scenarios where there is adjacent or overlapping coverage from different TV transmitters, and where the DTT receivers are located across the TV coverage area as a whole as in the second scenario above, rather than all at the edge of TV coverage. There will also in practice be local fluctuations in received TV signal levels, which will cause errors for DTT receivers at the edge of TV coverage, regardless of whether or not there is any potential interference from IMT.



Figure 1

Edge of DTT coverage simulation scenario

 (
100m
100m
DTT 
Tx
)






[Ed. note: Proportions should be correct. Figure indicates hexagons.]

The probability of interference of DTT fixed roof top antenna reception by IMT UE emissions is calculated. The simulations are carried out for different active IMT UE densities and DTT receiver adjacent channel selectivity (ACS), as a function of UE out of band emission (OOBE) levels.

The total probability of interference, as well as the probability of interference due to DTT receiver ACS and UE ACLR are calculated for DTT receivers located in the pixel at DTT coverage edge, since this is the worst case. 

The interference impact in the whole DTT coverage area is also assessed. The considered scenario is the following 

Figure 2

Full DTT Coverage Simulation Scenario
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Simulation assumptions

[




Table A.1.3

IMT system parameters

		IMT UE parameters



		Parameter

		Value

		Source



		Frequency (MHz)

		7081 

		



		Channel BW (MHz)

		10

		Document 4-5-6-7/49



		Maximum number of resource blocs (RBs)

		50

		



		Antenna height (m)

		1.5

		Document 4-5-6-7/49



		Power (dBm)

		23

		Document 4-5-6-7/49



		Antenna gain (dBi)

		-3

		Document 4-5-6-7/49



		e.i.r.p. (dBm) = Power + Antenna gain

		20

		



		Body loss (dB)

		4

		Document 4-5-6-7/49



		Antenna pattern

		Omni-directional

		Document 4-5-6-7/49



		Distribution of active UE

(%indoors / %outdoors)

Urban

Rural

		



30 / 70

50 / 50

[Wall loss and std dev to be included]

		Document 4-5-6-7/49



		ACLR

		The range 40-80 dB [consider specific values in the range for facilitating comparison]

		



		Transmit power control parameters

		See Annex 4 Appendix 3

		



		IMT BS parameters



		Cell ranges:

Urban

Rural

		

1 km [2 km?]

8 km

		Document 4-5-6-7/236



		Antenna height (for all environments)

		30 m

		Document 4-5-6-7/236



		Sectorization

		3 sectors

		Document 4-5-6-7/236



		Down tilt

		3 degrees

		Document 4-5-6-7/236



		Frequency reuse

		1

		Document 4-5-6-7/236



		Antenna pattern

		See Annex 10 [which annex] to Rec. 
ITU-R F.1336-[version?] 

		Document 4-5-6-7/236





1 This value is chosen as a representative in terms of the propagation loss and is not linked to any channelling arrangements.



Table A.1.2

DTT system parameters for fixed outdoor reception

		DTT receiver parameters for fixed roof top antenna in urban and rural environments



		Parameter

		DVB-T Value

		DVB-T2 Value

		Source[footnoteRef:3] [3: 	See also Document 4-5-6-7/55.] 




		Frequency (MHz)

		690

		690

		Document 4-5-6-7/126



		Channel BW (MHz)

		8

		8

		



		Environment

		Urban and rural

		Urban and rural [add perhaps suburban]

		



		Antenna height (m)

		10

		10

		Document 4-5-6-7/126



		Antenna gain including losses (dBi) 

		9.15

		9.36

		Derived from the parameter values given in Document 4‑5‑6‑7/126



		Antenna pattern

		See Rec. ITU-R BT.419

		See Rec. ITU-R BT.419

		Document 4-5-6-7/126



		Antenna polarisation discrimination (dB) 
vis-à-vis IMT UT

		0

		0

		



		Modulation scheme

		64 QAM (CR=2/3, GI=1/32)

		64 QAM (CR=2/3, GI=1/32) [T2?]

		[What mode to protect?]



		3 dB BW (MHz)

		7.6

		7.77

		Document 4-5-6-7/126



		Noise floor (dBm)

		-98.17

		-99.07

		Derived from the parameter values given in Document 4‑5‑6‑7/126



		C/N (dB)

		21

		20

		Document 4‑5‑6-7/126



		Pmin(dBm) at the receiver input

		-77.17

		-79.07

		Derived from the parameter values given in Document 4‑5‑6‑7/126



		Emin (dBµV/m) at 10 m above the ground

		47.87

		

		Derived from the parameter values given in Document 4‑5‑6‑7/126



		Pmed (dBm)  at the receiver input

		-68.12

		

		Derived from the parameter values given in Document 4‑5‑6‑7/126



		Emed (dBµV/m) at 10 m above the ground, 
Ploc = 95%

		56.72

		54.52 [only for adjacent channel]

		Derived from the parameter values given in Document 4‑5‑6‑7/126



		Receiver ACS (dB)

		38, 40, 45, 50, 55, 60, 70 and 80

		38, 40, 45, 50, 55, 60, 70 and 80 [for which freq sep are these given etc? ref Doc 185]

		



		Protection criterion

		C/(I+N) = 21 dB

		C/(I+N) = 20 dB

		








Ed. notes: 

–	The parameters have to be reviewed based on the output of the relevant parameters DG.

–	May only contain delta-set to general parameters from the aforementioned DG.

–	Specific information has to be added on cell-shape and the vertical diagram of the DTT transmitter + tilt.

]

ACLR CORRECTION FACTORS

UE OOBE limits are defined for full channel bandwidth occupation in 3GPP specification TS36.101.  Furthermore simulations and laboratory measurements have shown that when a UE is transmitting in partial band, the UE OOBE level is reduced by different levels. Therefore a correction factor has been applied to adjust the UE OOBE levels accordingly. The correction factor of UE OOBE from 20 MHz channel to 10 MHz channel is 8 dB. For 10 MHz channel, the following correction factors used are described in tables xx and yy hereafter. 

Table A.1.4

UE OOBE Correction factor

		Variation of UE OOBE as a function of the number of RBs used for 10 MHz IMT channel bandwidth



		LTE users (#RBs)

		DTT channel



		

		#48

		#47



		1 (50RB)

		0 dB

		11 dB



		2 (25RB)

		12 dB

		29 dB



		3 (16RB)

		19 dB

		41 dB



		4 (12RB)

		19 dB

		41 dB



		5 (10RB)

		19 dB

		41 dB



		6 (8RB)

		19 dB

		41 dB



		8 (6 RB)

		19 dB

		41 dB



		10 (5RB)

		19 dB

		41 dB









Table A.1.5

Variation of UE OOBE as a function of the number of RBs used for 10 MHz IMT channel bandwidth

		Variation of UE OOBE as a function of the number of RBs 

UE eirp = 23 dBm; OOBE for 1 active UE = -25 dBm



		Number of active

UEs per sector

		Density (1/km2)

		ACLR for a channel

bandwidth of 10 MHz (dB)



		1

		1,539600717

		23 – (-25) = 48



		2

		3.079201436

		23 – (-25) +12=60.



		4

		6.158402871

		23 – (-25) +19=67



		6

		9.237604307

		23 – (-25) +19=67



		8

		12.31680574

		23 – (-25) +19=67



		10

		15.39600718

		23 – (-25) +19=67







All the studies are carried out for a 10 MHz IMT system. The simulation method, assumptions, system parameters and the correction factors used are presented in detail in Annex 4 Appendix 1 to 4.

It should be noted that, for the purpose of comparison, several simulations have been performed with and without ACLR correction factors.

IMT Frequency Arrangement

The channel arrangement A5 of Recommendation ITU-R M.1036-4 is used. The potential interference from an IMT system uplink of 10 MHz channel bandwidth into the DTT channel 48 with an 8 MHz channel bandwidth is assessed. The used IMT frequency arrangement and its position relative to DTT band is shown in Figure 2. 

FIGURE 3

IMT Frequency arrangement and co-existence scenario







[GSMA doc 546]

These assumptions relating to the frequency channel usage scenario are pessimistic. The IMT UEs are assumed to be transmitting on the lowest IMT uplink channel (703-713 MHz) within the 700MHz IMT frequency band. Furthermore, all of the DTT receivers are assumed to be always receiving a TV channel that is being transmitted on the highest frequency channel within the DTT spectrum (686-694 MHz), whereas in practice this will not be the case as the majority of DTT receivers will be receiving TV channels that are being transmitted on frequencies that are significantly lower than this.



Propagation Model

For the case of simulation of the whole DTT coverage area, propagation model contained in recommendation ITU-R P.1546-4 is used for the DTT link between transmitter and receiver, that is, the point-to-area predictions for terrestrial services.

The Extended Hata[footnoteRef:4] model is used for the link from the IMT UE, to the IMT BS, as well as for the interfering link from IMT UE to DTT receiver. [4: 	The version of Extended Hata model used is in accordance with Appendix 1 to Annex 2 of Report ITU-R SM.2028-1.] 


4.4.2.1.3.2	Methods of calculation with formulas

[RUS:  

The non-uniform distribution of the population through the sub-urban and rural areas must be taken into account to avoid underestimation of interference. Non-uniform population distribution typically causes dense concentration of interference sources within borders of populated areas (villages, towns, etc.), in close proximity to broadcasting service receiving antenna locations. Typically, the ratio between square of populated and non-populated areas for most areas may be taken as, for example 1:10 for rural scenario. In general studies, such a ratio is to be modelled using random-generated geometric shapes in order to obtain a proper distribution of distances between the broadcasting site and the UE location.

Ed. Moved from this chapter, another location in the report to be found. Revisit in the new context.]

[The remaining part of scenario 2a text was not discussed at October 2013 DG meetings. The discussion moved to the scenario 2b chapter.]

[MultiAdm 367, 368, 374:







In the case of co-channel and adjacent channel interference from IMT into fixed or portable DTT reception, criteria such as and  may be used to assess the interference. This method adopts the criteria of   arguing that it provides a direct indication of the existence of interference on the broadcasting service (See Document 4-5-6-7/87-E ).

Principles of the Monte Carlo method

The Monte Carlo method is the simulation of random variables, by their defined probability density functions (distributions), for solving mathematical problems or for analysing and understanding complex real-life problems encountered in various areas like economics, industry and spectrum management.

The Monte Carlo method permits to model a large range of radio systems and to simulate various interference scenarios. 

The Monte Carlo method uses various radio parameters (transmitter power, antenna height, diagram and gain, receiver sensitivity, noise floor, propagation model,…) to construct the interference scenario under consideration. It uses all the parameters to generate interference cases based on the constructed interference scenario. For each case the Monte Carlo method calculates the strength of the desired received signal strength (dRSS) and the interfering received signal strength (iRSS) and stores them in separate data arrays. This process is repeated K times, where K is the number of cases.

One output from such Monte Carlo simulations is, typically, the interference probability (IP). This is calculated from the generated data arrays dRSS and iRSS, based on a given interference criteria threshold (C/(I+N) ):

		IP=1-NIP	(1)

where NIP is the probability of non-interference of the receiver.

The interference criterion C/(I+N) should be used for assessing IMT uplink interference impact on DTTB reception. Consequently, NIP is defined as follows:



			(2)



		

where



		



		

	L = number of interfering UEs;

	M = number of events where dRSS>sens.

One possible way to calculate the degradation of reception of the wanted signal is to compare the values of the probability of interference in the case of noise only with the values of the probability of interference in the case of presence of noise and interference, as follows: 

		IP = NIPN– NIP(N+I)	(3)

where

	IP(N) : IP in the presence of noise only;

	IP(N+I) : IP in the presence of noise and interference.

In case of a fixed source of interference (e.g. IMT base station), the reception location probability (pRL) is calculated as follows:

		pRL=1- IP	(4)

The degradation of the reception location probability is calculated as follows:

		pRL = pRL_N - pRL_N+I	(5)

where

	pRL_N : pRL in the presence of noise only;

	pRL_N+I : pRL in the presence of noise and interference.

In case of a moving source of interference (e.g. IMT user equipment), calculation of pRL may not be so straight forward..



In this case, the IP represents the average probability that n active IMT UE located in an IMT sector will interfere with a DTTB receiver located randomly within the IMT sector at any one instant in time, i.e. it is representative of the interference of a static network consisting of n active UE,; where n = 1 to 10.

A number of Monte Carlo studies used to assess the probability of IMT UE interference are based just on the IP. These studies and their results are detailed in section XX. 

As the IP is the probability of interference in one instant in time it does not represent the probability that a DTTB receiver will be subject to interference in a time window, e.g. one hour. To allow the IP to be used to assess interference in a time window it has been proposed to calculate the probability P of observing at least one harmful interference from IMT UE to DDTB receiver. P is based on uncorrelated changes to the IMT network state (e.g the transmission mode or position of UE). This approach and the studies using this approach are detailed in section YY.

The Monte Carlo study to calculate the change in percentage of locations served (RLP) is detailed in section ZZ.

Basic geometry and simulation steps

Geometry

Firstly a DTT coverage area is built up according to the link budget analysis presented in Annex [x]. The DTT transmitter is placed at the centre of the coverage area as depicted in Figure A.1.1.

Figure A.1.1

DTT coverage area of radius rDTT

[image: ]















Then, a single frequency IMT cell composed of a single radio site is built up according to the link budget analysis presented in Annex [2]. The IMT base station (BS) is placed at the centre of the cell. Each IMT cell is composed of three sectors as depicted in Figure A.1.2.




Figure A.1.2

IMT cell: Hexagonal three-sector cell layout (R: cell range)

 (
R
BS
)















This IMT cell is repeated to build up a perfectly homogeneous single frequency IMT cluster composed of 7 cells (BS) as depicted in Figure A.1.3. A cluster of size 7 is composed of 21 (7 x 3) hexagonal-shaped sectors.

Figure A.1.3

Single frequency IMT cluster

 (
BS
IMT
IMT Cell
IMT Cluster
)

Simulation steps

For the case of assessment of interference on the DTT coverage edge :

At each Monte Carlo trial i (i=1, 2,..,M):

1)	The DTT receiver is located randomly, following a uniform distribution, within the DTT coverage area for the general case and within a pixel on the DTT coverage edge for the assessment of the worst case situation. The azimuth orientation of the TV receiver antenna is directed toward the DTT transmitter in case of fixed rooftop reception.




2)	Around the DTT receiver an IMT cluster is randomly located following a uniform distribution, the maximum distance between the DTT receiver and the IMT cluster being equal to IMT cell range. The cluster position is defined by the position of the central cell’s BS position as depicted in Figure A.1.4.

3)	The active IMT user equipment (UEs) are located randomly, following a uniform distribution, within each cell of the IMT cluster.

4)	The probability of interference (pI) is calculated according to equations (1) and (2)  for two cases :

· across a pixel of 100 m x 100m at the edge of the DTT coverage area as depicted in Figure A.1.5. At least 100 000 events are generated to consider all possible interference cases in this pixel. This will allow to determine the impact in the worst case scenario.

· across the whole DTT coverage area as in Figure A.1.4.

5)	pI is calculated according to equation (3).

6)	The simulation results (pI) are presented, for different active IMT UE densities and DTT receiver adjacent channel selectivities (ACS), as a function of UE out of band emission (OOBE) level or adjacent channel leakage ratio (ACLR). For some simulations, an OOBE correction factor is applied for different UE RBs configurations as described in Tables [A.1.4 and A.1.5.]

7)	An UE OOBE limit is determined corresponding to the UE OOBE level that does not have any contribution to the probability of interference of the DTT reception by the UE emissions (OOBE+in band emission).




Figure A.1.4

Position of the IMT cluster around the victim DTT receiver (a single Monte Carlo event)
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Editorial note: RxDTT should be placed at the centre of the circle!





Figure A.1.5

Edge of the DTT coverage area

 (
100m
100m
DTT 
Tx
)



Understanding the calculated probability of interference

In Section .2, we have described how the probability of interference (pI) was calculated in Monte Carlo simulations. In this section we explain how to read and understand the probabilities of interference presented in Section 3 of this document. In the document two main interference scenarios have been considered, namely urban and rural interference scenarios. In both cases, pI was calculated across a pixel of 100 m x 100 m at the edge of the DTT coverage area as described in section A2.3.2.

For urban scenario 100 000 events were generated, while for rural scenario the number of events generated was 200 000. According to the basic DTT parameters, at the DTT cell edge, the useful signal level (dRSS) would be below the sensitivity of DTT receivers for 5% of the generated events, since the DTT cell-edge coverage probability is 95%. For example, for urban scenario we can write:

	K=100000, for urban interference scenarios;

	M=95000, for urban interference scenarios;

where

	K: 	number of events generated;

	M: 	number of events where dRSS>sens.

The following table give concrete information on the probability of interference (pI) that may results in Monte Carlo simulation. The tables can be extended beyond a pI of 0.0105% 

Table A.1.1

Numerical examples of the probability of interference

		Numerical examples of the probability of interference (pI) calculated

across a pixel of 100 m x 100 m in urban scenarios



		K (# generated events)

		100 000



		M (# of events where dRSS>sens)

		95 000



		NI (# events without interference)

		# events with

Interference

		pNI (%) = 100*(NI/M)

		pI (%) = 100*(1-(NI/M))



		95 000

		0

		100

		0



		94 999

		1

		99,99894737

		0,00105263



		94 998

		2

		99,99789474

		0,00210526



		94 997

		3

		99,99684211

		0,00315789



		94 996

		4

		99,99578947

		0,00421053



		94 995

		5

		99,99473684

		0,00526316



		94 994

		6

		99,99368421

		0,00631579



		94 993

		7

		99,99263158

		0,00736842



		94 992

		8

		99,99157895

		0,00842105



		94 991

		9

		99,99052632

		0,00947368



		94 990

		10

		99,98947368

		0,01052632



		pNI: probability of non-interference

pI: 1- pNI: probability of interference







It is important to note here that a pI of 0.0105% means that in a run (simulation) of 95000 events, across a pixel of 100 m x 100 m, only 10 interference cases were predicted.]

4.4.2.1.3.3	Overview of studies

Multi Monte Carlo studies have been conducted. The input assumptions to the studies are summarized in the table below.






		Study

		DTTB System

		UE Power Control

		Building Entry loss , Standard Deviation[footnoteRef:5],[footnoteRef:6] [5:  To use a value that is common to both IMT and DTTB services JTG 4-5-6-7 agreed to use the building entry loss and associated standard deviation values specified in ITU-R 1812-2, Table 6, Page 23.]  [6:  [The effect of omitting building standard deviation on the calculated interference probability is assessed in JTG 4-5-6-7 Doc 561 [replace with reference to Annex to report]].] 


		Number of UE

		Cell Sites[footnoteRef:7] [7:  WP 5D in a liaison to JTG 4-5-6-7, Doc 236 Annex 2, provided details of the IMT network configuration to be used in Monte Carlo modelling of interference to DTTB reception as well as details of the IMT UE power control to be used.] 


		Sec-tors

		Simulations[footnoteRef:8],[footnoteRef:9], [footnoteRef:10] [8:  The number of simulations affects the precision in the results of Monte Carlo simulations.]  [9:  France also modelled 1 & 10 UE using 500,000 simulations.]  [10:  An MC simulation treats a large number of 'events'. Each event considers a random set of UE locations. Some simulations have been carried out with a single random DTTB receiver site (SEAMCAT) and others (Nokia & EBU) with a large number of random DTTB receiver sites within a pixel (100m x 100m). Nokia used 10,000 random DTTB receive locations within the pixel and EBU used 100,000.] 


		Environment & Building

Indoor%/

Outdoor%

		DTT Rx position



		A

[F/417]

		DVB-T

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1, 2, 4, 6, 8, 10

		7

		21

		100,000 urban, & suburban,
200,000 rural & urban

500.000 urban

		70/30 Urban, Suburban
50/50 Rural

		Edge



		B

[ATU/557]

		DVB-T2

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		4,  6, 10

		7

		21

		

100,000 Urban

		70/30 Urban, 


		Edge



		C

[Arab/368]

		DVB-T 

&

DVB-T2

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1

		7

		21[footnoteRef:11] [11:  Sectors modelled as Rhombus not Hexagon.] 


		100,000

		70/30 Urban 
50/50 Rural

		Area[footnoteRef:12] [12:  The vertical antenna pattern in this study is different than the one provided by WP 6A.] 




		D

[Nokia/447]

		DVB-T

Fixed

		2% ~3% of UE @ 23 dBm

		11 dB, 6 dB

		1, 2, 4, 6,  8, 10

		9

		19

		100,000

		70/30 Urban, Suburban
50/50 Rural

		Edge



		E

[GSMA/545]

		DVB-T

Fixed

		According to scenario

		11 dB, 6 dB

		1, 2, 4, 6,  8, 10

		7

		21

		10,000,000

		70/30 Urban, Suburban

		Edge



		F

[EBU/579]

		DVB-T2

Fixed

		122 dB

		11 dB, 6 dB

		1, 10

		23

		19

		2e9

		0/100, 14/86, 70/30 Urban

		Edge



		G

[BNE/563]

		DVB-T2

Fixed

		122 dB Urban & Suburban, 123.3 dB Rural[footnoteRef:13], see 
JTG 4-5-6-7 Doc 559 [Ed. note: foodnote to be added] [13:  The power control values were chosen to limit the proportion of UE operating at maximum power to ~1% Urban, ~2% Suburban and ~5% in rural  environments using the methodology provided to JTG4-5-6-7 by WP 5D.] 


		11 dB, 6 dB

		1

		19

		57

		10,000,000

		70/30 Urban, Suburban
50/50 Rural

		Edge



		H

[TDF/508]

		DVB-T

Portable outdr.

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1, 2, 4, 6, 8, 10, 12

		7

		21

		100,000, several with up to 400,000

		70/30 urban

		Edge





In the following subsections the results of each of the studies are reflected.

Sensitivity studies using Monte Carlo analysis has also been carried out:


		Study

		DTTB System

		UE Power Control

		Building Entry loss , Standard Deviation[footnoteRef:14],[footnoteRef:15] [14:  To use a value that is common to both IMT and DTTB services JTG 4-5-6-7 agreed to use the building entry loss and associated standard deviation values specified in ITU-R 1812-2, Table 6, Page 23]  [15:  [The effect of omitting building standard deviation on the calculated interference probability is assessed in JTG 4-5-6-7 Doc 561 [replace with reference to Annex to report]]] 


		Number of UE

		Cell Sites[footnoteRef:16] [16:  WP 5D in a liaison to JTG 4-5-6-7, Doc 236 Annex 2, provided details of the IMT network configuration to be used in Monte Carlo modelling of interference to DTTB reception as well as details of the IMT UE power control to be used.] 


		Sec-tors

		Simulations[footnoteRef:17] [17:  The number of simulations affects the precision in the results of Monte Carlo simulations.] 


		Environment & Building

Indoor%/Outdoor%



		I

[TDF/509]

		DVB-T

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1, 2, 4, 6, 8, 10, 12, 16

		7

		21

		100,000, several with up to 400,000

		Edge

70/30 urban, 

but no body loss



		I

[TDF/509]

		DVB-T

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1, 2, 4, 6, 8, 10

		7

		21

		100,000, several with up to 400,000

		Edge

30/70 urban



		I

[TDF/509]

		DVB-T

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1, 2, 4, 6, 8, 10, 20

		7

		21

		100,000, several with up to 400,000

		Edge

30/35/35 urban, partly no body loss





The results of these sensitivity studies are also reflected in the relevant subsection.

Study A, B and C:

MultiAdm 367, 368, 374:

Simulations are done for urban and rural environments. These simulations have been done for different values for DTT ACS, IMT UE ACLR and OOBE, and different IMT UE densities.

Further information on values taken for the simulations are contained in the following Appendices of Annex 4 :

Appendix 2:	Example values of active user densities for sensitivity analysis in sharing studies

Appendix 3:	Transmit power control

Appendix 4:	Examples of DTT and IMT link budgets

Study A: 

[Results 374 - France] [Ed. note: update with new content]

For the case of the assessment of interference at the edge of the DTT coverage, the simulation results can be found in the excel file hereafter.







Further simulations for a selection of ACS and ACLR values have been done with an increased number of runs (500.000 runs). These results are presented in the following excel file :







These second set of simulations have been made with the following parameters :

–	Number of active UE per sector = 1 and 10;

–	ACS = 65 dB;

–	ACLR = 63, 65, 67 and 69 dB;

–	ACLR correction factor (for 10 UE) = 9 and 19 dB;

–	TW = 1800 s (30 min) and 3600 s (60 min);

–	DT = 1, 10 and 100 s.

In order to evaluate the impact of IMT UE OOBE levels at DTT reception, it is useful to look both at the probability of interference due to UE OOBE and due to DTT receiver ACS.

The variation of the probability of interference, due to IMT UE emissions (OOB+IB), as a function of DTT receiver ACS for different IMT UE densities is shown in Figure 2. It can be seen that the probability of interference increases with number of transmitting UEs per cell, and decreases rapidly with the increase of DTT receiver ACS values. For DTT receiver ACS>=55 dB, the probability of interference is quite low (0.01%).

Figure 2
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The variation of the probability of interference of DTT reception, for a DTT ACS of 60 dB, as a function of UE OOBE is shown in Figure 3. At UE OOBE = –25 dBm/8 MHz, the probability of interference is below 0.025%, at UE OOBE = –30 dBm/8 MHz, the probability of interference is about 0.01%. The probability of interference goes down to 0.003% (only about 3 interference cases over 95000 simulated events) at UE OOBE = –35 dBm/8 MHz.

 (
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Variation of the probability of interference of DTT reception due to UE OOBE, as a function of UE OOB level
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As shown in Figure 3, at 10 MHz channel LTE UE OOBE level of –25 dBm/8 MHz, the probability of interference is below 0,025%, at UE OOBE level of –30 dBm/8 MHz, the probability of interference is about 0,01%.

The simulation results show that at DTT coverage edge:

1)	The worst interference scenario from IMT/LTE uplink to DTT is found in an urban environment for the reason of smaller cell size (higher active user density).

2)	The total probability of interference decreases with the increase of DTT receiver ACS, and the increase of IMT UE ACLR (decrease of UE OOBE level).

3)	For a given DTT receiver ACS, total probability of interference will not decrease with the increase of IMT UE ACLR (decrease of UE OOBE level) above certain level, since it is limited by DTT receiver ACS.

4)	In a rural environment the probability of interference is mainly dominated by UE in-band (IB) power. This power can only be attenuated by the DTT receiver ACS. In order to evaluate the impact of IMT UE OOBE levels at DTT reception, it would be more appropriate to consider the probability of interference due to UE OOBE in an urban environment.

5)	Furthermore, for the second set of simulations done for 500.000 runs, it can be concluded that for 10 UE per sector, the probability of interference is mainly dominated by the UE in-band power (IB).

Study B:

The probability of interference( ) due to UE Out of  Band Emissions(OOBE) and DTT receiver ACS imperfections are presented below. Simulations were conducted for different configurations of active IMT UE density, DTT receiver ACS and IMT UE ACLR.

TABLE X

Interference probability for DTT receivers positioned at the DTT coverage edge
(No ACLR correction factor)

		Urban Area

ACS = 55 dB



		Active UEs

OOBE [dBm/8MHz]

		4

		6

		10



		-25

		 = 0.06%

		 = 0.10%

		 = 0.14%



		-30

		 = 0.04%

		 = 0.05%

		 =  0.08%



		-35

		 =0.02%

		 = 0.03%

		 = 0.05%



		ACS = 60 dB



		Active UEs

OOBE [dBm/8MHz]

		4

		6

		10



		-25

		 = 0.06%

		 = 0.08%

		 = 0.13%



		-30

		 = 0.02%

		 = 0.04%

		 = 0.06%



		-35

		 = 0.01%

		 = 0.02%

		 = 0.03%



		ACS = 65 dB



		Active UEs

OOBE [dBm/8MHz]

		4

		6

		10



		-25

		 = 0.05%

		 = 0.07%

		 = 00.10%



		-30

		 = 0.02%

		 = 0.03%

		 = 0.06%



		-35

		 = 0.01%

		 = 0.01%

		 = 0.02%







The following figures demonstrate the variation in probability of interference () based on varying OOBE levels and fixed ACS and active user densities.

FIGURE X



FIGURE X



FIGURE X





[ATU Document 4-5-6-7/557

This study has considered the probability of interference from IMT UE uplink to fixed rooftop DTT receivers, using Monte Carlo analysis. According to this study, as evidenced by simulation results, the worst case  encountered in urban areas is 0.14%. Furthermore, results show that  decreases with increasing values of ACS and more stringent OOBE limits.

However, the sensitivity analysis has revealed that imposing more stringent OOBE values of up to 
-35 dBm / 8 MHz, will lead to a minimal reduction in, 0.10% at most. On the basis of this minimal reduction in the adobtion of stricter OOBE limits is not warranted. In view of the above results, and taking into account the potential benefits of harmonisation, it is proposed that an OOBE limit of -25 dBm / 8MHz be adopted as a suitable value.]

Study C:

]

This study indicates that at the whole DTT coverage area, for a given IMT UE transmitter blocking mask or ACLR which are based on the APT OOBE that are recommended not to exceed -34 dBm/MHz below 694 MHz, the results of the simulations for different DTT receiver ACS values show that the total interference probability is less than 1% in all cases.

 When considering the impact of IMT UE in the whole DTT coverage area, without applying any ACLR correction factor, the obtained results are the following 

Case ACLR -48 dB (100,000 events)

Table 1

Urban area DTT In-Cell coverage interference probability

		Fixed outdoor DTT TV Receiver and outdoor UE



		IMT Network Scenario

		ACS

		DVB-T

		DVB-T2



		

		

		IP (U)%

		IP (B)%

		IP (U+B)%

		IP (U)%

		IP (B)%

		IP (U+B)%



		Urban

		25

		0.02%

		0.39%

		0.41%

		0.03%

		0.46%

		0.49%



		Urban

		38

		0.02%

		0.10%

		0.12%

		0.03%

		0.11%

		0.14%



		Urban

		50

		0.02%

		0.02%

		0.04%

		0.03%

		0.02%

		0.05%



		Urban

		60

		0.02%

		0.00%

		0.02%

		0.03%

		0.00%

		0.03%



		Rural

		25

		0.00%

		0.01%

		0.01%

		0.00%

		0.00%

		0.00%



		Rural

		38

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%



		Rural

		50

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%



		Rural

		60

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%










Table 2

Urban area DTT In-Cell coverage interference probability

		Fixed outdoor DTT TV Receiver and indoor UE



		IMT Network Scenario

		ACS

		DVB-T

		DVB-T2



		

		

		IP (U)%

		IP (B)%

		IP (U+B)%

		IP (U)%

		IP (B)%

		IP (U+B)%



		Urban

		25

		0.01%

		0.15%

		0.16%

		0.00%

		0.16%

		0.16%



		Urban

		38

		0.00%

		0.03%

		0.03%

		0.00%

		0.03%

		0.03%



		Urban

		50

		0.00%

		0.00%

		0.00%

		0.01%

		0.00%

		0.01%



		Urban

		60

		0.00%

		0.00%

		0.00%

		0.01%

		0.00%

		0.01%



		Rural

		25

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%



		Rural

		38

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%



		Rural

		50

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%



		Rural

		60

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%

		0.00%





Some example of simulation scenarios used can be found in the attachments hereafter:







Study D:

[Nokia Document 4-5-6-7/447]

Monte Carlo simulation results and analysis presented in one study (Document 4-5-6-7/447) show a very low interference probability in the worst case (urban environment, 1 user with full Resource Block allocation, low ACS of DTT receiver) and almost zero potential of interference in the majority of scenarios and parameter combinations.

The detailed results of the study is contained in the Excel file below.





It is observed that the Interference Probability is more sensitive to the DTT ACS than to the LTE UE OOBE level, so that means that after certain breaking point, more stringent OOBE does not decrease IP anymore, as can be seen from below figure XYZ.

Figure XYZ

Breaking point in Urban scenario at the DTT coverage edge, ACS 60dB

[image: ]

Therefore, it can be concluded that with  a reasonably high DTT ACS, e.g. ACS = 60 dB or higher, the LTE UE OOBE level of –33 dBm / 8 MHz for the 10 MHz LTE channel is sufficiently low to avoid interference to frequencies below 694 MHz.]



Study E:

[GSMA:

The modelling results in Document 4-5-6-7/358 indicate that, for IMT UE OOBE levels below −25 dBm/8 MHz, the OOBE value selected does not significantly influence the probability of interference to the DTT receiver, since the ACS of the TV receiver provides the dominant source of interference. Considering that −25 dBm/8 MHz (−26.2 dBm/6 MHz) was already specified for other regions, it is proposed that the same IMT UE OOBE level of −25 dBm/8 MHz should be used as regulatory limit for Region 1 for frequencies below 694 MHz.]

[GSMA doc 4-5-6-7/545]

The modelling results indicate that the OOBE value for IMT UEs has very little impact on the interference probability results, whereas the ACS value of DTT receivers has a much more significant impact. The results demonstrate that the OOBE value selected does not significantly influence the protection that is provided to TV receivers, due to the ACS providing the major source of interference.

Study F:

[Ed. note EBU study results are missing]




Study G:

Using Monte Carlo simulations the interference probability (IP) has been calculated for the three environments specified, urban, suburban and rural, using the parameters detailed in Annex 1. Each simulation used 10,000,000 trials. 

The results of these simulations are shown in Figures 1, 2 & 3.

The results of these simulations have subsequently been used to calculate the out-of-band emissions for IMT UE to achieve a specified probability of interference, section [ed. note: make reference to relevant DT/TW study].

Figure 1

Interference Probability: Urban: 70% Indoor/30% Outdoor: CLxile = 122 dB

[image: ]






Figure 2

Interference Probability: Suburban: 70% Indoor/30% Outdoor: CLxile = 122 dB

[image: ]

Figure 3

Interference Probability: Rural: 50% Indoor/50% Outdoor: CLxile = 123.3 dB

[image: ]



Study H:

Studies were carried out for DTT portable outdoor reception in urban environment. Simulations have been done for different values for DTT ACS, IMT UE ACLR and OOBE, for different IMT UE densities as well as (in some cases) using different number of events (at least 100,000, in several cases 400,000). No standard deviation of building penetration loss has been taken into account.

Several sensitivity studies were carried out for fixed DTT reception in urban environment, e.g. on the impact of different body loss or higher antenna gain, a different ratio between outdoor and indoor traffic and higher number of active users. The studies were based on at least on 100.000 events, many on up to 500.000 events. No standard deviation of building penetration loss has been taken into account.

The aim of these studies was to provide information relative to those provided by another study and the same input files have been used, with modifications only in those areas which were needed for sensitivity analysis.

The first parameter which has been varied is the body loss (no body loss, i.e. reduction by 4 dB) or increase in UE antenna gain by 4 dB. This was to simulate devices which are not body worn, categories of devices which clearly have no body loss at all (e.g. routers and in-car installations) or categories of devices which have higher antenna gains (again, e.g. routers and in-car installations) 

The second parameter which has been varied is the ratio between traffic generated indoor vs. traffic generated outdoor. This has been set to 30% for indoor traffic vs. 70% for outdoor traffic, e.g. to consider that the vast majority of mobile data traffic from indoor is offloaded e.g. via WiFi.

In a third sensitivity study, different values for the transmit power were used. Furthermore, it was simulated that only 30% of the traffic is generated indoor, while 35% of traffic is generated outdoor with a body loss of 4 dB and lower antenna gain (–3 dBi) and the remaining 35% of traffic is generated outdoor without body loss and an antenna gain of 0 dBi.

[TDF/NDR:

The variation of the probability of interference (IP), due to IMT UE emissions (OOB and IB), 
as a function of DTT receiver ACS for different IMT UE densities is shown in Figure XX, 
for an ACLR of 58 dB (plus a correction of 19 dB for 4 and for 6 UE’s). All results are provided in the EXCEL-file attached below.



Figure XX

Variation of the IP for portable outdoor DTT reception due to IMT UE emissions (OOB+IB) as a function of DTT receiver ACS, for UE ACLR of 58 dB (plus correction where appropriate)

[image: ]

The IP increases with an increasing number of UE’s. According to the results, the values of IP are slightly larger than those for fixed reception using the same parameters.

Some results on sensitivity studies are contained in the EXCEL file. The variation of the IP, due to IMT UE emissions (OOB and IB) but at reduced antenna gain (by 4 dB, e.g. simulating no body loss), as a function of DTT receiver ACS for 4 UE’s, is shown in Figure YY.





Figure YY

Variation of the IP for portable outdoor DTT reception due to IMT UE emissions (OOB+IB) as a function of DTT receiver ACS, for a UE ACLR of 77 dB (58 dB plus correction of 19 dB)

[image: ]

The results are by a factor 2 higher than those shown in Figure XX, for the same number of UE’s. This is in line with results of other sensitivity studies.]

Study I: Sensitivity

[TDF/NDR:

All results are provided in the relevant EXCEL sheets attached below. ACLR values which differ from those used by other studies are marked in light orange. 

The resulting IP’s with no body loss (or higher UE antenna gain by 4 dB) are by a factor of 2 or more above the IP’s that have been derived by other studies with a body loss of 4 dB, for the same set of common parameters (ACS, ACLR and number of UE’s). The variation of the IP, due to IMT UE emissions (OOB and IB), as a function of DTT receiver ACS for different IMT UE densities is shown in Figure AA, for an ACLR of 58 dB (plus a correction of 19 dB for 4 and for 6 UE’s). 

Figure AA

Variation of the IP value for fixed DTT reception due to IMT UE emissions (OOB+IB) as a function of DTT receiver ACS, for UE ACLR of 58 dB (plus correction where appropriate), 70% indoor 30%
 outdoor UE, BL=0 dB.
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The resulting IP’s, with 30% indoor and 70% outdoor UE and BL=4 dB are well above the IP’s that have been reported for other studies, up to a factor of 2 or more for the same set of common parameters (ACS, ACLR and number of UE’s). 

The variation of the IP, due to IMT UE emissions (OOB and IB) with 30% of UE’s from indoor and 70% from outdoor, as a function of DTT receiver ACS for different IMT UE densities is shown in Figure BB, for an ACLR of 58 dB (plus a correction of 19 dB for 4 and for 6 UE’s).



Figure BB

Variation of the IP value for fixed DTT reception due to IMT UE emissions (OOB+IB) as a function of DTT receiver ACS, for UE ACLR of 58 dB (plus correction where appropriate), 
30% indoor 70% outdoor UE.
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The resulting IP’s for 30% of traffic generated indoor, 35% outdoor with a body loss of 4 dB and lower antenna gain (–3 dBi) and the remaining 35% of traffic generated outdoor without body loss and an antenna gain of 0 dBi are by a factor of 3 or more above the IP’s that have been reported from other studies, for the same set of common parameters (ACS, ACLR and number of UE’s).

The variation of the IP, due to IMT UE emissions (OOB and IB), as a function of DTT receiver ACS for different IMT UE densities is shown in Figure CC, for an ACLR of 58 dB (plus a correction of 19 dB for 4 and for 6 UE’s).

Figure CC

Variation of the IP value for fixed DTT reception due to IMT UE emissions (OOB+IB) as a function of DTT receiver ACS, for UE ACLR of 58 dB (plus correction), 30% indoor, 35% outdoor with BL=4 dB and antenna gain -3 dBi and 35% outdoor with BL=0 dB and antenna gain 0 dBi
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]

Conclusions

The simulation results show that at DTT coverage edge the IP decreases with the increase of DTT receiver ACS, and the increase of IMT UE ACLR (decrease of UE OOBE level). Furthermore, the IP increases significantly with the number of active UE’s. The levels of IP are slightly larger than those for fixed reception, for the same parameters.

4.4.2.1.3.4	[Left over text from old scenario 2a Results]

When not applying ACLR correction factors, some simulation results can be found in Table X below.

4.4.2.1.4	Scenario2b: Monte Carlo study – with time element [case studies in Annex]
[172,174, 236, 302, 325, 326, 381,382]

4.4.2.1.4.1	Description

For the simulation of packet-switched LTE and LTE-Advanced systems, there is need for a traffic model for the services supported by the system and a scheduler algorithm for the allocation of network resources (time and frequency) to different users. The selection of the traffic model and the scheduler in the aggressor network has a crucial impact on modelling the amount of interference caused to the victim network. Therefore, realistic assumptions for the traffic model and scheduler in the LTE network are key for a fair assessment of coexistence between LTE and other services 




Interference from an IMT network differs significantly from that which broadcast networks have been planned for. This new type of interference is due to user terminals transmitting intermittently from unpredictable locations. They may stay in one location, or may change their locations while transmitting. Their interference impact is limited to short distances. However, depending on the situation several terminals may interfere at the same time. If not suitably regulated, it will result in interference (which show as visible impairments or “glitches”) to a TV picture occurring in an apparently random manner. How often this interference occurs will depend on the parameters adopted for IMT user equipment (UE) out-of-band (OoB) emissions and the filtering on DTTB receivers.

The usual broadcast planning standard for DTTB reception is “quasi error free”, which is taken to mean one error event per hour, or less. For reference, a list of standards documents and regional agreements where this principle has been accepted is given below. The threshold of interference probability is derived on the basis that for DTT, visible picture impairment due to interference from LTE UEs should be limited to less than one error per hour on any TV receiver. This is the practical effect of the accepted quasi-error free (QEF) target for DVB delivery of one uncorrected error event per transport stream per hour.

[Endpoint of DG at 23 Oct 2012 12:05]

For the assessment of IMT UE interference into broadcast receivers the following assumptions are made. They refer to a single base station and its associated cell area. 

The IMT cell structure is as follows:

1)	It is assumed that a base station is located at the common central vertex of three contiguous hexagonal cells of range "R" (see Figure 1).

2)	The cell area is subdivided into a grid of small areas, called pixels, of for example 100 m x 100 m. These pixels are the basic elements on which network planning for broadcast services is carried out including intra- or inter-service interference assessment.

3)	The cell in which the simulations are carried out lies at the centre of 18 surrounding cells (see Figure 2). The UEs in these 18 cells are also taken into the interference calculations. The least transmitter eirp of each UE is calculated, using TPC, on the basis of the 20 base stations indicated in Figure 2.

4)	The DTTB receiving locations within one pixel are represented by the centre of the pixel with a sufficiently large number (the number used in the paper is 100 000) random values of the wanted field strength taken from the Gaussian distribution around the median field strength received at the centre. These random values of wanted field strength are held fixed during the simulation in order to determine the temporal interference effects of the active UEs in addition to the overall spatial interference effects. 

5)	During the simulations the UEs will be placed randomly within the cells for each simulation event; a fixed number of UEs per cell is used in each simulation. The simulations are repeated for 1, 2, 4, 6, 8 and 10 UEs per cell.

Figures 1 and 2 sketch the geometrical layout of the DTTB coverage pixels and the IMT cell structure.

Figure 1

Geometrical layout of the DTTB coverage pixels with regard to the IMT cell structure

 (
base
 station
Cell Area
Cell range R
Pixel
UEs
)




Figure 2

Geographical Layout of the IMT cell network



 (
- The BS network structure consisting of central cell (blue hexagon) and 18 surrounding cells (yellow and orange hexagons)
- 2
3
 tri-sector BSs (large red dots)
- The central cell (blue hexagon) contains the 
DTTB 
receive sites/pixels to be considered in the MC simulation.
- In each event, N
 UEs are distributed randomly in each cell (small red points inside the cells)
; N 
 {1, 
2, ...
 10}
.
Note: the number of surrounding cells and tri-sector base stations may be increased if desired. 
ISD
R
R     : Range
ISD :
 Inter-Site Distance
)

During the operation of the IMT network, moving/intermittent UEs will be switched on within the cell area and connect to the base station to transmit and receive information during each event and at random positions. 

4.4.2.1.4.2	Methods of calculation with formulas

[RUS:

The DTTB receiver recovery time, which typically may be taken as 1 second, needs to be considered to obtain proper estimation of interference due to fact what resource block allocation time in MS is 10 ms. or smaller, and in next interval active users in MS network may change.]




[EBU:

Monte Carlo simulation algorithm

The simulation process is structured in general terms as follows:

1) 	A particular IMT cell is selected at the centre of a network of IMT cells. The DTTB interference situation within this central cell is to be considered taking into account UEs within this cell as well as UEs in the surrounding cells (see Figure 1 [below] of the main text).

2) 	Select a pixel, within the central IMT cell area, to be considered. The pixel will be represented by its centre coordinates.

3) 	For the selected DTTB pixel, calculate (or stipulate, e.g. for a pixel located at the DTTB coverage edge) the median value of the wanted field strength (or the wanted receive power) at its centre. Generate a set of M random values of wanted field strengths (e.g. M = 100 000) around that median value according to a Gaussian distribution with standard deviation of 5.5 dB. These values represent a set of  M DTTB receiver locations within the pixel and will be fixed for the entire Monte Carlo simulation.

4) 	Calculate the value of C/N for each DTTB receiver location. If C/N ≥ PRco, the DTTB location has acceptable reception. If C/N < PRco, the DTTB location is not covered and it is not considered further. PRco is the co-channel protection ratio for DTTB wanted signal interfered with by a noise-like unwanted signal. We are only interested in the DTTB locations which have acceptable reception in the presence of noise only, and we will determine how many of those DTTB locations are interfered with by the presence of active UEs.

In the presence of UE interference, let NC represent the number of DTTB locations within the pixel where C/(I+N) ≥ PRco, and NI represents the number of DTTB locations where C/(I+N) < PRco. (For a detailed treatment of this protection criterion in the adjacent channel case see Appendix 1).

	If the area containing the set of DTTB receivers is the size of a pixel, the ratio NC /(NI + NC) is called the location probability (LP) of the pixel.

	An ‘interference counter’ for each of the DTTB receiver locations is initialized. That is, for each DTTB receiver location, the interference counter is set equal to 0 if C/N ≥ PRco and is set equal to Emax if C/N < PRco. Emax is the number of events that will be used in the simulation; those DTTB receiver locations with C/N < PRco will be interfered with during each event because C/N < PRco holds for every event; these locations do not need to be explicitly considered further during the simulation.

5) 	The simulation will be carried out for a large number of events.

6) 	The number of active UEs per cell per event is either a fixed number (e.g. 6 per cell) or could be varied from event to event, and from cell to cell, according to some specific traffic model.

	For event “i” there will be a set of active UEs attributed to each cell in the cell network. The locations of the active UEs are chosen randomly for this event using a uniform spatial distribution of UEs over the Cell area.




7) 	The transmit power for each active UE is calculated as a function of its position relative to the base stations, taking into account the propagation model, base station receive antenna discrimination, body loss, etc., and the transmit power control mechanism (TPC)[footnoteRef:18]. The algorithm for TPC is described in Appendix YYY. The smallest UE transmit power calculated for each base station is the value used in the interference calculation. [18:  The parameters for the TPC algorithm must be specified according to the IMT UE modelling; e.g., the percentage of UEs using maxmum transmit power.] 


8) 	For the active UEs during the event “i”, the propagation loss, receive antenna discrimination, etc., is calculated relative to each DTTB receiver location (i.e. those locations for which C/N ≥ PRco). The power variation due to the random Gaussian behaviour of the propagation is taken into account in determining the interfering power; wall loss and wall-loss standard deviation is taken into account in the case of indoor reception or transmission.

9) 	The power sum of the interference contributions to each DTTB receiving location from all active UEs during event “i” is calculated, leading to a C/(I+N) for each DTTB receiver location for the event “i”.

10) 	For event “i” a vector of C/(I+N) values is stored corresponding to the DTTB receiving locations.

	For event “i” the counters are increased by 1 for those DTTB receiver locations for which C/(I+N) < PRco.

11) 	Steps 6 to 11 are repeated for each event. 

12) 	The quotient of all interference events by the product of the number of DTTB receiver locations and the number of events yields the IP (Interference Probability)[footnoteRef:19] for the pixel or set of pixels. [19: 	The IP for the simulation is the average IP for all the time slots and locations in the simulation. Although IP has no significance for protecting broadcasting, it is calculated as a means to compare with simple MC simulation methods which do not take into account the time element of the mobile UE interference situation vis-à-vis broadcast reception.] 


13) 	The percentage of interference events, IE%, is calculated for each DTT location. Depending on an agreed acceptable threshold, IE%threshold, for IE%, the  percentage of DTT locations, LP%, where IEthreshold is not exceeded is the resulting location probability, LPUE, taking UE interference into account. The difference between the original LP and LPUE is the degradation in reception location probability RLP:

		RLP = LP - LPUE.

Example of results of this Monte Carlo methodology are presented in the Appendix XXX.

The relationship between PRco, PRadj, ACIR, ACLR, ACS

The criterion for DTTB compatibility with UE interference is 

		C/(IN) ≥ 21 dB	(1)

“21 dB” is the co-channel protection ratio (PRco) and  means the power sum of I (the interference) and N (the noise).




The interference of a single UE is specified as 

	I = PUE – PL

with

	PUE = the UE eirp, and

	PL = path loss (including antenna discrimination, etc.).

If there are “n” UE interference sources, then the total interference, , is the power sum of the individual interferences of the UEs:

	IT =  Ii 

where 

	 represents power sum of the interference contributions, Ii with i = 1, 2, ..., n.

If the interference is due to UEs in an adjacent channel, it is necessary to take the adjacent channel interference ratio, ACIR[footnoteRef:20], into account, so that the equation 1 becomes [20:  	ACIR effectively reduces the UE interference impact for an interference source in an adjacent channel.] 




			 (2)

With suitable mathematical manipulation, the term PRco can be brought to the left hand side of equation 2:



			(3)

There is a relationship between the co-channel protection ratio, PRco, the adjacent channel protection ratio, PRadj, and ACIR:

		ACIR = PRco – PRadj.	 (4)

Then equation 3 can be expressed in terms of the co-channel and adjacent channel protection ratios:



			 (5)





The terms and are referred to as the ‘interference nuisance field’ and the ‘noise nuisance field’, respectively.

The relationship between the ACIR, the UE ACLR (adjacent channel leakage ratio), and the DTTB ACS (adjacent channel selectivity) is:



			 (6)

Knowing the ACLR, ACS and PRco, then ACIR and PRadj can be calculated using equations 4 and 6.




Technical parameters

(Editorial note: This section can be common with scenario 2a and may be moved in a new common section)

The technical parameters used are described in the following Tables 1a to 1f.

Table 1a

DTTB reception parameters

		

		Fixed outdoor DTTB

		Portable indoor DTTB



		Receiver height

		10 m

		1.5 m



		Median wall loss

		-

		11 dB



		Standard deviation of the wall loss WL 

		-

		6 dB



		Standard deviation of the path loss prop 

		5.5 dB

		5.5 dB



		Noise floor

		-98.17 dBm

		-98.17 dBm



		C/N

		21 dB

		19 dB



		95% rx power level at rx

		-68.12 dBm

		-65.78 dBm



		DTTB antenna gain (including feeder loss)

		9.15 dBi

		2.15 dBi



		DTTB antenna pattern

		Recommendation ITU-R BT.419

		Omni-directional





Table 1b

UE interference parameters

		Frequency

		708 MHz



		Transmit power

		-40 dBm to 23 dBm



		Channel Bandwidth

		10m



		Antenna gain GUE

		-3 dB



		Antenna pattern

		Omni-directional



		Body loss

		4 dB



		TPC settings

		 = 1; Px_ile = 122 dB (see Appendix 3)



		Propagation and path loss standard deviation UE_prop

		Modified Hata as defined in  Report ITU-R SM.2028



		UE height

		1.5 m



		Indoor usage

		70%



		Outdoor usage

		30%





Table 1c

BS parameters

		BS height

		30 m



		BS antenna

		Tri-sector (Rec. 1336, see Appendix 4)



		Antenna gain GBS

		15 dBi



		Feeder loss

		3 dB



		Propagation, including UE_prop

		Modified Hata as defined in Report ITU-R SM.2028



		BS cell structure

		Hexagonal sectors



		BS network structure

		19 sectors



		Urban environment

		Cell range = 1 km, tilt = 6°



		Suburban environment

		Cell range = 2 km, tilt = 4°



		Rural environment

		Cell range = 8 km, tilt = 2°





Table 1d

MC simulation parameters

		# Events

		250 000



		Pixel distribution

		Random over the central sector



		# DTTB points within pixel

		100 000



		DTTB median field within pixel

		95% location probability



		# BS sectors

		19



		# UEs/sector

		1, 2, 4, 6, 8, 10



		UE distribution

		Random over each sector



		ACS level

		55 dB to 80 dB in 5 dB steps



		ACLR level

		40 dB to 80 dB in 5 dB steps



		Interference Event (IE%) threshold

		0.028%



		Acceptable degradation in Location probability (RLP%)

		1%





Table 1e

Interference from UE Indoor to DTTB outdoor

		Wall loss

		11 dB



		Standard deviation of the wall loss WL

		6 dB





Table 1f

interference from UE Indoor to DTTB indoor

		Wall loss

		11 dB



		Standard deviation of the wall loss WL

		6 dB



		distsep  3 m

		0 walls (same room)



		3 m < distsep  10 m

		1 wall (different rooms, same building)



		10 m < distsep

		2 walls (different rooms, different buildings



		Indoor usage

		70%



		Outdoor usage

		30%







The protection of the DTTB coverage edge was considered. That is, in the presence of noise only, the location probability within a coverage edge pixel is 95 %.

The simulation was carried out in such a manner that the DTTB pixel could be randomly situated within the central sector of an LTE network, i.e. close to, or far from the base station, or anywhere in between (see Figure 1).

The percentage of the events for which each ‘point’ was interfered (called the “IE%” value) was calculated.

In order to maintain the integrity of DTTB networks to the target of one error per hour, an error rate of 0.00028, which means 0.028%, or lower, is required. Hence, an interference criterion of IE% = 0.028% was chosen as the upper limit of acceptable interference[footnoteRef:21]. [21:  	An interference level of 1 second per hour is considered to be acceptable. 1 second per hour is equivalent to IE% = 0.028%.] 


The corresponding degradation of location probability, RLp, was calculated. Interference is considered acceptable if RLP = 1% (i.e. a degradation of LP from 95% to 94%).

Illustrative example

A simple illustration of of the service matrix for the case of broadcast, noise and UE interference is given in Table XXX.  In vertical direction the locations in the pixel are given while horizontally the time slots are shown.  The last column contains the time probability of interference for each location

Table XXX

Simple illustration of service matrix for the case of broadcast, noise and UE interference

		

		T1 

		T2 

		T3 

		T4 

		T5 

		T6 

		T7 

		T8 

		T9 

		T10 

		P 



		L1 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		0 

		0.1 



		L2 

		1 

		0 

		0 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0.2 



		L3 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0.1 



		L4 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		1 

		0 

		0 

		0.2 



		L5 

		0 

		0 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0.1 



		L6 

		0 

		0 

		0 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0.1 



		L7 

		0 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0.2 



		L8 

		1 

		1 

		1 

		1 

		1 

		1 

		1 

		1 

		1 

		1 

		1 



		L9 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		0 

		0 

		0 

		0.1 



		L10 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		1 

		0 

		0 

		0.2 



		L11 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		0.1 



		L12 

		0 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		0 

		0 

		0.1 



		L13 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 



		L14 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0.1 



		L15 

		0 

		0 

		0 

		1 

		0 

		1 

		0 

		0 

		0 

		0 

		0.2 



		L16 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		1 

		0.2 



		L17 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0 

		0.2 



		L18 

		0 

		0 

		0 

		0 

		0 

		1 

		0 

		0 

		1 

		0 

		0.2 



		L19 

		0 

		1 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		1 

		0.2 



		L20 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 

		0 










–	Assuming for example a threshold of 0.1, i.e. 10%, for P (which represents the % time of interference for each location in the last column above, called also IE%), the additional interfered locations RLP compared to the Situation with Noise alone is calculated as the number of red cells in the last column, except for L8 which is due to Noise alone, over the total number of cells in this column: 9/20=0.45, i.e. 45% of the locations. 

–	For purpose of comparison, the interference Probability IP is calculated as the number of pink cells in the whole table, without the last column, over the total number of cells in the table: 36/200=0.18, i.e. 18%. This value cannot be assimilated to RLP. 

Note: These values are given only as a simple illustration and do not correspond to a real simulation.]

4.4.2.1.4.3	Calculations

[EBU:

The full set of results is given in the embedded Excel file. Results of calculation of RLP

% for IE=0.028% are given. Results of calculation of IP% (as explained in Annex 1 of this contribution) are also given for information.









The ACS values used in the simulations ranged from 55 dB to 80 dB. The ACLR values used in the simulations ranged from 40 dB to 80 dB. It was found that an ACS = 80 dB and an ACLR in the range 65 to 80 dB would be necessary to achieve RLP = 1% for IE% = 0.028% for almost all the configurations (different reception modes, environments and number of active UE), with the following exceptions:

1)	For DTTB fixed roof top reception in rural environment with 10 active UE 
(the RLP could not be brought below 1.5%);

2)	For DTTB portable indoor reception in urban environment with 8 and 10 active UE (the RLP could not be brought below 1.3% and 2.4% respectively).

Overall, taking into account the results for the different configuration, we refer to the urban environment to derive the requirements on the UE ACLR. 

Figure 3 shows a graphic representation of the results (RLP% as a function of the UE ACLR) for ACS=55 dB and for 1, 2, 4, 6, 8 and 10 active UEs.


Figure 3

RLP% as a function of the UE ACLR for ACS=55 dB and for 1, 2, 4, 6, 8 and 10 active UEs
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It can be seen that with such a poor ACS value a high percentage of locations would suffer more than 1 visible error (of 1 second) per hour. The improvement of ACLR would help but would not be enough.

By improving the ACS from 55 to 70, Figure 4 shows that the results improve significantly. However, the target level of  RLP% of less or equal than 1% could not be reached for all the considered configurations.

Figure 4

RLP% as a function of the UE ACLR for ACS=70 dB and for 1, 2, 4, 6, 8 and 10 active UEs
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		0.023

		8.9



		75
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		0.001

		0.7

		0.002

		1.3

		0.006
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		0.014

		4.9







With ACS=80 dB figure 5 shows that the target of limiting the RLP% to 1% can be reached. This would require different ACLR values depending on the number of active UEs.

Figure 5

RLP% as a function of the UE ACLR for ACS=80 dB and for 1, 2, 4, 6, 8 and 10 active UEs
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Table 2 shows the detailed figures and the ACLR figures which correspond to  RLP% of exactly 1% for three numbers of active users:

1 active user corresponds to the least stringent case (lower probability of impact on DTTB when only one UE is active in an IMT cell).

2 active users corresponds to a more stringent case as the probability of impact increases, but in the same time each of UEs uses half of the IMT channel (50% of the resource blocks).

6 active users which corresponds to a further stringent case. However, it is taken as a compromise in the range between 3 and 10 UEs.



		ACS (dB)

		80

		 

		 

		 

		 

		 



		# active UEs

		1

		2

		4

		6

		8

		10



		ACLR (dB)

		RLP %

		RLP %

		RLP %

		RLP %

		RLP %

		RLP %



		40

		91.1

		93.7

		94.7

		94.9

		94.9

		94.9



		45

		75.8

		85.9

		91.7

		93.6

		93.7

		94.1



		50

		46.3

		62.6

		78

		85.3

		86.2

		88.1



		55

		19.5

		31.8

		49.1

		61.6

		63.3

		67.7



		60

		6.5

		11.6

		21.3

		30.9

		32.5

		36.9



		65

		2.1

		3.8

		7.3

		11.4

		12.1

		14.3



		69

		1

		 

		 

		 

		 

		 



		70

		0.7

		1.3

		2.4

		3.8

		4.1

		4.9



		72

		 

		1

		 

		 

		 

		 



		75

		0.3

		0.5

		0.9

		1.5

		1.6

		1.9



		78

		 

		 

		 

		1

		 

		 



		80

		0.1

		0.2

		0.5

		0.7

		0.8

		0.9







As expected and explained in Annex 1, the IP% values calculated for each case and shown in the embedded Excel file are very low. However they do not inform about the extent of the impact in terms of percentage of DTTB locations.]

4.4.2.1.4.4	Results

[EBU (chapter name Proposals):

Based on these results and with a target of RLP of 1% for IE% = 0.028%, the following characteristics of DTTB adjacent channel selectivity and of UE adjacent channel leakage ratio and Out-of-band emission limits are proposed 
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		IMT Channel Bandwidth (MHz)
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(dB)
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		UE using the full 50 RB of the 10 MHz uplink channel 

(corresponding to one active UE per cell)

		69

		-46



		UE using the lowest 25 RB of the 10 MHz uplink channel (corresponding to two active UE per cell)

		72

		-49



		UE using the lowest 17 RB of the 10 MHz uplink channel (corresponding to three active UE per cell)

		78

		-55







The proposal is illustrated in Figure 1 below

Figure 1

EBU proposal for the OOBE limits of IMT UE in the frequency below 694 MHz
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Figure 2 below shows a comparison of the current proposals submitted to the JTG 4-5-6-7.

1- the APT proposal: an OOBE limit of -25 dBm/8 MHz for a UE using the full 100 Resource blocks of a 20 MHz channel located above 703 MHz;

2- the UK proposal: and OOBE limit of -56 dBm/8 MHz for a UE using the full 50 Resource blocks of a 10 MHz channel located above 703 MHz

Figure 2

EBU proposal for the OOBE limits of IMT UE in the frequency below 694 MHz
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As can be seen from figures 1 and 2 above, the EBU proposal represents a compromise between the two current proposals (APT and UK) by taking into account the statistical difference in impact due to various number of active UE in an IMT cell.]

4.4.2.1.5	[Scenario 2c: Alternative Approach for Interpreting the Monte Carlo Simulation Results/ Considerations on the time aspect in the assessment of interference]

 As the Monte Carlo modelling predicts the interference probability (IP) at one instant in time, to assess interference in a time window, a post processing can be performed by converting the IP into a probability which would better reflect the impact of interference on the TV viewer .

If IP is the interference probability derived from the Monte Carlo simulations and C is the number of network state changes during a certain time window (TW), assuming that two consecutive network states are independent (not correlated), then the probability P of TV viewer observing LTE UE causing at least one harmful interference to DTTB reception is given by:

		

Such probability P could be understood as the probability of having a disruption when watching TV during a given time window. This time window should reflect what is considered acceptable for 
the TV viewer.

C could be calculated as follows 

		C = TW/DT

Where : 

	TW : 	time window;

	DT : 	average "decorrelation" time describing the uncorrelated changes of all IMT UE.

"Decorrelation" time depends first on the services used by the IMT user and secondly on the movement. It is a measure to indicate un-correlated interference events.

A time window of one hour is a representative watching period taking into account the quality of service criterion.

4.4.2.1.5.x Implications of Post Processing

The method for post-processing of Monte Carlo modelling results uses a relatively simple formula, however the probability P that it calculates may not provide an accurate reflection of reality. The formula assumes that different/consecutive time windows are all independent and uncorrelated. This inherent assumption is not consistent with real word scenarios. 

The use of multiple multiplications in the formula will compound any possible errors in the IP% value that is calculated using “static” Monte Carlo modelling (which will lead to over-estimation of the interference probability). This compounding will result in inaccurate values of P being calculated. If the value of IP is pessimistic/conservative and the value of C is large, then the value of P that is calculated will be grossly exaggerated.

Monte Carlo modelling (such as SEAMCAT) is used to calculate the probability of interference from an IMT network to DTT receivers under certain assumptions. However, many of the input parameters, interference scenarios and assumptions used in Monte Carlo simulation studies have been conservative/pessimistic:

· They usually assume that the network is heavily loaded or fully loaded (including in the uplink).  

· Monte Carlo simulations were performed for the extreme DTT receiver location, i.e. the DTT coverage edge. The Interference Probability is naturally substantially lower for locations within the DTT coverage area, where the DTT field strength is higher than at the coverage edge. 

· All Interference Probability results refer to the highest DTT channel 48 (686-694 MHz), i.e. the closest channel to the lowest IMT channel (703-713 MHz). All other DTT channels suffer far less interference from IMT (higher attenuation on OOB emissions) and present lower Interference Probability.  So, in practice, this worst case combination will happen very seldom, as majority of DTT receivers will be receiving on other frequencies below channel 48, and not all IMT UEs will be transmitting on the lowest IMT channel. 

· The OOBE attenuations used in some Monte Carlo simulations provided by partial LTE Resource Block (RB) allocation have been chosen from the extreme situation when UE has its RB allocation at the lower edge of band 694-790 MHz. However, that is the most pessimistic case as for example, if all RB (at given channel BW) are shared by 6 UE, only 1/6 would have that lowest attenuation to OOBE according to the value used in MC simulations and 5/6 would have higher attenuation and cause less interference.

· The OOBE used in the Monte Carlo simulations is based on the extreme case design target from an interference point of view. In practice for the UE to meet the OOBE limit, the band selection duplex filter is assumed to provide minimum suppression over the DTT frequencies, while due to production tolerances and operating temperature drift, the typical suppression is significantly higher. Also the UE transmitter ACLR must be met in extreme operating conditions, whereas in typical conditions the ACLR would be better. As the design target of a UE transmitter is that the extreme operating conditions has to be met, in reality a significant majority of the UEs operate in normal conditions and perform better.

The extrapolation of static Monte Carlo modelling results into the time domain by means of post processing in [method 2C] will inevitably lead to the multiplication/double-counting of conservative/pessimistic parameters and scenario assumptions used in Monte Carlo simulations studies. This will ultimately result in inflated P values. In order to obtain realistic results, such analysis would need to utilise a more complex “dynamic” network simulation, in combination with more realistic traffic model(s).

4.4.2.1.5.y Post Processing: Further analytical discussion [567]

As demonstrated in 4.4.2.5.x the, the formula covering the proposed post processing assumes that different/consecutive time windows are all independent and uncorrelated. As this is not the case in the real world, the methodology may lead to unrealistic conclusions.

It is to be observed that the Monte Carlo simulation, gives the time average of a particular realization of a stochastic process, so if we consider how the fraction of time is taken into consideration when deriving the probability of interference, we see that:

If i states have caused interference with probability of PT, during the overall observation period of CxDT, the interference occurred

 of the time.

Consequently, the probability when   states cause interference is thus given by:

, takes the values from 1 to C, and  are the binomial coefficients (C choose i)

Therefore the total probability of interference is

		  	(1)

So, (1) is basically saying that, the probability of interference occurred during a certain period, is actually equal to IP, in other words, that the time average over the observation period equals exactly the probability of interference for each state.

Example for illustration: 

If IP = 0.1%, and the observation period is 1 hour, the (2) establishes that during this 1 hour period, 0.1% of the time or around 3.6 seconds (may or may not be consecutive), you may experience interference. 

However, this is not happening by coincidence as the theorem of the Strong Law of large Numbers [2] has already predicted such behaviour as the Monte-Carlo simulation methodology is exactly based on the theorem of the law of large numbers.

This analysis of Post Processing shows that:

–	the Monte-Carlo simulation tool has already taken into account the time element in such a way that the probability of interference obtained from the Monte-Carlo simulation represents the average probability of interference over time and therefore does not depict temporal correlation.

[Ed note: idea split text to calculations and results respectively]

The following table gives the calculated probability P for different IP/DT/TW.

Table x

Calculation of P (observing at least one interference during the time window TW

		OOBE(dBm/8 MHz)

		IP (%)

		TW (ms)

		DT (ms)

		C

		P (%)



		-33

		0,01683%

		3600000

		193548

		18,6000372

		0,31%



		

		0,01048%

		3600000

		193548

		18,6000372

		0,19%



		

		0,00105%

		3600000

		193548

		18,6000372

		0,02%



		

		0,01683%

		1800000

		193548

		9,3000186

		0,16%



		

		0,01048%

		1800000

		193548

		9,3000186

		0,10%



		

		0,00105%

		1800000

		193548

		9,3000186

		0,01%



		

		0,01683%

		60000

		193548

		0,31000062

		0,01%



		

		0,01048%

		60000

		193548

		0,31000062

		0,00%



		

		0,00105%

		60000

		193548

		0,31000062

		0,00%







It can be seen from table x that the P depends TW, IP, and DT.  For UE OOBE level at
 -33 dBm/8 MHz, the calculated probability P (probability observing at least one interference) is quite small, much smaller than that calculated for the definition of QEF.

[GSMA doc 4-5-6-7/546, Ed. note the deleted text will have to be redrafted for another chapter, not touching a specific study.]

[Ed. note: deleted text below to be taken into account for new xx section further down.]

[

Ed. note: has to be revised for readability and inter-text.consistency. Content on the reasoning behind TW, has to be checked for Region 1 applicability. Viewing is continues (also for commercials).

4.4.2.1.5.2  Elements related to DT-parameter 

"Decorrelation" time depends first on the services used by the IMT user and secondly on the movement. It is a measure to indicate un-correlated interference events.Even if the DT parameter is yet to be more clearly defined, most likely the value of DT is depending on the actual service/application what UL UE is associated with. For example, a static UL UE (like a tablet in the home) can do Skype videophone, lasting over an hour. The case is rather different then with a smartphone that is in high speed train and is just updating Facebook-server with one TCP/IP Ack. This can in the end mean a huge variation for DT value, depending on 
the used application. 

Related to DT-parameter, one element describing it is the usage time of different mobile Apps (and how many Apps there are in each category type). From http://readwrite.com/2012/01/17/study_average_app_session_lasts_about_1_minute#awesm=~onPJdd7iIEB4dm below table can be found.


[image: http://readwrite.com/files/files/files/App-Usage-Study.jpg]

If you calculate the average usage time of an application, it is 106 seconds and if you calculate weighted average (taking into account the number of Apps in each category), the usage time is 
107 seconds.

Another aspect impacting to DT (but not reflected in the table) is, how users/UEs are moving when these Apps are in use.

Apps are very popular on smartphones. Many of these apps “call” for updates, i.e. in order to get latest news from a social network or an update on the weather forecast. On one hand, this signaling causes problems for network operator since it generates a lot of traffic (signaling). On the other hand, the amount of RB required by these apps usually is low and the number of parallel requests easily could be higher than values currently used in compatibility studies in areas where many people are present. The typical duration of such signaling is well in the sub-second range, and some of the devices ping the network as often as 2,400 times per hour. 




Another important aspect to be considered is speech. So far speech is not implemented in LTE networks, but for sure it is to be implemented in future (VoLTE). However, speech is an application with has a very low data rate and has a profile which differs e.g. from a data upload (only few RB needed per terminal, but more users may connect/call at the same time).

Based on the above presented average usage time of an application, DT is proposed to be 
100 seconds.

The Report ITU-R M.2290 gives the data usage forecast for 2020, the Market attribute in year 2020 for unicast uplink (higher user density settings) is given in Annex 2 of the Report 
ITU-R M.2290, the worst case is the service category 15: 18,6 uplink data session/h/user. Using this worst case forecast uplink data sessions rate, the estimated DT=3600/18,6=193,548 s. 

The average “decorrelation” time reflects the fact that when a terminal is interfering with the broadcasting receiver, it will keep the resource of the network for a certain time before this resource is allocated to another terminal which may, or may not, cause interference to the broadcasting receiver.

The range of DT could be:

–	from 1 ms which is the the subframe time : it is not realistic to assume that each terminal will transmit;

–	to the full time window. If this time window is as large as one hour, this is neither realistic since it would assume that each terminal is permanently transmitting traffic data (other than signaling). In addition, for such large time, the movement of the terminal would also create another dimension of decorrelation, since the interference potential could significantly vary between the positions of the terminal during one hour.

4.4.2.1.5.3	Elements related to TW-parameter 

A time window of one hour is a representative watching period taking into account the quality of service criterion.

Some indicate a TW equal to one hour. The basis for this value could be an average viewing time for a given TV program.

Concerning TW, the duration of a typical live news broadcast is ~15min whilst a movie lasts up to and over 2 hours. 

Related to degradation criteria, in IEC 62002-1, section 10.3 there are some DVB-T and DVB-H degradation criteria: DVB-T standard defined Quasi Error Free (QEF) criteria is 1 error per 1 hour, however, when mobility aspect is considered, it introduces ESR5 (Erroneous second ration 5%) criterion, which allows 1 erroneous second over 20 second observation period (also in the Annex 7 of Rec ITU-R BT.1368-10). However, those are (both 1h and 20 second) more like a TV system/networks planning criteria, whilst parameter TW is understood to estimate the TV-viewers user experience to observe harmful interference to DTTB reception.

Furthermore, how TV-viewer observe any interference is strongly depending on the TV-content and on the focus level of the user viewing the TV content. For example, during commercial break, many users do to really focus on watching TV and would not notice - or if noticed, would not bother much at all - if there is interference during the commercial break. Based on http://www.marketingcharts.com/wp/television/average-hour-long-show-is-36-commercials-9002/ typically a 1 hour primetime commercial TV program contains ~40 minutes of the actual content with the ~20 minutes of commercials filling the reminder of the hour (however, in some countries there are some regulatory limitation for the amount of TV commercials).




Based on the above, TW is proposed to be 30mins (average of 15 min and 40mins is 27mins).

Thus 30 minutes and 60 minutes was chosen for the study conducted.

]

4.4.2.1.5.5 General considerations on the acceptable value of P

For a given value of IP that depends on assumptions on ACLR and ACS values, P will indicate the probability of interference [lasting at average DT time to occur] during a period of time defined by TW.

The analysis of what is the probability P acceptable by a TV viewer depends on the choice of the parameters TW and DT. For example, if TW is equal to 1 hour and DT equal to 1 second; P will indicate the probability that an interference event of 1 second occurs during a viewing time of 1 hour. Another example, if TW is equal to 1 hour and DT equal to 10 seconds, P will indicate the probability that an interference event of 10 seconds occurs during a viewing time of 1 hour. A subjective assessment on what is the acceptable value of P can be easily derived from the examples above, and therefore an acceptable value of P should be lower as the value of DT increases. 




4.4.2.1.5.6 Overview of studies

Multi Monte Carlo studies applying postprocessing to the IP have been conducted. The input assumptions to the studies are summarized in the table below:



		Study

		DTTB System

		UE Power Control

		Building Entry loss , Standard Deviation[footnoteRef:22],[footnoteRef:23] [22:  To use a value that is common to both IMT and DTTB services JTG 4-5-6-7 agreed to use the building entry loss and associated standard deviation values specified in ITU-R 1812-2, Table 6, Page 23.]  [23:  [The effect of omitting building standard deviation on the calculated interference probability is assessed in JTG 4-5-6-7 Doc 561 [replace with reference to Annex to report]].] 


		Number of UE

		Cell Sites[footnoteRef:24] [24:  WP 5D in a liaison to JTG 4-5-6-7, Doc 236 Annex 2, provided details of the IMT network configuration to be used in Monte Carlo modelling of interference to DTTB reception as well as details of the IMT UE power control to be used.] 


		Sec-tors

		Simulations[footnoteRef:25],[footnoteRef:26] [25:  The number of simulations affects the precision in the results of Monte Carlo simulations.]  [26:  France also modelled 1 & 10 UE using 500,000 simulations.] 


		Environment & Building

Indoor%/

Outdoor%

		DTT Rx position



		A

[F/417]

		DVB-T

Fixed

		10% of UE @ 23 dBm

		11 dB, no stdv.

		1, 2, 4, 6, 8, 10

		7

		21

		100,000 urban, & suburban,
200,000 rural & urban

500.000 urban

		70/30 Urban, Suburban
50/50 Rural

		Edge



		B

[BNE/564]

		DVB-T2

		122 dB Urban & Suburban, 123.3 dB Rural[footnoteRef:27] [27:  The power control values were chosen to limit the proportion of UE operating at maximum power to ~1% Urban, ~2% Suburban and ~5% in rural  environments using the methodology provided to JTG4-5-6-7 by WP 5D.] 


		11dB, 6dB

		1

		19

		57

		10,000,000

		70/30 Urban, Suburban
50/50 Rural

		Edge







In the following subsections the results of each of the studies are reflected.

Study A

This section provides some calculations for given ACLR and ACS values for different values of DT.

The choice for ACS is derived from the CEPT contribution to the JTG in Document 4-5-6-7/185 (Table 5). This table is also included in  Table 1 of Annex 5 for information.

Noting that the centre frequency separation is 4 +9 + 5 = 18 MHz between the DTT channel 48 and the first IMT channel above 703 MHz, the ACS values for 50th percentile vary between 60 and
66.2 dB. The values of ACS = 60, 65 and 70 dB have been chosen for simplification.

Taking into consideration the results of MCL studies submitted to both PTD and JTG in terms of choice of ACLR and ACS values, the value of ACLR should be approximately the same as the value of ACS in order to obtain the maximum benefits of the combination of both. This can also be seen when considering the following formula : 

		[image: ] 	(2)

In the calculations below only the case of a single UE (with no reduction on the value of ACLR) has been considered in order to provide with the worst case scenario in terms of impact of OOB. That is, when several UE are transmitting at the same time in the same cell, each one use part of the resource blocks and measurements have shown that the OOB emission is then reduced.

Extracting the corresponding cells from the excel tables in section 4.4.2.1.3.3 study A,, and applying equation (1) the following values are obtained: 

Table 1

IP values for ACS = 60 and 70 dB; and ACLR = 58, 63, 68 and 73 dB

		ACS (dB)

		 

		60

		

		TW (s)

		DT (s)

		DT (s)

		DT (s)

		DT (s)



		# active UEs

		 

		1

		

		3600

		1

		10

		100

		200



		ACLR correction factor (dB)

		 

		0

		

		

		

		

		

		



		OOBE (dBm/8 MHz)

		UE ACLR (dB)

		IP(OOB)

		IP(IB)

		IP(OOB+IB)

		P1 %

		P2 %

		P3 %

		P4 %



		-35

		58

		4.21E-05

		2.63E-05

		6.85E-05

		21.8

		2.43

		0.24

		0.12



		-40

		63

		2.10E-05

		3.68E-05

		6.31E-05

		20.3

		2.24

		0.22

		0.11



		

		

		

		

		

		

		

		

		



		ACS (dB)

		 

		70

		

		

		

		

		

		



		# active UEs

		 

		1

		

		

		

		

		

		



		ACLR correction factor (dB)

		 

		0

		

		

		

		

		

		



		OOBE (dBm/8 MHz)

		UE ACLR (dB)

		IP(OOB)

		IP(IB)

		IP(OOB+IB)

		P1 %

		P2 %

		P3 %

		P4 %



		-40

		63

		1.05E-05

		< 5E-06

		1.05E-05

		3.71

		0.37

		0.037

		0.018



		-45

		68

		5.26E-06

		< 5E-06

		5.26E-06

		1.87

		0.18

		0.018

		0.009



		-50

		73

		5.26E-06

		< 5E-06

		5.26E-06

		1.87

		0.18

		0.018

		0.009





Note : the simulations in the table above have been made with 200 000 samples, resulting in an accuracy which cannot be better than  5E-06.

[The table above shows the values of Probability (P) of at least one interference event, which may occur inside the period defined by DT, for an observation time (TW) of one hour]. The value of one hour is taken only as an example and is not related with discussions on the QEF criteria.

The results clearly demonstrate the need to balance expected ACS and required ACLR. 

In addition, it provides an illustration that lower de-correlation time will correspond to higher probability of occurrence in a one hour time window. On the other hand, it has to be pointed out that lower de-correlation time would also correspond to shorter and less disruptive interference.  Therefore, there is a balance between the level of the probability P and the impact of a single interference situation: Is it more disruptive to have 4% probability of at least one interference event lasting 1 s or 0.04% probability of at least one interference event lasting 100 s? 

Further simulations made with 500 000 runs confirm these results. In addition, these simulations also indicate that, for 10 UE the main contribution to the IP is the UE IB power.

Table 2

Simulation results for 500.000 iterations

		Study

		FRANCE



		Scenario

		Urban rooftop fixed DTTB reception 



		IMT Channel BW (MHz)

		10



		IMT UE e.i.r.p. (dBm)

		23



		Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE

		 

		 

		 

		 



		ACS (dB)

		65

		 

		 

		 



		# active UEs/Sector

		 

		1

		10



		ACLR correction factor1 (dB)

		 

		0

		19

		9



		OOBE (dBm/8 MHz)

		UE ACLR (dB)

		IP-Case 1

		IP- Case 2

		IP- Case 3



		-40

		63

		1.47E-05

		6.10E-05

		6.31E-05



		-42

		65

		1.26E-05

		5.04E-05

		5.56E-05



		-44

		67

		6.31E-06

		4.73E-05

		5.08E-05



		-46

		69

		6.30E-06

		4.42E-05

		4.63E-05



		1 See Table 1.4



		

		

		

		

		





	Note : the simulations in the table above have been made with 500 000 samples, resulting in an accuracy which cannot be better than 2E-06

It should be noted here that the IP obtained in the case of 10 UEs transmitting simultaneously in a sector is higher than the IP obtained in the case of a single UE. However, this is due to the in band emission of the UEs and not due to their OOBE.

The probability of occurrence of at least one interference from IMT UEs to DTTB receiver during a given Time Window (TW = 30 min or 60 min) are represented in figures 4 to 7, for different number of active UE (1 or 10), different values of Decorrelation Time (DT = 1s, 10s or 100s) and different ACLR correction factors (0dB, 9dB or 19dB). The ACS is 65 dB.

It is to be noted that, for the case of DT = 1s, the difference between the curves considering ACLR reduction factors of 9 and 19 dB should be read with caution, as the corresponding probabilities of interference considered are very low.



		Figure 4

		Figure 5
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		Figure 6

		Figure 7
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Conclusions on study

This study concentrates in the fixed DTT reception. For this study, section [refer to the relevant study in scenario 2a section] introduces the conclusions on static Monte-Carlo simulations. Considering also the time element in Monte Carlo simulations presented in Section 2.5, it can for this study be concluded the following: 

–	It is necessary to choose ACS and ACLR around [the same order of magnitude, ed note revise, values in dB].

–	As an example, for a given TW = 3600 seconds, an ACS = 70 dB and ACLR = 63 dB a rough assessment of the probability that at least one interference event lasting 1 s occurs in a time window of one hour is less than 4% and the probability that at least one interference event lasting 100 s occurs in a time window of one hour is less than 0.04%.

Study B

Broadcast Networks Europe have carried out an assessment of the probability of interference P  to DTTB reception (DVB-T2) from IMT UE based on IMT network changes within a time window. This assessment is based on the method for calculating P from IP detailed in Section XX.

Introduction:

It has been proposed that to properly assess the probability of interference to DTTB reception using Monte Carlo simulations to derive the IP, the number of network changes that occur in a given time window need to be taken in to account; the number of changes in a time window being a function of the “decorrelation time”.

The ”decorrelation time” is a difficult concept to determine as it depends on a number of factors, including the length of the time window, TW.

If TW is short, i.e. of the order of 1 second, then C, the number of changes, will be primarily due to active UE position changing as a result of the resource scheduler. This will depend on the traffic a network is carrying, the number of UE a sector is managing and how resources are allocated to the UE within the sector. Elements of this, such as the resource allocation algorithm are not readily available. 

However, if TW is so short that UE physical movement will have little influence on the number of changes, DT will depend primarily on the total number of UE that are active (N) during TW. In such circumstances, as a simple approximation, DT could be considered to be; 



			(2)

However, a TW of the order of 1 second would not address concerns of broadcasters nor address the issue of identifying whether interference is at a level that is detrimental to the DTTB service and finally not determine a viewer’s ability to watch a programme without interruptions.

To better reflect what may be considered as acceptable to TV viewers, a longer TW needs to be considered; contributions[footnoteRef:28] from broadcasters indicate that TW should be set to one hour.  [28:  	Documents JTG 4-5-6-7/172, 174, 325, 326, 381, 382.] 


Using such a TW, UE physical movement rather than changes in position due to the resource scheduler will become the dominant source of uncorrelated changes to the network.

Based on UE movement the number of independent events (uncorrelated changes), C, that occur in a specified TW can be derived as follows. 

Given C, the IMT UE out-of-band emission (OOBe) limits can be derived from the Monte Carlo simulations of IP, for a given probability of interference P to the DTTB receiver and the adjacent channel selectivity (ACS) of the receiver.

Method:

The number of uncorrelated changes within the specified TW may be determined by UE movement and the distance a UE has to move before signals received are no longer correlated. When a signal is assumed as no longer being correlated, interference at this point can be assumed to be independent and we have a change in the network in terms of interference. If change is based on movement and the assumption that a UE must move a certain distance before a change occurs, the time associated with changes will generally be much greater than changes associated with the resource scheduler. As such, events associated with scheduling can be ignored, as though the resource scheduler may activate a UE many times in a period of time, unless that UE has moved a sufficient distance to create a change (a new interference event), the interference potential of the network doesn’t change. 

C is the number of network state changes during a certain time window (TW), assuming that two consecutive network states are independent (not correlated). It will have a range of values depending on how many UE are in a cell, the cell utilization and the mobility of the UE. 

The lower bound on C will be for the case where the UE transmits but does not move, the upper bound will be where all UE move at maximum velocity. The former is easier to define so will be dealt with first. Whilst UE are not static, they are part of a mobile network, the lower bound is a useful way of ascertaining the minimum requirements of DTTB receiver ACS and UE ACLR required to meet a certain probability that a receiver will be subject to interference. 

The lower bound for C – the static case:

The lower bound for C is of interest, as it helps us to understand, for a given probability of interference - in our specified time window, the maximum level of out-of-band emissions for an IMT UE. 

Two main mechanisms can generate independent events;

1.	Active UE position changes due to the resource scheduler

2.	Physical movement of the UE

If we assume that during the TW no UE physically move - unlikely for a mobile network and a TW of one hour, but useful in establishing the lower bound – then the number of changes C will be determined by the total number of different UEs active during the TW. If the TW is long enough it is likely that all UE in a sector will be active at some point during the TW and will thus contribute to the number of changes. The number of UE in a sector can be determined from the population density using methodology established in JTG 5-6[footnoteRef:29]. [29:  	Document 5-6/180 (Annex 4), Annex 2 to the Joint Task Group 5-6 Chairman’s Report, ‘List of IMT systems characteristics for use in sharing studies in the band 790-862 MHz.] 


In a typical suburban area[footnoteRef:30] in the UK the population density is ≥5000 people/km2, i.e. ≥12,500[footnoteRef:31] people in a 2 km radius suburban IMT sector. Using the methodology from JTG 5-6 for apportioning users by available spectrum; where for the suburban case the traffic is divided between the 800 MHz LTE, GSM900, GSM1800 and UMTS 2 GHz. Assuming 1 IMT device per person[footnoteRef:32] then the number of UE in a suburban sector that could be using the lower 10 MHz block of the 700 MHz band is: [30:  	Document 4-5-6-7/328 shows typical suburban areas.]  [31:  	UMTS Forum Report No 6, 06/99, ‘UMTS/IMT-2000 Spectrum’, quotes for a suburban environment a density of potential users of 7200 per km2.]  [32:  	For Europe this is a conservative figure – mobile phone usage is between 100 and 150 devices per 100 people http://en.wikipedia.org/wiki/List_of_countries_by_number_of_mobile_phones_in_use. ] 


		10/230 * 12500 = 543 




For the purpose of deriving the probability of interference P, if a UE doesn’t move - regardless of how many times it transmits within the TW - it can be assumed that it only generates 1 unique (uncorrelated) interference event  (remember that P is the probability of experiencing one or more interference events). If it is assumed that each of the UE is active at least once in the TW then C = 543.

Given the number of events C and the probability P that a DTTB receiver is subject to interference in a specified time window TW, we can calculate the IP to ensure the probability P is not exceeded, equation 3.



			(3)

If for example, our target probability[footnoteRef:33] P is 1% in a TW of 1 hour and we have 543 UE that are static (as described above) but transmit at least once during the TW, then the IP required to achieve this probability is given by; [33:  	If the probability that a receiver experiences interference in TW is 1%, then it can be expected that 1% of the population of receivers in similar circumstances, i.e. are at the edge of coverage will experience interference. ] 




		

		IP = 0.0019%

This specific IP can be compared with IP values derived from Monte Carlo simulations to determine the ACLR and hence OOB limits for IMT UE for specific DTTB ACS values, Figure 1 and Table 1.

Figure 1

Interference probability: Suburban environment: 1 UE

[image: ]

Note: Details of the methodology used to derive the IP are provided in Annex 1.



Table 1

IMT UE OOB emission levels based on a static suburban environment with probability
of interference to DTTB reception = 1%, C=543

		ACS dB

		65

		70

		75



		ACLR dB

		64

		62

		62



		OOB dBm/8MHz

		-41

		-39

		-39







As this IP is for the static case, i.e. the lowest level of interference, it equates to the highest level of OOB emission. Movement of UE will generate more changes and will lead to a smaller value for IP and hence will lead to more restrictive OOB limits than those shown in Table 1.

Discussion:

The static case provides an easy approach for calculating the upper bound to the level of OOB emissions for a given probability of interference to DTTB within a specified time window. 

However, the results depend on the population of UE that are active in the 700 MHz band and the basis of the methodology used for deriving this was previously established in JTG 5-6 taking account of information supplied by Working Party 5D. 

Taking the lower bound number of changes as 543  is a very conservative approach which allows for just 1 UE per person. It does not account for ;

●	In many countries the number of active devices is up to 50% greater than the number of people; if the actual device usage is factored in then the number of UE (changes) used in the calculations for the static case would be up to 814. 

●	UE will roam between the available frequency bands and given the amount of traffic generated by social media apps and email it is highly likely that more than 543 UE would be active within the time window.  

●	The population density in urban areas is higher than in suburban areas and the probability of interference for the static case will probably be higher.

The second point is particularly pertinent as the growth area in mobile usage is predicted to be data and the IMT 700 MHz and 800 MHz band should, as they are designed for data, be expected to see the heaviest traffic in future. As such equal apportionment of UE by spectrum availability, as done within JTG 5-6, may underestimate the number of UE that would be using the 700 MHz band. 

Whilst this static case, which has been used to provide an indication of the minimum number of changes, may be conservative, it does indicate that to prevent interference occurring to more than 1% of the DTTB receivers at the edge of service the OOB emissions from 700 MHz IMT UE should be below -41 dBm/8MHz (DTTB receiver ACS 65 dB).  

Whilst the static case is useful in helping to understand the upper level of OOB emissions, because we are dealing with mobile not fixed devices, the actual OOB emissions levels required to protect DTTB reception will need to be lower.

The mobile case:

Taking account of UE movement when assessing interference requires information  on the following:

●	The velocities that UE move at. 

●	The distance a UE needs to move before an interference event caused by a UE is classed as ‘uncorrelated’ relative to a previous event, i.e. occurs to a different DTTB receiver.

UE Velocities:

An indication of UE velocities has been provided in a 3GPP meeting in New Jersey [1] and is replicated in Table 2 and Figure 2.

Table 2

UE velocities

		Vkm/hr

		0

		1

		3

		8

		10

		15

		20

		30

		40

		50

		60

		70

		80

		90

		100



		% calls

		14

		37

		15

		1

		1

		2

		6

		10

		7

		2

		1

		1

		1

		1

		1






These velocities need to be apportioned according to whether they are indoor or outdoor. Velocities of 0 to 3 km/h (66% of UE traffic) could be taken as representing pedestrian movement and the velocities above 3 km/h vehicular movement (34%). Whilst these proportions almost align with the 70% indoor and 30% outdoor usage that WP5D have provided, it must be assumed that some of what has been labelled as pedestrian traffic is outdoor. If the proportion of UE that move at speeds of between 0 km/h and 1 km/h is allocated to indoor (51%) and the UE moving at velocities between 1 km/h and 3 km/h is allocated to outdoor pedestrian (15%), this gives a ratio of indoor to outdoor traffic of 51% to 49%.

Figure 2

Probability distribution of UE velocities

[image: ]



Correlation distance:

To calculate the number of unique events that can cause interference, an understanding is required of how far a UE has to move before interference events, it generates, become uncorrelated. Correlation distance is a concept already used in mobile planning for slow fading [2,3]; it being the distance a device needs to move from a previous position before the signals, received or transmitted, from the device are assumed not to be correlated.  A correlation distance value of 20 m is often quoted for vehicles (outdoor) and a value of 5 m for indoor to outdoor events. 

On first inspection and prior to receiving further information, these distances appear to be reasonable for assessing the number of uncorrelated changes generated by UE movement. 

In the indoor case, 5 m would take you from one side of a house to another which, with respect to interference to DTTB reception, could easily result in a new event, i.e. there could be a significant change in the interfering signal level at a DTTB receiver. 

For the outdoor case, 20 m, when coupled with the directional pattern of the DTTB receive aerial, could move you from a position of not causing a problem, to one causing a problem, i.e. there could be a significant change in the interfering signal level at a DTTB receiver.

Deriving C from UE velocity and correlation distance:

For a given TW and the distribution of UE velocity, the proportion of UE moving a certain distance can be readily calculated. From the distance UE move and the correlation distance the number of uncorrelated events can be derived. 

The number of events c generated by a mobile UE is given by;



		

Where:

	D 	is the Correlation distance in metres

	TW 	is the time window in seconds

	V 	is the UE velocity in metres/second

	P 	is the proportion of UE moving at velocity V

	k 	is the number of velocity values

The total number of events C is given by 



		

Where: 

	N 	is the number of UE in a sector 

	c 	is the number of events generated by a single UE

	A 	is the average number of active UE

Assuming 543 UE in our suburban sector and a UE velocity distribution as shown in Table 1, the number of events C in a TW of one hour, if only one UE is active, is 1315. For a probability of interference of 1%, using equation 3, the IP can be derived. 



		

From the derived IP the ACLR and hence OOB values for specified ACS, to limit the probability of interference to DTTB reception, can be derived from Figure1 and are summarised in Table 3.

Table 3

IMT UE OOB emission levels based on a mobile suburban environment with probability
of interference to DTTB reception = 1%, C=1315

		ACS dB

		65

		70

		75



		ACLR dB

		NA

		68

		66.2



		OOB dBm/8MHz

		NA

		-45

		-43.2







For an Urban environment the number of users in an urban sector is taken as 216[footnoteRef:34] which results in 938 events. For a probability of interference of 1%, using equation 3, the IP can be derived.  [34:  Based on a population density of 10,000 users/km2 a sector area of 0.65km2 and the traffic is divided between the 800 MHz LTE, GSM900, GSM1800, UMTS 2 GHz and 2.6 GHz, Number of users = 0.65*10,000*10/300 = 216.] 




		

From the derived IP the ACLR and hence OOB values for specified ACS, to limit the probability of interference to DTTB reception, can be derived from Figure2 and are summarised in Table 4.

Figure 2

Interference probability: Urban environment: 1 UE

[image: ]

Note: Details of the methodology used to derive the IP are provided in Annex 1.

Table 4

IMT UE OOB emission levels based on a mobile Urban environment with probability
of interference to DTTB reception = 1%, C=938

		ACS dB

		65

		70

		75



		ACLR dB

		NA

		76

		71



		OOB dBm/8MHz

		NA

		-53

		-48





From the curves in Figure 4 for the urban context it can be seen that to restrict the probability of interference to DTTB reception to 1% of receivers, the DTTB receiver ACS should be in the range 70 dB to 75 dB and the IMT UE ACLR should also be in the range 70 dB to 75 dB. This IMT UE ACLR range corresponds to out-of-band emissions limits of between ‑47 dBm/8 MHz and 
-52 dBm/8 MHz.

Conclusion:

The number of uncorrelated interference events in a time window generated by IMT UE movement can be calculated from information on the distribution of UE velocities and the correlation distance. The number of events can then be used to derive the out-of-band emission levels that should be set for IMT UE to limit the probability of interference to the DTTB service.

With information on population density and the distribution of UE velocities, using the approach described the IP derived from Monte Carlo simulations can be directly converted to an equivalent maximum permissible UE OOB levels necessary to limit interference to DTTB reception to a specified probability. 

References:

1. 	Harmonization Meeting on 3GPP HSDPA and 3GPP2 1xEV-DV Work, New Jersey, 13-14 Nov 2001.

2. 	‘The UMTS Network and Radio Access Technology: Air Interface Techniques for Future Mobile Systems’, Jonathan P Castro, page 34

3. 	‘Correlation Model for Shadow fading in Mobile Radio Systems’, M. Gudmundson, 5 Sept 1991, Electronic letters 7 November 1991, Vol. 27 No. 23.

Xx Analysis on Monte Carlo studies

[TODO: Draft offline text for this section till Sunday taking into account the points raised in the GSMA, Nokia, et.al inputs above. Be careful of worst case.]

All different types of Monte-Carlo studies performed show the main following general conclusions :

· [Mobile UE ACLR and DTT receiver ACS values should be of the same order of magnitude (+/- 5 dB) in order to obtain the best results in terms of out-of-band emissions filtering. For a given DTTB receiver ACS, above a certain level, an improvement of the ACLR (and thus further tightening of OOBE limit) doesn’t reduce significantly the overall interference situation [Ed note. Visa versa explanation of ACS ] Ed note revise description of ACS and ACLR linkage offline].

[Ed. note End point 15:20 23 Feb.]

[Ed. note: Alternative to above:

Mobile UE ACLR and DTT receiver ACS values should be of the same order of magnitude (+/- 5 dB) in order to obtain the best results in terms of out-of-band emissions filtering. For a given value of ACS, improving the value of ACLR beyond value (with consequential reduction in OOBE) will give little improvement in interference.]

In particular, the simulation results at DTT coverage edge show that:

1)	The worst interference scenario from IMT/LTE uplink to DTT is found in an urban environment for the reason of smaller cell size (higher active user density).

2)	The total probability of interference decreases with the increase of DTT receiver ACS, and the increase of IMT UE ACLR (decrease of UE OOBE level).

3)	For a given DTT receiver ACS, total probability of interference will not decrease with the increase of IMT UE ACLR (decrease of UE OOBE level) above certain level, since it is limited by DTT receiver ACS.

4)	In a rural environment the probability of interference is mainly dominated by UE in-band (IB) power. This power can only be attenuated by the DTT receiver ACS. In order to evaluate the impact of IMT UE OOBE levels at DTT reception, it would be more appropriate to consider the probability of interference due to UE OOBE in an urban environment.

5)	For 10 UE per sector, the probability of interference is mainly dominated by the UE in-band power (IB) and thus, above a certain level, a limitation on the OOBE doesn’t improve the overall interference situation.

6) 	Without body loss, for a UE antenna gain of +1dB or if 30% of mobile traffic would be generated from indoor and 70% generated from outdoor, the probability of interference is by a factor of 2 higher.

7) 	The probability of interference is slightly higher for portable outdoor reception than for fixed reception.

In view of the results of Monte-Carlo Studies specified in Scenarios 2a, 2b and 2c, it can be concluded that the limit for IMT UE OOBE in order to protect the DTT reception should be set in the following ranges :

Studies in Scenario 2a : OOBE limits between XX1 and YY1.

Study in Scenario 2b : OOBE limits between XX2 and YY2.

Study in Scenario 2c : OOBE limits between XX3 and YY3.

4.4.2.1.6	Scenario3: Study based on test trial results [302, 488] [Ed. note import agreed sections from study in AI 1.1. Only location in report needs be discussed.][Ed. note 27 Feb offline: Import from AI 1.1 is done]

4.4.2.1.5.1	Scenarios

Laboratory and field trial of wireless broadband access system in the frequency band 694-790 MHz were conducted. As outcome, the field trial highlights the problems of compatibility between such systems and terrestrial television broadcasting. Since there is currently no way to conduct field trials of real IMT/LTE systems in this band, the results of this work is a good example that can be used for assessment of the problems of sharing TV broadcasting and mobile services within bands, allocated to BS.

4.4.2.1.5.2	Description 

Studies of compatibility between terrestrial TV broadcasting and terrestrial mobile networks based on various simulation methods, show that there is the possibility of interference in the co-channel and multiple adjacent channels case. At the same time, no field trials for frequency bands sharing between two systems conducted yet. This contribution represents the results of field trials of the of wireless broadband access system, similar to the wireless broadband communications in the mobile networks (IMT/LTE). Topology, similar to mobile communication network (BS + subscriber terminals), used. 

Equipment specification 

Technical characteristics of wireless broadband access equipment are shown in Table 1.

TABLE 1 

Basic technical characteristics of wireless broadband access equipment in the band 470-686 MHz

		Parameter 

		Value 

		Unit 



		Type of channel separation

		TDD



		Max e.i.r.p.

		Base stations 

		6

		dBW



		

		Portable and personal stations

		0

		dBW



		Minimum range of transmitter automatic power control (APC)

		20

		dB



		Accuracy of automatic station location 

		50

		m



		Operating channels shall be selected by sending request to the database for protected systems, and if there is no response from the database, station emission must be automatically ceased







Technical characteristics of wireless broadband access equipment are shown in Table 2.




TABLE 2 

Technical characteristics of wireless broadband access equipment prototype

		Parameter 

		Value



		Operating frequency range, MHz

		From 470 to 686



		Frequency raster, MHz

		1



		Type of duplex 

		Time-division (TDMA)



		Frequency tuning bandwidth, MHz

		216



		Type of modulation 

		BPSK / QPSK / QAM16 / QAM64

(programmable)



		Coding

		LDPC and block



		Code rate 

		5/6 and 15/16



		Transmission rate (main bit stream), Kbit/s

		From 300 to 15000

(programmable)



		Frequency stability, ppm

		±5



		Transmitter output power, dBm

		23 ± 1



		Transmitter power control 

with 1 dB increment, dB

		from +0 to -10



		Transmitter emission bandwidth, MHz

		1.5,3; 6; 12 (programmable)



		Spurious emission level, dBc

		- 50



		Minimum permissible signal level at the receiver input (sensitivity) dBW, with FER = 10-2 / 10-3

		from - 128/ -125 to -98/95

(depending on type of modulation and 
emission bandwidth)



		Maximum permissible signal level at the receiver input, dBm

		Non-destructive

		6



		

		with FER<=1·10-2

		Not less than -3,



		

		with FER<=1·10-3

		Not less than -10,



		Permissible level of adjacent channel interference, dB

		0



		Power supply voltage, V

		Nominal voltage (Usup)

minus 60 (-39...-72)



		Power consumption, W

		40



		Maximum length of lead-in cable

		Up to 100 m, with Usup = - 60 V;





4.4.2.1.5.3	Methods of calculation with formulas

Research conducted through laboratory and field tests.

4.4.2.1.5.3.1 Laboratory trial

Field test was preceded by laboratory tests. During the laboratory trial, basic operational modes of the equipment were tested, and basic technical characteristics and protection ratios were measured with interference from wireless broadband access system to the TV reception. 

Measurement of protection ratios for wanted signals of digital terrestrial television DVB-T2, interfered with by broadband equipment sample 1

DVB-T2 signal parameters:

●	Modulation: 64 QAM

●	Radio channel bandwidth: 8 MHz

●	Carrier mode: 32K

●	Code rate: 4/5

Block-diagram for measuring is shown in Fig. 1

FIGURE 1

Block-diagram for measuring protection ratios for wanted DVB-T2 signal interfered with by 
wireless broadband access equipment



 

●	A – DVB-T2 signal with constant level

●	B –DVB-T2 wanted signal with predetermined levels at the receiver input: -70 dBm, -60 dBm, -50 dBm, -40 dBm (corresponded spectrograms are plotted in Fig. 2)

●	C –generated signal (spectrogram is plotted in Fig. 3)

●	D –signal with variable level to determine interfering signal causing distortions

●	E –signal at the output of RF combiner, applied to the input of STB receiving device



- 6 -

4-5-6-7/TEMP/138-E



Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.

M:\BRSGD\TEXT2014\JTG4-5-6-7\DT\138e.docx ( )	28.02.14	21.02.08

M:\BRSGD\TEXT2014\JTG4-5-6-7\DT\138e.docx ( )	28.02.14	21.02.08

FIGURE 2

Spectrograms of DVB-T2 signals

		-70 dBm[image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -70 дБм без помех 2.jpg]

		-60 dBm [image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -60 дБм без помех 2.jpg]



		-50 dBm [image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -50 дБм без помех 2.jpg]

		-40 dBm [image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\Сигнал DVB-T2 на входе приёмника с уровнем -40 дБм без помех 2.jpg]
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FIGURE 3

Spectrogram of wireless broadband access prototype 1 signal

[image: D:\EMC\Когнитив\Измерения ЗО МИКРАН\спектрограммы\6MGZ-спектральная маска МИКРАН 6 МГц или что 2.jpg]



4.4.2.1.5.3.2 	Field tests of compatibility between broadcasting service and wireless broadband equipment (transmitters and receivers)

For different position configurations of the receiving TV antenna and the wireless broadband access system transmitting antenna (Fig. 4-5) and different frequency offsets, ratios of signal levels were measured and received TV signal quality was recorded.  

FIGURES 4, 5

Positions of TV broadcasting receive antenna 
and fixed wireless broadband access system transmit antenna

[image: D:\Документы ITU\ECC PTD\Любляна 2013\105752.gif][image: D:\Документы ITU\ECC PTD\Любляна 2013\105911.gif]








Technical and metrological means

The following equipment is necessary to conduct experimental studies in the pilot area:

–	Cars to install radio electronic equipment needed to perform radio measurements (mobile platforms) – 2 pieces;

–	Wireless broadband access base stations with the set of standard antennas (previously installed and ready for operation in the selected points of installation);

–	wireless broadband access user equipment with the set of standard antennas;

–	Receiving TV antenna with matched characteristics;

–	TV signal analyser (e.g. R&S ETL);

–	Digital TV DVB-T2 Set-Top-Boxes;

–	TV set to receive analogue TV programmes.

Measurement methodology

Position of the wireless broadband access system base station retains fixed during the experimental studies.

During pilot studies the following aspects were evaluated:

–	Effect of the TV transmitter radiation on the operation of the wireless broadband access system user equipment at the edge of the base station service area;

–	Effect of the wireless broadband access user equipment radiation on the operation of DVB-T2 STBs and measuring receiver (or analogue TV Set) at the edge of TV transmitter service area;

–	Effect of the wireless broadband access base station radiation on the operation of DVB‑T2 STBs and measuring receiver (or analogue TV Set) at the edge of TV transmitter service area.

Radiation effect of TV transmitter on the operation of the wireless broadband access user equipment is evaluated by assessing wireless broadband access base station QoS using specified criteria, for points at the edge of base station service area, located closest to the TV transmitter.

Radiation effect of wireless broadband access user equipment on the operation of DVB-T2 STBs and measuring receiver (or analogue TV Set) is evaluated by verifying the selected criteria of EMC for reception quality or, when using the DVB-T2 measuring receiver, for threshold value LBER = 10-7 when interfered with by subscriber station.

Minimum separation distance between wireless broadband access user equipment and subscriber TV STBs is evaluated, when the compatibility conditions are met.

Evaluating separation distances required to meet the compatibility conditions 

Separation distance between the mobile terminal and the TV broadcasting receiving antenna determined for fixed reception in rural environment. As the propagation model, Recommendation ITU-R P.1546-RRC06 used. Trigger value of allowable interference field strength from mobile service user equipment was determined based on the measured protection ratios and applied to the value of the field strength of the useful signal relevant to 95% of locations and 99 % of the time. As a representative DVB-T2 modulation mode, 64 QAM 4/5 used, same as was used in the measurements.



4.4.2.1.5.4	Calculation

Given below is a calculated estimate of the useful field strength values at digital terrestrial broadcasting system DVB-T2 signal reception locations for fixed antenna by population of the 11 regions of the Russian Federation and with different topologies of networks, the distribution of the population and terrain.

FIGURE 6

The distribution of the field strength of the useful signal networks of terrestrial digital television broadcasting in the public reception areas, dB V/m



As can be seen in Fig. 6, the distribution of the field strength has two characteristic peaks. The first maximum is located in the 85-100 dB μV / m and exists due to the high density of the population living in cities near the broadcasting centers. The second maximum is in the region of 56-77 dB μV / m and caused by the large coverage in terms of space over rural areas with low and medium population density. Modulation mode of DVB-T2 networks in this example - 64 QAM, 4/5.

With the distribution at Fig. 6 is easy to estimate the number of people that will be subject to interference if protection ratios are not met. The calculation of the interference for an arbitrary multiple adjacent channel can be made by using the method of minimal coupling loss or the Monte Carlo method, assuming compliance with the conditions 99% of the time and 95% of the TV broadcasting receiving antenna locations.




4.4.2.1.5.5	Results 

4.4.2.1.5.5.1	Protection ratios for wanted signals of digital terrestrial television DVB-T2, interfered with by broadband equipment sample 1 emissions

Protection ratios were measured for three different receivers operating in the DVB-T2 mode:

●	ORIEL 810 – Table 3.

●	GENERAL SATELLITE TE8714 – Table 4

●	ROHDE & SCHWARZ test equipment – Tables 5, 6 and 7.

TABLE 3

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Protection ratios (dB) for DVB-T2 signal (ORIEL 810 receiver) interfered with by
 wireless broadband access system

		DVB-T2 signal power at the receiver input

		-60 dBm

		-50 dBm

		-40 dBm



		Channel

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB



		N-14

		-41

		-35.5

		-



		N-13

		-40

		-35

		-



		N-12

		-40

		-35

		-



		N-11

		-39

		-35

		-



		N-10

		-39

		-35

		-



		N-9

		-38

		-35

		-



		N-8

		-38

		-35

		-



		N-7

		-38

		-34.5

		-



		N-6

		-38

		-34

		-



		N-5

		-38

		-34

		-



		N-4

		-38

		-33.5

		-



		N-3

		-38

		-33

		-



		N-2

		-37.5

		-32.5

		-31



		N-1

		-39.5

		-29.5

		-25



		N

		16

		16

		15



		N+1

		-37

		-29.5

		-25



		N+2

		-37.5

		-33

		-31



		N+3

		-38

		-32

		-



		N+4

		-38

		-33

		-



		N+5

		-38.5

		-34

		-









TABLE 4

Protection ratios (dB) for DVB-T2 (General Satellite TE8714) 
interfered with by wireless broadband access equipment

		DVB-T2 signal power at the receiver input

		-70 dBm

		-60 dBm

		-50 dBm

		-40 dBm



		Channel

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB

		Protection ratio, dB



		N-14

		-43.5

		-42.5

		-45.5

		-



		N-13

		-43

		-42

		-45

		-



		N-12

		-43

		-42

		-45

		-



		N-11

		-43

		-42

		-45

		-



		N-10

		-43

		-42

		-45

		-



		N-9

		-43

		-42

		-45

		-



		N-8

		-43

		-42

		-45

		-



		N-7

		-43

		-42

		-38.5

		-



		N-6

		-43

		-42

		-39

		-



		N-5

		-42.5

		-41.5

		-39

		-



		N-4

		-42

		-41.5

		-39

		-



		N-3

		-42

		-41

		-39

		-



		N-2

		-41

		-41

		-39

		-



		N-1

		-34

		-35.5

		-31

		-26



		N

		18

		16

		16

		16



		N+1

		-35

		-35

		-30

		-23



		N+2

		-40

		-41

		-40

		-30



		N+3

		-41

		-41

		-36.5

		-



		N+4

		-41

		-41.5

		-41

		-



		N+5

		-41.5

		-42

		-42

		-










TABLE 5

Protection ratios (dB) for DVB-T2 (Rohde & Schwarz test receiver) 
interfered with by wireless broadband access equipment

		DVB-T2 signal power at the receiver input 

		-50 dBm



		Channel

		Protection ratio, dB



		N-14

		-40



		N-13

		-40



		N-12

		-40



		N-11

		-40



		N-10

		-40



		N-9

		-40



		N-8

		-40



		N-7

		-40



		N-6

		-40



		N-5

		-40



		N-4

		-40



		N-3

		-40



		N-2

		-40



		N-1

		-37



		N

		18



		N+1

		-37



		N+2

		-40



		N+3

		-40



		N+4

		-40



		N+5

		-40





Study results indicate very limited adjacent band selectivity of modern TV receivers from any signals within TV receiver tuning range. Based upon the trial results, general requirements for regulatory and technical restrictions for the use of wireless broadband access systems in TV bands identified. Such restrictions should include a ban on the use of BS and mobile user terminals within borders of cities/towns/villages and nearby, what actually will prevent any kind of practical implementation.

In particular, the protection ratios of the order of -43 .. -35 dB were measured over a wide frequency range (up to channel N +14 and beyond). In very many locations, due to difference in signal levels from distant broadcast transmitter and wireless broadband access system BS/UE located nearby, it means requirement for space separation between BS/UE and terrestrial broadcasting antennas necessary to reduce signal level emitted from BS/UE antenna system. Mandatory application of such a measure cannot be ensured because one end of wireless broadband access radio link is user-controlled.

Field test measurements confirmed the laboratory measurements results. Effect of interference from wireless broadband access user equipment and base stations experimentally confirmed. 

Results of field test measurements shown in Table 6.





TABLE 6

 Measured protection ratios for the case of interference to DTV 

		No. of measurement

		Date

		TV Frequency, MHz

		TV channel

		TV. Programme

		Use of TV amplifier. STB

		Signal at the TV antenna input, dBµV/m

		Interference at the TV antenna input, dBµV/m

		Actual Ewant-Einterf, dB

		Frequency spacing (fInterf -fWanted), MHz

		Interference scenario (interference channel)

		Calculated protection ratio (lab test), dB

		wireless broadband accessfrequency, MHz

		wireless broadband accessERP, dBm



		34

		06.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		52

		97

		-45

		96

		N+12

		-43

		642

		30



		106

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		53

		95

		-42

		96

		N+12

		-42

		642

		30



		107

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		53

		95

		-42

		96

		N+12

		-43

		642

		30



		108

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. General Satellite

		57

		99

		-42

		96

		N+12

		-43

		642

		30



		109

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		57

		99

		-42

		96

		N+12

		-42

		642

		30



		105

		07.03.2013

		546

		30

		1 multiplex (DVB-T2)

		No. Oriel

		53

		99

		-46

		-16

		N-2

		-42

		530

		30
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4.4.2.1.5.5.2	Separation distances required to meet the compatibility conditions 

Below given separation distances between the transmitting end-user terminal (user equipment) and the broadcasting receiving antenna (fixed reception in rural environment) for the line of sight conditions. The calculation performed for different levels ​​of out-of-band emissions (OOBE). Corresponding separation distances without additional filtering and with presence of additional filter shown in Tables 7-9.

TABLE 7

Required separation distances end-user terminal (user equipment) and the broadcasting-receiving antenna determined for broadcasting service fixed reception in rural environment for the line of sight conditions without additional filtering

		Channel

		Protection  ratio for 90th receivers percentile, dB

		Separation distance for OOBE 
-25 dBm/8 MHz, 
m

		Separation distance for OOBE 
-46 dBm/8 MHz, 
m

		Separation distance for OOBE 
-56 dBm/8 MHz, 
m



		N-14

		-35

		725

		190

		180



		N-13

		-35

		725

		190

		180



		N-12

		-35

		725

		190

		180



		N-11

		-35

		725

		190

		180



		N-10

		-35

		725

		190

		180



		N-9

		-35

		725

		190

		180



		N-8

		-35

		725

		190

		180



		N-7

		-34

		752

		276

		270



		N-6

		-34

		752

		276

		270



		N-5

		-34

		752

		276

		270



		N-4

		-33

		785

		357

		352



		N-3

		-33

		785

		357

		352



		N-2

		-32

		825

		437

		433



		N-1

		-29

		995

		708

		705



		N+1

		-29

		995

		708

		705



		N+2

		-33

		785

		357

		352



		N+3

		-32

		825

		437

		433



		N+4

		-33

		785

		357

		352



		N+5

		-34

		752

		276

		270





TABLE 8

Required separation distances end-user terminal (user equipment) and the broadcasting receiving antenna determined for broadcasting service fixed reception in rural environment for the line of sight conditions with presence of the sideband filter with attenuation of 15 dB

		Channel

		Protection  ratio for 90th receivers percentile, dB

		Separation distance for OOBE 
-25 dBm/8 MHz, 
m

		Separation distance for OOBE
-46 dBm/8 MHz, 
m

		Separation distance for OOBE
-56 dBm/8 MHz, 
m



		N-14

		-35

		703

		70

		38



		N-13

		-35

		703

		70

		38



		N-12

		-35

		703

		70

		38



		N-11

		-35

		703

		70

		38



		N-10

		-35

		703

		70

		38



		N-9

		-35

		703

		70

		38



		N-8

		-35

		703

		70

		38



		N-7

		-34

		704

		79

		52



		N-6

		-34

		704

		79

		52



		N-5

		-34

		704

		79

		52



		N-4

		-33

		705

		88

		66



		N-3

		-33

		705

		88

		66



		N-2

		-32

		707

		99

		79



		N-1

		-29

		713

		140

		127



		N+1

		-29

		713

		140

		127



		N+2

		-33

		705

		88

		66



		N+3

		-32

		707

		99

		79



		N+4

		-33

		705

		88

		66



		N+5

		-34

		704

		79

		52










TABLE 9

Required separation distances end-user terminal (user equipment) and the broadcasting-receiving antenna determined for broadcasting service fixed reception in rural environment for the line of sight conditions with presence of the sideband filter with attenuation of 25 dB

		Channel

		Protection  ratio for 90th receivers percentile, dB

		Separation distance for OOBE 
-25 dBm/8 MHz, 
m

		Separation distance for OOBE 
-46 dBm/8 MHz, 
m

		Separation distance for OOBE 
-56 dBm/8 MHz, 
m



		N-14

		-35

		702

		63

		22



		N-13

		-35

		702

		63

		22



		N-12

		-35

		702

		63

		22



		N-11

		-35

		702

		63

		22



		N-10

		-35

		702

		63

		22



		N-9

		-35

		702

		63

		22



		N-8

		-35

		702

		63

		22



		N-7

		-34

		702

		64

		25



		N-6

		-34

		702

		64

		25



		N-5

		-34

		702

		64

		25



		N-4

		-33

		703

		66

		28



		N-3

		-33

		703

		66

		28



		N-2

		-32

		703

		67

		31



		N-1

		-29

		703

		74

		44



		N+1

		-29

		703

		74

		44



		N+2

		-33

		703

		66

		28



		N+3

		-32

		703

		67

		31



		N+4

		-33

		703

		66

		28



		N+5

		-34

		702

		64

		25





4.4.2.1.5.6	Analysis of trial study results 

The trial results showed the following:

–	It is necessary to have separation distance between transmitting antennas of wireless broadband access system and TV broadcasting receiving antennas to achieve electromagnetic compatibility between wireless broadband access system and terrestrial TV broadcasting system. The required separation can range from 180 to 995 m (equipment was tested with different transmitting power levels and different transmitting frequencies), depending on technical characteristics of wireless broadband access system. During this study compatibility could not be provided for base stations or user equipment in a sufficiently great number of cases. A special order of operation for base stations and user equipment to be required, use of fixed antennas with limitation on possible places of installation, antenna orientation in the horizontal and vertical planes and technical parameters of antennas. It is evident that in the case of user equipment, to provide such order of operation is extremely difficult in practice.

–	It was observed that protection ratio, needed for compatibility, depended on the operation mode wireless broadband access system, such as proportion between reception and transmission time intervals, when using TDD (50% reception vs 50% transmission, 90% reception vs 10% transmission, etc.).

–	When considering possible locations for installation of wireless broadband access system, the effect of overload at the input stage of wireless broadband access receiver can be the limiting factor for some types of transmit and receive systems due to high-power TV and sound broadcasting stations, mobile communications and other systems, operating outside the bandwidth of the wireless broadband access radio channel (mirror channels).

4.4.2.2	Mobile service as a victim: Interference from broadcasting service transmissions into the mobile service user equipment

4.4.2.2.1	Scenarios

4.4.2.2.2	Methods of calculation with formulas

4.4.2.2.3	Calculations

4.4.2.2.4	Results

4.4.2.3 	Measurements

4.4.2.3.1 	DTTB receiver ACS

DTTB receiver ACS values were derived from the protection ratios given in Recommendations ITU-R BT.1368 and ITU-R BT.2033, for use in sharing studies between DTTB and IMT UE. Protection ratios were tested on thirteen DVB-T/T2 TV receivers, currently available on the market, aiming at getting an insight into the performance of recent DTTB receivers.

The results of the measurement show that the tested DTTB receivers, the average ACS value being 62 dB, behave similarly in the presence of a continuous IMT UE signal, and behaved differently in the presence of a discontinuous (time varying) signal. The IMT UE ACLR tested were between 53 and 70 dB. Modern DVB-T2 receivers behave better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal, while the performance of DVB-T receivers is reduced by about 20 dB. The impact of discontinuous IMT UE emissions on DTTB reception can only be efficiently combated by improving DTTB receivers’ AGC circuits, including the overall ACS of the receivers. For these reasons, when determining the IMT UE OOBE limits, only the impact of a continuous IMT UE signal on DTTB reception should be considered. The results of the measurements are presented in Appendix 5.

The ACS of the TV sets as measured in one study with a 10MHz LTE interferer with a centre to centre offset between the 8MHz bandwidth DTTB TV channel and the LTE of 18MHz was 64 to 65dB unaided, and between higher at 74 to 79 dB when assisted with an external filter.

4.4.2.3.2 	OOBE levels to protect portable indoor reception

A measurement study showed that for a 3 dB allowed de-sensitisation of a portable DTT receiver an out-of-band limit of -55 dBm/8MHz is needed when the interferer is inside the same room. The results of the measurements are presented in Appendix 1.

4.4.3	Measures to enable coexistence 

4.4.3.1	Mitigation measures to be implemented on MS

[RUS:

Necessary mitigation techniques include:

1 	For the mobile service – a requirement for space separation between BS/UE and terrestrial broadcasting antennas is necessary to reduce signal level emitted from BS/UE antenna systems at TV reception locations. Mandatory application of such a measure to the UE cannot be ensured in practice because this end of mobile service radio link is user-controlled.

]

4.4.3.2	Mitigation measures to be implemented on BS

[RUS:

2	For the broadcasting service – the installation of additional sideband filters at the input of TV receivers and, possibly, improved shielding of cable and tuner circuits after that filter. 

]

Below given examples of separation distances between the transmitting end-user terminal (user equipment) and the broadcasting receiving antenna (fixed reception in rural environment) for the line of sight conditions. Results for levels ​​of UE out-of-band emissions (OOBE) of -46 dBm/8 MHz and -56 dBm/8 MHz, without additional filtering and with presence of additional filter given in Tables A1-A2.




TABLE A1

Examples of required separation distance between user equipment and the broadcasting receiving antenna, fixed reception in rural environment for the line of sight conditions with no presence and with presence of the sideband filter for OOBE -46 dBm/8 MHz

		Channel

		Protection  ratio for 90th receivers percentile, dB

		Separation distance with no filter,
m

		Separation distance with 15 dB attenuation filter,
m

		Separation distance with 25 dB attenuation filter,
m



		N-14

		-35

		190

		70

		63



		N-13

		-35

		190

		70

		63



		N-12

		-35

		190

		70

		63



		N-11

		-35

		190

		70

		63



		N-10

		-35

		190

		70

		63



		N-9

		-35

		190

		70

		63



		N-8

		-35

		190

		70

		63



		N-7

		-34

		276

		79

		64



		N-6

		-34

		276

		79

		64



		N-5

		-34

		276

		79

		64



		N-4

		-33

		357

		88

		66



		N-3

		-33

		357

		88

		66



		N-2

		-32

		437

		99

		67



		N-1

		-29

		708

		140

		74



		N+1

		-29

		708

		140

		74



		N+2

		-33

		357

		88

		66



		N+3

		-32

		437

		99

		67



		N+4

		-33

		357

		88

		66



		N+5

		-34

		276

		79

		64










TABLE A2

Examples of required separation distance between user equipment and the broadcasting-receiving antenna, fixed reception in rural environment for the line of sight conditions with no presence and with presence of the sideband filter for OOBE -56 dBm/8 MHz

		Channel

		Protection  ratio for 90th receivers percentile, dB

		Separation distance with no filter,
m

		Separation distance with 15 dB attenuation filter,
m

		Separation distance with 25 dB attenuation filter,
m



		N-14

		-35

		180

		38

		22



		N-13

		-35

		180

		38

		22



		N-12

		-35

		180

		38

		22



		N-11

		-35

		180

		38

		22



		N-10

		-35

		180

		38

		22



		N-9

		-35

		180

		38

		22



		N-8

		-35

		180

		38

		22



		N-7

		-34

		270

		52

		25



		N-6

		-34

		270

		52

		25



		N-5

		-34

		270

		52

		25



		N-4

		-33

		352

		66

		28



		N-3

		-33

		352

		66

		28



		N-2

		-32

		433

		79

		31



		N-1

		-29

		705

		127

		44



		N+1

		-29

		705

		127

		44



		N+2

		-33

		352

		66

		28



		N+3

		-32

		433

		79

		31



		N+4

		-33

		352

		66

		28



		N+5

		-34

		270

		52

		25







4.4.4	Conclusions for adjacent-band compatibility studies

5	Summary

5.1 	IMT base station interference into DTTB

[Reference Document 4-5-6-7/311]

One study showed that the separation distances needed for different adjacent channels cases in order to protect DTTB from IMT base stations, considering the accumulative effect would vary from 15 to 35 km.

[Ed. Note: further discussion is needed what to do with the next summary]




[[Reference Document  4-5-6-7/443]

The study of the interference situation between LTE BS downlinks and fixed roof-top DTT reception in adjacent band (in the 800 MHz band) in France shows that the distance between the interfering IMT base station and he fixed roof-top DTT receiving location is in 99% of cases below 1.3 km. This interfering situation is essentially a national matter and does not require any provision in the RR. Almost all reported interference cases observed so far were identified as the LTE base station provoking DTT receiver saturation (active systems like amplifiers or DTT television / set-top box). All these cases had been successfully resolved by the administration and operators by introducing of an LTE 800 filter (either head-end filters or user filters). Regarding the saturation effects, the situation is likely to be similar in the 800 MHz band and in the 700 MHz band.]

5.2 	IMT user equipment interference into DTTB

5.2.1 	Minimum coupling loss calculations

[Reference Document 4-5-6-7/218,518]

One study showed that the MCL technique establishes known everyday configurations for study. This study showed the TV fixed reception critical distance is around 22m to the areas outside a house with a larger distance spread within a few dB. Using the ACS and OOB/ACLR values provided by the working parties the actual separation distance required between a UE and the fixed TV antenna is a lot greater.  There would be no compatibility at maximum UE powers in lower TV reception signal strength areas at a separation distance of 22m. The potential improvements in compatibility with higher TV ACS values as found in newer TV sets were investigated plus additional external filter mitigation. To achieve compatibility the calculated required UE OOB level is -56dBm/8MHz for 23dBm UE power, for a 10MHz LTE signal, and given a TV receiver plus extra filter combined ACS of 80dB.

[Reference Document 4-5-6-7/328]

A study showed that in a typical European suburban area there is a high probability, over 70% in the example provided, that the path loss between an IMT UE and a DTTB receiver using a fixed receive aerial will be within 6 dB of the minimum coupling loss.

[Reference Document 4-5-6-7/232]

One study based on Minimum Coupling Loss (MCL) method derived the level of Out-Of-Block emissions (OOBE) required to limit the degradation in sensitivity of a DTTB receiver, with fixed roof top antenna, to 0.41 dB; this degradation corresponds to an I/N of -10 dB. The results derived a minimum coupling distance of 22 meters and suggest an OOBE limit of -56 dBm/8MHz would be appropriate to manage the interference into a typical DVB-T2 receiver. The calculations assumed the DTT receiver Adjacent Channel Selectivity (ACS) would be enhanced by using an external filter to give a total ACS value of 79 dB.

[Reference Document  4-5-6-7/339]

One study showed the following with measurements of the performance of three independent new design TV receivers on sale in the UK in the presence of LTE interference. The results also showed that the improved ACS values capabilities of these receivers could not be utilised unless improvements were also made to the ACLR of the UE. The studies showed the additional benefits that were possible with external TV receiving filters. Bandpass transmit filters on the UE were used to vary the OOB emissions. The achieved TV receiver ACS values were between 64dB to 65dB unaided and from nearly 74dB to 80 dB with the aid of an external receiving filter. The TV receiver overload thresholds were improved from around -10dBm to above +10dBm with the external receive filter.

5.2.2 	Monte Carlo simulations

[Reference Documents 4-5-6-7/181, 374, 417]

A generic study on the impact of IMT UE into DTT reception at coverage edge showed that the less favourable interference scenario from IMT/LTE uplink to DTT is found in an urban environment for the reason of smaller cell size (higher active user density). In a rural environment the probability of interference is mainly dominated by UE in-band (IB) power, and that this power can only be attenuated by the DTT receiver ACS. It showed also that the total probability of interference decreases with the increase of DTT receiver ACS, and the increase of IMT UE ACLR (decrease of UE OOBE level). Furthermore, for a given DTT receiver ACS, the total probability of interference will not decrease with the increase of IMT UE ACLR (decrease of UE OOBE level) above certain level, since it is limited by DTT receiver ACS. When considering several UE (e.g 10) the probability of interference is mainly dominated by the UE in-band power (IB).

[Reference Document  4-5-6-7/557]

Another study indicated that imposing more stringent OOBE values of up to -35 dBm / 8 MHz, will lead to a minimal reduction in IP = 0.10% at most. On the basis of this minimal reduction in IP the adoption of stricter OOBE limits is not warranted. In view of the above results, and taking into account the potential benefits of harmonisation, it is proposed that an OOBE limit of -25 dBm / 8MHz be adopted as a suitable value

[(Reference Document 4-5-6-7/368]

Another study indicated that at the whole DTT coverage area, for a given IMT UE transmitter blocking mask or ACLR which are based on the APT OOBE that are recommended not to exceed -34 dBm/MHz (ACS values of 25, 38, 50 and 60 dB were taken into account) below 694 MHz, the results of the simulations for different DTT receiver ACS values show that the total interference probability (IP) is less than 1% in all cases.

[Reference Document 4-5-6-7/447)]

Another study indicated a very low Interference Probability (IP) for its worst case (urban environment, one user with full Resource Block allocation, low ACS of DTT receiver) and almost zero potential of IP in the majority of scenarios and parameter combinations. Therefore, study indicated that with a reasonably high DTT ACS (e.g. ACS = 60 dB or higher) the LTE UE OOBE level of –33 dBm / 8 MHz for the 10 MHz LTE channel is sufficiently low to avoid interference to frequencies below 694 MHz.

It was also observed that the IP is more sensitive to the DTT ACS than to the LTE UE OOBE level, so that means that after certain breaking point, more stringent OOBE does not decrease IP anymore. For example, in the urban scenario ( worst case found) and with ACS values 55, 60 and 65 dB, the breaking point for OOBE is somewhere between -33 and -38 dBm/8MHz (for the 10 MHz IMT channel).

[Reference Document 4-5-6-7/563]

Based on previous work testing input parameters, one study calculated the IP for a DTTB receiver ACS of 65, 70 and 75 dB and a range of UE ACLR from 48 to 79 dB. These studies were conducted using the TPC values and network configuration specified by WP5D for studies and 10,000,000 simulations in the Monte Carlo calculations. IP results for urban, suburban and rural environments, for the ACS and ACLR ranges mentioned are presented.




[Reference Document 4-5-6-7/508]

Another study was carried out to calculate the probability of interference into portable outdoor DTTB reception. Its results indicate that this probability is slightly higher than it is for fixed reception, for the same parameters, and that it increases significantly with the number of active UE’s. The results also indicate that the probability of interferences increases by a factor of 2 if no body loss is taken into account or the UE has a higher antenna gain by 4 dB (+1dB in total). Furthermore, the study indicates that more than 100,000 events should be used in order to get converging/reliable results.

5.2.3 	Monte Carlo simulations with post-processing

[Reference Document  4-5-6-7/417]

One study indicated that, while the values of IMT UE ACLR and DTT receiver ACS should be similar in order to achieve the best performance configuration with respect to interference into DTTB reception, above a certain level of ACS (e.g. 65 dB), a further improvement of the IMT UE ACLR above a certain level (e.g a value higher than 67 dB) there is no significant reduction of the overall probability of interference. This leads to a range of IMT UE OOBE limit values between 
-40 and -44 dBm/8 MHz for 10 MHz IMT channel.

[Reference Document  4-5-6-7/563, 564]

Another study used Monte Carlo analysis to generate the interference probability (IP) which was then post-processed to give the probability of interference to a DTTB receiver occurring in a specified time window (TW). This post-processing used a number of independent events generated based on the user density and UE movement. The results of this post processing have been used to derive the out-of-band emissions for IMT UE required to limit interference of DTTB reception to 1%. The study concludes that to limit the interference into channel 48 and below, from IMT UE operating in the 700 MHz band, DTTB receiver ACS should be in the range 70 dB to 75 dB. IMT UE out‑of‑band emissions should be limited to the range -47 dBm/8 MHz to -52 dBm/8 MHz (an ACLR range of 70 dB to 75 dB).

5.2.4	Monte Carlo simulation with time element

[Reference Document 4-5-6-7/579, 382]

One Monte Carlo study investigated adjacent band sharing between DTTB and IMT UE based on RLP, the degradation of reception location probability (RLP). This method was developed to deal with the time element of mobile transmission (e.g. movement of UE during a DTTB viewer’s time frame) and to take into account RLP which is the basis of broadcast planning. The MC methodology used to calculate RLP is described. The results cover a range of ACS values 
(55-80 dB) and ACLR values (40-80 dB) and UE density (1-10 UE/sector). It is shown that unacceptable interference from UE results, unless both improved OOBE filtering in the UE and increased ACS at the point of DTTB reception are implemented. Based on the results, an ACS of 80 dB, a set of OOBE limits for 10 MHz IMT UEs are proposed: the OOBE shall not exceed a value of -55 dBm/8MHz for an RB usage of 33%; a value of -49 dBm/8MHz for an RB usage of 50%; and a value of -46dBm/8MHz for an RB usage of 100%.

5.2.5 	Monte Carlo sensitivity studies	

[Reference Document 4-5-6-7/561, 560, 559] 

Another set of studies were carried out to test how the results of Monte Carlo simulations varied for different input parameters. One study concluded that the number of simulations in a Monte Carlo analysis needed to provide confidence in the derived IP, should use more than 100,000 trials – ideally being between 1,000,000 and 10,000,000. Another study investigated the impact of omitting the standard deviation associated with building entry loss. This study concluded that doing so would result in an under estimation of the IP of up to 50% and that such values of IP calculated without building standard deviation should be adjusted appropriately. As the power control settings are key to determining the level of interference of IMT UE to DTTB reception, a further study was carried out to ensure settings are aligned with advice from WP 5D. Values were derived for urban, suburban and rural environments and used in studies to derive the IP.

[Reference Document 4-5-6-7/509]

Another set of studies were carried out to test how the results of MC simulations varied for different input parameters (“sensitivity studies”). With respect to other studies based on ”standard” parameters, the probability of interference into fixed DTTB reception increased by a factor of 2 in case that no body loss applies or the UE antenna gain is by 4 dB higher, as well as if 30% of mobile traffic generated from indoor and 70% generated from outdoor. The probability will increase by a factor of 3 if 30% of traffic is generated indoor, 35% is generated outdoor with body loss and an antenna gain of –3 dBi and the remaining 35% is generated outdoor without body loss and an antenna gain of 0 dBi. The studies also concluded that the number of active devices usually is much higher than the number of users triggered this activity, and that the probability of interference increases significantly with the number of active UEs. This set of studies indicates that more than 100,000 events should be used in order to get converging/reliable results.

5.2.6 	Field Trials

[Reference Document 4-5-6-7/488]

This field trial study indicated that necessary line-of-sight separation distance between transmitting antennas of a particular wireless broadband access system (non-3GPP LTE system) and TV broadcasting receiving antennas ranges from 180 to 995 m for specified technical parameters in this study (depending from OOBE limit and frequency separation) in frequency range till at least 112 MHz (N-14) offset, when no mitigation technique for BS is applied, i.e. external frequency rejection filter for 694-790 MHz range at receiver input. With such filter, separation distances decreases from a range of 180 to 995 m to the range from 38 to 713 m for 15 dB rejection to a range from 22 m (relevant to application of OOBE of -56 dBm/8MHz) to 703 m with 25 dB rejection. During trials, it was found that that the separation distance is not more than ~20 meters in practice.

5.2.7 	Measurements

[Reference Document 4-5-6-7/418]

A measurement study showd that the tested DTTB receivers (ACS 62 to 65 dB) behave similarly in the presence of a continuous IMT UE signal, and behaved differently in the presence of a discontinuous (time varying) signal. The IMT UE ACLR tested were between 60 and 70 dB. Modern DVB-T2 receivers behave better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal, while the performance of DVB-T receivers was reduced by about 20 dB. The impact of discontinuous IMT UE emissions on DTTB reception can only be efficiently combated by improving DTTB receivers’ AGC circuits, including the overall ACS of the receivers. It was confirmed that improving the IMT UE ACLR (i.e. above around 60 dB) does not improve the protection ratio. For these reasons, when determining the IMT UE OOBE limits, only the impact of a continuous IMT UE signal on DTTB reception should be considered.




ANNEX 1 (TO ATTACHMENT 3)



[Technical parameters from the relevant DG. These include relevant parameters relating to RB‑allocation.]




Annex 2 (TO ATTACHMENT 3)

[NOTE Chair SWG 2-2: During the presentation of Document 4-5-6-7/163 it was decided to move this text to an independent annex as it seemed to be detached from the proposed structure. Further clarification is therefore needed.]

Model of a wideband distribution amplifier

The I/O characteristics of a non-linear amplifier can be modelled as its series expansion truncated at the 3rd order[footnoteRef:35], as follows: [35: 	In case of very high input signal levels, a more precise approximation could be achieved with a 5th order model.] 


		Vo = c1 Vi + c2 Vi2 + c3 Vi3

where

•	Vi  is the input voltage;

•	Vo is the output voltage;

•	c1 is the amplifier gain;

•	c2 , c3  are the 2nd and 3rd order coefficients of the series expansion.

A wideband distribution amplifier can be characterised by means of its maximum gain, nominal output level and corresponding values of 2nd and 3rd order InterModulation Distortion (IMD).

Typically, the nominal output level is given according to DIN 45004B, i.e., as the value corresponding to a 3rd order IMD equal to -54 dB if measured according to the two-carrier method, or -60 dB if measured according to the three-carrier method.

By definition, this nominal output level is referred to two input signals: in a real environment, the output level of each TV channel should be therefore properly reduced according to the following formula, providing the correct amplifier regulation in a condition “before” the introduction of LTE signals:

		P = 10 log (nc-1)

where nc is the number of distributed channels.

Once the output level has been properly set (i.e., adjusting the amplifier gain), the I/O characteristic can be simplified as follows:

		Ao = Ai - k2 Ai2 - k3 Ai3

where



•	 , with R = 75 Ω;

•	the gain has been normalised to 1.




The coefficients k2 e k3 can be calculated on the basis of the 2nd and 3rd order IMD values, according to the following formulas:

[image: ]

[image: ]

where

•	Pnom is the nominal output level, expressed in dBm;

•	IMD2 is the 2nd order IMD, expressed in dB;

•	IMD3 is the 3rd order IMD, expressed in dB, measured according to the two-carrier method [footnoteRef:36]. [36:  	Equal to the 3rd order IMD measured according to the three-carrier method +6 dB.] 


The described general model is valid for any wideband distribution amplifier.

Different classes of amplifiers, whose market penetration varies from country to country, can be installed in domestic installations, differing in gain and nominal output level:

•	Communal antenna amplifiers

These amplifiers are widely used in apartment blocks to allow DTT signals received from a single antenna to be boosted sufficiently for distribution to multiple dwellings within the block. Typically these amplifiers are professionally installed and operate close to saturation. The nominal output power of such devices is typically (but not exhaustively) in the range 110‑130 dB(µV), and the gain is typically in the range 20‑50 dB (adjustable).

•	Masthead amplifiers

These are small booster amplifiers fitted to the top of the antenna mast and powered by DC injected into the antenna cable, whose purpose is to serve a single house or a small number of apartments. The nominal output power is typically lower than communal antenna amplifiers, i.e., in the range 90‑115 dB(µV), and the gain is typically in the range 15‑30 dB, often adjustable.

•	Domestic booster amplifiers

These devices can be installed in attics by the original house builders or by the final user within his apartment. The nominal output power is typically in the range 80‑110 dB(µV), and the gain is typically in the range 5‑20 dB, fixed or adjustable.

Simulation models

The 2nd order intermodulation products fall at frequencies like f1 ± f2 or 2f1, while 3rd order intermodulation products fall at frequencies like f1 ± f2 ± f3, 2f1 ± f2 or 3f1, where f1, f2 and f3 are any of the carriers belonging to the input signals (DVB-T or LTE)[footnoteRef:37]. [37:  	Considering devices operating in the UHF TV band (i.e. 470-862 MHz), only 3rd order beats at frequencies like f1 ± f2 ± f3 or 2f1 − f2 can contribute to intermodulation products in the TV signals bandwidth.] 


Each of the DVB-T and LTE OFDM signals can be modelled as a number N of equally spaced carriers, distributed within the relevant bandwidth (i.e., 8 MHz for DVB-T channels, 5 or 10 MHz for LTE channels), having a power equal to 1/N of the signal power. The number N has to be chosen as a trade-off between accuracy and simulation time.

As an example, Figure 1 shows the inaccuracy of the calculated intermodulation power as a function of the number N of carriers per channel, determined in a specific case relevant to 30 channels and average intermodulation power equal to -38 dBm.

FIGURE 1

Inaccuracy of the calculated intermodulation power as a function of the number 
of carriers per channel

[image: ]

The simulation time increases with the total number of carriers, i.e., the number of distributed channels nc multiplied by the number N of carriers per channel. Figure 2 shows the estimated simulation time as a function of the number N of carriers per channel, in the case of 30 channels, with respect to the simulation time in case of 1 carrier per channel (set equal to 1).

FIGURE 2

Estimated simulation time as a function of the number of carriers per channel
(with respect to 1 carrier per channel, 30 channels)

[image: ]



Also the thermal noise generated inside the in-building distribution system should be included in the simulations. It can be determined on the basis of the typical noise figure of a DVB-T receiver (i.e., 7 dB), applying a further margin to include the active and passive components of the MATV network (i.e., 4 dB).

This model is fully transparent with respect to any interference mitigation device placed in front of it.






ANNEX 3 (TO ATTACHMENT 3)
Co-Channel Case Studies



[Ed. note: Removed from Adjacent Channel working document to facilitate overview.]




ANNEX 4

Adjacent Channel Sharing Case Studies

APPENDIX 1

[BNE:

APPLICABILITY OF MCL approach: Case Studies

The case study submitted in JTG4-5-6-7/328 show that the MCL zone for a typical suburban area is quite extensive as shown in Figure 5. For the 1 km2 area shown, the UE will be at a point within 3 dB of the Minimum Coupling Point over 41% of the area, and within 6 dB over 68% of the area. 

Figure 5

Example showing the proportion of a suburban area where IMT UE equipment would be within 3dB
or 6dB of the point of MCL for a suburban area

[image: ]

The case study submitted in Document 4-5-6-7/380 uses Hata and an associated random distribution for the path loss to calculate the locations where an IMT UE operating in a sector located at the edge of DTTB coverage would cause interference to DTTB reception (in other words, it does not assume the UE operates at maximum power or free-space path loss between the UE and DTTB receiver). Further results are expected in subsequent contributions.]






APP1.2 Measurement necessary OOBE levels to protect portable indoor reception

In order to find the upper limit power level for the White Gaussian Noise (WGN) interfering to reception of DVB-T2 over the antenna, which is similar to the interference caused by a IMT-User Equipment (UE) transmitting in an adjacent channel, an experiment was set-up. A DVB-T2 signal was transmitted by an antenna, received by a second antenna at a distance of ca. 3m, connected to a DVB-T2 receiver. WGN was transmitted over a third antenna positioned at a distance of 1 m, 2 m and 3 m relative to the DVB-T2 reception antenna. The sum signal was fed to a DVB-T2 receiver. All antennas were in a room. 

The DVB-T2 link was set to have a 3 dB reserve at 602 MHz. This means that the measurement already contains a significant interference margin, i.e. that the DTT receiver failed around 
I/N = 0 dB. 

For every distance between antennas the WGN-level was increased until some perturbations on the picture transmitted over DVB-T2 were observed (quality criteria Subjective Failure Point SFP).  Those levels were than corrected to QEF by adding 0.2 dB.

Due to its small dimensions relative to the wavelength transmitted, the LET-UE antenna pattern will be similar to the omnidirectional antenna used in the measurements. 

Measurement set-up

The measurement set-up is shown in Figure 1 and consists of:

–	DVB-T2 signal generator Rohde & Schwarz SFU set for mode 16k 64QAM 3/4 
(C/N = 16 dB);

–	DVB-T2 transmitting Yagi-antenna Kathrein AON 65, see Figure 2;

–	DVB-T2 receiving ground-plane antenna ThueCom MA560, see Figure 3;

–	humax HD-Fox T2 set-top-box;

–	noise generator Rohde & Schwarz SFQ;

–	noise transmitting ground-plane antenna ThueCom MA560 see Figure 3;

–	signal and Spectrum Analyser Rohde & Schwarz FSW.

Figure 1

Measurement Set-up[image: ]

Results

Setting a DVB-T2 link budget reserve of 3 dB, the maximum allowable WGN power in a bandwidth of 8 MHz that can be transmitted by an omnidirectional antenna (eirp), without disturbing the DVB-T2 reception, is:

–	at a distance of 1m between antennas: –57.5 dBm;

–	at a distance of 2m between antennas: –58.4 dBm;

–	at a distance of 3m between antennas: –56.4 dBm.

Assuming that the IMT UE has -3dBi antenna gain, the required OOBE limit to ensure interference free reception under this conditions is around -55 dBm/8MHz.

At free space propagation the maximum allowable WGN power increases with 6 dB for every doubling of the distance. This is not the case with the measurement results shown here. Further measurements have shown that the propagation loss from transmitting to receiving antenna in the room where the measurements were made is almost unchanged for the distances of 1m, 2m and 3m. This fact is probably due to reflexions from walls, floor and ceiling and is very important, 
because it happens also with IMT-UE interfering to portable DVB-T2 in buildings. 

When the measurements were conducted with a 14cm brick wall in between the antennas the an increase of the allowed noise of just 2.1 dB was measured.




APPENDIX 2



[MultiAdm 367, 368, 374: 

Example values of active user densities for sensitivity analysis in sharing studies



The active user densities presented in Table A.2.1 are calculated for a hexagonal shaped sector of range R, where the sector area is calculated as follows:

		

The active user densities presented in Table A.2.1 are calculated for a hexagonal sector of range R, where the sector area is calculated as follows:

FIGURE A.2.1
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It is understood that an active user equipment (UE) is transmitting. The densities in Table A.2.1 refer therefore to the number of simultaneously transmitting UEs.




Table a.2.1

Number of active users and the user density in different environments for sensitivity analysis

		Number of active UE/Sector emitting simultaneously

		 



		Urban

		 

		 

		 



		IMT sector range (km)

		Sector area (km2)

		N_active_UE/sector

		Density (1/km2)



		1

		0.649519053

		2

		3.079201436



		 

		 

		4

		6.158402871



		 

		 

		6

		9.237604307



		 

		 

		8

		12.31680574



		 

		 

		10

		15.39600718



		Suburban

		 

		 

		 



		IMT sector range (km)

		Sector area (km2)

		N_active_UE/sector

		Density (1/km2)



		2

		2.598076211

		2

		0.769800359



		 

		 

		4

		1.539600718



		 

		 

		6

		2.309401077



		 

		 

		8

		3.079201436



		Rural

		 

		 

		 



		IMT sector range (km)

		Sector area (km2)

		N_active_UE/sector

		Density (1/km2)



		8

		41.56921938

		2

		0.048112522



		 

		 

		4

		0.096225045



		 

		 

		6

		0.144337567



		 

		 

		8

		0.19245009







One distinguishes between the indoor and outdoor active users per cell. In particularly, it is assumed that the ratio of 50%, 70% and 70% should be used to define the number of indoor active users in rural, sub-urban, and urban environments, respectively, referring to Document 4-5-6-7/49. 






APPENDIX 3

Transmit power control



[bookmark: _Ref364853279][bookmark: _Ref364865501]A common model, or emulation, of the behavior of the LTE power control scheme can be found in [3GPP Technical Report 36.942 V11.0.0, “Radio Frequency (RF) system scenarios”]. It was originally used for 3GPP intra- and inter-system coexistence studies on adjacent channels and it is given by 



Here,  is the UE transmit power,  is maximum power,  is used to lower limit the transmit power, CL is the coupling loss,  is the coupling loss at the x percentile (i.e., x% of UEs have path loss less than) and γ is a parameter that shifts the transmit power distribution.  With this scheme, 1-x% of the UEs transmit with maximum power.

[bookmark: _Ref364842302]This scheme in much more detail, in [Document JTG 4-5-6-7/242, Annex 2 Attachment 2 Appendix 1B]. The setting of the parameters  and γ are very important in order to obtain realistic results, especially the former. Target values for the fraction of UEs with full power are proposed in [Document 4-5-6-7/242, Annex 2 Attachment 2 Appendix 1b] but the corresponding value of  can differ significantly between scenarios and parameter sets. Therefore, if this scheme is used, or any other for that matter, it is important that reasonable settings are found for precisely the scenario that is being investigated and that generic, or default, values are not used. Otherwise, unrealistically high transmit powers might be obtained.

So as a summary, when the LTE UL transmit power is reduced from the maximum, also the OOB emissions are reduced. The proposed ratio is linear, i.e. 1 dB reduction of OOB emissions for each 1 dB reduction of output power.

The following parameters are used in this study:

–	Max allowed transmit power = 23 dBm

–	Min transmit power = –40 dBm

–	Power scaling threshold=0.9

–	Balancing factor (0<<1))=1.



ANNEX 4 in separate file: MultiAdm ANNEX 4 - TABLES.




APPENDIX 5 



[Endpoint DG 21 February 2014 at 10:20]

[Appendix was updated by F and UK on 24 Feb.]

Measurements and analysis of DVB-T and DVB-T2 protection ratios and adjacent channel selectivity from interference of mobile broadband terminals operating in adjacent spectrum.

DTTB receiver ACS values were derived from the protection ratios given in Recommendations ITU-R BT.1368 and ITU-R BT.2033, for use in sharing studies between DTTB and IMT700.



Protection ratios were tested on thirteen DVB-T/T2 TV receivers, currently available on the market, aiming at getting an insight into the performance of recent DTTB receivers. ACS values of the tested receivers are presented in Table 1. The detailed information on the measurements is provided in the following sections as well as in Docs.4-5-6-7/518 and 418.

Table 1

		DVB-T/T2 receivers’ adjacent channel selectivity (ACS)

Continuous 10 MHz IMT UE transmission; IMT UE ACLR=60 dB; frequency offset=18 MHz



		DTTB Receiver

		ACS (dB)



		Rx1 (DVB-T2)

		62



		Rx2 (DVB-T2)

		72



		Rx3 (DVB-T)

		62



		Rx4 (DVB-T2)

		60



		Rx5 (DVB-T2)

		65



		Rx6 (DVB-T)

		62



		Rx7 (DVB-T2)

		72



		Rx8 (DVB-T)

		72



		Rx9 (DVB-T)

		62



		Rx10 (DVB-T)

		54



		Rx11 (DVB-T2)*

		54



		Rx12 (DVB-T2)*

		54



		Rx13 (DVB-T2)*

		54



		DVB-T2 average value

		62



		DVB-T average value

		62



		* ACLR=53 dB







Note that the above ACS values were derived from the DDTB receiver protection rations measured in the presence of a continuous IMT UE signal. Since, the impact of discontinuous IMT UE emissions on DTTB reception can only be efficiently combated by improving DTTB receivers’ AGC circuits, including the overall ACS of the receivers: improving the ACLR of IMT UE signal does not improve the protection ratio.



Measurement campaign A

Measurements and analysis of DVB-T2 protection ratios and adjacent channel selectivity from interference of mobile broadband terminals operating in adjacent spectrum.

1	Introduction

Measurements have been undertaken of DTT protection ratios in the presence of OOB emissions from a fully loaded 50RB 10 MHz wide LTE UE signal operating with a 9 MHz guard band separation.  The interfering UE signal including OOB emissions is derived from RF recordings of a real LTE band 17 UE operating at (704-714 MHz), stimulated from a test set acting as an LTE base station.  No allowance for temperature or other worst case component tolerances has been included, so these results can only be considered as typical of this UE.

Protection ratios were tested on three DVB-T2 TV receivers, currently available on the market, containing three different silicon tuners and three different DVB-T2 demodulators in order to obtain the widest coverage of performance.  All three receivers are modern designs which are well behaved under time varying interference, although in these tests the interfering signal was of constant power as this gave the higher levels of OOB emissions.

Four test configurations were tested for each receiver:

1)	No filtering

2)	With an inline external CH60 filter on the DTT receiver input

3)	With a band pass filter (BPF) on interference source to reduce the UE OOB emissions into CH59

4)	With (2) and (3) together.

Because the inline LTE filter was fixed to filter out interference above CH60, all protection ratio measurements were made with the LTE UE signal centre shifted to 796 MHz instead of 708 MHz.  DTT receiver protection ratios are not expected to be substantially different at these two different frequencies as previous studies (ref. 1) have shown.  The 9 MHz guard band between the top DTT channel and the UE remains the same.

Measurements were also made of the LTE UE ACLR operating with 25RB, 10RB and 1RB in lowest part of the 10 MHz LTE channel.  In addition the power of the UE OOB emissions in the 6 MHz band below 695 MHz was measured and compared with the 3GPP specification.

2	Protection ratio results

The non-adjacent channel protection ratio C/I shown in the figures below is the ratio of the power of the wanted DTT signal in CH59 (in 8 MHz BW centered on 778 MHz) to the power of the LTE interferer (in 10 MHz BW centered on 796 MHz).

[bookmark: _Ref367896520]Figure 1

Test configuration 1 – no filtering
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In Figure 1 Rx1 has a lower overload threshold because it is configured with a user menu option to turn on an additional low noise amplifier in the front end of the tuner to give greater sensitivity.  When turned off it gave the best overload threshold performance – see dashed line in plots.

[bookmark: _Ref367896242]Figure 2

Test configuration 2 – With CH60 filter on the DTT Rx input (no BPF)
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Extra DTT receiver filtering in Figure 2 has not changed the protection ratio but has raised the overload threshold point to beyond the test equipment limit of 12 dBm.

[bookmark: _Ref367896338]Figure 3

With BPF on interference source to reduce the UE OOB emissions into CH59
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Note the improvement in protection ratio in Figure 3 due to reducing the UE OOB with the BPF, and similar overload thresholds to the no filter case.

[bookmark: _Ref367896833]Figure 4

With BPF on interference source to reduce the UE OOB emissions into CH59, and CH60 filter
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Note the protection ratio improves further and the overload threshold improves when filtering on the UE OOB and DTT RX is applied.  The overload threshold was greater than the 12 dBm limit of the test setup as shown in the figure.

The protection ratio measurements show that protection ratio performance of the TV sets in a channel 9 MHz away from the LTE UE operating at full load, is limited by the UE OOB emissions.  Applying additional DTT receiver filtering does not help (Figure 2) until the UE OOB emissions are also reduced (Figure 3).  The best performance for protection ratio and overload threshold is realised when additional filtering is added to both the UE OOB and the DTT Rx (Figure 4).

[bookmark: _Ref364805184]3	Measurement of PR0 with flat and sloping co-channel noise

The wanted signal was fixed at –40 dBm.

PR0 with flat noise co-channel interference was measured using the built in AWGN generator in the DVB-T2 modulator.

To measure PR0 with coloured noise co-channel interference, the section of the CH59 spectrum was extracted in Matlab to create a separate ARB interference test signal suitable for co-channel tests, so that the result would not be influenced by a high power adjacent interferer.  The results of the co-channel interference tests are shown in Table 1. 

[bookmark: _Ref364441085]Table 1

Co-channel PR0 Results for DVB-T2

		Receiver 

		Ch59 sloped OOB emissions

		AWGN flat noise



		Rx1

		18.0

		18.8



		Rx2

		17.8

		18.8



		Rx3

		18.7

		19.2







4	Calculated receiver ACS

The minimum ACS was calculated using the measurement tolerances listed above and the sloped OOB emissions PR0 values in Table 1 and is shown in the following figures. Note the 12 dBm limit of the signal generator limits the ACS in the cases where the LTE CH60 filter is used in each figure.

The values of ACS at the three lowest interference levels (before overload starts to degrade ACS) for each test configuration were averaged for each test configuration as shown in Table 2.

[bookmark: _Ref369019344]Table 2

Summary of receiver ACS dB (before overload occurs)

		Test configuration

		Rx1 LNA off ACS dB

		Rx1 LNA on ACS dB

		Rx2 ACS dB

		Rx3 ACS dB

		Mean ACS dB



		1 no filters

		53.57

		55.32

		54.47

		54.15

		54.4



		2 – CH60 filter

		58.03

		63.58

		54.81

		54.79

		57.8



		3 – BPF to reduce UE OOB

		66.19

		64.04

		65.42

		66.44

		65.5



		4 – BPF + CH60 filter

		77.60

		79.75

		78.91

		73.89

		77.5









5	Results and conclusions from measurements

The measured UE fulfilled the 3GPP OOB emission specification with a significant margin, but this is only a typical measurement result on a single UE which does not allow for temperature variation or extremes of component tolerance which the 3GPP mask needs to take into account.

The results show the effects of filtering as follows:

–	Without any filtering, DTT protection ratios on these receivers are dominated by the UE OOB emissions.

–	Adding filtering to the UE to reduce the OOB emissions by 23.5 dB across the DTT channel resulted in better DTT protection ratios (by approximately 15 dB).

–	Increasing the DTT receiver selectivity by 26.4 dB through the addition of the inline filter has no effect on protection ratio unless the UE OOB emissions are also reduced.

–	A further 4 to 8 dB improvement in DTT protection ratio is achieved when both the UE OOB emissions are reduced by 23.5 dB and the DTT receiver selectivity increased by 26.4 dB.

–	The overload threshold was increased when the inline filter was added to the receiver and it was not possible to overload any of the receivers with the maximum 12 dBm interference level available with the test equipment used.

–	The receiver performance results were quite similar with the main difference being overload threshold, where one receiver with a user enabled LNA showed a slightly lower overload threshold when the LNA was enabled as might be expected.

In the case of the UE operating with 25RB, 10RB and 1RB, the measured ACLRs with a 9 MHz guard band were 7-10 dB greater than in the fully loaded 50RB case, and were not studied further due to time limitations.

In addition, the absolute power of the UE in the 6 MHz band below 695 MHz was measured and compared with the 3GPP specification.  This was measured as –32.7 dBm/6 MHz @ 695 MHz which is well below the 3GPP specification (rel 12) of –26.2 dBm/6 MHz for 662-694 MHz for band 28.

These results show that existing external inline filter technology can be used to improve the DTT selectivity in the locations where it is needed.  External filtering rather than internal TV filtering has the advantage that it allows the reception of other TV services via cable at higher UHF frequencies with the same tuner, and avoids additional insertion loss where the filter is not needed.  It should be noted that these measurements were made on a single UE sample.




Measurement campaign B



Measurements for assessing the impact of OOBE as well as short pulse interferences from IMT user equipment to DTTB reception



1	Introduction

This report presents the results of the measurements carried out on ten different DTTB receivers (DVB-T and DVB-T2 receivers), currently available on the European market, for assessing the impact of short pulse interferences from IMT (LTE) user equipment to DTTB reception on channel 48. It aims at providing information to assist sharing studies for the co-existence of DTTB broadcasting with IMT user equipment.

2	Results and conclusions from measurements

Measurement results show that:

1)	In the presence of a discontinuous IMT UE signal, modern DVB-T2 receivers have behaved well, while the performance of DVB-T receivers was reduced by about 20 dB compared to their performances in the presence of a continuous IMT UE signal.

2)	Reducing the IMT UE OOBE level from -37 dBm (UE ACLR=60 dB) to -47 dBm

(UE ACLR=70 dB):

–	has no notable improvement on DVB-T2 receivers’ protection ratios for a given receiver ACS;

–	has improved DVB-T receivers’ protection ratios by 11 dB when the ACS is improved by an external filter.

3)	The inline external CH48 BPF filter on the DTTB receiver input has restored the DVB-T receivers’ performance to normal. That is it has improved the receivers PR to their values in the presence of a continuous IMT UE signal. For the DVB-T2 receivers, their performance has become better than the performance obtained in the presence of a continuous IMT UE signal by about 30 dB.

Moreover, the filter has improved the receivers Oth by more than 15 dB irrespective of receiver type.

The conclusions drawn from the results of the measurements are summarized below:

–	The tested DTTB receivers have behaved very similarly in the presence of a continuous IMT UE signal, while they have behaved very differently one from the other in the presence of a discontinuous (time varying) IMT UE signal. The ACS of the DTTB receivers tested are in the range of 62 to 65 dB.

–	Modern DVB-T2 receivers are behaving well in the presence of a discontinuous interfering signal. Actually, the modern DVB-T2 receivers tested have behaved better in the presence of a discontinuous IMT UE signal than in the presence of a continuous IMT UE signal, while the performance of DVB-T receivers was reduced by about 20 dB.

–	The impact of discontinuous IMT UE emissions on DTTB reception can only be efficiently combated by improving DTTB receivers’ AGC circuits, including the overall ACS of the receivers: improving the ACLR of IMT UE signal does not improve the protection ratio.

–	The values of ACLR and ACS should be similar in magnitude for obtaining the best performance in reduction and filtering of out of band emissions.

–	For the protection of the broadcasting service, the ACLR of IMT UE signal should be fixed by taking into account the impact of a continuous IMT UE signal on DTTB reception as well as the implementation cost of IMT UE filtering.

Measurement results are summarised in Tables 1 and 2.

Table 1

		DVB-T2 receivers’ average protection ratios



		Average ACS without filter = 65 dB, Average ACS with CH48 BPF = 98 dB



		Continuous Tx

ACLR=60

No Filter

		Continuous Tx, ACLR=60

CH48 BPF

		Continuous Tx,

ACLR=70

No Filter

		Continuous Tx, ACLR=70,

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-42

		-43

		-45

		-54



		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)



		-3

		NR

		-3

		NR



		DVB-T2 receivers



		Average ACS without filter = 65 dB, Average ACS with CH48 BPF = 98 dB



		Discontinuous Tx,

ACLR=60

No Filter

		Discontinuous Tx, ACLR=60

CH48 BPF

		Discontinuous Tx,

ACLR=70

No Filter

		Discontinuous Tx, ACLR=70,

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-49

		-70

		-50

		-72



		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)



		NR

		NR

		NR

		NR





Table 2

		DVB-T receivers’ average protection ratios



		Average ACS without filter = 62 dB, Average ACS with CH48 BPF = 95 dB



		Continuous Tx

ACLR=60

		Continuous Tx, ACLR=60

CH48 BPF

		Continuous Tx,

ACLR=70

		Continuous Tx, ACLR=70,

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-40

		-41

		-43

		-54



		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)



		-2

		NR

		-2

		NR



		DVB-T receivers



		Average ACS without filter = 62 dB, Average ACS with CH48 BPF = 95 dB



		Discontinuous Tx

ACLR=60

		Discontinuous Tx, ACLR=60

CH48 BPF

		Discontinuous Tx,

ACLR=70

		Discontinuous Tx, ACLR=70,

CH48 BPF



		Average PR (dB)

		Average PR (dB)

		Average PR (dB)

		Average PR (dB)



		-22

		-42

		-23

		-53



		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)

		Average Oth (dBm)



		-5

		NR

		-4

		NR







[bookmark: _Toc302649731][bookmark: _Toc302975803][bookmark: _Toc302976302][bookmark: _Toc302976872][bookmark: _Toc302976968][bookmark: _Toc314721565]3	Measurement methodology and system parameters

[bookmark: _Toc302649732][bookmark: _Toc302975804][bookmark: _Toc302976303][bookmark: _Toc302976873][bookmark: _Toc302976969][bookmark: _Toc314721566]3.1	Test set-up used

The test setup for protection ratio and overloading threshold measurements is depicted in Figure 1.

Figure 1

Measurements set-up
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An adjustable band-pass filter (1) was inserted between the interfering signal generator and the combiner. The objective of this filter is to eliminate the wideband noise generated by the interfering signal generator and adjust the interfering signal to the correct interference transmission mask and ACLR values. An isolator was also inserted between the DVB-T signal generator and the combiner to keep the power from the interfering signal generator returning to the DVB-T signal generator output.

A CH48 BPF (2) has been used to reduce the UE in band (IB) emissions falling into DTTB CH48 and consequently to identify the predominate component of the interfering UE emissions, which are composed of UE IB and OOB emissions, on the DTTB reception.

[bookmark: _Toc302649733][bookmark: _Toc302975805][bookmark: _Toc302976304][bookmark: _Toc302976874][bookmark: _Toc302976970][bookmark: _Toc314721567]3.2	Wanted signal levels

Protection ratios (PR) and overloading thresholds (Oth) of a receiver are derived from its C(I) curves. The measurements have been carried out by using different DVB-T/T2 wanted signal levels to cover the range from weakest to strongest signals: -70, -60, -50 ,-40, -30 and -20 dBm. At low wanted signal levels the protection ratio limit is usually reached before the overloading threshold. Therefore it is necessary to use higher wanted signal levels to reach the onset of overload.



[bookmark: _Toc302649734][bookmark: _Toc302975806][bookmark: _Toc302976305][bookmark: _Toc302976875][bookmark: _Toc302976971][bookmark: _Toc314721568]3.3	Frequency offsets between IMT UE interfering signal and DTTB wanted signal

A single frequency offset has been used (18 MHz) aiming at limiting the number of measurement to be carried out. This frequency offset corresponds to a guard band (GB) of 9 MHz between DTTB centered at 690 MHz and the IMT UE signal centered at 708 MHz as shown in Figure 2.

Figure 2

Frequency offsets between IMT UE and DTTB signals
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[bookmark: _Toc302649738][bookmark: _Toc302975810][bookmark: _Toc302976309][bookmark: _Toc302976879][bookmark: _Toc302976975][bookmark: _Toc314721572]

3.4	Generation of the IMT uplink signal

The uplink signal can vary considerably in both the time and frequency domains depending upon the traffic loading required. In the frequency domain the number of RBs allocated for each SC-FDMA symbol can vary rapidly. Maximum number of RBs is 50. In the time domain, there can be long periods where the UE does not transmit at all, leading to an irregular pulse like power profile. The minimum duration of UE transmission time interval is 1ms (1 TTI), while the duration of a basic radio frame is 10 ms (10 TTI).

In this measurement campaign three different UE transmission modes have been used:

–	Continuous transmission (TM1);

–	Discontinuous transmission (TM2) with: UE signal maximum transmission 
duration = 1 ms, transmission period = 1 s;

–	Discontinuous transmission (TM3) with: UE signal maximum transmission 
duration = 1 ms, transmission period = 5 s.

The UE generator output power was fixed to 20.83 dBm. Two different ACLR values, 60 and 70 dB, have been used in measurements. These ACLR values were obtained by means of an inline band pass filter (BPF) on UE signal generator. They correspond respectively to -37 and -47 dBm/8MHz, for an IMT UE maximum transmit power of 23 dBm, in case of full uplink resource allocation (50 RBs).

[bookmark: _Toc302649741][bookmark: _Toc302975813][bookmark: _Toc302976312][bookmark: _Toc302976882][bookmark: _Toc302976978][bookmark: _Toc314721575][bookmark: _Toc519933572][bookmark: _Toc519938541][bookmark: _Toc521919470]3.5	Failure point assessment method

The SFP method was used in this measurement campaign. The PR for the wanted DVB-T signal is a value of wanted-to-unwanted signal ratio at the receiver input, for a picture quality where no more than one error is visible in the picture for an average observation time of 20 s 

The adjustment of the wanted and unwanted signal levels has been done in steps of 1 dB.



[bookmark: _Toc263855282][bookmark: _Toc302649742][bookmark: _Toc302975814][bookmark: _Toc302976313][bookmark: _Toc302976883][bookmark: _Toc302976979][bookmark: _Toc314721576]3.6	Method for determining protection ratios and overloading thresholds

It should be stressed that the protection ratios are generally considered and used as independent of the wanted signal level. That is C(I) is supposed to be a linear function with unity slope (a straight line with unity slope). The protection ratio of the receiver is obtained by subtracting I from C(I) at any point on this line and can be used for all wanted signal levels.

However, in most cases the protection ratios of wideband TV receivers vary as a function of the wanted signal level. Consequently, C(I) is not a straight line with unity slope with some variation with the interfering signal strength. Nevertheless, for interfering signals below the overloading threshold such C(I) curves can always be approximated by a straight line with unity slope with an acceptable error. This is the method used for determining PR and Oth method. It is described in detail in Report ITU-R BT.2215.

Figure 3

DTTB receivers’ C(I) curves





A CH48 BPF has been used to reduce the UE in band (IB) emissions falling into DTTB CH48 and consequently to identify the predominate component of the interfering UE emissions, which are composed of UE IB and OOB emissions, on the DTTB reception.

Measurements were carried out in two steps, for UE ACLRCH48= 60 and 70 dB, with full IMT UE resource allocation (50 RBs):

1	C(I) of the DTTB receiver under test were measured for UE TM1, without and with an inline external CH48 BPF filter on the DTTB receiver input;

2	C(I) of the DTTB receiver under test were measured for UE TM2 and TM3, without and with an inline external CH48 BPF filter on the DTTB receiver input;

The objective of these measurements is to evaluate the impact of the UE OOBE and IBE on DTTB PR and Oth respectively in case of a continuous (Step 1) as well as in case of a discontinuous (Step 2) IMT UE emission.

The IMT UE signal was attenuated by CH48 BPF by 36 dB (see Annex 3). The insertion loss of the filter over DTTB channel 48 was 3 dB. Consequently, the effective ACS improvement of DTTB receivers by the filter was about 33 dB.

The measured C(I) curves have been post processed, according to the method described in Report ITU-R BT.2215, in order to determine the PR and Oth of the tested DTTB receivers. The results obtained are presented in the following sections.

4	Measurement results

4.1	Calculated DVB-T/T2 receiver adjacent channel selectivity (ACS)

Table 3

		Calculated DVB-T/T2 receivers’ adjacent channel selectivity

Continuous IMT UE transmission, UE ACLR=60 dB



		DTTB Receiver

		ACS without

CH48 filter (dB)

		ACS with

CH48 filter (dB)



		Rx1 (DVB-T2)

		62

		95



		Rx2 (DVB-T2)

		72

		105



		Rx3 (DVB-T)

		62

		95



		Rx4 (DVB-T2)

		60

		93



		Rx5 (DVB-T2)

		65

		98



		Rx6 (DVB-T)

		62

		95



		Rx7 (DVB-T2)

		72

		105



		Rx8 (DVB-T)

		72

		105



		Rx9 (DVB-T)

		62

		95



		Rx10 (DVB-T)

		54

		87



		DVB-T2 average value

		65

		98



		DVB-T average value

		62

		95







The receiver adjacent channel selectivity (ACS) has been calculated by the following equation:





where

	ACLR: Adjacent channel leakage ratio of the generated IMT UE signal;

	PR: Measured adjacent channel protection ratio;

	PR0 : Measured co-channel protection ratio (fi-fw = 0 MHz),

 	where 	fi is the center frequency of the interfering signal and

 		fw is the center frequency of the wanted signal.




4.2	Calculated DVB-T/T2 receiver protection ratios (PR)

Table 4

		DVB-T/T2 receivers’ PR and Oth without CH48 BPF (ACS=62/65 dB)

Continuous IMT UE transmission, UE ACLR=60 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-41

		-2



		Rx2 (DVB-T2)

		-43

		-2



		Rx3 (DVB-T)

		-40

		-4



		Rx4 (DVB-T2)

		-39

		-6



		Rx5 (DVB-T2)

		-42

		-2



		Rx6 (DVB-T)

		-41

		5



		Rx7 (DVB-T2)

		-43

		-2



		Rx8 (DVB-T)

		-42

		-4



		Rx9 (DVB-T)

		-40

		-7



		Rx10 (DVB-T)

		-35

		-1



		Average value (DVB-T2)

		-41.6

		-2,8



		Average value (DVB-T)

		-39.6

		-2,2





Table 5

		DVB-T/T2 receivers’ PR and Oth with CH48 BPF (ACS=95/98 dB)

Continuous IMT UE transmission, UE ACLR=60 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-44

		NR



		Rx2 (DVB-T2)

		-44

		NR



		Rx3 (DVB-T)

		-41

		NR



		Rx4 (DVB-T2)

		-41

		NR



		Rx5 (DVB-T2)

		-43

		NR



		Rx6 (DVB-T)

		-43

		NR



		Rx7 (DVB-T2)

		-43

		NR



		Rx8 (DVB-T)

		-42

		NR



		Rx9 (DVB-T)

		-41

		NR



		Rx10 (DVB-T)

		-37

		NR



		Average value (DVB-T2)

		-43

		NR



		Average value (DVB-T)

		-40.8

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (13.8 dBm)










Table 6

		DVB-T/T2 receivers’ PR and Oth without CH48 BPF (ACS=62/65 dB)

Discontinuous IMT UE transmission, UE ACLR=60 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-30/-591

		NR



		Rx2 (DVB-T2)

		-60

		NR



		Rx3 (DVB-T)

		-23

		-5



		Rx4 (DVB-T2)

		-302

		NR



		Rx5 (DVB-T2)

		-563

		NR



		Rx6 (DVB-T)

		-264

		NR



		Rx7 (DVB-T2)

		-33/-635

		NR



		Rx8 (DVB-T)

		-25

		-5



		Rx9 (DVB-T)

		-12

		NR



		Rx10 (DVB-T)

		-23

		-4



		Average value (DVB-T2)

		-496

		NR



		Average value (DVB-T)

		-22

		-5



		NR: not reached at maximum IMT UE level at the receiver input (13.8 dBm)

1. With hysteresis at C=-40 dBm

2. -72 dB at C≥-60 dBm

3. Interference only at C=-70 dBm (PR=-56), no interference for C>-70 dBm at maximum IMT UE level (13.8 dBm) at the receiver input

4. PR=-36 dB with break at C=-40 dBm

5. With hysteresis at C=-60 dBm

6. Rx1 and Rx7 were excluded (first generation DVB-T2 receivers from the same manufacturer)





Table 7

		DVB-T/T2 receivers’ PR and Oth with CH48 BPF (ACS=95/98 dB)

Discontinuous IMT UE transmission, UE ACLR=60 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-71

		NR



		Rx2 (DVB-T2)

		-73

		NR



		Rx3 (DVB-T)

		-41

		NR



		Rx4 (DVB-T2)

		-64

		NR



		Rx5 (DVB-T2)

		-68

		NR



		Rx6 (DVB-T)

		-41

		NR



		Rx7 (DVB-T2)

		-72

		NR



		Rx8 (DVB-T)

		-43

		NR



		Rx9 (DVB-T)

		-42

		NR



		Rx10 (DVB-T)

		-42

		NR



		Average value (DVB-T2)

		-69.6

		NR



		Average value (DVB-T)

		-41.8

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (13.8 dBm)

Note: Rx1 and Rx7 from the same manufacturer












Table 8

		DVB-T/T2 receivers’ PR and Oth without CH48 BPF (ACS=6265 dB)

Continuous IMT UE transmission, UE ACLR=70 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-45

		-2



		Rx2 (DVB-T2)

		-47

		-2



		Rx3 (DVB-T)

		-47

		-3



		Rx4 (DVB-T2)

		-40

		-6



		Rx5 (DVB-T2)

		-46

		-2



		Rx6 (DVB-T)

		-42

		3



		Rx7 (DVB-T2)

		-46

		-1



		Rx8 (DVB-T)

		-47

		-4



		Rx9 (DVB-T)

		-42

		-7



		Rx10 (DVB-T)

		-38

		-1



		Average value (DVB-T2)

		-44.8

		-2.6



		Average value (DVB-T)

		-43.2

		-2.4







Table 9

		DVB-T/T2 receivers’ PR and Oth with CH48 BPF (ACS=95/98 dB)

Continuous IMT UE transmission, UE ACLR=70 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-54

		NR



		Rx2 (DVB-T2)

		-54

		NR



		Rx3 (DVB-T)

		-53

		NR



		Rx4 (DVB-T2)

		-54

		NR



		Rx5 (DVB-T2)

		-54

		NR



		Rx6 (DVB-T)

		-54

		NR



		Rx7 (DVB-T2)

		-54

		NR



		Rx8 (DVB-T)

		-54

		NR



		Rx9 (DVB-T)

		-54

		NR



		Rx10 (DVB-T)

		-53

		NR



		Average value (DVB-T2)

		-54

		NR



		Average value (DVB-T)

		-53.6

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (10.4 dBm)












Table 10

		DVB-T/T2 receivers’ PR and Oth without CH48 BPF (ACS=62/65 dB)

Discontinuous IMT UE transmission, UE ACLR=70 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-55

		NR



		Rx2 (DVB-T2)

		-64

		NR



		Rx3 (DVB-T)

		-23

		-5



		Rx4 (DVB-T2)

		-311

		NR



		Rx5 (DVB-T2)

		-562

		NR



		Rx6 (DVB-T)

		-26

		NR



		Rx7 (DVB-T2)

		-65

		NR



		Rx8 (DVB-T)

		-31

		-4



		Rx9 (DVB-T)

		-12

		NR



		Rx10 (DVB-T)

		-24

		-4



		Average value (DVB-T2)

		-503

		NR



		Average value (DVB-T)

		-23

		-4.3



		NR: not reached at maximum IMT UE level at the receiver input (10.4 dBm)

1. -72 dB at C≥-60 dBm

2. Interference only at C=-70 dBm (PR=-56), no interference for C>-70 dBm at maximum IMT UE level (10.4 dBm) at the receiver input

3. Rx1 and Rx7 were excluded (first generation DVB-T2 receivers from the same manufacturer)









Table 11

		DVB-T/T2 receivers’ PR and Oth with CH48 BPF (ACS=95/98 dB)

Discontinuous IMT UE transmission, UE ACLR=70 dB



		DTTB Receiver

		RP (dB)

		Oth (dBm)



		Rx1 (DVB-T2)

		-73

		NR



		Rx2 (DVB-T2)

		-74

		NR



		Rx3 (DVB-T)

		-54

		NR



		Rx4 (DVB-T2)

		-67

		NR



		Rx5 (DVB-T2)

		-71

		NR



		Rx6 (DVB-T)

		-53

		NR



		Rx7 (DVB-T2)

		-74

		NR



		Rx8 (DVB-T)

		-54

		NR



		Rx9 (DVB-T)

		-53

		NR



		Rx10 (DVB-T)

		-53

		NR



		Average value (DVB-T2)

		-71.8

		NR



		Average value (DVB-T)

		-53.4

		NR



		NR: Oth not reached at maximum IMT UE level at the receiver input (10.4 dBm)

Note: Rx1 and Rx7 from the same manufacturer
















APPENDIX 6

Transmit Power Control

Two cases are considered:

· The UE power is constant and equal to the maximum (Pmax =23 dBm);

· The UE power is subject to transmit power control (TPC). 

The TPC algorithm is given by 





Note that Rmin = Pmin/Pmax (linear), or in dB, Rmin = Pmin – Pmax (e.g. =  -40 – 23 = -63 dB).

Similarly, CL/CLx-ile gives CL – CLx-ile when expressed in dB.

Here, Ptx is the UE transmit power, Pmax is maximum power, Rmin is used to lower limit the transmit power, CL is the coupling loss, CLx-ile is the coupling loss at the x percentile (i.e., x% of UEs have path loss less than CLx-ile and γ is a parameter that shifts the transmit power distribution.  With this scheme, 1-x% of the UEs transmit with maximum power. 

CL is the ‘coupling loss’; the interpretation of CL is important in determining the relevant value of Pt when using TPC.

Here CL is interpreted as follows:

		CL = PLp + <PL> + Bloss – GUE – GBS + DBS + WL + <WL>  

where

	PLp 	is the propagation path-loss;

	<PL> 	is the statistical deviation of the propagated power (<PL> can be positive or negative);

	Bloss 	is the UE body loss, e.g. 4 dB;

	GUE 	is the UE antenna gain, e.g. -3 dB;

	GBS 	is the base station antenna gain (e.g. 12 dB);

	DBS 	is the base station receive antenna discrimination (e.g. according to Rec. ITU‑R F.1336;

	WL 	is the wall penetration loss (e.g., 11 dB) if indoor outdoor calculations are required;

	<WL> 	is the statistical deviation of the wall loss  (<WL> can be positive or negative).

This is done because these elements encompass all ‘coupling losses’ between the UE transmitter and the base station receiver.






APPENDIX 7

Example calculations to derive IMT UE OOB limits 
using RLP Monte Carlo Simulations

1	Introduction

Studies have been carried out to determine minimum necessary UE OOB limits in order to protect fixed DTT reception.

These studies have been carried out using the Monte Carlo (MC) methodology as described in document JTG 4-5-6-7/172 to determine the degradation of the reception location probability (RLP) for DVB-T2 reception at the DTT coverage edge.

The Monte Carlo simulations were carried out for random UEs operating within a 19 sector mobile network, with 23 base stations, as shown in Figure 1.

The DTT pixels were taken to be randomly placed within the central sector of Figure 1; thus the results will represent an intermediate case and not be worst-case, because of the averaging effect when placing the pixel randomly within the mobile sector.

The parameters used are those specified in various JTG 4-5-6-7 documents – the explicit values of the parameters used in this study are listed in Appendix WWW.

2	Results

An urban mobile network has been considered, with a 1 km cell radius.

The simulations are carried out for DTT ACS = 65 dB, 70 dB and 75 dB, respectively. For each value of ACS, six values of OOB (and ACLR) are investigated.

One set of simulations are carried out assuming that 1 UE is active at any given time in each sector using the respective values of OOB.

Three sets of simulations are carried out assuming that 10 UEs are active at any given time in each sector, using the respective values of OOB, OOB - 9 dB and OOB - 19 dB for the three sets.

Three different UE indoor-outdoor scenarios have been considered with ratios:

indoor/outdoor = 0%/100%, 14%/86% and 30%100%, respectively. 

As prescribed by the JTG 4-5-6-7, CLx-ile = 122 dB is used for all simulations. In each case, the corresponding values of the mean UE transmit power, and the percentage of UEs using maximum transmit power (23 dBm) in the simulations is given.

The results are presented below in tabular form for DVB-T2. They present the impact in terms of degradation in location probability calculated as described in previous EBU inputs to the JTG 4‑5‑6‑7, e.g. in Document 4-5-6-7/382. As explained in these previous inputs, the EBU does not support using the IP (interference probability) alone as a measure of assessing interference, as it is only an intermediate result on the way to the correct parameter which is RLP (degradation in location probability). It has been however incorporated in the present results only for the sake of comparison with the results of others studies.




R.1 ACS = 65 dB

Three indoor-outdoor scenarios are considered. Indoor/outdoor: 0% / 100%, 14% / 86%, 30% / 70%.



R.1.1 	ACS = 65 dB, 100% outdoor UEs, 0% indoor UEs

		%Power_max = 1.2%;   UEpower-ave = 8.1 dBm;  CLx-ile = 122 dB;   DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		5.599

		0.007485

		24.091

		0.075925

		11.952

		0.036466

		10.207

		0.031134



		-42

		65

		4.305

		0.005879

		19.318

		0.059614

		11.260

		0.034284

		10.127

		0.030915



		-44

		67

		3.473

		0.004834

		16.006

		0.049064

		10.809

		0.032904

		10.079

		0.030777



		-46

		69

		2.934

		0.004163

		13.857

		0.042298

		10.505

		0.032031

		10.047

		0.030689



		-48

		71

		2.621

		0.003735

		12.427

		0.037988

		10.318

		0.031483

		10.029

		0.030634



		-50

		73

		2.433

		0.003465

		11.561

		0.035251

		10.207

		0.031134

		10.021

		0.030599







R.1.2	ACS = 65 dB, 86% outdoor UEs, 14% indoor UEs

		%Power_max = 5.1%;UEpower-ave = 9.2 dBmCLx-ile = 122 dB;     DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		5.463

		0.006750

		24.368

		0.069397

		12.143

		0.033361

		10.344

		0.028480



		-42

		65

		4.191

		0.005254

		19.571

		0.054495

		11.410

		0.031371

		10.275

		0.028279



		-44

		67

		3.387

		0.004300

		16.237

		0.044863

		10.964

		0.030103

		10.230

		0.028152



		-46

		69

		2.858

		0.003686

		14.066

		0.038694

		10.653

		0.029305

		10.206

		0.028072



		-48

		71

		2.560

		0.003298

		12.614

		0.034758

		10.471

		0.028800

		10.185

		0.028022



		-50

		73

		2.380

		0.003053

		11.731

		0.032252

		10.344

		0.028480

		10.177

		0.027989







R.1.3	ACS = 65 dB, 30% outdoor UEs, 70% indoor UEs

		%Power_max = 20.9%;UEpower-ave  = 13.7dBm;   CLx-ile = 122 dB;  DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		4.633

		0.005945

		24.731

		0.063118

		12.323

		0.030781

		10.542

		0.026358



		-42

		65

		3.564

		0.004644

		19.877

		0.049819

		11.615

		0.028977

		10.469

		0.026176



		-44

		67

		2.854

		0.003806

		16.530

		0.041169

		11.163

		0.027832

		10.412

		0.026060



		-46

		69

		2.449

		0.003272

		14.308

		0.035605

		10.858

		0.027107

		10.380

		0.025987



		-48

		71

		2.190

		0.002934

		12.846

		0.032042

		10.661

		0.026646

		10.359

		0.025941



		-50

		73

		2.058

		0.002719

		11.933

		0.029777

		10.542

		0.026358

		10.349

		0.025912







R.2 ACS = 70 dB

Three indoor-outdoor scenarios are considered. Indoor/outdoor: 0% / 100%, 14% / 86%, 30% / 70%.

R.2.1 	ACS = 70 dB, 100% outdoor UEs, 0% indoor UEs

		%Power_max = 1.2%;     UEpower-ave  = 8.1 dBm;     CLx-ile = 122 dB;   DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		4.105

		0.005602

		18.449

		0.056807

		5.198

		0.015893

		3.337

		0.010380



		-42

		65

		2.759

		0.003924

		13.053

		0.039904

		4.445

		0.013633

		3.252

		0.010152



		-44

		67

		2.022

		0.002846

		9.502

		0.028957

		3.974

		0.012207

		3.197

		0.010010



		-46

		69

		1.530

		0.002156

		7.232

		0.021942

		3.651

		0.011304

		3.171

		0.009920



		-48

		71

		1.204

		0.001712

		5.750

		0.017474

		3.465

		0.010737

		3.139

		0.009864



		-50

		73

		1.012

		0.001431

		4.764

		0.014638

		3.337

		0.010380

		3.127

		0.009828







R.2.2	ACS = 70 dB, 86% outdoor UEs, 14% indoor UEs

		%Power_max = 5.1%;    UEpower-ave  = 9.2 dBm;     CLx-ile = 122 dB;    DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		3.988

		0.005000

		18.679

		0.051934

		5.292

		0.014541

		3.394

		0.009502



		-42

		65

		2.681

		0.003470

		13.241

		0.036502

		4.504

		0.012483

		3.310

		0.009293



		-44

		67

		1.969

		0.002500

		9.628

		0.026490

		4.040

		0.011178

		3.252

		0.009162



		-46

		69

		1.495

		0.001888

		7.343

		0.020070

		3.709

		0.010355

		3.216

		0.009079



		-48

		71

		1.169

		0.001499

		5.836

		0.015984

		3.516

		0.009834

		3.197

		0.009027



		-50

		73

		0.987

		0.001254

		4.824

		0.013394

		3.394

		0.009502

		3.185

		0.008993







R.2.3	ACS = 70 dB, 30% outdoor UEs, 70% indoor UEs

		%Power_max = 20.9%;UEpower-ave  = 13.7dBm;  CLx-ile = 122 dB;    DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		3.380

		0.004423

		18.998

		0.047522

		5.382

		0.013597

		3.462

		0.008914



		-42

		65

		2.313

		0.003083

		13.494

		0.033621

		4.580

		0.011685

		3.381

		0.008719



		-44

		67

		1.710

		0.002228

		9.803

		0.024550

		4.125

		0.010475

		3.327

		0.008596



		-46

		69

		1.269

		0.001678

		7.470

		0.018689

		3.795

		0.009705

		3.290

		0.008518



		-48

		71

		1.009

		0.001333

		5.951

		0.014927

		3.587

		0.009222

		3.268

		0.008469



		-50

		73

		0.850

		0.001116

		4.911

		0.012530

		3.462

		0.008914

		3.252

		0.008437










R.3 ACS = 75 dB

Three indoor-outdoor scenarios are considered. Indoor/outdoor: 0% / 100%, 14% / 86%, 30% / 70%.

R.3.1 	ACS = 75 dB, 100% outdoor UEs, 0% indoor UEs

		%Power_max = 1.2%;    UEpower-ave  = 8.1 dBm;      CLx-ile = 122 dB;   DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		3.603

		0.004989

		16.523

		0.050618

		2.936

		0.009253

		1.1860

		0.003672



		-42

		65

		2.316

		0.003295

		11.009

		0.033516

		2.221

		0.006972

		1.1010

		0.003441



		-44

		67

		1.571

		0.002206

		7.408

		0.022447

		1.801

		0.005530

		1.0640

		0.003298



		-46

		69

		1.055

		0.001502

		5.001

		0.015354

		1.505

		0.004616

		1.0390

		0.003206



		-48

		71

		0.758

		0.001059

		3.495

		0.010839

		1.311

		0.004037

		1.0250

		0.003149



		-50

		73

		0.600

		0.000780

		2.529

		0.007982

		1.186

		0.003672

		1.0160

		0.003113







R.3.2	ACS = 75 dB, 86% outdoor UEs, 14% indoor UEs

		%Power_max = 5.1%;    UEpower-ave  = 9.2 dBm;      CLx-ile = 122 dB;    DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		3.502

		0.004440

		16.731

		0.046283

		2.984

		0.008464

		1.207

		0.003359



		-42

		65

		2.255

		0.002899

		11.168

		0.030663

		2.247

		0.006372

		1.119

		0.003150



		-44

		67

		1.529

		0.001932

		7.495

		0.020531

		1.834

		0.005049

		1.077

		0.003018



		-46

		69

		1.034

		0.001315

		5.085

		0.014048

		1.528

		0.004216

		1.055

		0.002935



		-48

		71

		0.746

		0.000926

		3.551

		0.009929

		1.333

		0.003690

		1.038

		0.002882



		-50

		73

		0.588

		0.000681

		2.564

		0.007300

		1.207

		0.003359

		1.026

		0.002848







R.3.3	ACS = 75 dB, 30% outdoor UEs, 70% indoor UEs

		%Power_max = 20.9%;   UEpower-ave  = 13.7 dBm;   CLx-ile = 122 dB;   DTT antenna random from pixel to pixel



		

		

		1 UE (OOB)

		10 UEs (OOB)

		10 UEs (OOB – 9)

		10 UEs (OOB – 19)



		OOB (dBm)

		ACLR (dB)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)

		RLP (%)

		IP (%)



		-40

		63

		2.960

		0.003930

		17.018

		0.003930

		3.039

		0.007946

		1.234

		0.003178



		-42

		65

		1.962

		0.002583

		11.360

		0.002583

		2.291

		0.006003

		1.146

		0.002981



		-44

		67

		1.300

		0.001718

		7.629

		0.001718

		1.860

		0.004768

		1.097

		0.002855



		-46

		69

		0.895

		0.001171

		5.186

		0.001171

		1.554

		0.003985

		1.069

		0.002776



		-48

		71

		0.660

		0.000825

		3.626

		0.000825

		1.362

		0.003491

		1.055

		0.002726



		-50

		73

		0.522

		0.000607

		2.617

		0.000607

		1.234

		0.003178

		1.044

		0.002694





3	Conclusions

These further calculations show that in order to reach, or approach as much as possible, the target of 1% degradation of location probability (RLP) it is required to have both the adjacent channel selectivity (ACS) of the DTT receiver and the adjacent channel leakage ratio (ACLR) of the IMT user equipment in the range 70 dB to 75 dB. This corresponds to out-of-band emission levels of the IMT user equipment in the range -47 dBm/8MHz to -52 dBm/8MHz.

Based on these calculations, the EBU maintain the proposals for out of band emission limits of LTE UEs operating in the 700 MHz band with 10 MHz channel bandwidth as given in Document 4‑5‑6‑7/382.






APPENDIX WWW

Parameters used in the study

19 sectors (see the Figure 1)

23 Base stations

UE density

1 UE/sector (with full OOB levels)

10 UEs/sector (with full and reduced OOB levels: -9 dB, -19 dB)

200 000 events per simulation

An event consists of the random placement of {1 or 10} UEs within each sector, and the random placement of the pixel (and 100 000 DTTs within the pixel) within the central sector (but at a fixed position within the sector is a few cases)

TPC

	PUE = Pmax – min{0, Max[Rmin, (CL – CLx-ile)]}, where

	Pmax = 23 dBm, Rmin = -63 dB, CLx-ile = 122 dB,  = 1 

Urban environment

Sector range = 1 km

DTT

	Fixed reception (95% location probability at coverage edge)

	DVB-T sensitivity: -77.17 dBm; PR = 21 dB

	DVB-T2 sensitivity: -79.07 dBm; PR = 20 dB

	1 pixel per event; 100 000 DTT sites per pixel

	Height = 10 m

	GainDTT = 9.15 dBi

	DTT antenna randomly directed for each event (but pointed always to the right or left in a few cases) 

	Recommendation ITU-R BT.419 for DTT antenna discrimination (max of vertical and horizontal discrimination)

Base station

Height = 30 m

GainBS = 15 dBi, feeder loss = 3 dB

Recommendation ITU-R F.1336 for tri-sector BS antenna discrimination

Tilt = 3°

UE

Height = 1.5 m

e.i.r.p.max = 23 dBm, e.i.r.p.min = -40 dBm

Body loss = 4 dB

Indoor losses

11 dB wall loss, 6 dB Gaussian standard distribution

UE Indoor/outdoor ratio

0% / 100%

14% / 86%

70% / 30%

Protection ratios

Co-channel: 21 dB

ACS =    65 dB,     70 dB

OOB = - 40 dBm, -42 dBm, -44 dBm, -46 dBm, -48 dBm, -50 dBm

ACLR = 63 dB,     65 dB,      67 dB,     69 dB,     71 dB,     73 dB



Results:

RLP (with 1 error per hour  interference for ≥ 0.028% of the events)

IP (interference probability for 1 event) 



[Ed. note: The following text in Appendix 8 have been discussed and accepted at February 2014 JTG 4-5-6-7, the above text between this note and the ed. note in section 4.4.1.1.2 has not been fully discussed and accepted at February 2014 JTG 4-5-6-7.]




Appendix 8

Summary of results of experience on initial deployment of IMT 
networks in the 800 MHz band in France

Introduction

The aim of this appendix is to share experience on the deployment of mobile service LTE networks, and the impact of LTE downlinks on fixed roof-top DTT reception below 790 MHz in France. Note that the fixed DTT reception “chain” means a roof-top antenna, an amplifier system (in some cases), a passive cable and a TV receiver. Portable and mobile DTT receptions are not under consideration in this paper.  

Based on the work carried out in Europe, a mechanism to address the potential interference from IMT base station to fixed DTT reception has been put in place in France:

–	Mobile operators have the obligation to implement on all base stations filtering characteristics called “Case A/channel 60” of BS BEM out-of-block EIRP limits over frequencies below 790 MHz (see Annex, part B, table 4 of European Commission decision 2010/267/EU[footnoteRef:38]). [38:  http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=OJ:L:2010:117:0095:0101:en:PDF] 


–	In addition, mobile operators in the 800 MHz have the obligation:

–	to solve interference of TV installation receiving broadcasting stations assigned before the LTE deployment;

–	to provide the French TV viewers a common interface to complain in case of interference, and to help mobile operators to identify quickly where and which operator should intervene, ANFR is managing a call centre for interference to DTT reception and also collects the information provided by mobile operators in the 800 MHz band (eg, BS deployment and BS putting into service information).

Moreover, information is provided (i.e. the phone number of the call centre mentioned above) through different means to local professional aerial installers, apartment block administrators, local authority and TV viewers before base stations are put into service.

Analysis of the cause of interference

The vast majority of reported interference cases that have been observed so far on fixed DTT reception were caused by LTE base station provoking DTT saturation (active systems like amplifiers or DTT television / set-top box). Saturation means that usually all TV channels are interfered.

Summary of interference situation

During the period from 1st November 2012 to 31st December 2013, 2605 LTE Base Stations have been put into service in the 800 MHz band, in particular in urban areas, and there have been 7 570 reported cases of interference to fixed DTT receiving installations, domestic or community aerial (some interference may not have resulted in claims from TV viewers).

The number of interference cases per base station is very dependent on the local conditions of TV reception. In areas where the TV signal is weak, TV viewers are likely to have installed an amplifier and have a higher risk of being interfered with. 

It has been observed that the median interference distance between the base station and the TV reception installation is about 330 m with an interference distance in 99% of cases below 1.3 km, with one case reported at 3.5 km (hilly terrain). 

Mitigation measures taken to resolve interference situations

Every interference case due to the deployment of LTE BS in the 800 MHz band onto the fixed roof-top DTT reception has been resolved by the introduction of a LTE 800 filter, either head-end filters (if active systems like amplifiers are present between the roof-top antenna and the television /set-top box) or user filters. The specifications of these filters have been defined by the administration, taking into account studies conducted with the help of stakeholders (broadcasters and the 800 MHz mobile operators). An industrial label could help consumers and professional aerial installers to identify efficient filters.

Summary

In view of the information detailed above according to the present experience, the following can be summarized about the interference situation between LTE BS downlinks and fixed roof-top DTT reception in adjacent band both within France: 

–	for the 800 MHz band, the distance between the interfering IMT base station and 
the fixed roof-top DTT receiving location is in 99% of cases below 1.3 km, with one case reported at 3.5 km (hilly terrain).;

–	for the 800 MHz band, almost all reported interference cases that have been observed so far on fixed roof-top DTT reception were caused by LTE base station provoking DTT saturation (active systems like amplifiers or DTT television / set-top box) and all had been resolved by the introduction of an LTE 800 filter (either head-end filters or user filters). The administration and operators have been able to manage successfully this kind of interference;

–	at 700 MHz, assuming the deployment of IMT although a greater frequency separation between the mobile downlinks and the highest DTT channel 48 (cf. 700 MHz channelling options under consideration) may have a limited beneficial impact on DTT saturation effects, administration and stakeholders will have some knowledge of fixed roof-top TV receiving installations which could be interfered, based on the 800 MHz experience. The 800 MHz experience does not provide relevant information about the interference from mobile uplink to DTT reception.
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Location Probability Degradation (%)

DVB-T/T2 receivers' C(I) curves; ACS=62/65 dB

IMT UE TM1, ACLR=60 dB

Rx1 (DVB-T2)	-29.2	-18.2	-7.1999999999999975	-2.1999999999999988	-1.1999999999999971	-0.19999999999999937	-70	-60	-50	-40	-30	-20	Rx2 (DVB-T2)	-27.2	-17.2	-7.1999999999999975	-2.1999999999999988	0.80000000000000104	1.8000000000000009	-70	-60	-50	-40	-30	-20	Rx3 (DVB-T)	-28.2	-19.2	-10.200000000000001	-4.1999999999999975	-1.1999999999999971	-1.1999999999999971	-70	-60	-50	-40	-30	-20	Rx4 (DVB-T2)	-31.2	-19.2	-9.2000000000000011	-6.1999999999999975	-5.1999999999999975	-5.1999999999999975	-70	-60	-50	-40	-30	-20	Rx5 (DVB-T2)	-28.2	-18.2	-7.1999999999999975	-2.1999999999999988	-0.19999999999999937	-0.19999999999999937	-70	-60	-50	-40	-30	-20	Rx6 (DVB-T)	-29.2	-19.2	-9.2000000000000011	-0.19999999999999937	4.8000000000000007	4.8000000000000007	-70	-60	-50	-40	-30	-20	Rx7 (DVB-T2)	-27.2	-17.2	-7.1999999999999975	-2.1999999999999988	-0.19999999999999937	-0.19999999999999937	-70	-60	-50	-40	-30	-20	Rx8 (DVB-T)	-28.2	-18.2	-7.1999999999999975	-4.1999999999999975	-3.1999999999999988	-2.1999999999999988	-70	-60	-50	-40	-30	-20	Rx9 (DVB-T)	-30.2	-20.2	-10.200000000000001	-7.1999999999999975	-6.1999999999999975	-6.1999999999999975	-70	-60	-50	-40	-30	-20	Rx10 (DVB-T)	-31.2	-23.2	-13.2	-5.1999999999999975	-1.1999999999999971	-0.19999999999999937	-70	-60	-50	-40	-30	-20	I (dBm)



C (dBm)







1 UE	40	45	55	60	65	70	75	80	0.12000000000000002	5.4600000000000003E-2	5.0000000000000096E-3	1.0499999999999978E-3	0	0	0	0	6 UE	40	45	55	60	65	70	75	80	0.52	0.21800000000000033	1.0500000000000021E-2	1.0500000000000021E-2	2.0999999999999999E-3	2.0000000000000048E-3	1.0000000000000026E-3	2.0000000000000048E-3	1 UE	-25	-30	-35	-40	-45	-50	-55	2.5200000000000011E-2	1.0500000000000021E-2	3.1500000000000048E-3	1.0499999999999978E-3	1.0499999999999978E-3	0	0	2 UE	-25	-30	-35	-40	-45	-50	-55	1.0499999999999978E-3	1.0499999999999978E-3	0	0	0	0	0	4 UE	-25	-30	-35	-40	-45	-50	-55	3.1500000000000048E-3	0	0	0	0	0	0	6 UE	-25	-30	-35	-40	-45	-50	-55	2.0900000000000011E-3	1.0499999999999978E-3	0	0	0	0	0	8 UE	-25	-30	-35	-40	-45	-50	-55	5.2500000000000107E-3	0	1.0499999999999978E-3	0	0	0	0	10 UE	-25	-30	-35	-40	-45	-50	-55	1.0499999999999978E-3	1.0499999999999978E-3	0	0	0	0	0	Variation of the Probability of Interference (4 Active UE)

-25 dBm/8MHz	55	60	65	6.0000000000000192E-2	6.0000000000000192E-2	5.0000000000000114E-2	-30 dBm/8MHz	4.0000000000000112E-2	2.0000000000000052E-2	2.0000000000000052E-2	-35 dBm/8MHz	2.0000000000000052E-2	1.0000000000000047E-2	1.0000000000000047E-2	ACS [dB]

Interference Probability [%]

Variation of the Probability of Interference (6 Active UE)

-25 dBm/8MHz	55	60	65	0.1	8.0000000000000043E-2	7.0000000000000021E-2	-30 dBm/8MHz	55	60	65	0.05	4.0000000000000022E-2	3.0000000000000002E-2	-35 dBm/8MHz	55	60	65	3.0000000000000002E-2	2.0000000000000011E-2	1.0000000000000005E-2	ACS [dB]

Interference Probability [%]

Variation of the Probability of Interference (10 Active UE)

-25 dBm/8MHz	55	60	65	0.14000000000000001	0.13	0.1	-30 dBm/8MHz	55	60	65	8.0000000000000043E-2	6.0000000000000032E-2	6.0000000000000032E-2	-35 dBm/8MHz	55	60	65	0.05	3.0000000000000002E-2	2.0000000000000011E-2	ACS [dB]

Interference Probability [%]
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Microsoft_Office_Excel_Worksheet1.xlsx

Urban Scenario


			Study			France


			Scenario			Urban


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.030			0.109			0.117			0.003			0.190			0.190			0.000			0.300			0.300			0.001			0.480			0.480			0.002			0.673			0.673			0.003			0.870			0.870


			-30			53			0.010			0.088			0.091			0.002			0.170			0.170			0.000			0.330			0.330			0.000			0.490			0.490			0.001			0.670			0.670			0.002			0.830			0.830


			-35			58			0.004			0.106			0.106			0.001			0.170			0.170			0.000			0.330			0.330			0.000			0.520			0.520			0.000			0.678			0.678			0.001			0.840			0.840


			-40			63			0.003			0.096			0.096			0.000			0.180			0.180			0.000			0.300			0.300			0.000			0.470			0.470			0.000			0.670			0.670			0.000			0.840			0.840


			-45			68			0.002			0.099			0.099			0.000			0.200			0.200			0.000			0.300			0.300			0.000			0.520			0.520			0.000			0.670			0.670			0.000			0.780			0.780


			-50			73			0.000			0.086			0.086			0.000			0.170			0.170			0.000			0.330			0.330			0.000			0.500			0.500			0.000			0.678			0.678			0.000			0.780			0.780


			-55			78			0.000			0.120			0.120			0.000			0.170			0.170			0.000			0.330			0.330			0.000			0.490			0.490			0.000			0.670			0.670			0.000			0.840			0.840


			ACS (dB)			45


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.024			0.042			0.058			0.002			0.074			0.078			0.001			0.164			0.164			0.000			0.218			0.219			0.001			0.283			0.286			0.002			0.359			0.358


			-30			53			0.008			0.055			0.058			0.001			0.086			0.087			0.000			0.140			0.140			0.000			0.205			0.205			0.001			0.271			0.271			0.000			0.373			0.373


			-35			58			0.003			0.004			0.041			0.000			0.078			0.078			0.000			0.155			0.155			0.000			0.217			0.217			0.000			0.265			0.265			0.000			0.349			0.349


			-40			63			0.002			0.044			0.044			0.000			0.065			0.065			0.000			0.140			0.140			0.000			0.204			0.204			0.000			0.279			0.279			0.000			0.338			0.338


			-45			68			0.002			0.042			0.042			0.000			0.076			0.076			0.000			0.137			0.137			0.000			0.203			0.203			0.000			0.274			0.274			0.000			0.360			0.360


			-50			73			0.001			0.040			0.040			0.000			0.067			0.067			0.000			0.137			0.137			0.000			0.192			0.192			0.000			0.291			0.291			0.000			0.338			0.338


			-55			78			0.000			0.040			0.040			0.000			0.088			0.088			0.000			0.130			0.130			0.000			0.175			0.175			0.000			0.274			0.274			0.000			0.359			0.359


			ACS (dB)			50


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.025			0.019			0.040			0.005			0.033			0.038			0.002			0.057			0.059			0.001			0.095			0.110			0.002			0.122			0.124			0.003			0.127			0.130


			-30			53			0.008			0.017			0.021			0.001			0.037			0.038			0.000			0.057			0.057			0.001			0.078			0.078			0.001			0.120			0.120			0.000			0.140			0.140


			-35			58			0.002			0.016			0.016			0.000			0.035			0.035			0.000			0.052			0.052			0.000			0.085			0.085			0.000			0.120			0.120			0.000			0.130			0.130


			-40			63			0.000			0.013			0.013			0.000			0.033			0.033			0.000			0.060			0.060			0.000			0.083			0.083			0.000			0.130			0.130			0.000			0.130			0.130


			-45			68			0.000			0.014			0.014			0.000			0.036			0.036			0.000			0.058			0.058			0.000			0.950			0.950			0.000			0.120			0.120			0.000			0.130			0.130


			-50			73			0.000			0.024			0.024			0.000			0.035			0.035			0.000			0.059			0.059			0.000			0.750			0.750			0.000			0.120			0.120			0.000			0.130			0.130


			-55			78			0.000			0.017			0.017			0.000			0.033			0.033			0.000			0.057			0.057			0.000			0.950			0.950			0.000			0.120			0.120			0.000			0.130			0.130


			ACS (dB)			55


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.024			0.004			0.037			0.004			0.012			0.014			0.001			0.017			0.017			0.001			0.027			0.028			0.002			0.031			0.032			0.003			0.050			0.055


			-30			53			0.010			0.005			0.020			0.001			0.011			0.012			0.000			0.026			0.026			0.000			0.036			0.036			0.001			0.032			0.032			0.001			0.054			0.055


			-35			58			0.002			0.004			0.010			0.000			0.013			0.013			0.000			0.022			0.022			0.000			0.037			0.037			0.000			0.036			0.036			0.000			0.052			0.052


			-40			63			0.001			0.005			0.010			0.000			0.010			0.010			0.000			0.025			0.025			0.000			0.028			0.028			0.000			0.040			0.040			0.000			0.050			0.050


			-45			68			0.000			0.005			0.005			0.000			0.013			0.013			0.000			0.015			0.015			0.000			0.027			0.027			0.000			0.030			0.030			0.000			0.054			0.054


			-50			73			0.000			0.005			0.005			0.000			0.011			0.011			0.000			0.020			0.020			0.000			0.028			0.028			0.000			0.036			0.036			0.000			0.050			0.050


			-55			78			0.000			0.005			0.005			0.000			0.013			0.013			0.000			0.018			0.018			0.000			0.034			0.034			0.000			0.037			0.037			0.000			0.060			0.055


			ACS (dB)			60


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.025			0.001			0.026			0.001			0.002			0.007			0.003			0.013			0.016			0.002			0.011			0.012			0.005			0.015			0.017			0.001			0.012			0.019


			-30			53			0.011			0.004			0.012			0.001			0.004			0.005			0.000			0.008			0.009			0.00105			0.011			0.011			0.000			0.007			0.007			0.001			0.011			0.011


			-35			58			0.003			0.002			0.007			0.000			0.002			0.002			0.000			0.012			0.012			0.000			0.011			0.011			0.001			0.009			0.009			0.000			0.018			0.018


			-40			63			0.001			0.002			0.003			0.000			0.003			0.003			0.000			0.008			0.008			0.000			0.011			0.011			0.000			0.013			0.013			0.000			0.018			0.020


			-45			68			0.001			0.003			0.003			0.000			0.002			0.002			0.000			0.002			0.002			0.000			0.008			0.008			0.000			0.011			0.011			0.000			0.017			0.017


			-50			73			0.000			0.001			0.001			0.000			0.001			0.001			0.000			0.003			0.003			0.000			0.007			0.007			0.000			0.009			0.009			0.000			0.020			0.020


			-55			78			0.000			0.001			0.001			0.000			0.001			0.001			0.000			0.001			0.001			0.000			0.007			0.007			0.000			0.011			0.011			0.000			0.009			0.009


			ACS (dB)			70


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.023			0.000			0.023			0.003			0.000			0.003			0.000			0.002			0.002			0.001			0.002			0.003			0.003			0.003			0.004			0.001			0.002			0.003


			-30			53			0.010			0.000			0.010			0.001			0.001			0.001			0.000			0.002			0.002			0.000			0.002			0.002			0.001			0.001			0.002			0.001			0.002			0.002


			-35			58			0.002			0.000			0.002			0.001			0.001			0.002			0.000			0.001			0.001			0.001			0.002			0.002			0.000			0.001			0.001			0.001			0.001			0.001


			-40			63			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.001			0.001			0.000			0.001			0.001			0.000			0.002			0.002			0.000			0.001			0.001


			-45			68			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.001			0.001			0.000			0.002			0.002			0.000			0.001			0.001


			-50			73			0.000			0.000			0.000			0.000			0.001			0.000			0.000			0.000			0.000			0.000			0.001			0.001			0.000			0.002			0.002			0.000			0.001			0.001


			-55			78			0.000			0.000			0.000			0.000			0.001			0.000			0.000			0.000			0.000			0.000			0.001			0.001			0.000			0.001			0.001			0.000			0.001			0.001


			ACS (dB)			80


			# active UEs						1.000									2.000									4.000									6.000									8.000									10.000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.023			0.000			0.023			0.001			0.000			0.001			0.000			0.000			0.000			0.001			0.000			0.001			0.003			0.000			0.003			0.004			0.000			0.004


			-30			53			0.011			0.000			0.011			0.001			0.000			0.001			0.000			0.000			0.000			0.000			0.000			0.000			0.001			0.000			0.001			0.002			0.000			0.002


			-35			58			0.003			0.000			0.003			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


			-40			63			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


			-45			68			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


			-50			73			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


			-55			78			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000			0.000


			1. Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously (see Table A.1.4)














Rural Scenario


			Study			France


			Scenario			Rural


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1.0000									2.0000									4.0000									6.0000									8.0000									10.0000


			ACLR correction factor1						0dB									12dB									19dB									19dB									19dB									19dB


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%			IP(OOB)%			IP(IB)%			IP(OOB+IB)%


			-25			48			0.0050			0.0220			0.0230			0.0030			0.0360			0.0360			0.0000			0.0540			0.0540			0.0005			0.0780			0.0780			0.0010			0.1130			0.1130			0.0000			0.1352			0.1352


			-30			53			0.0005			0.0250			0.0260			0.0000			0.0340			0.0340			0.0000			0.0530			0.0530			0.0000			0.0790			0.0790			0.0005			0.1110			0.1110			0.0005			0.1340			0.1340


			-35			58			0.0000			0.0240			0.0240			0.0000			0.0320			0.0320			0.0000			0.0530			0.0530			0.0000			0.0810			0.0810			0.0000			0.1170			0.1170			0.0000			0.1390			0.1390


			-40			63			0.0000			0.0240			0.0240			0.0000			0.0320			0.0320			0.0000			0.0500			0.0500			0.0000			0.0790			0.0790			0.0000			0.1100			0.1100			0.0000			0.1340			0.1340


			-45			68			0.0000			0.0200			0.0200			0.0000			0.0320			0.0320			0.0000			0.0550			0.0550			0.0000			0.0810			0.0810			0.0000			0.1140			0.1140			0.0000			0.1400			0.1400


			-50			73			0.0000			0.0230			0.0230			0.0000			0.0340			0.0340			0.0000			0.0580			0.0580			0.0000			0.0790			0.0790			0.0000			0.1100			0.1100			0.0000			0.1340			0.1340


			-55			78			0.0000			0.0200			0.0200			0.0000			0.0320			0.0320			0.0000			0.0580			0.0580			0.0000			0.0740			0.0740			0.0000			0.1170			0.1170			0.0000			0.1350			0.1350


			1. Relative attenuation from partial resource IBock allocations for different number of active UE emitting simultaneously (see Table A.1.4)








IP computation


			# generated events			# events for dRSS>Rx sens


			100000			95000


			# non errors			P NI (%)			PI (%)			# errors


			94999			99.9989473684			0.0010526316			1


			94998			99.9978947368			0.0021052632			2


			94997			99.9968421053			0.0031578947			3


			94996			99.9957894737			0.0042105263			4


			94995			99.9947368421			0.0052631579			5


			94994			99.9936842105			0.0063157895			6


			94993			99.9926315789			0.0073684211			7


			94992			99.9915789474			0.0084210526			8


			94991			99.9905263158			0.0094736842			9


			94990			99.9894736842			0.0105263158			10


			94989			99.9884210526			0.0115789474			11


			94988			99.9873684211			0.0126315789			12


			94987			99.9863157895			0.0136842105			13


			94986			99.9852631579			0.0147368421			14


			94985			99.9842105263			0.0157894737			15


			94984			99.9831578947			0.0168421053			16


			94983			99.9821052632			0.0178947368			17


			94982			99.9810526316			0.0189473684			18


			94981			99.98			0.02			19


			94980			99.9789473684			0.0210526316			20


			94979			99.9778947368			0.0221052632			21


			94978			99.9768421053			0.0231578947			22


			94977			99.9757894737			0.0242105263			23


			94976			99.9747368421			0.0252631579			24


			94975			99.9736842105			0.0263157895			25


			94974			99.9726315789			0.0273684211			26


			94973			99.9715789474			0.0284210526			27


			94972			99.9705263158			0.0294736842			28


			94971			99.9694736842			0.0305263158			29


			94970			99.9684210526			0.0315789474			30


			94969			99.9673684211			0.0326315789			31


			94968			99.9663157895			0.0336842105			32


			94967			99.9652631579			0.0347368421			33


			94966			99.9642105263			0.0357894737			34


			94965			99.9631578947			0.0368421053			35


			94964			99.9621052632			0.0378947368			36


			94963			99.9610526316			0.0389473684			37


			94962			99.96			0.04			38


			94961			99.9589473684			0.0410526316			39


			94960			99.9578947368			0.0421052632			40


			94959			99.9568421053			0.0431578947			41


			94958			99.9557894737			0.0442105263			42


			94957			99.9547368421			0.0452631579			43


			94956			99.9536842105			0.0463157895			44


			94955			99.9526315789			0.0473684211			45


			94954			99.9515789474			0.0484210526			46


			94953			99.9505263158			0.0494736842			47


			94952			99.9494736842			0.0505263158			48


			94951			99.9484210526			0.0515789474			49


			94950			99.9473684211			0.0526315789			50


			94949			99.9463157895			0.0536842105			51


			94948			99.9452631579			0.0547368421			52


			94947			99.9442105263			0.0557894737			53


			94946			99.9431578947			0.0568421053			54


			94945			99.9421052632			0.0578947368			55


			94944			99.9410526316			0.0589473684			56


			94943			99.94			0.06			57


			94942			99.9389473684			0.0610526316			58


			94941			99.9378947368			0.0621052632			59


			94940			99.9368421053			0.0631578947			60


			94939			99.9357894737			0.0642105263			61


			94938			99.9347368421			0.0652631579			62


			94937			99.9336842105			0.0663157895			63


			94936			99.9326315789			0.0673684211			64


			94935			99.9315789474			0.0684210526			65


			94934			99.9305263158			0.0694736842			66


			94933			99.9294736842			0.0705263158			67


			94932			99.9284210526			0.0715789474			68


			94931			99.9273684211			0.0726315789			69


			94930			99.9263157895			0.0736842105			70


			94929			99.9252631579			0.0747368421			71


			94928			99.9242105263			0.0757894737			72


			94927			99.9231578947			0.0768421053			73


			94926			99.9221052632			0.0778947368			74


			94925			99.9210526316			0.0789473684			75


			94924			99.92			0.08			76


			94923			99.9189473684			0.0810526316			77


			94922			99.9178947368			0.0821052632			78


			94921			99.9168421053			0.0831578947			79


			94920			99.9157894737			0.0842105263			80


			94919			99.9147368421			0.0852631579			81


			94918			99.9136842105			0.0863157895			82


			94917			99.9126315789			0.0873684211			83


			94916			99.9115789474			0.0884210526			84


			94915			99.9105263158			0.0894736842			85


			94914			99.9094736842			0.0905263158			86


			94913			99.9084210526			0.0915789474			87


			94912			99.9073684211			0.0926315789			88


			94911			99.9063157895			0.0936842105			89


			94910			99.9052631579			0.0947368421			90


			94909			99.9042105263			0.0957894737			91


			94908			99.9031578947			0.0968421053			92


			94907			99.9021052632			0.0978947368			93


			94906			99.9010526316			0.0989473684			94


			94905			99.9			0.1			95


			94904			99.8989473684			0.1010526316			96


			94903			99.8978947368			0.1021052632			97


			94902			99.8968421053			0.1031578947			98


			94901			99.8957894737			0.1042105263			99


			94900			99.8947368421			0.1052631579			100


			94899			99.8936842105			0.1063157895			101


			94898			99.8926315789			0.1073684211			102


			94897			99.8915789474			0.1084210526			103


			94896			99.8905263158			0.1094736842			104


			94895			99.8894736842			0.1105263158			105


			94894			99.8884210526			0.1115789474			106


			94893			99.8873684211			0.1126315789			107


			94892			99.8863157895			0.1136842105			108


			94891			99.8852631579			0.1147368421			109


			94890			99.8842105263			0.1157894737			110


			94889			99.8831578947			0.1168421053			111


			94888			99.8821052632			0.1178947368			112


			94887			99.8810526316			0.1189473684			113


			94886			99.88			0.12			114


			94885			99.8789473684			0.1210526316			115


			94884			99.8778947368			0.1221052632			116


			94883			99.8768421053			0.1231578947			117


			94882			99.8757894737			0.1242105263			118


			94881			99.8747368421			0.1252631579			119


			94880			99.8736842105			0.1263157895			120


			94879			99.8726315789			0.1273684211			121


			94878			99.8715789474			0.1284210526			122


			94877			99.8705263158			0.1294736842			123


			94876			99.8694736842			0.1305263158			124


			94875			99.8684210526			0.1315789474			125


			94874			99.8673684211			0.1326315789			126


			94873			99.8663157895			0.1336842105			127


			94872			99.8652631579			0.1347368421			128


			94871			99.8642105263			0.1357894737			129


			94870			99.8631578947			0.1368421053			130


			94869			99.8621052632			0.1378947368			131


			94868			99.8610526316			0.1389473684			132


			94867			99.86			0.14			133


			94866			99.8589473684			0.1410526316			134


			94865			99.8578947368			0.1421052632			135


			94864			99.8568421053			0.1431578947			136


			94863			99.8557894737			0.1442105263			137


			94862			99.8547368421			0.1452631579			138


			94861			99.8536842105			0.1463157895			139


			94860			99.8526315789			0.1473684211			140


			94859			99.8515789474			0.1484210526			141


			94858			99.8505263158			0.1494736842			142


			94857			99.8494736842			0.1505263158			143


			94856			99.8484210526			0.1515789474			144


			94855			99.8473684211			0.1526315789			145


			94854			99.8463157895			0.1536842105			146


			94853			99.8452631579			0.1547368421			147


			94852			99.8442105263			0.1557894737			148


			94851			99.8431578947			0.1568421053			149


			94850			99.8421052632			0.1578947368			150


			94849			99.8410526316			0.1589473684			151


			94848			99.84			0.16			152


			94847			99.8389473684			0.1610526316			153


			94846			99.8378947368			0.1621052632			154


			94845			99.8368421053			0.1631578947			155


			94844			99.8357894737			0.1642105263			156


			94843			99.8347368421			0.1652631579			157


			94842			99.8336842105			0.1663157895			158


			94841			99.8326315789			0.1673684211			159


			94840			99.8315789474			0.1684210526			160


			94839			99.8305263158			0.1694736842			161


			94838			99.8294736842			0.1705263158			162


			94837			99.8284210526			0.1715789474			163


			94836			99.8273684211			0.1726315789			164


			94835			99.8263157895			0.1736842105			165


			94834			99.8252631579			0.1747368421			166


			94833			99.8242105263			0.1757894737			167


			94832			99.8231578947			0.1768421053			168


			94831			99.8221052632			0.1778947368			169


			94830			99.8210526316			0.1789473684			170


			94829			99.82			0.18			171


			94828			99.8189473684			0.1810526316			172


			94827			99.8178947368			0.1821052632			173


			94826			99.8168421053			0.1831578947			174


			94825			99.8157894737			0.1842105263			175


			94824			99.8147368421			0.1852631579			176


			94823			99.8136842105			0.1863157895			177


			94822			99.8126315789			0.1873684211			178


			94821			99.8115789474			0.1884210526			179


			94820			99.8105263158			0.1894736842			180


			94819			99.8094736842			0.1905263158			181


			94818			99.8084210526			0.1915789474			182


			94817			99.8073684211			0.1926315789			183


			94816			99.8063157895			0.1936842105			184


			94815			99.8052631579			0.1947368421			185


			94814			99.8042105263			0.1957894737			186


			94813			99.8031578947			0.1968421053			187


			94812			99.8021052632			0.1978947368			188


			94811			99.8010526316			0.1989473684			189


			94810			99.8			0.2			190


			94809			99.7989473684			0.2010526316			191


			94808			99.7978947368			0.2021052632			192


			94807			99.7968421053			0.2031578947			193


			94806			99.7957894737			0.2042105263			194


			94805			99.7947368421			0.2052631579			195


			94804			99.7936842105			0.2063157895			196


			94803			99.7926315789			0.2073684211			197


			94802			99.7915789474			0.2084210526			198


			94801			99.7905263158			0.2094736842			199


			94800			99.7894736842			0.2105263158			200


			94799			99.7884210526			0.2115789474			201


			94798			99.7873684211			0.2126315789			202


			94797			99.7863157895			0.2136842105			203


			94796			99.7852631579			0.2147368421			204


			94795			99.7842105263			0.2157894737			205


			94794			99.7831578947			0.2168421053			206


			94793			99.7821052632			0.2178947368			207


			94792			99.7810526316			0.2189473684			208


			94791			99.78			0.22			209


			94790			99.7789473684			0.2210526316			210


			94789			99.7778947368			0.2221052632			211


			94788			99.7768421053			0.2231578947			212


			94787			99.7757894737			0.2242105263			213


			94786			99.7747368421			0.2252631579			214


			94785			99.7736842105			0.2263157895			215


			94784			99.7726315789			0.2273684211			216


			94783			99.7715789474			0.2284210526			217


			94782			99.7705263158			0.2294736842			218


			94781			99.7694736842			0.2305263158			219


			94780			99.7684210526			0.2315789474			220
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Urban rooftop fixed DTTB Rx


			Study			FRANCE


			Scenario			Urban rooftop fixed DTTB reception 


			IMT Channel BW (MHz)			10


			IMT UE EIRP (dBm)			23


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			65


			# active UEs/Sector						1			10


			ACLR correction factor1 (dB)						0			19			9


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			IP-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			IP-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


			-40			63			1.47E-05			6.10E-05			6.31E-05


			-42			65			1.26E-05			5.04E-05			5.56E-05


			-44			67			6.31E-06			4.73E-05			5.08E-05


			-46			69			6.30E-06			4.42E-05			4.63E-05





			IP to P% conversion : 100*(P=1-(1-IP)C); C=TW/DT


			TW (s)			1800





			DT (s)			1			C			1800


			OOBE (dBm/8 MHz)			UE ACLR (dB)			P%-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


			-40			63			2.613			10.399			10.733


			-42			65			2.247			8.681			9.528


			-44			67			1.130			8.170			8.732


			-46			69			1.128			7.644			7.996





			DT (s)			10			C			180


			OOBE (dBm/8 MHz)			UE ACLR (dB)			P%-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


			-40			63			0.264			1.092			1.129


			-42			65			0.227			0.904			0.996


			-44			67			0.114			0.849			0.910


			-46			69			0.113			0.792			0.830





			DT (s)			100			C			18


			OOBE (dBm/8 MHz)			UE ACLR (dB)			P%-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


									


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			-40			63			0.026			0.110			0.113


			-42			65			0.023			0.091			0.100


			-44			67			0.011			0.085			0.091


			-46			69			0.011			0.079			0.083





			TW (s)			3600





			DT (s)			1			C			3600


			OOBE (dBm/8 MHz)			UE ACLR (dB)			P%-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06						


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


			-40			63			5.157			19.716			20.315


			-42			65			4.444			16.608			18.148


			-44			67			2.246			15.673			16.702


			-46			69			2.244			14.704			15.353





			DT (s)			10			C			360


			OOBE (dBm/8 MHz)			UE ACLR (dB)			P%-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06						P%-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


												


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			-40			63			0.528			2.172			2.245


			-42			65			0.454			1.800			1.983


			-44			67			0.227			1.690			1.811


			-46			69			0.227			1.578			1.653





			DT (s)			100			C			36


			OOBE (dBm/8 MHz)			UE ACLR (dB)			P%-Case 1


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			P%-Case 2


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06						P%-Case3


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06


												


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			


TDF: TDF: 500000 events per simulation
Accuracy of the simulation=2.10526315791437E-06			-40			63			0.053			0.219			0.227


			-42			65			0.045			0.181			0.200


			-44			67			0.023			0.170			0.183


			-46			69			0.023			0.159			0.167








Interpretation of results


									# generated events			# events for dRSS>Rx sens			# events for dRSS>Rx sens


									500000			475000


			# events where DTTB interfered with by IMT UE						# non errors			PNI			PI			PI (%)			# events where DTTB interfered with by IMT UE


			1						474999			0.9999978947			0.0000021053


TDF: TDF:
Accuracy of the simulation			0.0002105263			1


			2						474998			0.9999957895			0.0000042105			0.0004210526			2


			3						474997			0.9999936842			0.0000063158			0.0006315789			3


			4						474996			0.9999915789			0.0000084211			0.0008421053			4


			5						474995			0.9999894737			0.0000105263			0.0010526316			5


			6						474994			0.9999873684			0.0000126316			0.0012631579			6


			7						474993			0.9999852632			0.0000147368			0.0014736842			7


			8						474992			0.9999831579			0.0000168421			0.0016842105			8


			9						474991			0.9999810526			0.0000189474			0.0018947368			9


			10						474990			0.9999789474			0.0000210526			0.0021052632			10


			11						474989			0.9999768421			0.0000231579			0.0023157895			11


			12						474988			0.9999747368			0.0000252632			0.0025263158			12


			13						474987			0.9999726316			0.0000273684			0.0027368421			13


			14						474986			0.9999705263			0.0000294737			0.0029473684			14


			15						474985			0.9999684211			0.0000315789			0.0031578947			15


			16						474984			0.9999663158			0.0000336842			0.0033684211			16


			17						474983			0.9999642105			0.0000357895			0.0035789474			17


			18						474982			0.9999621053			0.0000378947			0.0037894737			18


			19						474981			0.99996			0.00004			0.004			19


			20						474980			0.9999578947			0.0000421053			0.0042105263			20


			21						474979			0.9999557895			0.0000442105			0.0044210526			21


			22						474978			0.9999536842			0.0000463158			0.0046315789			22


			23						474977			0.9999515789			0.0000484211			0.0048421053			23


			24						474976			0.9999494737			0.0000505263			0.0050526316			24


			25						474975			0.9999473684			0.0000526316			0.0052631579			25


			26						474974			0.9999452632			0.0000547368			0.0054736842			26


			27						474973			0.9999431579			0.0000568421			0.0056842105			27


			28						474972			0.9999410526			0.0000589474			0.0058947368			28


			29						474971			0.9999389474			0.0000610526			0.0061052632			29


			30						474970			0.9999368421			0.0000631579			0.0063157895			30


			31						474969			0.9999347368			0.0000652632			0.0065263158			31


			32						474968			0.9999326316			0.0000673684			0.0067368421			32


			33						474967			0.9999305263			0.0000694737			0.0069473684			33


			34						474966			0.9999284211			0.0000715789			0.0071578947			34


			35						474965			0.9999263158			0.0000736842			0.0073684211			35


			36						474964			0.9999242105			0.0000757895			0.0075789474			36


			37						474963			0.9999221053			0.0000778947			0.0077894737			37


			38						474962			0.99992			0.00008			0.008			38


			39						474961			0.9999178947			0.0000821053			0.0082105263			39


			40						474960			0.9999157895			0.0000842105			0.0084210526			40


			41						474959			0.9999136842			0.0000863158			0.0086315789			41


			42						474958			0.9999115789			0.0000884211			0.0088421053			42


			43						474957			0.9999094737			0.0000905263			0.0090526316			43


			44						474956			0.9999073684			0.0000926316			0.0092631579			44


			45						474955			0.9999052632			0.0000947368			0.0094736842			45


			46						474954			0.9999031579			0.0000968421			0.0096842105			46


			47						474953			0.9999010526			0.0000989474			0.0098947368			47


			48						474952			0.9998989474			0.0001010526			0.0101052632			48


			49						474951			0.9998968421			0.0001031579			0.0103157895			49


			50						474950			0.9998947368			0.0001052632			0.0105263158			50


			51						474949			0.9998926316			0.0001073684			0.0107368421			51


			52						474948			0.9998905263			0.0001094737			0.0109473684			52


			53						474947			0.9998884211			0.0001115789			0.0111578947			53


			54						474946			0.9998863158			0.0001136842			0.0113684211			54


			55						474945			0.9998842105			0.0001157895			0.0115789474			55


			56						474944			0.9998821053			0.0001178947			0.0117894737			56


			57						474943			0.99988			0.00012			0.012			57


			58						474942			0.9998778947			0.0001221053			0.0122105263			58


			59						474941			0.9998757895			0.0001242105			0.0124210526			59


			60						474940			0.9998736842			0.0001263158			0.0126315789			60


			61						474939			0.9998715789			0.0001284211			0.0128421053			61


			62						474938			0.9998694737			0.0001305263			0.0130526316			62


			63						474937			0.9998673684			0.0001326316			0.0132631579			63


			64						474936			0.9998652632			0.0001347368			0.0134736842			64


			65						474935			0.9998631579			0.0001368421			0.0136842105			65


			66						474934			0.9998610526			0.0001389474			0.0138947368			66


			67						474933			0.9998589474			0.0001410526			0.0141052632			67


			68						474932			0.9998568421			0.0001431579			0.0143157895			68


			69						474931			0.9998547368			0.0001452632			0.0145263158			69


			70						474930			0.9998526316			0.0001473684			0.0147368421			70


			71						474929			0.9998505263			0.0001494737			0.0149473684			71


			72						474928			0.9998484211			0.0001515789			0.0151578947			72


			73						474927			0.9998463158			0.0001536842			0.0153684211			73


			74						474926			0.9998442105			0.0001557895			0.0155789474			74


			75						474925			0.9998421053			0.0001578947			0.0157894737			75


			76						474924			0.99984			0.00016			0.016			76


			77						474923			0.9998378947			0.0001621053			0.0162105263			77


			78						474922			0.9998357895			0.0001642105			0.0164210526			78


			79						474921			0.9998336842			0.0001663158			0.0166315789			79


			80						474920			0.9998315789			0.0001684211			0.0168421053			80


			81						474919			0.9998294737			0.0001705263			0.0170526316			81


			82						474918			0.9998273684			0.0001726316			0.0172631579			82


			83						474917			0.9998252632			0.0001747368			0.0174736842			83


			84						474916			0.9998231579			0.0001768421			0.0176842105			84


			85						474915			0.9998210526			0.0001789474			0.0178947368			85


			86						474914			0.9998189474			0.0001810526			0.0181052632			86


			87						474913			0.9998168421			0.0001831579			0.0183157895			87


			88						474912			0.9998147368			0.0001852632			0.0185263158			88


			89						474911			0.9998126316			0.0001873684			0.0187368421			89


			90						474910			0.9998105263			0.0001894737			0.0189473684			90


			91						474909			0.9998084211			0.0001915789			0.0191578947			91


			92						474908			0.9998063158			0.0001936842			0.0193684211			92


			93						474907			0.9998042105			0.0001957895			0.0195789474			93


			94						474906			0.9998021053			0.0001978947			0.0197894737			94


			95						474905			0.9998			0.0002			0.02			95


			96						474904			0.9997978947			0.0002021053			0.0202105263			96


			97						474903			0.9997957895			0.0002042105			0.0204210526			97


			98						474902			0.9997936842			0.0002063158			0.0206315789			98


			99						474901			0.9997915789			0.0002084211			0.0208421053			99


			100						474900			0.9997894737			0.0002105263			0.0210526316			100


			101						474899			0.9997873684			0.0002126316			0.0212631579			101


			102						474898			0.9997852632			0.0002147368			0.0214736842			102


			103						474897			0.9997831579			0.0002168421			0.0216842105			103


			104						474896			0.9997810526			0.0002189474			0.0218947368			104


			105						474895			0.9997789474			0.0002210526			0.0221052632			105


			106						474894			0.9997768421			0.0002231579			0.0223157895			106


			107						474893			0.9997747368			0.0002252632			0.0225263158			107


			108						474892			0.9997726316			0.0002273684			0.0227368421			108


			109						474891			0.9997705263			0.0002294737			0.0229473684			109


			110						474890			0.9997684211			0.0002315789			0.0231578947			110


			111						474889			0.9997663158			0.0002336842			0.0233684211			111


			112						474888			0.9997642105			0.0002357895			0.0235789474			112


			113						474887			0.9997621053			0.0002378947			0.0237894737			113


			114						474886			0.99976			0.00024			0.024			114


			115						474885			0.9997578947			0.0002421053			0.0242105263			115


			116						474884			0.9997557895			0.0002442105			0.0244210526			116


			117						474883			0.9997536842			0.0002463158			0.0246315789			117


			118						474882			0.9997515789			0.0002484211			0.0248421053			118


			119						474881			0.9997494737			0.0002505263			0.0250526316			119


			120						474880			0.9997473684			0.0002526316			0.0252631579			120


			121						474879			0.9997452632			0.0002547368			0.0254736842			121


			122						474878			0.9997431579			0.0002568421			0.0256842105			122


			123						474877			0.9997410526			0.0002589474			0.0258947368			123


			124						474876			0.9997389474			0.0002610526			0.0261052632			124


			125						474875			0.9997368421			0.0002631579			0.0263157895			125


			126						474874			0.9997347368			0.0002652632			0.0265263158			126


			127						474873			0.9997326316			0.0002673684			0.0267368421			127


			128						474872			0.9997305263			0.0002694737			0.0269473684			128


			129						474871			0.9997284211			0.0002715789			0.0271578947			129


			130						474870			0.9997263158			0.0002736842			0.0273684211			130


			131						474869			0.9997242105			0.0002757895			0.0275789474			131


			132						474868			0.9997221053			0.0002778947			0.0277894737			132


			133						474867			0.99972			0.00028			0.028			133


			134						474866			0.9997178947			0.0002821053			0.0282105263			134


			135						474865			0.9997157895			0.0002842105			0.0284210526			135


			136						474864			0.9997136842			0.0002863158			0.0286315789			136


			137						474863			0.9997115789			0.0002884211			0.0288421053			137


			138						474862			0.9997094737			0.0002905263			0.0290526316			138


			139						474861			0.9997073684			0.0002926316			0.0292631579			139


			140						474860			0.9997052632			0.0002947368			0.0294736842			140


			141						474859			0.9997031579			0.0002968421			0.0296842105			141


			142						474858			0.9997010526			0.0002989474			0.0298947368			142


			143						474857			0.9996989474			0.0003010526			0.0301052632			143


			144						474856			0.9996968421			0.0003031579			0.0303157895			144


			145						474855			0.9996947368			0.0003052632			0.0305263158			145


			146						474854			0.9996926316			0.0003073684			0.0307368421			146


			147						474853			0.9996905263			0.0003094737			0.0309473684			147


			148						474852			0.9996884211			0.0003115789			0.0311578947			148


			149						474851			0.9996863158			0.0003136842			0.0313684211			149


			150						474850			0.9996842105			0.0003157895			0.0315789474			150


			151						474849			0.9996821053			0.0003178947			0.0317894737			151


			152						474848			0.99968			0.00032			0.032			152


			153						474847			0.9996778947			0.0003221053			0.0322105263			153


			154						474846			0.9996757895			0.0003242105			0.0324210526			154


			155						474845			0.9996736842			0.0003263158			0.0326315789			155


			156						474844			0.9996715789			0.0003284211			0.0328421053			156


			157						474843			0.9996694737			0.0003305263			0.0330526316			157


			158						474842			0.9996673684			0.0003326316			0.0332631579			158


			159						474841			0.9996652632			0.0003347368			0.0334736842			159


			160						474840			0.9996631579			0.0003368421			0.0336842105			160


			161						474839			0.9996610526			0.0003389474			0.0338947368			161


			162						474838			0.9996589474			0.0003410526			0.0341052632			162


			163						474837			0.9996568421			0.0003431579			0.0343157895			163


			164						474836			0.9996547368			0.0003452632			0.0345263158			164


			165						474835			0.9996526316			0.0003473684			0.0347368421			165


			166						474834			0.9996505263			0.0003494737			0.0349473684			166


			167						474833			0.9996484211			0.0003515789			0.0351578947			167


			168						474832			0.9996463158			0.0003536842			0.0353684211			168


			169						474831			0.9996442105			0.0003557895			0.0355789474			169


			170						474830			0.9996421053			0.0003578947			0.0357894737			170


			171						474829			0.99964			0.00036			0.036			171


			172						474828			0.9996378947			0.0003621053			0.0362105263			172


			173						474827			0.9996357895			0.0003642105			0.0364210526			173


			174						474826			0.9996336842			0.0003663158			0.0366315789			174


			175						474825			0.9996315789			0.0003684211			0.0368421053			175


			176						474824			0.9996294737			0.0003705263			0.0370526316			176


			177						474823			0.9996273684			0.0003726316			0.0372631579			177


			178						474822			0.9996252632			0.0003747368			0.0374736842			178


			179						474821			0.9996231579			0.0003768421			0.0376842105			179


			180						474820			0.9996210526			0.0003789474			0.0378947368			180


			181						474819			0.9996189474			0.0003810526			0.0381052632			181


			182						474818			0.9996168421			0.0003831579			0.0383157895			182


			183						474817			0.9996147368			0.0003852632			0.0385263158			183


			184						474816			0.9996126316			0.0003873684			0.0387368421			184


			185						474815			0.9996105263			0.0003894737			0.0389473684			185


			186						474814			0.9996084211			0.0003915789			0.0391578947			186


			187						474813			0.9996063158			0.0003936842			0.0393684211			187


			188						474812			0.9996042105			0.0003957895			0.0395789474			188


			189						474811			0.9996021053			0.0003978947			0.0397894737			189


			190						474810			0.9996			0.0004			0.04			190


			191						474809			0.9995978947			0.0004021053			0.0402105263			191


			192						474808			0.9995957895			0.0004042105			0.0404210526			192


			193						474807			0.9995936842			0.0004063158			0.0406315789			193


			194						474806			0.9995915789			0.0004084211			0.0408421053			194


			195						474805			0.9995894737			0.0004105263			0.0410526316			195


			196						474804			0.9995873684			0.0004126316			0.0412631579			196


			197						474803			0.9995852632			0.0004147368			0.0414736842			197


			198						474802			0.9995831579			0.0004168421			0.0416842105			198


			199						474801			0.9995810526			0.0004189474			0.0418947368			199


			200						474800			0.9995789474			0.0004210526			0.0421052632			200


			201						474799			0.9995768421			0.0004231579			0.0423157895			201


			202						474798			0.9995747368			0.0004252632			0.0425263158			202


			203						474797			0.9995726316			0.0004273684			0.0427368421			203


			204						474796			0.9995705263			0.0004294737			0.0429473684			204


			205						474795			0.9995684211			0.0004315789			0.0431578947			205


			206						474794			0.9995663158			0.0004336842			0.0433684211			206


			207						474793			0.9995642105			0.0004357895			0.0435789474			207


			208						474792			0.9995621053			0.0004378947			0.0437894737			208


			209						474791			0.99956			0.00044			0.044			209


			210						474790			0.9995578947			0.0004421053			0.0442105263			210


			211						474789			0.9995557895			0.0004442105			0.0444210526			211


			212						474788			0.9995536842			0.0004463158			0.0446315789			212


			213						474787			0.9995515789			0.0004484211			0.0448421053			213


			214						474786			0.9995494737			0.0004505263			0.0450526316			214


			215						474785			0.9995473684			0.0004526316			0.0452631579			215


			216						474784			0.9995452632			0.0004547368			0.0454736842			216


			217						474783			0.9995431579			0.0004568421			0.0456842105			217


			218						474782			0.9995410526			0.0004589474			0.0458947368			218


			219						474781			0.9995389474			0.0004610526			0.0461052632			219


			220						474780			0.9995368421			0.0004631579			0.0463157895			220
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scenario.xml


      UniformDistribution(0.0, 360.0)   UniformDistribution(0.0010, 1.0)                   Auto Generated by InterferenceLink constructor       Constant(708.0)                                                Constant(45.0)      Constant(25.0)                                                                                                                                                                                                                                                                                                                                                                                                                                    Constant(-0.0)   Constant(0.0)     Constant(-110.0)                 Constant(1.5)                       Constant(-0.0)   Constant(0.0)     UniformDistribution(0.0, 360.0)   Uniform Polar Dist. Distri(1.0)       Auto Generated by InterferenceLink constructor     Constant(30.0)   Constant(-3.0)   rural 15 dBi-3 dB feeder loss                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Constant(1.5)      User defined stair distribution       User defined stair distribution   Uniform Polar Dist. Distri(1.0)   Uniform Polar Angle distribution(360.0)                                                  Constant(56.3)   Constant(690.0)        Constant(-98.17)                                            Constant(10.0)  feeder loss 4 dB
                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         Constant(0.0)   Constant(0.0)                    Constant(69.15)   69,15 dBm EIRP   Constant(150.0)  DVB-T, ND, 
The Power value includes the antenna gain                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    Constant(-0.0)   Constant(-1.6)     UniformDistribution(0.0, 360.0)   UniformDistribution(0.0010, 1.0)     UniformDistribution(50.0, 50.0)    DVB-T 64QAM, 2/3      
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Results_urban


			Study			INdT


			Scenario			Urban


			IMT Channel BW (MHz)						10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.113%						0.036%						0.020%						0.027%						0.034%						0.041%


			-30			0.106%						0.029%						0.017%						0.025%						0.034%						0.041%


			-33			0.101%						0.032%						0.016%						0.024%						0.032%						0.041%


			-35			0.105%						0.029%						0.016%						0.024%						0.032%						0.041%


			-40			0.107%						0.031%						0.015%						0.023%						0.032%						0.040%


			-45			0.105%						0.032%						0.016%						0.026%						0.033%						0.040%


			-50			0.111%						0.028%						0.018%						0.023%						0.031%						0.040%


			-55			0.111%						0.030%						0.016%						0.024%						0.032%						0.041%


			ACS (dB)			45


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.063%						0.016%						0.008%						0.012%						0.017%						0.022%


			-30			0.055%						0.014%						0.006%						0.009%						0.013%						0.016%


			-33			0.048%						0.013%						0.006%						0.009%						0.012%						0.015%


			-35			0.050%						0.012%						0.006%						0.009%						0.011%						0.015%


			-40			0.053%						0.011%						0.006%						0.008%						0.011%						0.014%


			-45			0.048%						0.012%						0.006%						0.009%						0.011%						0.015%


			-50			0.045%						0.012%						0.006%						0.008%						0.011%						0.014%


			-55			0.046%						0.011%						0.006%						0.008%						0.011%						0.013%


			ACS (dB)			50


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.044%						0.010%						0.004%						0.007%						0.009%						0.012%


			-30			0.029%						0.006%						0.003%						0.004%						0.006%						0.007%


			-33			0.026%						0.005%						0.002%						0.003%						0.005%						0.006%


			-35			0.026%						0.005%						0.002%						0.003%						0.004%						0.005%


			-40			0.021%						0.004%						0.002%						0.003%						0.004%						0.005%


			-45			0.021%						0.004%						0.002%						0.003%						0.004%						0.005%


			-50			0.021%						0.004%						0.002%						0.003%						0.004%						0.005%


			-55			0.022%						0.004%						0.002%						0.003%						0.004%						0.005%


			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.035%						0.008%						0.003%						0.005%						0.007%						0.008%


			-30			0.019%						0.004%						0.001%						0.002%						0.003%						0.004%


			-33			0.014%						0.003%						0.001%						0.002%						0.002%						0.003%


			-35			0.013%						0.002%						0.001%						0.001%						0.002%						0.002%


			-40			0.009%						0.002%						0.001%						0.001%						0.001%						0.002%


			-45			0.009%						0.002%						0.001%						0.001%						0.001%						0.002%


			-50			0.009%						0.001%						0.001%						0.001%						0.001%						0.001%


			-55			0.008%						0.001%						0.001%						0.001%						0.001%						0.001%


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.032%						0.006%						0.003%						0.004%						0.006%						0.007%


			-30			0.017%						0.003%						0.001%						0.002%						0.002%						0.003%


			-33			0.010%						0.002%						0.001%						0.001%						0.001%						0.002%


			-35			0.007%						0.001%						0.000%						0.001%						0.001%						0.001%


			-40			0.005%						0.001%						0.000%						0.000%						0.001%						0.001%


			-45			0.003%						0.001%						0.000%						0.000%						0.000%						0.001%


			-50			0.003%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.003%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.031%						0.006%						0.003%						0.005%						0.006%						0.007%


			-30			0.014%						0.002%						0.001%						0.001%						0.002%						0.002%


			-33			0.008%						0.001%						0.001%						0.001%						0.001%						0.001%


			-35			0.006%						0.001%						0.000%						0.001%						0.001%						0.001%


			-40			0.003%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.028%						0.007%						0.003%						0.004%						0.006%						0.007%


			-30			0.013%						0.002%						0.001%						0.001%						0.002%						0.002%


			-33			0.008%						0.001%						0.000%						0.001%						0.001%						0.001%


			-35			0.006%						0.001%						0.000%						0.000%						0.001%						0.001%


			-40			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			Attenuation factor1			0dB						12dB						19dB						19dB						19dB						19dB


			OOBE (dBm/8 MHz)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.030%						0.006%						0.003%						0.004%						0.006%						0.008%


			-30			0.013%						0.002%						0.001%						0.001%						0.002%						0.002%


			-33			0.007%						0.001%						0.000%						0.001%						0.001%						0.001%


			-35			0.005%						0.001%						0.000%						0.000%						0.001%						0.000%


			-40			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			1 Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously. See Table 4.5 in Annex n of the Chairman's report of CPG PTD Sep 2013
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OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.5649000000000001E-4	4.6239999999999998E-5	1.9792999999999998E-5	3.1291000000000002E-5	4.0828000000000003E-5	5.0735999999999997E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	2.1036000000000001E-4	3.9153999999999998E-5	1.9151E-5	2.7495E-5	3.9638000000000002E-5	4.8442999999999997E-5	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.1461000000000001E-4	4.2416000000000002E-5	1.9122000000000001E-5	2.9703E-5	3.6097999999999999E-5	4.5299000000000001E-5	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	2.1008999999999999E-4	3.7005000000000002E-5	1.8451999999999999E-5	2.7296000000000001E-5	3.6281E-5	4.5003000000000003E-5	OOBE = -55 dBm / 8 MHz	2.207E-4	4.1990999999999998E-5	1.9139000000000001E-5	2.7402E-5	3.752E-5	4.7814E-5	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	7.0956000000000003E-5	1.1421E-5	4.6587E-6	7.0198000000000001E-6	9.3924000000000001E-6	1.1797000000000001E-5	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	4.7716000000000002E-5	6.8928999999999997E-6	2.8273E-6	4.2831999999999999E-6	5.7505999999999996E-6	2.3906999999999998E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.6254999999999999E-5	2.3081E-6	8.8619000000000002E-7	1.4637000000000001E-6	1.8553E-6	2.3906999999999998E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	5.7923999999999998E-6	6.9978000000000004E-7	2.9686999999999998E-7	4.1983000000000002E-7	6.1669E-7	7.8082999999999998E-7	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.9267999999999999E-6	2.7469999999999999E-7	9.4714999999999998E-8	1.5569000000000001E-7	1.9994999999999999E-7	3.0195999999999999E-7	OOBE = -55 dBm / 8 MHz	8.8912000000000001E-7	1.1472E-7	4.8405000000000002E-8	6.5227000000000006E-8	1.105E-7	1.0839000000000001E-7	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	1.0537999999999999E-3	2.9426000000000002E-4	1.6003E-4	2.4112E-4	3.1932999999999999E-4	4.0878000000000003E-4	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.0662E-3	3.0718E-4	1.5080000000000001E-4	2.299E-4	3.2236E-4	3.9532E-4	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	1.0506999999999999E-3	3.1541000000000002E-4	1.6306E-4	2.5721000000000001E-4	3.3136999999999999E-4	3.9769000000000002E-4	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.1115999999999999E-3	2.8455E-4	1.8112E-4	2.3016000000000001E-4	3.1331000000000002E-4	4.0123999999999997E-4	OOBE = -55 dBm / 8 MHz	1.1148E-3	3.0336000000000002E-4	1.5953000000000001E-4	2.3805000000000001E-4	3.2163999999999999E-4	4.1273999999999998E-4	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	7.0324E-5	1.0003999999999999E-5	4.6603000000000001E-6	6.9561000000000002E-6	9.4228000000000007E-6	1.1527E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	4.6014999999999999E-5	6.4324999999999998E-6	3.1354999999999999E-6	3.8333999999999996E-6	5.3438000000000004E-6	6.5083E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	3.4717E-5	5.9081999999999996E-6	2.1357000000000002E-6	3.0997000000000002E-6	4.3719999999999998E-6	5.4249000000000004E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	3.2373999999999999E-5	4.9362999999999996E-6	1.8499000000000001E-6	2.6255000000000001E-6	3.7977999999999999E-6	4.4216000000000002E-6	OOBE = -55 dBm / 8 MHz	3.0377000000000001E-5	4.8953999999999998E-6	1.9070999999999999E-6	2.7194000000000002E-6	3.5285000000000002E-6	4.6117000000000002E-6	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	5.6524000000000003E-5	7.9603999999999992E-6	2.9106999999999999E-6	4.6959999999999996E-6	5.9501E-6	7.5228000000000002E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.8332999999999999E-5	2.7134000000000001E-6	1.1419E-6	1.575E-6	2.1152999999999999E-6	2.6769999999999999E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	8.7134000000000003E-6	1.1141000000000001E-6	4.7661999999999999E-7	7.4705999999999997E-7	8.9978000000000003E-7	1.1481000000000001E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	5.4067999999999996E-6	7.0709999999999997E-7	2.5356E-7	4.1348000000000002E-7	5.2305999999999997E-7	6.5453999999999998E-7	OOBE = -55 dBm / 8 MHz	4.3606999999999996E-6	4.9884000000000004E-7	1.9257000000000001E-7	2.7788E-7	4.5567E-7	4.8406999999999997E-7	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	4.7716000000000002E-5	6.8928999999999997E-6	2.8273E-6	4.2831999999999999E-6	5.7505999999999996E-6	2.3906999999999998E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.6254999999999999E-5	2.3081E-6	8.8619000000000002E-7	1.4637000000000001E-6	1.8553E-6	2.3906999999999998E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	5.7923999999999998E-6	6.9978000000000004E-7	2.9686999999999998E-7	4.1983000000000002E-7	6.1669E-7	7.8082999999999998E-7	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.9267999999999999E-6	2.7469999999999999E-7	9.4714999999999998E-8	1.5569000000000001E-7	1.9994999999999999E-7	3.0195999999999999E-7	OOBE = -55 dBm / 8 MHz	8.8912000000000001E-7	1.1472E-7	4.8405000000000002E-8	6.5227000000000006E-8	1.105E-7	1.0839000000000001E-7	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	1.0093999999999999E-3	3.1765E-4	1.6477000000000001E-4	2.4318000000000001E-4	3.2448999999999998E-4	4.0936E-4	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	1.0537999999999999E-3	2.9426000000000002E-4	1.6003E-4	2.4112E-4	3.1932999999999999E-4	4.0878000000000003E-4	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.0662E-3	3.0718E-4	1.5080000000000001E-4	2.299E-4	3.2236E-4	3.9532E-4	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	1.0506999999999999E-3	3.1541000000000002E-4	1.6306E-4	2.5721000000000001E-4	3.3136999999999999E-4	3.9769000000000002E-4	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.1115999999999999E-3	2.8455E-4	1.8112E-4	2.3016000000000001E-4	3.1331000000000002E-4	4.0123999999999997E-4	OOBE = -55 dBm / 8 MHz	1.1148E-3	3.0336000000000002E-4	1.5953000000000001E-4	2.3805000000000001E-4	3.2163999999999999E-4	4.1273999999999998E-4	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	2.5887000000000002E-4	5.2874000000000002E-5	2.2648999999999999E-5	3.341E-5	4.6066000000000002E-5	5.5257000000000003E-5	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.5649000000000001E-4	4.6239999999999998E-5	1.9792999999999998E-5	3.1291000000000002E-5	4.0828000000000003E-5	5.0735999999999997E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	2.1036000000000001E-4	3.9153999999999998E-5	1.9151E-5	2.7495E-5	3.9638000000000002E-5	4.8442999999999997E-5	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.1461000000000001E-4	4.2416000000000002E-5	1.9122000000000001E-5	2.9703E-5	3.6097999999999999E-5	4.5299000000000001E-5	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	2.1008999999999999E-4	3.7005000000000002E-5	1.8451999999999999E-5	2.7296000000000001E-5	3.6281E-5	4.5003000000000003E-5	OOBE = -55 dBm / 8 MHz	2.207E-4	4.1990999999999998E-5	1.9139000000000001E-5	2.7402E-5	3.752E-5	4.7814E-5	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	9.6440999999999994E-5	1.5494000000000001E-5	6.2898000000000003E-6	1.0077E-5	1.2434E-5	1.6599000000000002E-5	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	7.0324E-5	1.0003999999999999E-5	4.6603000000000001E-6	6.9561000000000002E-6	9.4228000000000007E-6	1.1527E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	4.6014999999999999E-5	6.4324999999999998E-6	3.1354999999999999E-6	3.8333999999999996E-6	5.3438000000000004E-6	6.5083E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	3.4717E-5	5.9081999999999996E-6	2.1357000000000002E-6	3.0997000000000002E-6	4.3719999999999998E-6	5.4249000000000004E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	3.2373999999999999E-5	4.9362999999999996E-6	1.8499000000000001E-6	2.6255000000000001E-6	3.7977999999999999E-6	4.4216000000000002E-6	OOBE = -55 dBm / 8 MHz	3.0377000000000001E-5	4.8953999999999998E-6	1.9070999999999999E-6	2.7194000000000002E-6	3.5285000000000002E-6	4.6117000000000002E-6	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	7.6706999999999996E-5	1.1319E-5	4.3811000000000003E-6	7.0489999999999998E-6	9.8547000000000007E-6	1.2262999999999999E-5	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	5.6524000000000003E-5	7.9603999999999992E-6	2.9106999999999999E-6	4.6959999999999996E-6	5.9501E-6	7.5228000000000002E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.8332999999999999E-5	2.7134000000000001E-6	1.1419E-6	1.575E-6	2.1152999999999999E-6	2.6769999999999999E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	8.7134000000000003E-6	1.1141000000000001E-6	4.7661999999999999E-7	7.4705999999999997E-7	8.9978000000000003E-7	1.1481000000000001E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	5.4067999999999996E-6	7.0709999999999997E-7	2.5356E-7	4.1348000000000002E-7	5.2305999999999997E-7	6.5453999999999998E-7	OOBE = -55 dBm / 8 MHz	4.3606999999999996E-6	4.9884000000000004E-7	1.9257000000000001E-7	2.7788E-7	4.5567E-7	4.8406999999999997E-7	UEs/sector transmitting simultaneously


IP








Results_suburban


			Study			INdT


			Scenario			Suburban


			IMT Channel BW (MHz)						10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.030%						0.008%						0.004%						0.007%						0.009%						0.011%


			-30			0.025%						0.007%						0.004%						0.006%						0.008%						0.011%


			-33			0.026%						0.008%						0.004%						0.006%						0.008%						0.011%


			-35			0.027%						0.009%						0.004%						0.006%						0.008%						0.011%


			-40			0.032%						0.008%						0.004%						0.006%						0.008%						0.010%


			-45			0.027%						0.008%						0.004%						0.006%						0.007%						0.011%


			-50			0.029%						0.009%						0.004%						0.005%						0.008%						0.011%


			-55			0.025%						0.008%						0.004%						0.006%						0.008%						0.010%


			ACS (dB)			45


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.015%						0.004%						0.002%						0.003%						0.004%						0.005%


			-30			0.015%						0.004%						0.002%						0.003%						0.003%						0.004%


			-33			0.014%						0.003%						0.001%						0.002%						0.003%						0.004%


			-35			0.015%						0.003%						0.001%						0.002%						0.003%						0.004%


			-40			0.015%						0.003%						0.002%						0.002%						0.003%						0.004%


			-45			0.014%						0.003%						0.002%						0.002%						0.003%						0.003%


			-50			0.014%						0.003%						0.001%						0.002%						0.003%						0.004%


			-55			0.012%						0.003%						0.002%						0.002%						0.003%						0.003%


			ACS (dB)			50


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.012%						0.003%						0.001%						0.002%						0.002%						0.003%


			-30			0.006%						0.002%						0.001%						0.001%						0.001%						0.002%


			-33			0.006%						0.001%						0.001%						0.001%						0.001%						0.001%


			-35			0.006%						0.001%						0.001%						0.001%						0.001%						0.001%


			-40			0.006%						0.001%						0.000%						0.001%						0.001%						0.001%


			-45			0.006%						0.001%						0.000%						0.001%						0.001%						0.001%


			-50			0.006%						0.001%						0.000%						0.001%						0.001%						0.001%


			-55			0.006%						0.001%						0.000%						0.001%						0.001%						0.001%


			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.008%						0.002%						0.001%						0.001%						0.002%						0.002%


			-30			0.005%						0.001%						0.000%						0.001%						0.001%						0.001%


			-33			0.003%						0.001%						0.000%						0.000%						0.001%						0.001%


			-35			0.003%						0.001%						0.000%						0.000%						0.000%						0.001%


			-40			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.008%						0.002%						0.001%						0.001%						0.002%						0.002%


			-30			0.004%						0.001%						0.000%						0.000%						0.001%						0.001%


			-33			0.003%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.007%						0.001%						0.001%						0.001%						0.001%						0.002%


			-30			0.003%						0.001%						0.000%						0.000%						0.000%						0.001%


			-33			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.008%						0.002%						0.001%						0.001%						0.001%						0.002%


			-30			0.004%						0.001%						0.000%						0.000%						0.000%						0.001%


			-33			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%
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OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.6728E-4	8.6625000000000005E-5	3.7883000000000003E-5	5.9317000000000001E-5	7.8737000000000002E-5	1.0954E-4	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	3.1785E-4	7.9073999999999995E-5	4.4950999999999997E-5	6.0816000000000002E-5	7.9894000000000005E-5	1.039E-4	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.7407000000000001E-4	8.3174E-5	4.0114999999999998E-5	6.1895000000000003E-5	7.3083999999999993E-5	1.0668E-4	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	2.9421999999999999E-4	8.7725000000000005E-5	4.1696000000000002E-5	5.2204999999999999E-5	8.1211000000000006E-5	1.0593E-4	OOBE = -55 dBm / 8 MHz	2.5328999999999998E-4	7.6792999999999995E-5	4.1739999999999997E-5	6.2528999999999997E-5	8.3418999999999995E-5	1.0385E-4	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	6.1783000000000001E-5	1.2819999999999999E-5	5.2831000000000003E-6	8.2941000000000008E-6	1.0057E-5	1.3837E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	6.4863999999999994E-5	9.6068999999999994E-6	4.8470000000000003E-6	7.5297000000000001E-6	9.4411000000000001E-6	1.2238999999999999E-5	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	5.5213999999999997E-5	1.1705999999999999E-5	4.4364999999999998E-6	7.0960999999999997E-6	8.2199999999999992E-6	1.1216000000000001E-5	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	6.2656000000000005E-5	1.0998E-5	4.4795000000000001E-6	7.1203000000000003E-6	9.0348000000000003E-6	1.1671000000000001E-5	OOBE = -55 dBm / 8 MHz	5.9998999999999999E-5	1.0334E-5	4.6361000000000004E-6	7.2776000000000004E-6	8.5616999999999997E-6	1.1629E-5	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.0837000000000001E-5	3.5609999999999999E-6	1.1153999999999999E-6	1.5377999999999999E-6	2.4462E-6	2.9239999999999999E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.2880999999999999E-5	1.3469E-6	6.7466000000000003E-7	1.1964000000000001E-6	1.5165E-6	1.7121000000000001E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	9.6579999999999997E-6	1.5614E-6	6.1963000000000005E-7	7.7976999999999995E-7	9.7334999999999996E-7	1.2563999999999999E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	8.0896999999999998E-6	1.1087000000000001E-6	5.6823999999999996E-7	7.1663999999999999E-7	8.5542999999999998E-7	1.2694000000000001E-6	OOBE = -55 dBm / 8 MHz	8.3950000000000001E-6	1.0071000000000001E-6	4.7047E-7	6.6387000000000003E-7	9.5432000000000004E-7	1.0301000000000001E-6	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	1.4156E-5	1.8563999999999999E-6	7.4379999999999998E-7	1.1067999999999999E-6	1.5323999999999999E-6	1.9375000000000001E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	5.1626999999999997E-6	5.7879999999999997E-7	2.3260999999999999E-7	3.4102999999999998E-7	5.8716000000000002E-7	6.7034999999999996E-7	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.2618000000000001E-6	3.3234999999999998E-7	1.0417E-7	1.7048E-7	2.3153999999999999E-7	3.0949E-7	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.288E-6	1.9259999999999999E-7	7.6816000000000004E-8	1.0107E-7	1.1997000000000001E-7	1.5886999999999999E-7	OOBE = -55 dBm / 8 MHz	1.2096E-6	1.1571E-7	3.3697000000000001E-8	8.8352999999999997E-8	1.0839000000000001E-7	1.1368E-7	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	2.6448999999999998E-4	7.6239E-5	4.1391999999999999E-5	6.0702000000000003E-5	8.2027000000000006E-5	1.0683000000000001E-4	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.6728E-4	8.6625000000000005E-5	3.7883000000000003E-5	5.9317000000000001E-5	7.8737000000000002E-5	1.0954E-4	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	3.1785E-4	7.9073999999999995E-5	4.4950999999999997E-5	6.0816000000000002E-5	7.9894000000000005E-5	1.039E-4	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.7407000000000001E-4	8.3174E-5	4.0114999999999998E-5	6.1895000000000003E-5	7.3083999999999993E-5	1.0668E-4	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	2.9421999999999999E-4	8.7725000000000005E-5	4.1696000000000002E-5	5.2204999999999999E-5	8.1211000000000006E-5	1.0593E-4	OOBE = -55 dBm / 8 MHz	2.5328999999999998E-4	7.6792999999999995E-5	4.1739999999999997E-5	6.2528999999999997E-5	8.3418999999999995E-5	1.0385E-4	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	5.8270999999999998E-5	1.4851999999999999E-5	5.9096000000000001E-6	9.5658000000000008E-6	1.1151E-5	1.3774000000000001E-5	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	6.1783000000000001E-5	1.2819999999999999E-5	5.2831000000000003E-6	8.2941000000000008E-6	1.0057E-5	1.3837E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	6.4863999999999994E-5	9.6068999999999994E-6	4.8470000000000003E-6	7.5297000000000001E-6	9.4411000000000001E-6	1.2238999999999999E-5	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	5.5213999999999997E-5	1.1705999999999999E-5	4.4364999999999998E-6	7.0960999999999997E-6	8.2199999999999992E-6	1.1216000000000001E-5	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	6.2656000000000005E-5	1.0998E-5	4.4795000000000001E-6	7.1203000000000003E-6	9.0348000000000003E-6	1.1671000000000001E-5	OOBE = -55 dBm / 8 MHz	5.9998999999999999E-5	1.0334E-5	4.6361000000000004E-6	7.2776000000000004E-6	8.5616999999999997E-6	1.1629E-5	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	2.6126E-5	4.6565000000000002E-6	1.7006000000000001E-6	2.7533E-6	3.5321999999999998E-6	3.8875999999999998E-6	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.0837000000000001E-5	3.5609999999999999E-6	1.1153999999999999E-6	1.5377999999999999E-6	2.4462E-6	2.9239999999999999E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.2880999999999999E-5	1.3469E-6	6.7466000000000003E-7	1.1964000000000001E-6	1.5165E-6	1.7121000000000001E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	9.6579999999999997E-6	1.5614E-6	6.1963000000000005E-7	7.7976999999999995E-7	9.7334999999999996E-7	1.2563999999999999E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	8.0896999999999998E-6	1.1087000000000001E-6	5.6823999999999996E-7	7.1663999999999999E-7	8.5542999999999998E-7	1.2694000000000001E-6	OOBE = -55 dBm / 8 MHz	8.3950000000000001E-6	1.0071000000000001E-6	4.7047E-7	6.6387000000000003E-7	9.5432000000000004E-7	1.0301000000000001E-6	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	1.9536000000000001E-5	2.6456000000000001E-6	1.313E-6	1.5994000000000001E-6	2.5496000000000001E-6	3.1920000000000001E-6	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	1.4156E-5	1.8563999999999999E-6	7.4379999999999998E-7	1.1067999999999999E-6	1.5323999999999999E-6	1.9375000000000001E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	5.1626999999999997E-6	5.7879999999999997E-7	2.3260999999999999E-7	3.4102999999999998E-7	5.8716000000000002E-7	6.7034999999999996E-7	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.2618000000000001E-6	3.3234999999999998E-7	1.0417E-7	1.7048E-7	2.3153999999999999E-7	3.0949E-7	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.288E-6	1.9259999999999999E-7	7.6816000000000004E-8	1.0107E-7	1.1997000000000001E-7	1.5886999999999999E-7	OOBE = -55 dBm / 8 MHz	1.2096E-6	1.1571E-7	3.3697000000000001E-8	8.8352999999999997E-8	1.0839000000000001E-7	1.1368E-7	UEs/sector transmitting simultaneously


IP








Results_rural


			Study			INdT


			Scenario			Rural


			IMT Channel BW (MHz)						10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.009%						0.002%						0.001%						0.001%						0.002%						0.002%


			-30			0.006%						0.002%						0.001%						0.001%						0.002%						0.002%


			-33			0.006%						0.002%						0.001%						0.001%						0.002%						0.002%


			-35			0.006%						0.001%						0.001%						0.001%						0.002%						0.002%


			-40			0.005%						0.002%						0.001%						0.001%						0.002%						0.002%


			-45			0.007%						0.002%						0.001%						0.001%						0.002%						0.002%


			-50			0.006%						0.002%						0.001%						0.002%						0.002%						0.003%


			-55			0.006%						0.002%						0.001%						0.001%						0.002%						0.002%


			ACS (dB)			45


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.003%						0.001%						0.000%						0.001%						0.001%						0.001%


			-30			0.003%						0.001%						0.000%						0.000%						0.001%						0.001%


			-33			0.002%						0.001%						0.000%						0.000%						0.001%						0.001%


			-35			0.003%						0.001%						0.000%						0.001%						0.001%						0.001%


			-40			0.003%						0.001%						0.000%						0.001%						0.001%						0.001%


			-45			0.003%						0.001%						0.000%						0.001%						0.001%						0.001%


			-50			0.004%						0.001%						0.000%						0.001%						0.001%						0.001%


			-55			0.004%						0.001%						0.000%						0.000%						0.001%						0.001%


			ACS (dB)			50


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.002%						0.001%						0.000%						0.000%						0.001%						0.001%


			-30			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-33			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-30			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-33			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-30			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-33			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-30			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-33			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			OOBE (dBm)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			-25			0.002%						0.000%						0.000%						0.000%						0.000%						0.000%


			-30			0.001%						0.000%						0.000%						0.000%						0.000%						0.000%


			-33			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-35			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-40			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-45			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-50			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%


			-55			0.000%						0.000%						0.000%						0.000%						0.000%						0.000%
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OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	5.9435000000000003E-5	1.2703E-5	8.2400000000000007E-6	1.2074E-5	1.6725E-5	2.1827E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	5.3987000000000003E-5	1.5495E-5	8.8301000000000004E-6	1.2012E-5	1.6982000000000001E-5	2.0738999999999999E-5	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	7.0805999999999999E-5	1.7365999999999999E-5	9.5420999999999997E-6	1.2206E-5	2.0089E-5	1.9885999999999999E-5	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	6.4633000000000003E-5	1.8045000000000001E-5	8.4580999999999995E-6	1.5687000000000001E-5	1.6557000000000001E-5	2.5706000000000001E-5	OOBE = -55 dBm / 8 MHz	6.4587999999999999E-5	1.8896E-5	9.0363000000000002E-6	1.342E-5	1.7730000000000001E-5	2.2620999999999999E-5	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	8.7694999999999996E-6	1.7992000000000001E-6	1.1562E-6	1.8351E-6	2.1820999999999998E-6	2.7903000000000002E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.061E-5	2.0043999999999998E-6	1.2118E-6	1.7845E-6	1.4078000000000001E-6	2.5529000000000002E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	8.4373999999999999E-6	2.2431000000000002E-6	1.3174000000000001E-6	1.7185999999999999E-6	1.8480999999999999E-6	2.2237E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.7654000000000001E-5	3.4120000000000001E-6	7.7438000000000003E-7	1.7185999999999999E-6	1.8712E-6	2.5649000000000002E-6	OOBE = -55 dBm / 8 MHz	7.4931000000000003E-6	3.0284000000000001E-6	7.9751000000000005E-7	1.6015E-6	2.2815999999999999E-6	2.7955000000000002E-6	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	3.7100000000000001E-6	5.9676E-7	1.9151E-7	3.5678E-7	4.1964000000000002E-7	7.357E-7	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.9599999999999999E-6	4.7556E-7	1.5258000000000001E-7	2.1047999999999999E-7	2.6100000000000002E-7	4.3555000000000001E-7	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.9701000000000002E-6	3.1477000000000001E-7	1.1155E-7	1.652E-7	2.2733000000000001E-7	3.5885000000000001E-7	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	2.0864999999999998E-6	2.7684999999999999E-7	8.6279000000000001E-8	1.6315E-7	2.2425000000000001E-7	2.9784000000000003E-7	OOBE = -55 dBm / 8 MHz	1.0833000000000001E-6	2.0935000000000001E-7	7.4728999999999994E-8	1.4208000000000001E-7	2.5464000000000001E-7	2.2949E-7	UEs/sector transmitting simultaneously


IP





OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.2038E-6	4.3062999999999999E-7	1.3043000000000001E-7	2.1248000000000001E-7	2.9569000000000002E-7	4.1035999999999998E-7	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.0172E-6	1.9948999999999999E-7	4.3131999999999999E-8	7.0513000000000004E-8	1.0831E-7	1.3785000000000001E-7	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	4.2301999999999999E-7	4.7318000000000001E-8	2.6317E-8	3.2607000000000002E-8	5.4718000000000001E-8	7.5766000000000005E-8	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	3.5464E-7	4.8377999999999998E-8	1.4736E-8	1.4737E-8	2.735E-8	3.9988E-8	OOBE = -55 dBm / 8 MHz	3.1366000000000002E-7	3.6839999999999998E-8	6.3097999999999999E-9	1.473E-8	2.1041E-8	3.1568000000000002E-8	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	5.8578000000000001E-5	1.7076E-5	1.1388E-5	1.2802E-5	1.8077999999999999E-5	2.4216999999999999E-5	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	5.9435000000000003E-5	1.2703E-5	8.2400000000000007E-6	1.2074E-5	1.6725E-5	2.1827E-5	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	5.3987000000000003E-5	1.5495E-5	8.8301000000000004E-6	1.2012E-5	1.6982000000000001E-5	2.0738999999999999E-5	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	7.0805999999999999E-5	1.7365999999999999E-5	9.5420999999999997E-6	1.2206E-5	2.0089E-5	1.9885999999999999E-5	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	6.4633000000000003E-5	1.8045000000000001E-5	8.4580999999999995E-6	1.5687000000000001E-5	1.6557000000000001E-5	2.5706000000000001E-5	OOBE = -55 dBm / 8 MHz	6.4587999999999999E-5	1.8896E-5	9.0363000000000002E-6	1.342E-5	1.7730000000000001E-5	2.2620999999999999E-5	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	2.0934E-5	2.5500999999999999E-6	1.0951999999999999E-6	2.0576999999999998E-6	2.1436999999999999E-6	2.9666999999999999E-6	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	8.7694999999999996E-6	1.7992000000000001E-6	1.1562E-6	1.8351E-6	2.1820999999999998E-6	2.7903000000000002E-6	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.061E-5	2.0043999999999998E-6	1.2118E-6	1.7845E-6	1.4078000000000001E-6	2.5529000000000002E-6	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	8.4373999999999999E-6	2.2431000000000002E-6	1.3174000000000001E-6	1.7185999999999999E-6	1.8480999999999999E-6	2.2237E-6	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	1.7654000000000001E-5	3.4120000000000001E-6	7.7438000000000003E-7	1.7185999999999999E-6	1.8712E-6	2.5649000000000002E-6	OOBE = -55 dBm / 8 MHz	7.4931000000000003E-6	3.0284000000000001E-6	7.9751000000000005E-7	1.6015E-6	2.2815999999999999E-6	2.7955000000000002E-6	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHZ	3.5592000000000002E-6	9.1133000000000005E-7	3.5559999999999998E-7	6.2213999999999998E-7	6.5456000000000001E-7	8.6840000000000002E-7	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	3.7100000000000001E-6	5.9676E-7	1.9151E-7	3.5678E-7	4.1964000000000002E-7	7.357E-7	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.9599999999999999E-6	4.7556E-7	1.5258000000000001E-7	2.1047999999999999E-7	2.6100000000000002E-7	4.3555000000000001E-7	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	2.9701000000000002E-6	3.1477000000000001E-7	1.1155E-7	1.652E-7	2.2733000000000001E-7	3.5885000000000001E-7	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	2.0864999999999998E-6	2.7684999999999999E-7	8.6279000000000001E-8	1.6315E-7	2.2425000000000001E-7	2.9784000000000003E-7	OOBE = -55 dBm / 8 MHz	1.0833000000000001E-6	2.0935000000000001E-7	7.4728999999999994E-8	1.4208000000000001E-7	2.5464000000000001E-7	2.2949E-7	UEs/sector transmitting simultaneously


IP





OOBE = -33 dBm / 8 MHz	4.6693000000000003E-6	7.0663000000000002E-7	2.0309E-7	4.2073999999999999E-7	4.4812999999999998E-7	6.3549000000000003E-7	OOBE = -35 dBm / 8 MHz	1	2	4	6	8	10	2.2038E-6	4.3062999999999999E-7	1.3043000000000001E-7	2.1248000000000001E-7	2.9569000000000002E-7	4.1035999999999998E-7	OOBE = -40 dBm / 8 MHz	1	2	4	6	8	10	1.0172E-6	1.9948999999999999E-7	4.3131999999999999E-8	7.0513000000000004E-8	1.0831E-7	1.3785000000000001E-7	OOBE = -45 dBm / 8 MHz	1	2	4	6	8	10	4.2301999999999999E-7	4.7318000000000001E-8	2.6317E-8	3.2607000000000002E-8	5.4718000000000001E-8	7.5766000000000005E-8	OOBE = -50 dBm / 8 MHz	1	2	4	6	8	10	3.5464E-7	4.8377999999999998E-8	1.4736E-8	1.4737E-8	2.735E-8	3.9988E-8	OOBE = -55 dBm / 8 MHz	3.1366000000000002E-7	3.6839999999999998E-8	6.3097999999999999E-9	1.473E-8	2.1041E-8	3.1568000000000002E-8	UEs/sector transmitting simultaneously


IP
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urban MCL36


			


			Study			MB


			Scenario			Urban portable outdoor


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.377			0.613			0.797			1.029			1.017			1.279


			-25			48			0.148			0.225			0.389			0.605			0.720			0.958			1.006			1.200


			-30			53			0.131			0.232			0.425			0.614			0.804			0.952			0.990			1.219


			-35			58			0.125			0.214			0.371			0.609			0.805			1.020			1.026			1.131


			-40			63			0.101			0.244			0.405			0.581			0.834			1.053			1.028			1.273


			-45			68			0.112						0.426			0.635


			-50			73


			ACS (dB)			50


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.078			0.097			0.139			0.208			0.188			0.235


			-25			48			0.056			0.041			0.075			0.122			0.132			0.200			0.177			0.253


			-30			53			0.038			0.046			0.076			0.118			0.153			0.181			0.192			0.232


			-35			58			0.023			0.044			0.082			0.100			0.131			0.179			0.193			0.206


			-40			63			0.016			0.039			0.080			0.120			0.133			0.178			0.178			0.234


			-45			68			0.021						0.080			0.086


			-50			73


			ACS (dB)			60


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.014			0.022			0.036			0.048			0.032			0.052


			-25			48			0.041			0.010			0.009			0.028			0.017			0.028			0.033			0.033


			-30			53			0.013			0.005			0.010			0.015			0.021			0.018			0.029			0.038


			-35			58			0.008			0.005			0.013			0.016			0.016			0.022			0.023			0.036


			-40			63			0.004			0.006			0.010			0.014			0.025			0.023			0.028			0.030


			-45			68			0.003						0.015			0.019


			-50			73


			ACS (dB)			70


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.009			0.009			0.020			0.016			0.016			0.024


			-25			48			0.030			0.003			0.003			0.008			0.012			0.008			0.006


			-30			53			0.008			0.005			0.002			0.007			0.001			0.002			0.005


			-35			58			0.003			0.002			0.000			0.001			0.004			0.001			0.003


			-40			63			0.003			0.000			0.003			0.001			0.001			0.006			0.004


			-45			68			0.002						0.001			0.020


			-50			73


			ACS (dB)			80


			# active UEs						1			2			4			6			8			10						12


			ACLR correction factor1						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.006			0.009			0.010			0.017			0.011


			-25			48			0.047			0.005			0.004			0.003			0.005			0.003			0.004


			-30			53			0.014			0.002			0.000			0.001			0.000			0.002


			-35			58			0.005			0.000			0.000			0.001			0.001			0.001


			-40			63						0.000			0.000			0.000						0.000


			-45			68


			-50			73


			ACLR correction factor1						0 dB			12 dB			19 dB			19 dB			19 dB			19 dB


			1. Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously
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urban MCL36 BL0


			Study			MB


			Scenario			Urban PO, reduced ant. gain


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.724


			-25			48						0.364			0.717


			-30			53						0.378			0.754


			-35			58									0.727


			-40			63									0.710


			-45			68


			-50			73


			ACS (dB)			50


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.150


			-25			48						0.090			0.161


			-30			53						0.091			0.150


			-35			58									0.171


			-40			63									0.168


			-45			68


			-50			73


			ACS (dB)			60


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.044


			-25			48									0.018


			-30			53									0.026


			-35			58									0.021


			-40			63									0.027


			-45			68


			-50			73


			ACS (dB)			70


			# active UEs						1			2			4			6			8			10						12


			number of events						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.011


			-25			48									0.017


			-30			53									0.003


			-35			58									0.009


			-40			63									0.001


			-45			68


			-50			73


			ACS (dB)			80


			# active UEs						1			2			4			6			8			10						12


			ACLR correction factor1						100000			100000			100000			100000			100000			100000			300000			100000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43									0.010


			-25			48									0.005


			-30			53									0.001


			-35			58									0.001


			-40			63


			-45			68


			-50			73


			ACLR correction factor1						0 dB			12 dB			19 dB			19 dB			19 dB			19 dB


			1. Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously





RL:
ACLR used in SEAMCAT: 55dB for 2UE
62dB for 4 and more UE


RL:
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RL:
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RL:
ACLR used in SEAMCAT: 55dB for 2UE
62dB for 4 and more UE
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urban BL=0


			


			Study			MB, Body Loss 0dB


			Scenario			Urban


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1			2						4									6						8			10						12			16


			Number of events used						100000			100000			300000			100000			300000			400000			100000			300000			100000			100000			300000			100000			100000			300000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38												0.587												0.891			1.175						1.476									2.388


						43						0.337						0.600			0.595						0.875			0.880			1.166			1.428			1.483			1.758			2.352			2.357


			-25			48			0.196			0.345						0.616			0.603						0.897			0.886			1.182			1.489			1.460			1.856			2.362			2.355


			-30			53			0.147			0.325						0.621			0.592						0.858			0.877			1.213			1.424			1.432			1.747			2.327			2.315


			-35			58			0.174			0.311						0.595			0.597						0.910			0.884			1.194			1.438			1.440			1.787			2.351			2.336


			-40			63			0.169			0.319						0.579			0.604						0.883			0.882			1.122			1.440			1.474			1.799			2.305			2.316


			-45			68			0.180			0.330																		0.919									1.425			1.847			2.321


			-50			73


			ACS (dB)			50


			# active UEs						1			2																					8			10						12			16


			Number of events used						100000			100000			300000			100000			300000			400000			100000			300000			100000			100000			300000			100000			100000			300000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38												0.141												0.209			0.270						0.334									0.549


						43						0.077						0.133			0.134			0.130			0.195			0.200			0.254			0.300			0.293			0.349			0.507			0.493


			-25			48			0.082			0.079						0.113			0.126						0.172			0.184			0.262			0.313			0.292			0.383			0.472			0.485


			-30			53			0.061			0.069						0.122			0.116			0.135			0.192			0.188			0.250			0.280			0.314			0.356			0.458			0.467


			-35			58			0.039			0.068						0.141			0.110			0.119			0.171			0.184			0.223			0.297			0.273			0.357			0.455			0.495


			-40			63			0.040			0.068						0.122			0.114						0.187			0.191			0.247			0.302			0.293			0.342			0.457			0.472


			-45			68			0.039			0.061						0.124												0.180									0.287			0.346			0.448


			-50			73


			ACS (dB)			60


			# active UEs						1			2																					8			10						12			16


			Number of events used						100000			100000			300000			100000			300000			400000			100000			300000			100000			100000			300000			100000			100000			300000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38												0.045												0.070			0.092						0.102									0.151


						43						0.047						0.026			0.030						0.043			0.034			0.041			0.067			0.060			0.049			0.099			0.088


			-25			48			0.046			0.022						0.026			0.020						0.026			0.026			0.041			0.050			0.045			0.051			0.078			0.068


			-30			53			0.028			0.012						0.012			0.020						0.027			0.022			0.034			0.040			0.041			0.047			0.062			0.066


			-35			58			0.013			0.006						0.017			0.015						0.021			0.023			0.032			0.039			0.033			0.052			0.055			0.061


			-40			63			0.007			0.009						0.013			0.015						0.019			0.027			0.032			0.028			0.031			0.053			0.065			0.060


			-45			68			0.005			0.015						0.012												0.023									0.028			0.038			0.053


			-50			73


			ACS (dB)			70


			# active UEs						1			2																					8			10						12			16


			Number of events used						100000			100000			300000			100000			300000			400000			100000			300000			100000			100000			300000			100000			100000			300000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38												0.034												0.046			0.057						0.084									0.115


						43						0.027						0.013			0.017						0.017			0.013			0.022			0.036			0.029			0.034			0.048			0.036


			-25			48			0.054			0.007						0.004			0.004						0.006			0.007			0.006			0.005			0.013			0.014			0.020			0.019


			-30			53			0.024			0.003						0.001			0.002						0.003			0.004			0.005			0.005			0.006			0.006			0.008			0.009


			-35			58			0.009			0.001						0.001			0.002						0.003			0.003			0.002			0.005			0.007			0.006			0.005			0.008


			-40			63			0.002			0.002						0.003			0.002						0.002			0.001			0.003			0.004			0.004			0.004			0.005			0.006


			-45			68			0.001			0.002						0.000												0.001									0.006			0.003			0.006


			-50			73


			ACS (dB)			80


			# active UEs						1			2																					8			10						12			16


			Number of events used						100000			100000			300000			100000			300000			400000			100000			300000			100000			100000			300000			100000			100000			300000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38																								0.041			0.046						0.066									0.114


						43												0.004			0.014									0.015			0.019						0.020			0.035			0.036			0.032


			-25			48												0.003			0.004									0.005			0.008						0.006			0.006			0.014			0.015


			-30			53												0.004			0.000									0.003			0.001						0.003			0.003			0.004			0.003


			-35			58												0.000			0.000									0.000			0.000						0.000			0.002			0.001			0.003


			-40			63												0.000			0.000									0.000			0.000						0.001			0.000			0.000			0.003


			-45			68												0.000												0.000									0.000			0.002			0.002


			-50			73																																				0.000


			ACLR correction factor1


			1. Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously (see Table A.1.4)
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urban IO3070


			


			Study			MB, indoor 30% outdoor 70%


			Scenario			Urban


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1			2			4						6						8			10


			Number of events used						100.000			100.000			100.000			300.000			100.000			300.000			100.000			100.000			300.000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38																		0.914


						43						0.331			0.621			0.615			0.945			0.892			1.161			1.470			1.425


			-25			48			0.202			0.340			0.617			0.594			0.930			0.881			1.197			1.351			1.458


			-30			53			0.201			0.337			0.607			0.592			0.908			0.846			1.160			1.441			1.467


			-35			58			0.182			0.329			0.566			0.598			0.850			0.853			1.118			1.456			1.440


			-40			63			0.157			0.336			0.617			0.606			0.928			0.891			1.157			1.435			1.470


			-45			68


			-50			73


			ACS (dB)			50


			# active UEs						1			2			4						6						8			10


			Number of events used						100.000			100.000			100.000			300.000			100.000			300.000			100.000			100.000			300.000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						38																		0.204


						43						0.079			0.124			0.141			0.203			0.187			0.259			0.299			0.303


			-25			48			0.076			0.076			0.144			0.129			0.184			0.183			0.258			0.285			0.285


			-30			53			0.058			0.082			0.118			0.116			0.192			0.193			0.222			0.320			0.287


			-35			58			0.040			0.067			0.118			0.138			0.172			0.187			0.249			0.322			0.296


			-40			63			0.039			0.076			0.132			0.133			0.192			0.181			0.230			0.330			0.308


			-45			68


			-50			73


			ACS (dB)			60


			# active UEs						1			2			4						6						8			10


			Number of events used						100.000			100.000			100.000			300.000			100.000			300.000			100.000			100.000			300.000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43						0.038			0.014			0.030			0.043			0.036			0.055			0.061			0.064


			-25			48			0.055			0.018			0.016			0.018			0.034			0.027			0.034			0.039			0.043


			-30			53			0.013			0.015			0.014			0.020			0.033						0.028			0.039			0.039


			-35			58			0.009			0.015			0.015			0.015			0.024						0.034			0.042			0.034


			-40			63			0.013			0.011			0.012			0.016			0.028						0.040			0.045			0.041


			-45			68


			-50			73


			ACS (dB)			70


			# active UEs						1			2			4						6						8			10


			Number of events used						100.000			100.000			100.000			300.000			100.000			300.000			100.000			100.000			300.000


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%			IP%


						43						0.033			0.007			0.009			0.021						0.024			0.032			0.029


			-25			48			0.067			0.012			0.004			0.002			0.005						0.013			0.009			0.012


			-30			53			0.029			0.003			0.003			0.004			0.003						0.005			0.006			0.007


			-35			58			0.009			0.001			0.002			0.001			0.003						0.004			0.005			0.005


			-40			63			0.003			0.001			0.001			0.002			0.002						0.004			0.002			0.007


			-45			68


			-50			73


			ACLR correction factor1						0 dB			12 dB			19 dB


			1. Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously
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urban 100T IPO3070 27dB BL0


			


			Study			MB, indoor 30% outdoor 70%, BL=0 dB


			Scenario			Urban


			IMT Channel BW (MHz)			10


			Reference OOBE (dBm) level  is defined for full resource allocation (50 RB) to a single UE


			ACS (dB)			40


			# active UEs						1			2			4			6			8			10			12			25


			EIRP used						27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			20dBm			23dBm			27dBm


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]


						43																					3.131


			-25			48			0.338			0.569			1.046			1.570			2.047			2.511			3.093			2.457			3.775			6.372


			-30			53			0.324			0.560			1.119			1.581			1.974			2.397			3.038			2.485			3.697			6.307


			-35			58			0.312			0.577			1.104			1.553			1.948			2.476			3.075			2.459			3.781			6.123


			-40			63			0.329			0.553			1.013			1.538			2.044			2.473			3.058			2.412			3.794			6.070


			-45			68


			-50			73


			ACS (dB)			50


			# active UEs						1			2			4			6			8			10			12			25


			EIRP used						27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			20dBm			23dBm			27dBm


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]


						43																					0.845


			-25			48			0.162			0.133			0.260			0.417			0.472			0.642			0.770			0.470			0.789			1.577


			-30			53			0.113			0.158			0.265			0.386			0.510			0.634			0.766


			-35			58			0.096			0.142			0.237			0.374			0.507			0.611			0.726


			-40			63			0.081			0.147			0.257			0.394			0.475			0.561			0.753


			-45			68


			-50			73


			ACS (dB)			60


			# active UEs						1			2			4			6			8			10			12			25


			EIRP used						27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			20dBm			23dBm			27dBm


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]


						43																					0.165


			-25			48			0.129			0.039			0.049			0.063			0.070			0.095			0.142


			-30			53			0.064			0.027			0.041			0.072			0.070			0.106			0.119


			-35			58			0.035			0.027			0.043			0.058			0.074			0.086			0.127


			-40			63			0.015			0.023			0.058			0.069			0.074			0.091			0.106


			-45			68


			-50			73


			ACS (dB)			70


			# active UEs						1			2			4			6			8			10			12			25


			EIRP used						27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			27dBm			20dBm			23dBm			27dBm


			OOBE (dBm/8 MHz)			UE ACLR (dB)			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]			IP [%]


						43																					0.071


			-25			48			0.114			0.024			0.017			0.018			0.025			0.025


			-30			53			0.054			0.011			0.007			0.012			0.012			0.013


			-35			58			0.018			0.004			0.005			0.009			0.007			0.008


			-40			63			0.006			0.003			0.006			0.009			0.011			0.005


			-45			68


			-50			73


			ACLR correction factor1						0 dB			12 dB			19 dB			19 dB			19 dB			19 dB			19 dB			19 dB


			1. Relative attenuation from partial resource block allocations for different number of active UE emitting simultaneously (see Table A.1.4)
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Results_urban


			Study			EBU			Oct-13


			Scenario			Urban			Fixed DTT			IE% = 0.028%


			IMT Channel BW (MHz)						10





			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.279			91.3			0.523			93.8			1.074			94.7			1.61			94.9			2.155			94.9			2.693			94.9


			45			0.146			77.8			0.27			87			0.567			92.2			0.854			93.8			1.135			94			1.427			94.3


			50			0.076			53.9			0.14			69.6			0.3			82.8			0.453			88.5			0.595			89.1			0.753			90.5


			55			0.044			34.1			0.081			50			0.177			67.7			0.268			77.8			0.348			79.1			0.443			82.1


			60			0.032			24.5			0.059			38.6			0.129			56.7			0.195			68.5			0.252			70.1			0.321			74


			65			0.027			21.1			0.051			34			0.112			51.6			0.17			64			0.219			65.7			0.279			69.9


			70			0.026			19.9			0.049			32.5			0.106			49.8			0.161			62.3			0.208			64			0.265			68.4


			75			0.025			19.6			0.048			32			0.105			49.3			0.159			61.7			0.204			63.5			0.26			67.8


			80			0.025			19.5			0.048			31.8			0.104			49.1			0.158			61.6			0.203			63.3			0.259			67.7


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.275			91.2			0.517			93.7			1.061			94.7			1.591			94.9			2.13			94.9			2.662			94.9


			45			0.14			76.5			0.259			86.3			0.545			91.9			0.82			93.7			1.09			93.8			1.371			94.2


			50			0.067			48.9			0.123			65.1			0.265			79.8			0.4			86.5			0.524			87.3			0.664			89


			55			0.032			24.5			0.059			38.6			0.129			56.7			0.195			68.5			0.252			70.1			0.321			74


			60			0.017			12.6			0.033			21.8			0.072			36.7			0.109			48.9			0.139			50.6			0.178			55.5


			65			0.012			8.4			0.023			15			0.051			26.7			0.077			37.5			0.097			39.2			0.125			43.9


			70			0.01			7.1			0.02			12.6			0.044			23			0.066			33			0.083			34.6			0.107			39.1


			75			0.009			6.7			0.019			11.8			0.041			21.7			0.062			31.5			0.079			33			0.101			37.4


			80			0.009			6.5			0.018			11.6			0.04			21.3			0.061			30.9			0.077			32.5			0.099			36.9


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.274			91.2			0.515			93.7			1.057			94.7			1.58			94.9			2.122			94.9			2.652			94.9


			45			0.138			76.1			0.255			86			0.538			91.8			0.81			93.6			1.075			93.8			1.353			94.2


			50			0.064			47.2			0.117			63.4			0.253			78.6			0.38			85.8			0.5			86.5			0.634			88.4


			55			0.027			21.1			0.051			34			0.112			51.6			0.17			64			0.219			65.7			0.279			69.9


			60			0.012			8.4			0.023			15			0.051			26.7			0.07			37.5			0.097			39.2			0.125			43.9


			65			0.006			4.1			0.012			7.4			0.027			13.9			0.04			21			0.051			22.3			0.066			25.8


			70			0.004			2.6			0.008			4.8			0.019			9.3			0.02			14.4			0.035			15.3			0.045			18


			75			0.003			2.2			0.007			4			0.016			7.8			0.02			12.1			0.029			12.9			0.038			15.2


			80			0.003			2.1			0.007			3.8			0.015			7.3			0.02			11.4			0.028			12.1			0.036			14.3


			ACS (dB)			70												 


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.274			91.1			0.514			93.7			1.056			94.7			1.583			94.9			2.119			94.9			2.649			94.9


			45			0.138			75.9			0.254			85.9			0.535			91.7			0.806			93.6			1.071			93.8			1.347			94.1


			50			0.063			46.6			0.115			62.9			0.249			78.1			0.376			85.5			0.493			86.3			0.625			88.2


			55			0.026			19.9			0.049			32.5			0.106			49.8			0.161			62.3			0.208			64			0.265			68.4


			60			0.01			7.1			0.02			12.6			0.044			23			0.066			33			0.083			34.6			0.107			39.1


			65			0.004			2.6			0.008			4.8			0.019			9.3			0.028			14.4			0.035			15.3			0.045			18


			70			0.002			1.3			0.004			2.3			0.01			4.5			0.014			7.1			0.018			7.5			0.023			8.9


			75			0.001			0.8			0.003			1.5			0.007			2.9			0.01			4.6			0.012			4.9			0.016			5.9


			80			0.001			0.7			0.002			1.3			0.006			2.4			0.008			3.8			0.01			4.1			0.014			4.9


			ACS (dB)			75


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.274			91.1			0.514			93.7			1.055			94.7			1.583			94.9			2.118			94.9			2.648			94.9


			45			0.137			75.8			0.254			85.9			0.535			91.7			0.805			93.6			1.069			93.7			1.346			94.1


			50			0.062			46.4			0.115			62.7			0.248			78			0.374			85.4			0.49			86.2			0.622			88.2


			55			0.025			19.6			0.048			32			0.105			49.3			0.159			61.7			0.204			63.5			0.26			67.8


			60			0.009			6.7			0.019			11.8			0.041			21.7			0.062			31.5			0.079			33			0.101			37.4


			65			0.003			2.2			0.007			4			0.016			7.8			0.024			12.1			0.029			12.9			0.038			15.2


			70			0.001			0.8			0.003			1.5			0.007			2.9			0.01			4.6			0.012			4.9			0.016			5.9


			75			0.001			0.4			0.001			0.7			0.004			1.4			0.005			2.2			0.006			2.3			0.008			2.7


			80			0			0.3			0.001			0.5			0.002			0.9			0.003			1.5			0.004			1.6			0.006			1.9


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.274			91.1			0.514			93.7			1.055			94.7			1.583			94.9			2.118			94.9			2.647			94.9


			45			0.137			75.8			0.254			85.9			0.534			91.7			0.805			93.6			1.069			93.7			1.345			94.1


			50			0.062			46.3			0.115			62.6			0.247			78			0.374			85.3			0.489			86.2			0.621			88.1


			55			0.025			19.5			0.048			31.8			0.104			49.1			0.158			61.6			0.203			63.3			0.259			67.7


			60			0.009			6.5			0.018			11.6			0.04			21.3			0.061			30.9			0.077			32.5			0.099			36.9


			65			0.003			2.1			0.007			3.8			0.015			7.3			0.022			11.4			0.028			12.1			0.036			14.3


			70			0.001			0.7			0.002			1.3			0.006			2.4			0.008			3.8			0.01			4.1			0.014			4.9


			75			0			0.3			0.001			0.5			0.002			0.9			0.003			1.5			0.004			1.6			0.006			1.9


			80			0			0.1			0			0.2			0.001			0.5			0.002			0.7			0.002			0.8			0.003			0.9








Results_suburban


			Study			EBU			Oct-13


			Scenario			Suburban			Fixed DTT			IE% = 0.028%


			IMT Channel BW (MHz)						10





			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.132			82.6			0.243			91.3			0.523			94.5			0.779			94.8			1.046			94.9			1.298			94.9


			45			0.068			58.2			0.126			77.8			0.281			90.7			0.416			93.2			0.553			93.5			0.693			93.9


			50			0.036			32.1			0.067			53.8			0.153			78.3			0.226			86			0.296			87.2			0.373			88.8


			55			0.022			17.3			0.041			34.1			0.094			61			0.138			73			0.179			75.3			0.225			78.5


			60			0.016			11.7			0.031			24.5			0.07			49.5			0.102			62.8			0.132			65.5			0.166			69.3


			65			0.014			9.8			0.027			21			0.062			44.6			0.09			58			0.116			60.8			0.145			64.9


			70			0.014			9.2			0.026			19.9			0.059			42.8			0.086			56.2			0.111			59.1			0.139			63.2


			75			0.014			9			0.025			19.6			0.058			42.3			0.085			55.6			0.109			58.5			0.136			62.6


			80			0.014			8.9						19.4			0.058			42.1			0.084			55.4			0.108			58.3			0.136			62.4


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.13			82.3			0.24			91.2			0.517			94.5			0.77			94.8			1.033			94.9			1.283			94.9


			45			0.065			56.4			0.121			76.5			0.27			90.2			0.4			92.9			0.531			93.3			0.667			93.7


			50			0.032			27.9			0.059			48.8			0.136			74.6			0.2			83.6			0.262			85			0.331			86.9


			55			0.016			11.7			0.031			24.5			0.07			49.5			0.102			62.8			0.132			65.5			0.166			69.3


			60			0.01			5.7			0.018			12.6			0.041			30.3			0.06			42.7			0.076			45.5			0.095			49.8


			65			0.007			3.7			0.014			8.4			0.031			21.5			0.044			31.9			0.055			34.4			0.069			38.4


			70			0.006			3			0.012			7.1			0.027			18.4			0.038			27.7			0.048			30.1			0.06			33.8


			75			0.006			2.8			0.012			6.6			0.026			17.3			0.036			26.3			0.046			28.6			0.057			32.2


			80			0.006			2.8			0.011			6.5			0.025			17			0.036			25.9			0.045			28.1			0.056			31.7


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.129			82.2			0.239			91.1			0.515			94.5			0.767			94.8			1.029			94.9			1.278			94.9


			45			0.065			55.8			0.119			76			0.267			90			0.395			92.9			0.524			93.2			0.658			93.7


			50			0.031			26.4			0.057			47.1			0.13			73.1			0.192			82.5			0.251			84.1			0.317			86.2


			55			0.014			9.8			0.027			21			0.062			44.6			0.09			58			0.116			60.8			0.145			64.9


			60			0.007			3.7			0.014			8.4			0.031			21.5			0.044			31.9			0.055			34.4			0.069			38.4


			65			0.004			1.8			0.008			4			0.018			10.9			0.025			17.2			0.031			18.9			0.038			21.6


			70			0.003			1.2			0.006			2.6			0.013			7.2			0.018			11.6			0.022			12.8			0.027			14.8


			75			0.003			1			0.005			2.2			0.011			6.1			0.016			9.7			0.019			10.8			0.023			12.5


			80			0.003			0.9			0.005			2.1			0.011			5.7			0.015			9.2			0.018			10.1			0.022			11.7


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.129			82.1			0.239			91.1			0.515			94.5			0.766			94.8			1.028			94.9			1.277			94.9


			45			0.064			55.6			0.118			75.9			0.266			90			0.394			92.8			0.522			93.2			0.656			93.7


			50			0.03			26			0.056			46.5			0.129			72.7			0.189			82.2			0.247			83.8			0.312			85.9


			55			0.014			9.2			0.026			19.9			0.059			42.8			0.086			56.2			0.111			59.1			0.139			63.2


			60			0.006			3			0.012			7.1			0.027			18.4			0.038			27.7			0.048			30.1			0.06			33.8


			65			0.003			1.2			0.006			2.6			0.013			7.2			0.018			11.6			0.022			12.8			0.027			14.8


			70			0.002			0.6			0.003			1.3			0.008			3.4			0.01			5.7			0.012			6.3			0.015			7.3


			75			0.001			0.4			0.002			0.8			0.006			2.2			0.008			3.7			0.009			4.1			0.01			4.8


			80			0.001			0.3			0.002			0.7			0.005			1.9			0.007			3			0.007			3.4			0.009			4


			ACS (dB)			75


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.129			82.1			0.239			91.1			0.515			0.515			0.766			94.8			1.028			94.9			1.276			94.9


			45			0.064			55.5			0.118			75.8			0.265			0.266			0.393			92.8			0.521			93.2			0.655			93.7


			50			0.03			25.9			0.056			46.3			0.128			0.129			0.188			82.1			0.246			83.7			0.311			85.8


			55			0.014			9			0.025			19.6			0.058			0.059			0.085			55.6			0.109			58.5			0.136			62.6


			60			0.006			2.8			0.012			6.6			0.026			0.027			0.036			26.3			0.046			28.6			0.057			32.2


			65			0.003			1			0.005			2.2			0.011			0.013			0.016			9.7			0.019			10.8			0.023			12.5


			70			0.001			0.4			0.002			0.8			0.006			0.008			0.008			3.7			0.009			4.1			0.01			4.8


			75			0.001			0.2			0.001			0.4			0.003			0.006			0.004			1.8			0.005			1.9			0.005			2.2


			80			0			0.1			0.001			0.3			0.002			0.005			0.003			1.1			0.003			1.3			0.004			1.5


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.129			82.1			0.239			91.1			0.514			94.5			0.766			94.8			1.028			94.9			1.276			94.9


			45			0.064			55.5			0.118			75.8			0.265			90			0.393			92.8			0.521			93.2			0.654			93.7


			50			0.03			25.8			0.056			46.3			0.128			72.5			0.188			82			0.246			83.7			0.31			85.8


			55			0.014			8.9			0.025			19.4			0.058			42.1			0.084			55.4			0.108			58.3			0.136			62.4


			60			0.006			2.8			0.011			6.5			0.025			17			0.036			25.9			0.045			28.1			0.056			31.7


			65			0.003			0.9			0.005			2.1			0.011			5.7			0.015			9.2			0.018			10.1			0.022			11.7


			70			0.001			0.3			0.002			0.7			0.005			1.9			0.007			3			0.007			3.4			0.009			4


			75			0			0.1			0.001			0.3			0.002			0.7			0.003			1.1			0.003			1.3			0.004			1.5


			80			0			0.1			0			0.1			0.001			0.4			0.002			0.6			0.002			0.7			0.002			0.7








Results_rural


			Study			EBU			Oct-13


			Scenario			Rural			Fixed DTT			IE% = 0.028%


			IMT Channel BW (MHz)						10





			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.058			67			0.109			87.9			0.233			94.1			0.354			94.9			0.479			94.9			0.596			95


			45			0.034			37.6			0.063			68.6			0.136			88.7			0.208			93.4			0.283			94.2			0.351			94.8


			50			0.021			17			0.038			42.4			0.081			73.2			0.126			87.1			0.171			90			0.214			93.2


			55			0.015			8.4			0.026			24.6			0.053			54.4			0.084			75			0.114			81			0.145			88.8


			60			0.012			5.6			0.021			17.1			0.041			42.9			0.067			65.2			0.09			72.5			0.115			83.9


			65			0.011			4.6			0.019			14.4			0.036			38.1			0.06			60.5			0.081			68.2			0.104			81


			70			0.01			4.4			0.019			13.6			0.035			36.5			0.058			58.7			0.078			66.7			0.101			79.8


			75			0.01			4.3			0.018			13.3			0.034			35.9			0.057			58.1			0.077			66.2			0.099			79.4


			80			0.01			4.2			0.018			13.2			0.034			35.7			0.057			57.9			0.076			66			0.099			79.3


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.057			66.5			0.108			87.7			0.231			94.1			0.35			94.9			0.475			94.9			0.59			95


			45			0.033			36			0.06			67.1			0.131			88.1			0.202			93.2			0.274			94.1			0.34			94.7


			50			0.019			14.4			0.035			37.6			0.073			69			0.114			84.8			0.155			88.4			0.195			92.6


			55			0.012			5.6			0.021			17.1			0.041			42.9			0.067			65.2			0.09			72.5			0.115			83.9


			60			0.008			2.6			0.014			8.5			0.025			25			0.044			45.1			0.058			53.5			0.076			69.4


			65			0.006			1.8			0.012			5.6			0.019			17.4			0.034			34.1			0.044			42			0.06			58.5


			70			0.005			1.5			0.011			4.6			0.017			14.7			0.031			29.8			0.04			37.3			0.054			53.5


			75			0.005			1.4			0.01			4.4			0.016			13.8			0.029			28.3			0.038			35.6			0.052			51.7


			80			0.005			1.3			0.01			4.3			0.016			13.5			0.029			27.8			0.038			35			0.051			51.1


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.057			66.4			0.107			87.6			0.23			94.1			0.349			94.9			0.473			94.9			0.588			95


			45			0.033			35.4			0.06			66.5			0.13			87.8			0.199			93.2			0.271			94			0.337			94.7


			50			0.019			13.6			0.034			36			0.07			67.5			0.11			83.9			0.15			87.7			0.188			92.2


			55			0.011			4.6			0.019			14.4			0.036			38.1			0.06			60.5			0.081			68.2			0.104			81


			60			0.006			1.8			0.012			5.6			0.019			17.4			0.034			34.1			0.044			42			0.06			58.5


			65			0.004			0.8			0.008			2.6			0.012			8.6			0.022			18.7			0.028			24.3			0.039			38.4


			70			0.003			0.6			0.006			1.8			0.009			5.7			0.017			12.6			0.021			16.8			0.03			28.2


			75			0.002			0.5			0.006			1.5			0.008			4.7			0.015			10.6			0.019			14.2			0.027			24.3


			80			0.002			0.5			0.005			1.4			0.007			4.4			0.014			10			0.018			13.4			0.026			23.1


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.057			66.3			0.107			87.6			0.23			94.1			0.349			94.9			0.473			94.9			0.588			95


			45			0.032			35.2			0.06			66.4			0.129			87.8			0.199			93.1			0.27			94			0.336			94.7


			50			0.019			13.3			0.033			35.4			0.069			67			0.109			83.6			0.148			87.5			0.186			92.1


			55			0.01			4.4			0.019			13.6			0.035			36.5			0.058			58.7			0.078			66.7			0.101			79.8


			60			0.005			1.5			0.011			4.6			0.017			14.7			0.031			29.8			0.04			37.3			0.054			53.5


			65			0.003			0.6			0.006			1.8			0.009			5.7			0.017			12.6			0.021			16.8			0.03			28.2


			70			0.001			0.3			0.004			0.8			0.005			2.6			0.01			6.2			0.013			8.3			0.019			14.8


			75			0.001			0.2			0.003			0.6			0.004			1.8			0.008			4			0.01			5.5			0.015			9.9


			80			0.001			0.1			0.003			0.5			0.003			1.5			0.007			3.3			0.009			4.6			0.013			8.3


			ACS (dB)			75


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.057			66.3			0.107			87.6			0.23			94.1			0.349			94.9			0.473			94.9			0.587			95


			45			0.032			35.2			0.06			66.3			0.129			87.7			0.199			93.1			0.27			94			0.335			94.7


			50			0.018			13.2			0.033			35.3			0.069			66.8			0.109			83.5			0.147			87.4			0.185			92.1


			55			0.01			4.3			0.018			13.3			0.034			35.9			0.057			58.1			0.077			66.2			0.099			79.4


			60			0.005			1.4			0.01			4.4			0.016			13.8			0.029			28.3			0.038			35.6			0.052			51.7


			65			0.002			0.5			0.006			1.5			0.008			4.7			0.015			10.6			0.019			14.2			0.027			24.3


			70			0.001			0.2			0.003			0.6			0.004			1.8			0.008			4			0.01			5.5			0.015			9.9


			75			0.001			0.1			0.002			0.3			0.002			0.9			0.005			1.9			0.006			2.6			0.009			4.8


			80			0			0.1			0.001			0.2			0.002			0.6			0.003			1.3			0.005			1.7			0.007			3.1


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.057			66.3			0.107			87.6			0.23			94.1			0.349			94.8			0.472			94.9			0.587			95


			45			0.032			35.2			0.06			66.3			0.129			87.7			0.199			93.1			0.27			94			0.335			94.7


			50			0.018			13.2			0.033			35.2			0.069			66.8			0.109			83.5			0.147			87.4			0.185			92.1


			55			0.01			4.2			0.018			13.2			0.034			35.7			0.057			57.9			0.076			66			0.099			79.3


			60			0.005			1.3			0.01			4.3			0.016			13.5			0.029			27.8			0.038			35			0.051			51.1


			65			0.002			0.5			0.005			1.4			0.007			4.4			0.014			10			0.018			13.4			0.026			23.1


			70			0.001			0.1			0.003			0.5			0.003			1.5			0.007			3.3			0.009			4.6			0.013			8.3


			75			0			0.1			0.001			0.2			0.002			0.6			0.003			1.3			0.005			1.7			0.007			3.1


			80			0			0			0.001			0.1			0.001			0.3			0.002			0.6			0.003			0.8			0.004			1.5








Results_urban-indoor DTT


			Study			EBU			Oct-13


			Scenario			Urban			INDOOR DTT			IE% = 0.028%


			IMT Channel BW (MHz)						10





			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.065			59			0.137			73			0.277			90.5			0.422			92.2			0.551			93.4			0.69			94.4


			45			0.036			37.3			0.075			53.1			0.156			81.8			0.238			85.9			0.306			89.1			0.386			92.2


			50			0.021			20.5			0.042			33.8			0.092			67.5			0.139			74.2			0.176			80.3			0.225			86.9


			55			0.014			11.7			0.027			21.4			0.061			53.5			0.091			61.6			0.115			69.3			0.148			79.3


			60			0.011			8.3			0.021			15.7			0.048			45			0.072			53.3			0.09			61.8			0.117			73.2


			65			0.01			7.1			0.019			13.7			0.044			41.4			0.065			49.7			0.08			58.3			0.106			70.3


			70			0.01			6.7			0.018			13			0.042			40.2			0.062			48.5			0.077			57.1			0.102			69.2


			75			0.01			6.6			0.018			12.8			0.042			39.8			0.061			48.1			0.077			56.7			0.101			68.9


			80			0.01			6.6			0.018			12.7			0.042			39.6			0.061			47.9			0.076			56.5			0.1			68.7


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.064			58.6			0.135			72.7			0.274			90.4			0.417			92.1			0.545			93.3			0.683			94.4


			45			0.035			36			0.072			51.8			0.15			81.1			0.229			85.3			0.295			88.7			0.372			92


			50			0.019			18.1			0.038			30.5			0.083			64.2			0.125			71.4			0.159			77.9			0.203			85.3


			55			0.011			8.3			0.021			15.7			0.048			45			0.072			53.3			0.09			61.8			0.117			73.2


			60			0.008			4.3			0.013			8.7			0.032			30.8			0.047			38.6			0.058			47.2			0.077			60.4


			65			0.006			2.8			0.01			6.1			0.025			23.7			0.036			30.7			0.045			38.8			0.06			52


			70			0.006			2.4			0.009			5.1			0.023			21			0.033			27.5			0.04			35.3			0.054			48.4


			75			0.005			2.3			0.009			4.8			0.022			20.1			0.031			26.4			0.039			34.1			0.052			47.2


			80			0.005			2.2			0.009			4.7			0.022			19.8			0.031			26.1			0.038			33.7			0.052			46.7


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.064			58.5			0.134			72.6			0.273			90.3			0.416			92.1			0.543			93.3			0.68			94.356


			45			0.035			35.6			0.071			51.3			0.149			80.8			0.227			85.2			0.292			88.5			0.368			91.879


			50			0.019			17.2			0.037			29.4			0.08			63.1			0.121			70.3			0.153			77			0.196			84.739


			55			0.01			7.1			0.019			13.7			0.044			41.4			0.065			49.7			0.08			58.3			0.106			70.286


			60			0.006			2.8			0.01			6.1			0.025			23.7			0.036			30.7			0.045			38.8			0.06			52.029


			65			0.004			1.4			0.007			3			0.016			13.9			0.023			19			0.029			25.4			0.039			37.353


			70			0.003			1			0.005			2.1			0.013			9.9			0.018			13.9			0.022			19.1			0.03			29.578


			75			0.003			0.8			0.004			1.8			0.011			8.5			0.016			12			0.02			16.8			0.027			26.395


			80			0.003			0.8			0.004			1.7			0.011			8.1			0.015			11.4			0.019			16			0.026			25.369


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.064			58.4			0.134			72.5			0.272			90.3			0.416			92.1			0.542			93.3			0.68			94.352


			45			0.035			35.5			0.071			51.2			0.148			80.8			0.226			85.1			0.291			88.5			0.367			91.854


			50			0.018			16.9			0.036			29			0.079			62.7			0.119			70			0.151			76.6			0.193			84.535


			55			0.01			6.7			0.018			13			0.042			40.2			0.062			48.5			0.077			57.1			0.102			69.239


			60			0.006			2.4			0.009			5.1			0.023			21			0.033			27.5			0.04			35.3			0.054			48.445


			65			0.003			1			0.005			2.1			0.013			9.9			0.018			13.9			0.022			19.1			0.03			29.578


			70			0.002			0.5			0.003			1			0.008			5.2			0.011			7.5			0.014			10.8			0.019			18.144


			75			0.002			0.3			0.002			0.7			0.006			3.5			0.009			5.2			0.011			7.6			0.014			13.12


			80			0.002			0.3			0.002			0.6			0.005			2.9			0.008			4.4			0.009			6.5			0.013			11.362


			ACS (dB)			75


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.064			58.4			0.134			72.5			0.272			90.3			0.415			92.1			0.542			93.3			0.679			94.351


			45			0.035			35.4			0.071			51.1			0.148			80.7			0.226			85.1			0.29			88.5			0.366			91.843


			50			0.018			16.9			0.036			28.9			0.079			62.5			0.119			69.9			0.15			76.5			0.193			84.476


			55			0.01			6.6			0.018			12.8			0.042			39.8			0.061			48.1			0.077			56.7			0.101			68.859


			60			0.005			2.3			0.009			4.8			0.022			20.1			0.031			26.41			0.039			34.1			0.052			47.162


			65			0.003			0.8			0.004			1.8			0.011			8.5			0.016			12			0.02			16.8			0.027			26.395


			70			0.002			0.3			0.002			0.7			0.006			3.5			0.009			5.2			0.011			7.6			0.014			13.12


			75			0.001			0.2			0.001			0.3			0.004			1.8			0.005			2.6			0.006			3.9			0.009			7.144


			80			0.001			0.1			0.001			0.2			0.003			1.2			0.004			1.8			0.005			2.6			0.006			4.853


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.064			58.4			0.134			72.5			0.272			90.3			0.415			92.1			0.542			93.3			0.679			94.351


			45			0.035			35.4			0.071			51.1			0.148			80.7			0.226			85.1			0.29			88.5			0.366			91.842


			50			0.018			16.8			0.036			28.8			0.079			62.5			0.119			69.8			0.15			76.5			0.192			84.451


			55			0.01			6.6			0.018			12.7			0.042			39.6			0.061			47.9			0.076			56.5			0.1			68.727


			60			0.005			2.2			0.009			4.7			0.022			19.8			0.031			26.1			0.038			33.7			0.052			46.716


			65			0.003			0.8			0.004			1.7			0.011			8.1			0.015			11.4			0.019			16			0.026			25.369


			70			0.002			0.3			0.002			0.6			0.005			2.9			0.008			4.4			0.009			6.5			0.013			11.362


			75			0.001			0.1			0.001			0.2			0.003			1.2			0.004			1.8			0.005			2.6			0.006			4.853


			80			0			0.1			0.001			0.1			0.001			0.6			0.002			0.9			0.003			1.3			0.003			2.416








Results_suburban-indoor DTT


			Study			EBU			Oct-13


			Scenario			Suburban			Indoor DTT			IE% = 0.028%


			IMT Channel BW (MHz)						10





			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.017			16.5			0.039			36			0.086			66.1			0.125			75.6			0.155			77.5			0.201			85.1


			45			0.01			6.8			0.02			18.1			0.049			44.7			0.069			56.6			0.085			59.1			0.111			71


			50			0.006			2.7			0.011			8.3			0.028			26.3			0.04			37.1			0.048			39.6			0.064			52.8


			55			0.004			1.4			0.007			4.3			0.019			15.7			0.026			24			0.03			26			0.043			38.1


			60			0.003			0.9			0.005			2.8			0.015			11.3			0.02			18			0.023			19.7			0.034			30.2


			65			0.003			0.8			0.005			2.4			0.013			9.7			0.018			15.6			0.021			17.3			0.03			27.1


			70			0.003			0.7			0.005			2.3			0.013			9.2			0.017			14.9			0.02			16.5			0.029			26


			75			0.003			0.7			0.005			2.2			0.012			9.1			0.017			14.6			0.02			16.2			0.029			25.7


			80			0.003			0.7			0.005			2.2			0.012			9			0.017			14.6			0.02			16.1			0.029			25.6


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.017			16.3			0.038			35.6			0.085			65.7			0.124			75.3			0.153			77.2			0.199			84.9


			45			0.009			6.4			0.02			17.2			0.047			43.4			0.067			55.2			0.082			57.8			0.107			69.9


			50			0.005			2.3			0.01			7.1			0.026			23.4			0.036			33.6			0.043			36.1			0.058			49.2


			55			0.003			0.9			0.005			2.8			0.015			11.3			0.02			18			0.023			19.7			0.034			30.2


			60			0.002			0.5			0.003			1.4			0.009			6.1			0.012			10			0.015			11.2			0.022			18.6


			65			0.002			0.3			0.003			1			0.007			4.1			0.009			7			0.011			7.9			0.017			13.6


			70			0.002			0.3			0.002			0.8			0.006			3.5			0.008			6			0.01			6.7			0.016			11.7


			75			0.002			0.2			0.002			0.8			0.006			3.2			0.008			5.7			0.01			6.4			0.015			11.1


			80			0.002			0.2			0.002			0.8			0.006			3.2			0.008			5.6			0.009			6.2			0.015			11


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.017			16.2			0.038			35.5			0.085			65.6			0.123			75.2			0.153			77.1			0.198			84.9


			45			0.009			6.3			0.019			16.9			0.046			43			0.066			54.8			0.081			57.4			0.106			69.6


			50			0.005			2.2			0.01			6.7			0.025			22.4			0.034			32.4			0.041			34.8			0.056			48


			55			0.003			0.8			0.005			2.4			0.013			9.7			0.018			15.6			0.021			17.3			0.03			27.1


			60			0.002			0.3			0.003			1			0.007			4.1			0.009			7			0.011			7.9			0.017			13.6


			65			0.001			0.1			0.002			0.5			0.004			2.1			0.006			3.6			0.007			4.1			0.011			7.4


			70			0.001			0.1			0.001			0.3			0.003			1.4			0.004			2.4			0.005			2.7			0.009			5.1


			75			0.001			0.1			0.001			0.3			0.003			1.1			0.004			2			0.005			2.3			0.008			4.3


			80			0.001			0.1			0.001			0.3			0.003			1.1			0.004			1.9			0.005			2.1			0.007			4.1


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.017			16.1			0.038			35.4			0.085			65.5			0.123			75.2			0.152			77.1			0.198			84.8


			45			0.009			6.2			0.019			16.9			0.046			42.8			0.066			54.7			0.08			57.3			0.105			69.5


			50			0.005			2.1			0.01			6.6			0.024			22.1			0.034			32			0.041			34.4			0.055			47.5


			55			0.003			0.7			0.005			2.3			0.013			9.2			0.017			14.9			0.02			16.5			0.029			26


			60			0.002			0.3			0.002			0.8			0.006			3.5			0.008			6			0.01			6.7			0.016			11.7


			65			0.001			0.1			0.001			0.3			0.003			1.4			0.004			2.4			0.005			2.7			0.009			5.1


			70			0.001			0			0.001			0.2			0.002			0.7			0.003			1.2			0.003			1.4			0.005			2.5


			75			0.001			0			0			0.1			0.001			0.5			0.002			0.8			0.002			0.9			0.004			1.7


			80			0.001			0			0			0.1			0.001			0.4			0.002			0.7			0.002			0.8			0.003			1.4


			ACS (dB)			75


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.017			16.1			0.038			35.4			0.085			65.5			0.123			75.2			0.152			77			0.198			84.8


			45			0.009			6.2			0.019			16.8			0.046			42.8			0.066			54.6			0.08			57.2			0.105			69.4


			50			0.005			2.1			0.009			6.6			0.024			22			0.034			31.9			0.041			34.3			0.055			47.4


			55			0.003			0.7			0.005			2.2			0.012			9.1			0.017			14.6			0.02			16.2			0.029			25.7


			60			0.002			0.2			0.002			0.8			0.006			3.2			0.008			5.7			0.01			6.4			0.015			11.1


			65			0.001			0.1			0.001			0.3			0.003			1.1			0.004			2			0.005			2.3			0.008			4.3


			70			0.001			0			0			0.1			0.001			0.5			0.002			0.8			0.002			0.9			0.004			1.7


			75			0.001			0			0			0.1			0.001			0.2			0.001			0.4			0.001			0.5			0.002			0.8


			80			0			0			0			0			0.001			0.1			0.001			0.3			0.001			0.3			0.002			0.6


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.017			16.1			0.038			35.4			0.085			65.5			0.123			75.1			0.152			77			0.198			84.8


			45			0.009			6.2			0.019			16.8			0.046			42.8			0.066			54.6			0.08			57.2			0.105			69.4


			50			0.005			2.1			0.009			6.5			0.024			22			0.034			31.9			0.04			34.2			0.055			47.3


			55			0.003			0.7			0.005			2.2			0.012			9			0.017			14.6			0.02			16.1			0.029			25.6


			60			0.002			0.2			0.002			0.8			0.006			3.2			0.008			5.6			0.009			6.2			0.015			11


			65			0.001			0.1			0.001			0.3			0.003			1.1			0.004			1.9			0.005			2.1			0.007			4.1


			70			0.001			0			0			0.1			0.001			0.4			0.002			0.7			0.002			0.8			0.003			1.4


			75			0			0			0			0			0.001			0.1			0.001			0.3			0.001			0.3			0.002			0.6


			80			0			0			0			0			0			0.1			0			0.1			0.001			0.1			0.001			0.3








Results_rural-indoor DTT


			Study			EBU			Oct-13


			Scenario			Rural			Indoor DTT			IE% = 0.028%


			IMT Channel BW (MHz)						10





			ACS (dB)			55


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.004			1			0.006			4			0.016			15.7			0.025			24.3			0.029			26.6			0.039			37


			45			0.002			0.4			0.003			1.4			0.008			6.4			0.013			10.8			0.015			12.1			0.021			18.7


			50			0.002			0.1			0.002			0.6			0.005			2.5			0.007			4.6			0.008			5.2			0.012			8.6


			55			0.001			0.1			0.001			0.3			0.003			1.3			0.004			2.3			0.005			2.6			0.008			4.5


			60			0.001			0			0.001			0.2			0.002			0.9			0.003			1.6			0.004			1.8			0.006			3


			65			0.001			0			0.001			0.2			0.002			0.7			0.003			1.3			0.003			1.5			0.005			2.5


			70			0.001			0			0.001			0.1			0.002			0.7			0.003			1.2			0.003			1.4			0.005			2.4


			75			0.001			0			0.001			0.1			0.002			0.7			0.003			1.2			0.003			1.4			0.005			2.3


			80			0.001			0			0.001			0.1			0.002			0.7			0.002			1.2			0.003			1.4			0.005			2.3


			ACS (dB)			60


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.004			1			0.006			3.9			0.016			15.5			0.025			24			0.029			26.2			0.039			36.6


			45			0.002			0.3			0.003			1.3			0.008			6.1			0.012			10.2			0.014			11.4			0.02			17.9


			50			0.001			0.1			0.001			0.5			0.004			2.2			0.006			3.9			0.007			4.4			0.011			7.4


			55			0.001			0			0.001			0.2			0.002			0.9			0.003			1.6			0.004			1.8			0.006			3


			60			0.001			0			0.001			0.1			0.001			0.5			0.002			0.8			0.002			0.9			0.004			1.5


			65			0.001			0			0			0.1			0.001			0.3			0.001			0.6			0.002			0.6			0.003			1


			70			0.001			0			0			0.1			0.001			0.2			0.001			0.5			0.002			0.5			0.003			0.8


			75			0.001			0			0			0			0.001			0.2			0.001			0.4			0.002			0.5			0.003			0.8


			80			0.001			0			0			0			0.001			0.2			0.001			0.4			0.002			0.5			0.003			0.8


			ACS (dB)			65


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.004			0.9			0.006			3.9			0.016			15.4			0.025			23.9			0.029			26.1			0.039			36.4


			45			0.002			0.3			0.003			1.3			0.008			6			0.012			10			0.014			11.3			0.02			17.6


			50			0.001			0.1			0.001			0.5			0.004			2.1			0.006			3.6			0.007			4.2			0.01			7


			55			0.001			0			0.001			0.2			0.002			0.7			0.003			1.3			0.003			1.5			0.005			2.5


			60			0.001			0			0			0.1			0.001			0.3			0.001			0.6			0.002			0.6			0.003			1


			65			0			0			0			0			0.001			0.1			0.001			0.3			0.001			0.3			0.002			0.5


			70			0			0			0			0			0.001			0.1			0.001			0.2			0.001			0.2			0.001			0.3


			75			0			0			0			0			0			0.1			0.001			0.1			0.001			0.2			0.001			0.3


			80			0			0			0			0			0			0.1			0			0.1			0.001			0.1			0.001			0.3


			ACS (dB)			70


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.004			0.9			0.006			3.9			0.016			15.4			0.025			23.8			0.029			26.1			0.039			36.4


			45			0.002			0.3			0.003			1.3			0.008			5.9			0.012			10			0.014			11.2			0.02			17.5


			50			0.001			0.1			0.001			0.5			0.004			2			0.006			3.6			0.007			4.1			0.01			6.9


			55			0.001			0			0.001			0.1			0.002			0.7			0.003			1.2			0.003			1.4			0.005			2.4


			60			0.001			0			0			0.1			0.001			0.2			0.001			0.5			0.002			0.5			0.003			0.8


			65			0			0			0			0			0.001			0.1			0.001			0.2			0.001			0.2			0.001			0.3


			70			0			0			0			0			0			0			0			0.1			0.001			0.1			0.001			0.2


			75			0			0			0			0			0			0			0			0.1			0.001			0.1			0.001			0.1


			80			0			0			0			0			0			0			0			0			0.001			0.1			0.001			0.1


			ACS (dB)			75


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.004			0.9			0.006			3.9			0.016			15.4			0.025			23.8			0.029			26.1			0.039			36.4


			45			0.002			0.3			0.003			1.3			0.008			5.9			0.012			9.9			0.014			11.2			0.02			17.5


			50			0.001			0.1			0.001			0.5			0.004			2			0.006			3.6			0.007			4.1			0.01			6.8


			55			0.001			0			0.001			0.1			0.002			0.7			0.003			1.2			0.003			1.4			0.005			2.3


			60			0.001			0			0			0			0.001			0.2			0.001			0.4			0.002			0.5			0.003			0.8


			65			0			0			0			0			0			0.1			0.001			0.1			0.001			0.2			0.001			0.3


			70			0			0			0			0			0			0			0			0.1			0.001			0.1			0.001			0.1


			75			0			0			0			0			0			0			0			0			0			0			0			0.1


			80			0			0			0			0			0			0			0			0			0			0			0			0


			ACS (dB)			80


			# active UEs			1						2						4						6						8						10


			ACLR (dB)			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %			IP%			RLP %


			40			0.004			0.9			0.006			3.9			0.016			15.4			0.025			23.8			0.029			26			0.039			36.4


			45			0.002			0.3			0.003			1.3			0.008			5.9			0.012			9.9			0.014			11.2			0.02			17.5


			50			0.001			0.1			0.001			0.5			0.004			2			0.006			3.5			0.007			4.1			0.01			6.8


			55			0.001			0			0.001			0.1			0.002			0.7			0.002			1.2			0.003			1.4			0.005			2.3


			60			0.001			0			0			0			0.001			0.2			0.001			0.4			0.002			0.5			0.003			0.8


			65			0			0			0			0			0			0.1			0			0.1			0.001			0.1			0.001			0.3


			70			0			0			0			0			0			0			0			0			0.001			0.1			0.001			0.1


			75			0			0			0			0			0			0			0			0			0			0			0			0
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[bookmark: dbreak]1	Introduction

This document provides a sharing study between potential IMT system and broadcasting services in the frequency band 1 452-1 492 MHz conducted as preparatory work for WRC-15 agenda item 1.1. This Report aims at analysing the feasibility of sharing between the broadcasting service and the mobile service through an example which addresses the consistency of derived coordination thresholds with the current maximum interfering signal field strength levels used in current multilateral/bilateral agreements.

2	Sharing study between terrestrial digital audio broadcasting and mobile service in CEPT

2.1	Background

A portion of this frequency band 1 452-1 479.5 MHz is allocated to the terrestrial digital audio broadcasting applications in some CEPT countries. Maastricht Agreement revised in Constanta (2007) (Ma02revCo07) allow the CEPT countries to adopt the Special Arrangement for applying T‑DAB stations in the frequency band 1 452-1 479.5 MHz under specified technical conditions such as interfering field strengths levels limits (in regard to any other administrations whose other radiocommunication services may apply within the same band).

The Ma02revCo07 procedure for cross-border coordination assumes that sharing and compatibility criteria for the services involved are known. Annex II of Ma02revCo07 provides such criteria for 
T-DAB and a set of other services that were considered at the Maastricht '02 (Ma2002Rev2007) planning meeting.




MFCN supplemental downlink (SDL) is a mobile broadband system, which by means of base station transmitters in the network, uses unpaired spectrum in the downlink to provide a supplemental downlink capacity to carry comprehensive text, audio, images, data, sound and video content in general, in a unicasting, multicasting or broadcasting mode[footnoteRef:1]. [1:  	ECC Decision 13(03).] 


As a mobile system, mobile SDL will operate under the mobile service allocation and is therefore compatible with Article 5 of Radio Regulations where the frequency band 1 452-1 492 MHz is allocated to the mobile service (MS) on a co-primary basis.

The adoption of a band plan based on 5 MHz blocks for the introduction of technologies supporting the delivery of mobile broadband services (SDL) in 1 452-1 492 MHz remains compatible with the existing Maastricht special arrangement (MA02revCO07). 

Indeed, Article 5.1.1 highlights that reception of stations in the mobile service, except the aeronautical mobile service, is likely to be affected by a proposed T-DAB block assignment if the appropriate limits indicated in Annex 2 are exceeded. Section 4.2.2 outlines that when 'no information concerning protection ratios for other services suffering interference from T-DAB has been supplied to the Planning Meeting, the administrations concerned should develop appropriate sharing criteria by mutual agreement. When available one could use the relevant ITUR Recommendations or ERC and ECC Decisions and Recommendations a maximum permissible interfering field strength limit is then proposed in this contribution.’

Since there are no information limits between T-DAB and mobile system (SDL) within this band in Ma02revCo07 procedure, a maximum permissible interfering field strength level for T-DAB as well a maximum permissible interfering field strength level for SDL BS are then derived and proposed in the following sections in order to ensure cross-border coordination between both services.

2.2	Calculation of the required allowable interfering field strength limits

As referred in the section 3.1 from the Maastricht Agreement Ma2002Rev2007, the minimum equivalent field strength is given for a 1 470 MHz frequency emission.

a)	System parameters

When deriving appropriate maximum allowable field strength limits, receiver features for each equipment intended to be protected are given in the following table (extracted from the Maastricht Agreement Ma2002Rev2007 for the T-DAB characteristics):



		Victim application/Service

		T-DAB System

		IMT Base Station system



		Interference criterion 

		C/I = 10 dB

		I/N=-6 dB



		Additional information related to the interference criterion

		C = –95.1 dBm

		Noise Figure NF = 9 dB



		Receiver bandwidth (MHz)

		1.536

		5



		Antenna receiver gain Gr (dBi)

		–1

		-3



		Receiver feeder loss (dB)

		0

		0





b)	Calculation of the minimum wanted field strength limit

From the previous parameters, the calculation of the field strength is performed with the following formula: 

E (dBμV/m)=EIRP(dBm)-Gr(dBi)+FeederLoss (dB)+20log10(fTx MHz)+77.2

leads to the following results: 

–	Emin(SDL)=45.6 dBμV/m

–	Emin(TDAB)=46.3 dBμV/m

c)	Derivation of the maximum permissible interfering field strength limitWhen Tx (SDL/TDAB) interferes with Rx (TDAB/SDL) within the 1 452-1 492 MHz frequency band, the wanted signal, E, at a reception point must equal or exceed the interfering field strength I by the relevant protection ratio, PR:

		E  ≥  I + PR.

From these assumptions (b., c.), the maximum is then derived (see Appendix for details on the formula): 

Imed max = Emin + (99%)×σ(1 -)-PR

where: 

–	PR is the protection ratio for the wanted signal with respect to the interferer;

–	μ(X%) depicts the statistical distribution factor (for X% of the locations); μ(99%)=2.33;

–	σ =5.5 dB represents the standard deviation corresponding to the location variation of the wanted field strength.

This formula is applied for the following cases:

a)	when SDL BS interferes with T-DAB receiver

Assuming Emin=46.3 dBμV/m, PR=C/I=10dB, 

Imed max =   31 dBμV/m for h=1.5m,

       =[footnoteRef:2] 41 dBμV/m for h=10m, [2:  	Using Antenna height gain correction = 10 dB assumption from Ma2002Rev2007 Annex 2 section 2.2.3.] 


This is the coordination threshold included in the Maastricht agreement Ma2002Rev2007

b)	when T-DAB interferes with SDL UE	

Assuming Emin=45.6 dBμV/m, PR=I/N=-6dB,

Imed max   =  34.3 dBμV/m for h=1.5m (antenna receiving height)

	        =[footnoteRef:3] 44.3 dBμV/m for h=10m  [3: 3 	Using Antenna height gain correction = 10 dB assumption from Ma2002Rev2007 Annex 2 section 2.2.3.] 


3	Conclusion

In this Report, maximum interfering signal field strength values are derived through an example (in CEPT countries) in order to protect:

–	T-DAB Receiver stations when affected by SDL BS as to be 41 dBμV/m (for antenna height h=10m) on the one hand, which corresponds to the T-DAB Ma2002Rev2007 co‑block coordination threshold[footnoteRef:4], [4: 	See Ma2002Rev2007 Annex 2, section 4.1.1.] 


–	Mobile receiver when interfered by T-DAB transmitter as to be 44.3 dBμV/m 
(for h = 10 m) on the other hand, which is insured by the previous stated limit in Ma2002Rev2007 (i.e. 41 dBμV/m).

This example of cross-border sharing in CEPT countries (using the coordination criteria from Maastricht Agreement Ma2002Rev2007) illustrates the feasibility of having sharing between the mobile service (MS) and the broadcasting service (BS) within the 1 452-1 492MHz frequency band. 

4	Glossary

CEPT 		European Conference of Postal and Telecommunications Administrations

IMT		International Mobile Telecommunications (including IMT-2000 and IMT-Advanced)

Ma02revCo07	Maastricht Agreement revised in Constanta (2007) 

MFCN		Mobile/Fixed Communications Networks

MHz		Megahertz

Rx		Receive

SDL		Supplemental Downlink

Tx		Transmit

T-DAB		Terrestrial-Digital Audio Broadcasting




Appendix 1

Detailed calculation of maximum permissible interfering
field strength limit

In the simplest case, with no interfering sources present, the wanted signal, E, at a reception point must equal or exceed the minimum field strength (that field strength which exceeds the noise level by the relevant C/N ratio), Emin:

	E  =  Emin.

In order that an area can be considered as covered, the wanted field strength E must exceed Emin for X% probability. X% Location probability corresponds to the probability that within a given (small) area a field strength level is exceeded at a required percentage of points.

Assuming a location probability of 99%, an area will be covered when the median wanted field strength, Emed, exceed the value:

	Emed = Emin + (99%)×σ = Emin+2.3×σ = Emin+12.8



[image: ]

It also means that: P(E ≥ Emin)=99% (1), as a location probability.

In compatibility calculations, the wanted E and interfering I field strengths are statistical values varying around a median value Emed and Imed, assumed to follow  a ‘log-normal’ distribution with
σ =5.5 dB standard deviation for location variation.

Thus E and I can be modelled as independent random variables following Gaussian

(Emed, σE) and (Imed, σI) distributions. 

Consequently,

(E/I) dB=E(dB)-I(dB) follows a lognormal distribution (Emed -Imed,).

From the following equation: P(E/I> PR(dB))>99% (2)

As referred to (1) :		P(E/I ≥ Emed-Imed- (99%)×)=99%

Thus: Emed  ≥  Imed + PR + (99%) where PR is the protection ratio for the wanted signal with respect to the interferer.



Assuming that  ≈σ given that both interferer and victim transmitters operates at the same frequency, the following result is derived:

  Imed ≤ Emed - PR - (99%)

  Imed max = Emed - PR - (99%)

From (2), it can be concluded that: Imed max = Emin + (99%)×σ(1 -)-PR.





______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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This Preliminary Draft New Report (PDNR) had been prepared by the JTG 4-5-6-7 in the context of Resolution 232 which recognises “that in Region 1, in accordance with No. 5.296, a number of countries have deployments of applications ancillary to broadcasting operating on a secondary basis, which provide tools for the daily content production for the broadcast service;" and invites "5 to study solutions for accommodating applications ancillary to broadcasting requirements;"

The Report provides relevant information on audio SAB/SAP, including technical characteristics, quality requirements, current spectrum use, and the impact of the allocation of the band 694-
790 MHz to the mobile service and its usage by IMT in Region 1. In addition, the Report provides an outlook on future technological developments, as well as the future service and spectrum requirements. It is also concluded that solutions for applications for SAB/SAP should be found in additional bands. 
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PRELIMINARY DRAFT NEW REPORT ITU-R BT.[SAB_SAP]

SAB/SAP Spectrum Use in Region 1 and the implication of the Co‑Primary allocation for mobile services in the Frequency Band 694[footnoteRef:1]-790 MHz  [1:   The lower edge on the allocation was provisionally decided by the WRC-12 to 694 MHz and is subject to refinement at WRC-15.] 




[bookmark: _Toc254870437][bookmark: _Toc381209011]Executive summary

This Report provides an overview of the SAB/SAP spectrum usage in Region 1 and highlights the importance of the SAB/SAP use in relation to its growth and spectrum utilisation. 

The Report also provides relevant information on technical characteristics, quality requirements, current spectrum use, and the impact of the allocation of the band 694-790 MHz to the mobile service and its usage by IMT in Region 1.This report clearly indicates that the use of audio SAB/SAP has grown significantly in recent years and in all usage circumstances. Furthermore, the traditional spectrum in the UHF Broadcast band has been greatly reduced by the introduction of systems, which are unable to share with SAB/SAP in a co-channel and co-location basis. The planned allocation of the band 694-790 MHz to the mobile service according to Resolution 232 and its usage by IMT would further reduce the available amount of spectrum for SAB/SAP.

The Report contains a summary of the studies on SAB/SAP conducted to find solutions for this issue. It addresses technical parameters required for a reliable operation of SAB/SAP as well as technological developments. It also explains the impact of OOB emission from IMT devices in the IMT duplex gap and guard bands, particularly near the bands edges, and that certain SAB/SAP applications which can tolerate some levels of interference could use those. However, the duplex gaps suitable for SAB/SAP operation below 2 GHz will not fully compensate the loss of the band 694-790 MHz for SAB/SAP applications. 

Due to the reduction of the available spectrum for applications for SAB/SAP in the UHF TV bands IV and V, additional spectrum is necessary to satisfy the foreseen annual growth of between 5% to 10% in SAB/SAP use. These solutions for applications for SAB/SAP should be found in additional bands. Due to the propagation characteristics needed for audio applications suitable spectrum should be found below approximately 2 GHz. Considerations could start by studying the frequency range between around 1.2 and 1.6 GHz in Region 1.
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[bookmark: _Toc254870439][bookmark: _Toc381209013]Scope

The purpose of this Report is to provide relevant information on audio SAB/SAP, including technical characteristics, quality requirements, current spectrum use, and the impact of the loss of the 700 MHz band. In addition, the Report provides an outlook on future technological developments, as well as the future service and spectrum requirements. This information has been developed to facilitate discussions at the WRC-15 under the agenda item 1.2, in particular concerning SAB/SAP spectrum use.

[bookmark: _Toc381011711][bookmark: _Toc254870440][bookmark: _Toc381209014]General overview

[bookmark: _Toc254870441][bookmark: _Toc381209015]Background

In Region 1 the band 470-862 MHz has been traditionally a core spectrum for audio SAB/SAP applications that operate in the interleaved spectrum on a secondary basis with regard to the primary users such as terrestrial broadcasting.

At the WRC-07 the upper part of the band (790-862 MHz) was allocated in Region 1 on a co-primary basis with the broadcasting service to the mobile service and identified to IMT. The resolution 749[footnoteRef:2] envisaged in considering (d) applications ancillary to broadcasting continue their operation in the range 470-862 MHz. However co-channel and co-location sharing of IMT and SAB/SAP is not possible.  [2:   Studies on the use of the band 790-862 MHz by mobile applications and by other services.] 


The change of the use of the 800 MHz[footnoteRef:3] band for IMT only leaves SAB/SAP with less frequency range available. In addition a number of broadcast services had to migrate to the spectrum below 790 MHz, thus increasing the density of DTT transmitters and reducing the available interleaved spectrum below 790 MHz for SAB/SAP.  [3:   Some administrations have allowed SAB/SAP in the 790-862 MHz band subject to none interference during the period of IMT network provision. Use of the duplex gap is also available in most administrations. ] 


At the WRC-12 a decision was taken to allocate for Region 1 the frequency band 694[footnoteRef:4]-790 MHz to mobile service on a co-primary basis with broadcasting with a identification to IMT and IMT-Advanced and will come into force by the end of WRC-15. Following the Resolution 
232 (Rev. WRC-12) the conditions of use of this allocation will be discussed at WRC-15 under the agenda item 1.2. In addition, solutions for accommodating SAB/SAP requirements will be considered. SAB/SAP currently is operated under RR 5.296 in 60 countries in the range 470-
790 MHz and in 12 countries in the range 470-698 MHz. As a consequence, the amount of spectrum available for SAB/SAP applications will be further reduced. At the same time, requirements for SAB/SAP continue to grow both for professional and community applications. [4: 	The lower edge on the allocation was provisionally decided by the WRC-12 to 694 MHz and is subject to refinement at WRC-15.] 


Whilst improvements in spectrum efficiency have taken place in SAB/SAP equipment they cannot fully compensate for this loss of available spectrum. Therefore, a major threat to SAB/SAP is that demand for spectrum enabling an operation with the required QoS will outstrip supply. 

The current SAB/SAP use and spectrum requirements are described in section ‎0.

Definition of SAB/SAP

SAB/SAP are defined as follows: 

SAB:	Services Ancillary to Broadcasting (SAB) support the activities of broadcasting industry carried out in the production of their program material.

SAP:	Services Ancillary to Programme making (SAP) support the activities carried out in the making of “programmes”, such as film making, advertisements, corporate videos, concerts, theatre and similar activities not initially meant for broadcasting to general public.

The definitions of SAB and SAP are not necessarily mutually exclusive. Therefore they are often used together as “SAB/SAP” to refer generally to the whole variety of services to transmit sound and video material over radio links. 

The SAB/SAP applications include both ENG[footnoteRef:5]/OB[footnoteRef:6] and SNG[footnoteRef:7]/OB applications and also the communication links that may be used in the production of programmes, such as talk-back or personal monitoring of sound-track, telecommand, telecontrol and similar applications. [5:  	Electronic News Gathering (ENG) is the collection of video and/or sound material by means of small, often hand-held wireless cameras and/or microphones with radio links to the news room and/or to the portable tape or other recorders.]  [6: 	Outside broadcasting (OB) is the temporary provision of programme making facilities at the location of on-going news, sport or other events, lasting from a few hours to several weeks. Mobile and/or portable radio links are required for wireless cameras or microphones at the OB location. Additionally, radio links may be required for temporary point to point connections between the OB vehicle, additional locations around it, and the studio.]  [7: 	Satellite News Gathering (SNG) refers to similar applications to ENG but over the satellite radio communication channels.] 


[bookmark: _Toc381209016][bookmark: _Toc254870442]Quality and reliability of SAB/SAP in relation to spectrum demand

Audio SAB/SAP applications, such as wireless microphones, in ear monitoring systems are used in a broad number of contexts. The operating requirements, including quality and reliability requirements as well as the number of deployed systems vary significantly. It is of importance to consider that the regular demand for spectrum for SAB/SAP should be distinguished from that, which is known as “peak demand”. ”Peak demand” may be temporary and it may be geographically limited. However providing the required quality and reliability of the service in “peak demand” situations is a much complex issue, because it sets higher demand for spectrum amount and for spectrum planning. The required protection inherently puts constraints on the amount of spectrum required to guarantee the quality of service.

SAB/SAP technical characteristics and quality requirements are described in detail in section ‎0 of the Report.

[bookmark: _Toc254870443][bookmark: _Toc381209017]Future developments

As the available spectrum is becoming more and more congested, a development process towards more spectrum efficient audio SAB/SAP systems can be observed in recent years. Semi-cognitive analogue systems are already commercially available. These systems are able to sense the RF environment they are operating in and decide on which channels to operate depending on the information they have available. In order to benefit from such capabilities, wider frequency blocks should be available to SAB/SAP systems. These blocks are currently not available in all countries, in part because of the licensing regime in some countries restricts the SAB/SAP use to only specific channels in a frequency block.

SAB/SAP systems using digital modulation schemes are also commercially available. As digital modulation involves some specific operating conditions and digital systems generally exhibit higher latency than the analogue ones, they are not suitable for use in all applications. These systems currently cannot replace analogue systems in all fields and applications. Furthermore, the use of digital technology alone does not eliminate the need for SAB/SAP to have access to spectrum that allows operation with the required QoS. A complete transition from analogue to digital SAB/SAP technology will take a number of years.

Further information about future SAB/SAP developments, including service and spectrum requirements is provided in Chapter 4.

[bookmark: _Toc381011717][bookmark: _Toc254870445][bookmark: _Toc381209018][bookmark: _Toc367408095]Technical aspects of Audio SAB/SAP

0.1 [bookmark: _Toc381209019][bookmark: _Toc254870446]Descriptions: Analogue, digital and cognitive audio SAB/SAP

0.1.1 [bookmark: _Toc381209020]Analogue

Most current audio SAB/SAP products are based on analogue modulation, e.g. FM modulation. An analogue transmission chain involves the conversion of the acoustic signal into an electric signal, which directly drives the radiofrequency signal transmitted over the air (see the following figure). 

Figure 1

Typical Frequency-synthesised analogue transmitter.
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At the receiver end, the received radiofrequency signal is directly converted to an electric signal, which is then assumed to be representative of the input audio signal. Such analogue transmission chain introduces minimum latency for the end-to-end transmission of the signal. However, as the signal is not encoded, any radiofrequency interference or loss of the radiofrequency signal directly degrades the transmitted audio signal. In such a case, no interference is acceptable.




Figure 2

Typical frequency-synthesised analogue receiver.
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In the presence of man-made noise “simple” FM can be the most advantageous modulation. A typical FM receiver operates co-channel from a level of 10-15 dB over man-made noise; digital systems often requires 10-15 dB higher level over man-made noise.

0.1.2 [bookmark: _Toc381209021]Digital

Digital transmission chains are used in many applications, including SAB/SAP video links. In a digital transmission chain, the acoustic signal is converted into an electric signal which is then transformed through an analogue to digital converter. Typically, the conversion into the digital domain and subsequent source encoding will be selected to obtain the desired trade-off between the transmitted signal quality and the amount of information to be transmitted. Once the signal has been digitised, it can be transmitted as any digital information through a transmission chain that potentially includes channel/forward error coding, mapping of the channel encoded information to a modulation scheme, digital to analogue conversion of the modulated signal, transmission of the radio-frequency signal, analogue to digital conversion of the received signal followed by demodulation and finally decoding of the channel/forward error correcting code.

Such a digital transmission chain may or may not involve a retransmission mechanism in case the packet is not error free at reception.

Typical transmission and reception chains are illustrated in the figures below.

Figure 3

Typical frequency-synthesised digital transmitter.
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[bookmark: _Ref254964863]Figure 4

Typical frequency-syntesised digital receiver.
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0.1.3 [bookmark: _Toc381209022]Cognitive systems

Interference mitigation in SAB/SAP by cognitive behaviour is being currently studied both in ETSI STF386 and in a German research project funded by BMWI (German Federal Ministry of Economics and Technology) called C-PMSE. Both activities are aligned as some of the experts are working in both activities.

On 29th May 2013 a practical demo on cognitive behaviour was given at Berlin Trade Fair Center. Initial frequency assignments to SAB/SAP links are calculated; frequency handovers due to raising interference and power control to accommodate a varying link quality were shown to the public. Furthermore it was shown that link quality supervision can be done on analogue FM links in situ.

Presentations of demo Workshop are available from:




Figure 5

Overview of SAB/SAP cognitive system as considered by the C-PMSE project.

[image: ]

The system demonstrated in Berlin and laid out in the output documents of ETSI STF386 is composed of three large subsystems: The Local Spectrum Portfolio Manager, the Scanning system, together reflecting the infrastructure, which may be permanently installed at an event location. Then there is the entire C-PMSE, which is composed out of the two subsystems plus the cognitive engine, which is the intelligence in the system, comprising of a database and the wireless audio links.

Signalling with the demo was mapped onto existing short range device air interface standards, which operated in unlicensed bands. This is not an option for real SAB/SAP use as protection is not only needed on the content plane but also on the signalling plane. It also became clear that signalling requires additional spectrum in addition to the spectrum need for the content plane.

At Berlin Trade Fair Centre five halls are equipped with, a total of 30 scanning receivers forming a large scanning grid. The scanning gird is permanently installed and is still in use thus gaining more experience with operating it. It can be accessed remotely by the project partners. For this and other purpose the German research project has been extended till end of 2013. Further findings and research results will be incorporated in phase C of ETSI STF 386 activity.

Cognitive SAB/SAP require additional clean and high reliable radio spectrum to operate their control links.

[bookmark: _Toc381209023]Operating conditions for audio links including wireless microphones and in ear monitor systems

[bookmark: _Toc381011720][bookmark: _Toc367408096][bookmark: _Ref367402263][bookmark: _Toc367378373][bookmark: _Toc254870447][bookmark: _Ref254967166][bookmark: _Toc381209024]Quality of service requirements

No degradation in the quality in the audio signal should be perceived during the transmission period. SAB/SAP is unusual in that large numbers of transmitters are in physical close proximity with a 100% duty cycle for the duration of the performance. Use of SAB/SAP will vary from a few hours for a news conference to many weeks for a large event such as the G8 conference and. permanently for use at studios and theatres. Details on SAB/SAP operation and the technical requirements for SAB/SAP use are given in section ‎0.

[bookmark: _Toc328944427]In all cases the radio microphone equipment is the first link in a transmission chain, which may end in a broadcast transmission, recording or an amplified output. As such any perceived interference of any form will impact the whole transmission chain. Irrespective if the chain is recorded or broadcast live, interference is likely to mean that the performance will be abandoned and in most cases will be unrepeatable. Therefore interference must not occur in order to keep a high quality of the Service during the transmission. 

The repercussions of interference to say a political broadcast could be severe for the program engineers. 

[bookmark: _Toc381209025]General requirements regarding Audio SAB/SAP operation

Wireless microphone and in ear monitor systems must fulfil the highest demands for audio quality on a consistent and repeatable basis. Audio SAB/SAP, which share some requirements. However, they may also differ from application to application. Additional details are given in the table provided in section ‎0. 

The following focuses on the requirements of high quality SAB/SAP.

Even in non-professional SAB/SAP use the users are acutely aware of the performance of the system and do not accept reduction in performance or interference.

The key requirements for a state of the art wireless system are:

•	Providing an audio quality similar to an equivalent wired system.

•	Low latency; in order to achieve an acceptable latency in the complete audio chain, the latency in the radio microphone has to be as low as possible especially for IEM applications or lip sync is observable. For details see ITU-R Report BS.2161-0 (2009). For certain applications, delay is permissible for example, where the speaker is not seen by the audience.

•	No interruptions: all radio microphones and IEM have a 100% audio duty cycle. In all applications users do not tolerate any corruption or interruptions in audio output. Where radio microphones are connected to large amplifiers (theatres, rock concerts etc.) any interference may generate peaks of sound, which can hurt or damage audience hearing. In the case of IEM (whose audio output is received in the ear canal of the user), damage to the user’s hearing can occur if interference is generated to the transmission.

[bookmark: _Toc367408097][bookmark: _Toc367378374][bookmark: _Toc254870448][bookmark: _Toc381209026]Factors that affect the performance of wireless microphones
and in ear monitors (IEM)

The following factors may affect the performance of wireless microphones and IEM:

•	Interference from other users:

•	Interference from other services that fall into the receiving frequency range of wireless microphones and in ear monitors;

•	Adjacent channel interference from other systems or services operating in the channel adjacent to the operating channel itself;

•	Intermodulation products that are generated either by wireless microphones, in ear monitor and tour guide or by other services that fall into the wanted receiving channel;

•	Other factors:

•	Size of the venue, deployment density;

•	Properties of the venue regarding screening and antenna positioning;

•	Propagation aspects: multipath, fading and body loss.

[bookmark: _Toc367408099][bookmark: _Toc367378376][bookmark: _Ref254969792][bookmark: _Toc381209027]Effect of intermodulation on spectrum need

Intermodulation is a physical phenomenon that occurs when multiple transmitters work simultaneously in close vicinity.

Intermodulation is the amplitude modulation of signals containing two or more different frequencies in a system with non-linearity.

Non-linearity is typical for radio systems, it occurs in the transmitter, in the receiver and ancillary RF equipment[footnoteRef:8] or in the environment, especially where amplifiers are operating outside the linear range.  [8:  This includes antenna distribution systems, splitters and is further discussed in section ‎10.8.2.] 


The intermodulation between each frequency will form additional signals at frequencies that are not just at harmonic frequencies (integer multiples) of either, but also at the sum and difference of the original frequencies and at multiples of those sum and difference frequencies.

The multiple combination sum of two interfering signals characterizes interference products of the same order with the same power level. Intermodulation products of higher order show a lower power level.

Increasing the power of two interfering signals leads to a significant higher growth for the level of interference products, depending on their order.

Frequencies, where intermodulation products appear with significant level, are not available for wanted signals any more.

For an increasing number of frequencies for wanted signals, the additional unwanted frequencies occupied by intermodulation products is growing significantly higher exponentially.

This is why it is important to consider the non linear significant higher need of amount of additional spectrum for additional channels.

 A more detailed description of the technical requirements is given in section ‎0.

[bookmark: _Toc367408100][bookmark: _Toc381209028]Intermodulation mitigation techniques

Intermodulation mitigation can be achieved by a number of techniques:

1.	Frequency planning, in order to avoid intermodulation products on the wanted signal,

2.	Use of output filters and/or ferrite isolators,

3.	Control of microphones transmitted power, 

4.	Adoption of transmission technologies that support operation in higher interference environment,

5.	Use of linear transmit amplifiers

The approaches 3 and 4 above require additional radio spectrum to operate control links.

Analogue systems support the first two mitigation techniques. Cognitive systems support the first three mitigation techniques. Digital systems, at best, support all five mitigation techniques.

Use of item five will reduce battery life.

Furthermore, it should be noted that:

•	In a best case scenario SAB/SAP could be operated in a linear grid. In reality an intermodulation-free operation is required and the spectrum demand will be much higher.

•	Current in ear monitor (IEM) transmitter technology cannot be operated in a linear grid. In any observed events an intermodulation-free frequency setup was required.

•	The use of audio SAB/SAP and IEM on the presenter or actor’s body requires an additional guard band – see the scenario below observed during Eurovision Song Contest 2011:

Figure 6

Microphone and IEM separation.
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[bookmark: _Toc367408101][bookmark: _Toc367378378][bookmark: _Toc254870450][bookmark: _Toc381209029]Propagation characteristics of frequency bands

The propagation characteristics for audio SAB/SAP are shown in the table taken from ECC report 204[3] below depending on the frequency range.




Table 1

Propagation characteristics depending on the frequency range

		Frequency band

		Propagation characteristics



		29.7 to 47.0 MHz

		Good propagation, minimum wall absorption, no reflection or diffraction. 
Shielding from metal structures is low. 

Only very low or lowest body absorption in this frequency range.

Notes: 

•	This band may not be practicable for all types of audio SAB/SAP applications due to the high ambient noise levels.

•	Due to the fact that it requires the implementation of very large antennas it is not suitable for body-worn equipment. 

•	Not suitable for large multi-channel systems.



		VHF band above 174 MHz

		Good propagation, minimum wall absorption, low reflection or diffraction. 
Shielding from metal structures is low. 

Body absorption in this frequency range is low.

Note: Low frequencies require large antennas. The noise floor and clock frequencies may create interference to audio SAB/SAP applications.



		UHF band below 1 GHz

		Good propagation, some wall absorption, depending on the surrounding structures reflection or diffraction can occur. 

Shielding from metal structures occurs.

Significant body absorption. 

Wall absorption and shielding effects of metal structures can be beneficial in reusing available frequencies in larger system setups.

Small antennas possible. 

System performance can be optimised by the use of directional antennas. 



		UHF 1 to 1.7 GHz

		Acceptable propagation, wall absorption, depending on the surrounding structures reflection or diffraction occurs. 

Shielding from metal structures occurs.

Significant increased body absorption. 

Wall absorption and shielding effects of metal structures can be beneficial in reusing available frequencies in larger system setups.

Small antennas possible. 

System performance can be optimised by the use of directional antennas.



		UHF 1.7 to 2.5 GHz

		Acceptable propagation, wall absorption, depending on the surrounding structures reflection or diffraction occurs. 

Shielding from metal structures occurs.

Critical body absorption. 

Wall absorption and shielding effects of metal structures can be beneficial in reusing available frequencies in larger system setups.

Small antennas possible. 

System performance can be optimised by the use of directional antennas.







The UHF band below 1 GHz is the best band for audio SAB/SAP due to the combination of antenna size, propagation and current noise floor. The current upper limit for reliable multichannel radio microphone use has been found to be 2 GHz based on body loss and propagation. Above this figure higher power transmitters are required to overcome propagation and body loss however these then exceed the safe limits for EMF exposure. 

[bookmark: _Toc254870451][bookmark: _Toc381209030]Control links

In many cases both radio microphones and IEM have a bi-directional control link, which enables a range of services such as remote battery monitoring. In the case of cognitive equipment this can include power control and changes in frequency. These control channels are currently outside the bandwidth of the device and currently 2.4 GHz is favourite operational range. However an increasing amount of other production equipment is using the 2.4 GHz range and additional spectrum may be required.
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[bookmark: _Toc369074691]The demand for spectrum for SAB/SAP applications varies depending on the use scenarios.

In many cases, an event is known in advance and detailed planning and coordination of spectrum use can take place. Currently some administrations “borrow” spectrum from other users for regular large events such as Formula 1, G8 and especially for extraordinary events such as the Olympics. Such “borrowing” will become more difficult in the future due to the form and type of new services now using the currently “borrowed” spectrum within the tuning range of SAB/SAP equipment.

The density and deployment of SAB/SAP audio equipment is high in urban areas and areas where production facilities are located (e.g. studios and media villages). In these hot spot areas, fixed deployments have a high probability of use. The actual use is dependent on the work/ rehearsal / performance schedule. During such phases, the probability of use is 100%. For the remaining time the probability of use is low.

Hot spot scenarios have a high demand for spectrum. The spectrum demand will vary depending on the time of day and other factors. For example theatres use a high number of SAB/SAP applications such as wireless microphones, in-ear monitors, and wireless audio links during rehearsals and shows, other than that, there is only low or no use.

Other scenarios have a lower demand for spectrum. The demand may vary depending on the time of day and other factors. For example houses of worship use only a small number of SAB/SAP devices such as 1-2 wireless microphones, and those only during services. Other than that, there is no SAB/SAP use at this location.

In rural scenarios where normally no SAB/SAP applications are deployed other than Houses of Worship and clubs, spectrum demand occurs in case of unexpected events, such as natural disasters, accidents and war situations that attract media coverage. This could be considered an ad hoc use of SAB/SAP equipment. For this use, a certain amount of permanent spectrum must be available as spectrum coordination based on “borrowed spectrum” is not possible in the short time scales available.

[bookmark: _Toc254870453][bookmark: _Toc381209032]Events Requiring Support of Various SAB/SAP Devices

The brief list below shows a wide range of scenarios where SAB/SAP equipment is used. A detailed view on how many links are occupied in each of the scenarios below is given in section ‎12.

•	Theatres and rock and pop and touring shows;

•	Studio production, these can be single buildings or cover many hectares with multiple studios;

•	News gathering for TV/radio/internet;

•	Sound broadcast;

•	Casual (sport) events and similar outside broadcasts;

•	Special events (i.e. large outside broadcasts);

•	Houses of worship;

•	Film and advert production;

•	Recording;

•	Corporate events;

•	Social use, e.g. homes for the elderly people;

•	Conference / political events (e.g. shareholder / board meetings/ G20 summit);

[bookmark: _Toc381209033][bookmark: _Toc369074692][bookmark: _Toc254870454]Exceptional, Special, Large and Regular Events 

Special Event is an occurrence of limited duration, typically between one day and a few weeks, which takes place at specifically defined locations. 

Exceptional events like the Olympic Games occurring each two years[footnoteRef:9] and regular large events like the Tour de France, Formula 1 competitions or football tournaments require the support of audio links, Video Links and Service Links. These will be terrestrial, waterborne, airborne or satellites. [9:  Considering both the summer and winter Olympic Games.] 


When these events are to be organised, they result in large extra effort for spectrum management requiring detailed intervention by a band manager or the regulator. Carefully controlled reuse between indoor and outdoor links may be needed every kilometre or less. 

Exceptional and large regular events will normally involve the regulator in frequency planning the event, allowing the identification of additional spectrum from other users, which can be used by SAB/SAP during these events. Exceptional events can require in excess of 7.000 assignments below 1 GHz spread over various locations as for example shown in ECC Report 204[3].

The tables of this report show representative examples from SAB/SAP usage from around Europe.

Table 2

Spectrum usage for the Tour de France

		Event 

		Radiomicrophone IEM

		Service Links

		Video Links



		

		

		

		1 GHz

		2 GHz

		3 GHz

		4.5-6 GHz

		10 GHz

		Above 20 GHz

		Total Video Links



		Tour de France 2007

		365

		No information



		Tour de France 2010

		456

		NA

		4

		20

		4

		0

		0

		0

		28



		Tour de France 2011

		463

		NA

		3

		23

		9

		0

		0

		0

		35



		Tour de France 2012

		452

		NA

		4

		17

		11

		0

		0

		0

		32 (1)



		Tour de France 2013 (2)

		576

		No information





(1)	For 2012, the decrease in the number of video links is due to the fact that there was one TV operator less than in 2011.

(2)	In 2013, it was the 100th Tour de France, which may explain the increase in the number of wireless microphone and IEM assignments.

Experience shows an increasing demand of spectrum for these events resulting from the increase in amount of data to be transmitted, an increase in the number of organisations involved in those events and a larger diffusion (see also section ‎6 on Future developments).

[bookmark: _Toc361153218][bookmark: _Toc369074693][bookmark: _Toc254870455][bookmark: _Ref254966000][bookmark: _Toc381209034]Studio production

Studios use radio for talkback, microphones, in-ear monitors for presenters and as appropriate cordless cameras. The reason for using SAB/SAP equipment with radio links is to give freedom of movement within the studio. 

The nature of traditional studio use has changed. In some countries studios that were managed by public broadcasters have now sold off their studio complexes to private organisations. This has resulted in not only the public broadcaster using this studio but intensive use from other programme making companies. In addition, the following should be noted:

•	A range of programs having permanent built studios;

•	The development of Studio Villages or Media Cities with a concentration of facilities in a relatively small physical area as an example 358 audio wireless systems per 1 km2 in Media Park, Hilversum 

Table 3

Number of audio links for SAB/SAP in studios.

		

		

		2002

		2009

		2012



		Single Studio

		Average

		10

		25

		33-46



		

		Peak

		10-14

		20-50

		65



		"Studio Village"

		Average

		35-70

		80-112

		225



		

		Peak

		50-100

		160

		358





Note: The average use is 50 - 70 % of installed equipment in a studio.

The complex frequency environment of these sites requires detailed frequency planning to ensure that no interference is generated between the devices on site. 

[bookmark: _Toc254870456][bookmark: _Toc381209035]SAB/SAP usage in the 700 MHz band between 2007 and 2013 in Germany

Over the past years the SAB/SAP use of various events in Germany was measured and the number of used links were recorded. Table 4 below shows a comparison of the coordinated and scanned links of several events.

Section ‎0 


Annex 6 Information on the usage of the 700 MHz band by SAB/SAPgives an overview on the use of the 690-790 MHz range by SAB/SAP. In this range between 40 and 80 links were often coordinated. On large or even exceptional events up to 147 links were coordinated. 

It should be noted that in general a single scanning unit used in isolation is unable to detect all SAB/SAP carriers. The difference between coordinated and scanned carriers cannot be interpreted as coordinated unused SAB/SAP channels.

[bookmark: _Ref254888375]Table 4

Coordinated vs. scanned SAB/SAP links in the 690 to 790 MHz range.

		Section

‎13.5

		Event name, location and year

		Carrier in 690 to 790 MHz



		

		

		Coordinated

		Scanned



		1

		Live Earth Hamburg, 2007

		-

		30



		2

		UCI Road World Championships in Stuttgart, 2007

		69

		30



		3

		Lower Saxony election Hanover, 2008

		79

		29



		4

		Hamburg state election, 2008

		73

		39



		5

		Bavaria state election Munich, 2008

		65

		28



		6

		Saxony-Anhalt state election Magdeburg,  2011

		38

		39



		7

		Rhineland-Palatinate state election Mainz, 2011

		27

		26



		8

		Bremen state election, 2011

		67

		25



		9

		DFB Cup Final Berlin, May 2011

		147[footnoteRef:10] [10:  	Calculated from the total number of SAB/SAP in 470 to 862 MHz.] 


		50



		10+11

		Eurovision Song Contest Düsseldorf, 2011

		56

		50



		12

		Mecklenburg-Vorpommern election Schwerin, 2011

		65

		18



		13

		Berlin election, September 2011 

		127

		37



		14

		North Rhine-Westphalia state election Düsseldorf, 2012 

		-

		23



		15

		Schleswig Holstein state election Kiel, 2012

		44

		29



		16

		Lower Saxony state election Hanover, 2013

		80

		36



		17

		Oktoberfest Munich, 2012

		-

		26







[bookmark: _Toc254870457][bookmark: _Toc381209036]Impact on SAB/SAP of the loss of the 694 to 790 MHz range

Section ‎0focuses on one particular event; The Eurovision Song Contest 2011 in Düsseldorf, Germany. At that event almost the entire available spectrum in the 470-790 MHz range was used for audio SAB/SAP. There were only a few spare frequencies that were at call in an emergency case such as an unexpected interferer showing up at event time. The whole event lasted about four weeks, and during that time the full range of production spectrum had to be available.

For the same event spectrum planning was carried out, without the 700 MHz band. All 6 DTTB transmitters available in Düsseldorf will been reallocated to the remaining spectrum below 694 MHz. The microphones where placed in the lower part and the IEM in the upper part in the range of 470-694 MHz which led to the allocation shown in Table 5 below.

[bookmark: _Ref235587009]

[bookmark: _Ref254888405]Table 5

Assumed channel allocation

		Channel 21

		Channel 22

		Channel 23

		Channel 24

		Channel 25

		Channel 26

		Channel 27



		DVB-T

		Microphone

		IM Products

		Microphone

		IM Products

		DVB-T

		Microphone



		Channel 28

		Channel 29

		Channel 30

		Channel 31

		Channel 32

		Channel 33

		Channel 34



		IM Products

		DVB-T

		Microphone

		Microphone

		IM Products

		IM Products

		IEM



		Channel 35

		Channel 36

		Channel 37

		Channel 38

		Channel 39

		Channel 40

		Channel 41



		DVB-T

		IM Products

		IEM

		Radio Astronomy Channel

		IM Products

		IEM

		IM Products



		Channel 42

		Channel 43

		Channel 44

		Channel 45

		Channel 46

		Channel 47

		Channel 48



		IEM

		DVB-T

		IEM

		IM Products

		DVB-T

		IEM

		IEM





With keeping the same quality requirements as at the actual ESC 2011 it was possible to coordinate only 77 SAB/SAP links in the remaining spectrum (see Table 6 below).

[bookmark: _Ref254888419]Table 6

Comparing co-ordinated frequencies.

		Comparing co-ordinated frequencies



		Frequency range

		Use

		Total number of links



		470 - 790 MHz

		Microphones / IEM / Engineering links

		175



		470 – 694 MHz

		Microphones / IEM/Engineering links

		77







Table 6 shows that without the range 694-790 MHz it would not have been possible to perform the event as it was planned and realized in 2011. The reduction in the number of available links is larger than the reduction in available spectrum (320 MHz to 224 MHz). This is due to the fact of the increase in the number of DTTB in the range 470-694 MHz as they had to be removed from the 694-790 MHz range. Other spectrum allowing for the accommodation of about 100 links would have had to be made available in order to achieve the same result as for the ESC 2011. 

With a 100 links less available the event flow would have had to change fundamentally, longer time for stage alterations would have been needed and performances would have experienced remarkable restrictions and would have had to change dramatically to less ambitious ones. With 100 wireless links less it would be doubtful whether an event such as the ESC could still be carried out.

[bookmark: _MON_1326282353][bookmark: _MON_1326282376][bookmark: _Toc254870458][bookmark: _Ref254888345][bookmark: _Toc381209037]Further developments and future requirements for audio SAB/SAP

[bookmark: _Toc367408145][bookmark: _Toc367378421][bookmark: _Toc254870459][bookmark: _Toc381209038]Considerations on Future Perspectives for Audio SAB/SAP

[bookmark: _Ref254888330]Developments in the film, TV and theatre world are requiring ever increasing sound quality and density (i.e. additional radio microphones to pick up atmosphere/environment) from radio microphones. This is coupled with increased use of both radio microphones and IEM in all forms of multimedia platforms resulting in a conundrum of reducing spectrum availability and higher performance requirements.

24 bit, 96 kHz “Pure Audio on Blue Ray” is the new Audio Format set by production companies. This higher contribution quality on the production side is required for each recording microphone. These “Pure Audio Blue Ray” Discs are already in the market place and the music industry has set this as future standard. This process is implemented first in the classical music – classic live is one branch in the audio industry that is growing and demands higher audio quality - and other genres are following.

[bookmark: _Toc367408146][bookmark: _Toc367378422]A range of developments from 3D films to ultra-high definition (UHD) will provide a challenge to the SAB/SAP industry since number of sources and quality will increase.

[bookmark: _Toc254870460][bookmark: _Toc381209039]Future challenges

[bookmark: _Toc367408147][bookmark: _Toc367378423][bookmark: _Toc254870461][bookmark: _Toc381209040]Highest quality

Compression in any form, including dynamic compression, is not desirable during the contribution phase as compression always means losses for the subsequent reproduction latter in the production train.

The demand is to produce loss-less audio with full dynamic range. This production material will be available in highest quality for the distribution via, TV SD/HD, CD, DVD; Blue Ray etc. and future formats can use this uncompressed, un-coded recording to be transferred to any future format.

This is the real challenge for wireless vocal, instrument and atmosphere/environment microphones. This leads to higher channel SAB/SAP bandwidth and increases spectrum demand in order to increase quality to adapt to industry needs and expand the listening experience.

[bookmark: _Toc367408148][bookmark: _Toc254870462][bookmark: _Toc381209041]Dynamic

The current Audio SAB/SAP equipment is limited in its dynamic range. Because of this, adjustments have to be made individually to each audio SAB/SAP link in a setup to secure the highest possible audio quality. Usually during rehearsal the sensitivity of the microphone connected to the transmitter will be manually adjusted. The settings are done in a way that headroom of about 10dB is given before the internal limiter of the transmitter reduces the signal. If the user of the wireless microphone exceeds this headroom of 10dB internal limiter starts working: this will be audible and reduces the perceived quality. This may happen depending on the kind of performance and the enthusiasm of the user.

Besides this, the individual adjustment of the microphones sensitivity is an obstacle of handing this microphone over to other users. If the voice of the other user is louder, the limiter will start operating as mentioned above and downgrade the quality. If the voice of the other user is weaker, then it will sound less loud – at the mixing desk more gain needs to be added which will lead to a reduced signal-to-noise performance – a downgrade in audio quality.

The problem is the limitation in the available dynamic range that current systems are able to handle. This would need to be increased in order to give the sound engineer the full dynamic range of the of the microphone capsule to his mixing console: at the mixing console the sound engineer will adjust the dynamics in a way that it fits to the rest of the production.

For wired operations, studios have already 24 to 48 bit audio resolution. Present wireless audio equipment in 200 kHz channel bandwidth cannot support these requirements.

[bookmark: _Toc254870466][bookmark: _Toc381209042]Future Design challenges

The radio environment for audio SAB/SAP has changed dramatically in recent years; traditional audio SAB/SAP shared the broadcast bands with high tower high power broadcast transmitters, which rarely moved. The current and proposed allocation’s in the UHF broadcast band for Region 1 are to IMT systems and possible White Space Devices (WSD) both systems involve the use of mobile devices which can occur at the same location as audio SAB/SAP systems.

In addition there is a requirement to have equipment, which has a very wide tuning range; the dilemma for designers is that to provide improved immunity filtering is required. The best filters only cover a relatively small tuning range.

If improved immunity is to be achieved harmonisation of the frequency bands identified for audio SAB/SAP would greatly assist the designer in producing better equipment.

[bookmark: _Toc254870463][bookmark: _Toc381209043]Future technologies

A range of new technologies have been or are currently being developed that may increase spectrum efficiency and fulfil the new demands for Audio SAB/SAP. However, they will not have a deep penetration to user equipment for a number of years.

Digital wireless microphone systems have been commercially available for some years. Due to the fact that digital systems exhibit a certain amount of latency, they are not currently suitable for use in all applications. It is anticipated that future advances in digital wireless technology will bring improvements in latency, intermodulation, and robustness to interference. Evaluation of these systems show, that they can be deployed in certain application scenarios where the limitations of these systems can be accepted (e.g. latency). At the current time (2013) they cannot be considered as a common solution to questions of spectrum efficiency.

Currently semi cognitive analogue and digital systems are available. Dependant on the outcome of the C-PMSE project fully cognitive systems will be developed but given the complexity of both hardware and software the timescales for initial deployment and then significant market penetration are several years in the future.

[bookmark: _Toc381012233][bookmark: _Toc254870464][bookmark: _Toc381209044]Future spectrum for audio SAB/SAP

[bookmark: _Toc254870465]The increasing demand of applications of SAB/SAP in the various application fields as described in the previous chapters lead to the conclusion, that the remaining band 470-694 MHz is still required but is not sufficient to accommodate the demand for SAB/SAP for many events. Recognising that non-broadcasting production teams use the same kind of equipment as broadcasting teams and many productions are conducted exclusively by external production teams or in cooperation with broadcasting teams, allowing applications to programme making to use the band on the same basis as applications ancillary to broadcasting will increase flexibility in the use of this spectrum by SAB/SAP.

Moreover additional bands outside 470-694 MHz are required.

[bookmark: _Toc254870467][bookmark: _Toc381209045]Use of IMT duplex gaps and guard bands

Measurements show that a Co-Channel and Co-location operation between SAB/SAP and IMT is not feasible[footnoteRef:11]. Guard bands and duplex gaps within IMT band plans could be used for SAB/SAP applications. In general guard bands and duplex gaps are subject to unwanted OOB emissions from IMT devices, in particular near the band edges. Some SAB/SAP applications, which can tolerate some levels of interference, could use this spectrum. A better out of band performance of LTE devices would enable better use for SAB/SAP equipment in this spectrum. See section ‎0 for more information. [11:  IRT: LTE interference on analogue and digital PMSE devices: ECC Report 191, Adjacent band compatibility between MFCN and PMSE audio applications in CEPT Report 50 Technical conditions regarding spectrum harmonisation options for wireless radio microphones and cordless video-cameras.] 


[bookmark: _Toc254870468][bookmark: _Toc381209046]Other frequency bands below 2 GHz

Due to the erosion of the available spectrum for applications for SAB/SAP in the TV bands and taking into account the foreseen annual growth between 5% up to 10%, alternative spectrum must be found. These solutions for applications for SAB/SAP should being found in additional bands. Due to the propagation characteristics needed for audio applications spectrum may be found below 2 GHz. Considerations could start by studying alternatives in the band between around 1.2 and
 1.6 GHz.

[bookmark: _Toc381209047]Conclusion

The Report provides relevant information on audio SAB/SAP, including technical characteristics, quality requirements, current spectrum use, and the impact of the allocation of the band 694-
790 MHz to the mobile service and its usage by IMT in Region 1. In addition, the Report provides an outlook on future technological developments, as well as the future service and spectrum requirements. 

The allocation of 790-862 MHz to the mobile service and its usage by IMT in Region 1 has limited the spectrum available for SAB/SAP activities. Use of the 694-790 MHz band by IMT systems will further limit the available spectrum. The accompanied re-planning of the 470-694 MHz band for DTT transmitters with a higher density in frequency, may further reduce the available spectrum for SAB/SAP.

The remaining band 470-694 MHz is still required but is not sufficient to accommodate the demand for SAB/SAP. Recognising that non-broadcasting production teams use the same kind of equipment as broadcasting teams and many productions are conducted exclusively by external production teams or in cooperation with broadcasting teams, allowing applications ancillary to programme making to use the band on the same basis as applications ancillary to broadcasting will increase flexibility in the use of this spectrum by SAB/SAP.

Measurements show that a co-channel and co-location operation between SAB/SAP and IMT is not feasible.

In general IMT guard bands and duplex gaps are subject to out of band emissions from IMT devices, in particular near the band edges. However, certain SAB/SAP applications, which can tolerate some levels of interference, could use those. An improvement of out of band performance of LTE devices increases the potential utilization for SAB/SAP.

[bookmark: _Toc254870469][bookmark: _Toc381209048]Due to the reduction of the available spectrum for applications for SAB/SAP in the UHF TV bands IV and V, additional spectrum is necessary to satisfy the foreseen annual growth of between 5% to 10% in SAB/SAP use. These solutions for applications for SAB/SAP should be found in additional bands. Due to the propagation characteristics needed for audio applications suitable spectrum should be found below approximately 2 GHz. Considerations could start by studying the frequency range between around 1.2 and 1.6 GHz.


Annex 1: Glossary of Terms



		AF

		Audio Frequency baseband



		ASI

		Asynchronous Serial Interface



		APWPT

		The Association of Professional Wireless Production Technologies



		BBC

		British Broadcasting Corporation



		BMWI

		Bundesministerium fuer Wirtschaft und Technology (Germany)



		BS

		Base Station



		CD

		Compact Disc



		CEPT

		European Conference of Postal and Telecommunications Administrations



		COFDM

		Coded Orthogonal Frequency Division Multiplex



		CPG

		Conference Preparatory Group



		C PMSE

		Cognitive PMSE



		C/I

		Carrier over Noise ratio



		DA2GCS

		Direct Air to Ground Communication System



		DC

		Direct Current



		DTV

		Digital TeleVison



		DTTB

		Digital terrestrial television broadcasting



		DVB-S

		Digital Video Broadcasting via Satellite



		DVB-T

		Digital Video Broadcast – Terrestrial



		DVD

		Digital Versatile Disc



		EBU

		European Broadcasting Union



		ECC

		Electronic Communications Committee



		e.i.r.p.

		equivalent isotropically radiated power



		ECN

		Electronic Communication Network



		ECO

		European Communications Office



		EMF

		Electro Magnetic Field Limits (Human Exposure)



		ENG

		Electronic News Gathering 



		ERC

		European Radio Communications committee



		ETSI

		European Telecommunications Standardisation Institute 



		EU

		European Union



		FDD

		Frequency Division Duplex



		GE06

		Geneva 2006 Broadcast agreement



		GPS

		Global Positioning System



		GSM

		Global System for Mobile Communications



		HD

		High Definition



		IEM

		In Ear Monitoring



		IMT

		International Mobile Telecommunications



		ISDB-T

		Integrated Services Digital Broadcasting – Terrestrial



		ITU

		International Telecommunications Union



		IP

		Internet Protocol



		LSA

		Licensed Shared Access



		LTE

		Long Term Evolution



		MCL

		Minimum Coupling Loss 



		MFCN

		Mobile and Fixed  Communication Networks



		MIMO

		Multi-Input-Multi-Output



		MPT 1327

		An industry standard for trunked radio communications networks



		NGH

		Next Generation Handheld



		OB

		Outside broadcasting 



		PMR

		Private Mobile Radio



		PMSE

		Programme Making and Special Events



		PT

		Project Team



		QoS

		Quality of Service



		RF

		Radio Frequency



		RES

		Resolution



		SAB

		Services Ancillary to Broadcasting 



		SAP

		Services Ancillary to Programme making



		SD

		Standard Definition



		SNG

		Satellite News Gathering



		SRD

		Short Range Device



		STF

		Special Task Force



		TDD

		Time Division Duplex



		TS

		Terminal Station



		TETRA

		Terrestrial Trunked Radio



		UHF

		Ultra High Frequency



		UHD

		Ultra High Definition



		UMTS

		Universal Mobile Telecommunication System



		WGFM

		Working 



		WGSE

		Working Group Spectrum Engineering



		WRC

		World Radio Conference



		WSD

		White Space Device



		3D

		3- dimensional







[bookmark: _Toc381209049][bookmark: _Toc254870470][bookmark: _Ref254872148][bookmark: _Ref254887892][bookmark: _Ref254888104][bookmark: _Ref254961030][bookmark: _Ref254961102]


Annex 2: Technical SAB/SAP characteristics 

[bookmark: _Toc254870471][bookmark: _Toc381209050]Parameters for wireless microphones, in ear monitors (IEM) and audio links

Wireless microphones normally use wide band frequency modulation to achieve the necessary audio performance for professional use. For the majority of applications the transmitted signal requires a channel bandwidth of up to 200 kHz. Wireless microphones are mono transmission.

IEM equipment is used by stage and studio performers to receive personal fold back (monitoring) of the performance. This can be just the own voice or a complex mix of sources. The bandwidth requirement of professional IEM equipment is up to 300 kHz. In-Ear-Monitoring use stereo transmission that requires additional bandwidth to accommodate pilot tone and twin channel. 

The different specifications and operational requirements of wireless microphones, IEM and audio links is given in the table below.

Table 7

 wireless microphones in ear monitors and audio links

		Characteristics

		Wireless microphones

		IEM (in ear monitors)

		Audio Links



		Application

		Voice (Speech, Song),Music instruments

		Voice or mixed feedback to stage

		ENG/ OB , voice



		Transmitter



		Placement of a transmitter

		Body worn or handheld

		Fixed Base

		Body worn/vehicle mounted



		Power source

		Battery

		AC Mains

		Battery



		Transmitter RF-Output power

		Below 50 mW

		Below 50 mW

		Above 50 mW up to below 25W



		Transmitter audio input

		Microphone or line level

		Line level

		Microphone or line level



		Receiver



		Placement of a receiver

		Fixed/Camera mounted

		Body worn

		Fixed / vehicle mounted



		Power Source

		AC mains/Battery

		Battery

		AC mains/Battery



		Receiver audio output

		Line level

		Earphone

		Line level/Earphone



		Receiver type

		Single or diversity

		Single or diversity

		Single or diversity



		General



		Link scheme

		Uni-directional

		Uni-directional

		Bi-directional

Plus talk back channel



		Battery/power pack operation time

		> 6 - 10 h

		> 6 - 10 h

		> 6 - 10 h



		Typical audio frequency response

		≤20 to ≥20.000 Hz

		≤80 to ≥15.000 Hz

		Link to base:≤20 to≥20.000 Hz

Fold back to mobile unit: 12,5kHz



		Audio mode

		Mono

		MPX-Stereo

		2 way Mono



		RF frequency ranges

		TV bands III/IV/V, 1.8 GHz (Note 1)

		TV bands III/IV/V, 1.8 GHz (Note 1)

		TV Bands I/ III/IV/V, 1.8 GHz



		Signal to noise ratio (optimal/possible)

		>100/119 dB

		>60/110 dB

		>100/119 dB

Talk back link: lower



		Dynamic range of the RF link

		117 dB

		Typical 90 dB

		115 dB

Talk back link: lower



		Modulation

		FM wideband as well proprietary digital modulation

		FM wideband as well proprietary digital modulation

		FM wideband as well proprietary digital modulation

Talkback link: FM narrow



		RF peak deviation (AF = 1 kHz)

		±50 kHz

		±50 kHz

		±50 kHz

Talkback link: voice quality



		RF bandwidth

		≤200 kHz (note2)

		≤300 kHz legacy equipment

≤200 kHz modern equipment (Note 2)

		2 times <200kHz

plus 12.5kHz



		Useable equipment/channel (ΔRF = 8 MHz)

		>12

		6…8

		Not applicable





Note 1:	Wireless microphones and IEM may be also used in 863-865 MHz if complying with either EN 301 357 or EN 300 422 (10mW)

Note 2:	Modern systems are regularly well below these figures, but legacy equipment requires a higher bandwidth identified above.

[bookmark: _Toc381209051][bookmark: _Toc254870480]Technical aspects for transmitters

[bookmark: _Toc354462661][bookmark: _Toc381209052]RF Power

< 250 mW

[bookmark: _Toc354462662][bookmark: _Toc381209053]Spectrum Mask

Audio devices to be used in Region 1 are based on two different transmitter spectrum[8] masks, one for analogue systems and one for digital systems.

Figure 7

Spectrum mask for analogue systems.

[image: ]

NOTES:

•	The Reference power is to be measured at the unmodulated carrier centre frequency (fc).

•	The -90 dBc point shall be at ±1 MHz from fc measured with an average detector. To comply, a measured value must fall below the mask limit as shown above.




Figure 8

Spectrum mask for digital systems.
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The -90 dBc point shall be ±1 MHz from fc measured with an average detector.

[bookmark: _Toc354462663][bookmark: _Toc381209054]Channel bandwidth

Typical: <200 kHz, but may be up to 600 kHz to support HD sound.

[bookmark: _Toc354462664][bookmark: _Toc381209055]Frequency Error

The frequency error shall not exceed 20 parts per million for frequencies below 1 GHz, 15 parts per million between 1 GHz and 2 GHz and 10 ppm above 2 GHz.

[bookmark: _Toc354462665][bookmark: _Toc381209056]Spurious emissions limits at transceiver antenna port

[bookmark: _Ref254964827][bookmark: _Ref254964823]Table 8

Spurious emission limits at transceiver antenna port.

		State

		Frequency



		

		47 MHz to 74 MHz

87.5 MHz to 137 MHz

174 MHz to 230 MHz

470 MHz to 862 MHz

		Other Frequencies
below 1 000 MHz

		Frequencies above
1 000 MHz



		Operation

		4 nW

		250 nW

		1 µW



		Standby

		2 nW

		2 nW

		20 nW





Note: Measured values for equipment in each frequency band must be below the values given in Table 8 above. 

[bookmark: _Toc354462666][bookmark: _Toc381209057]Technical aspects for receivers

[bookmark: _Toc354462667][bookmark: _Toc381209058]Typical audio receiver characteristics

Table 9

Sensitivity for wireless microphones.

		Typical minimum sensitivity

		‑90 dBm

		Depending on channel bandwidth and modulation technique





[bookmark: _Toc354462668][bookmark: _Toc381209059]Test arrangement and test procedure

A test procedure is described in order to place the sensitivity figures provided above into context. 

The test configuration provided in Figure 4 can be used to measure the receiver sensitivity.

Figure 9

Test configuration for receiver sensitivity.
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[bookmark: _Toc354462669][bookmark: _Toc381209060]Test procedure:

•	Set signal generator A to receiver frequency (fc).

•	Set signal generator A RF output level to -120 dBm.

•	Set signal generator A to Modulation FM, Deviation +/- 24 kHz, AF 1 000 Hz.

•	Modify signal generator A RF output level until receiver S+N/N (Noise and Signal level divided by Noise level) degrades to 80 dB(A). 
NOTE − Alternative can be measured to a limit of 30 dB SINAD. 

[bookmark: _Toc354462670][bookmark: _Toc381209061]Receiver sensitivity limit

The typical receiver sensitivity must be below -90 dBm. 

For miniaturized receivers and body worn receivers, a sensitivity of -85 dBm is applicable.

[bookmark: _Toc354462671][bookmark: _Toc381209062]


Sensitivity for IEM

Table 10

Sensitivity for IEM.

		Typical minimum sensitivity

		 -85 dBm

		Depending on channel bandwidth and modulations technique





[bookmark: _Toc354462672][bookmark: _Toc381209063]Receiver spurious emissions at antenna port

Table 11

Limits for receiver spurious emissions.

		Receivers and idle/standby transmitters

		 -57 dBm 		in 9 kHz  to 1 GHz

 -47 dBm		above 1 GHz





[bookmark: _Toc354462673][bookmark: _Toc381209064]

Propagation issues

In this section presents some information[10] to the typical transmission path from the transmitter to receiver units. Each scenario will be different, from a cluttered stage to a fast moving helicopter.

Figure 10

Body worn antenna radiation patterns.
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Figure 11

Hand held antenna radiation patterns.

  [image: ]

[bookmark: _Toc354462674][bookmark: _Toc381209065]

Transmission path loss: worst case scenario

Path loss for a radio microphone transmission is often interpreted as a simple line of sight scenario; however this is rarely the case as the figures below show:

Components of microphone transmission path can be described as:

•	Microphone output power (ERP)	17 dBm

•	PLFS - Free space path loss 	32.44+20*log10(D/1000)+20*log10(F)

•	PLALD - Microphone antenna loss & detuning effect	up to 15 dB

•	PLB - Loss effected while carrying antenna on human body	up to 25 dB

•	PLN - Additional loss in the transmission path notches	up to 30 dB

•	PGDV - Gain by using antenna diversity techniques 	up to 7 dB

•	PGA - Gain through receiver antenna	typical 7 dB


The worst case in a typical non-diversity installation can described as

TotalLossWorstCaseND [dB] = PLFS + PLALD + PLB + PLN - PGA

[bookmark: _Toc354462675][bookmark: _Toc381209066]Change in path loss using a diversity antenna system

Typical SAB/SAP antenna diversity systems use two antennae with the same characteristics that are physical separated (Spatial diversity). In some configuration, the SAB/SAP combines pairs of antennas with orthogonal or circular polarizations. Because of the linear microphone polarization this should not be misinterpreted as polarization diversity.

The worst case in a typical installation by using diversity receiver antennas can described as

TotalLossWorstCaseD [dB] = PLFS + PLALD + PLB + PLN - PGDV - PGA

Diversity receivers using two antennas and a signal switching system vary in their effectiveness depending on the spacing and type of antenna in use.

Figure 12

The complex situation on the transmission path if all parameter considered

[image: ]

NOTES:

· The red and blue lines represent the reception level at the antennas and the green line is the best-case signal provides by the diversity algorithm.

· The diversity can’t eliminate all path notches but can reduce their effect

Deep fades are a major component in the use of radio microphone in any given location. Multi path fading typically of up to 40 dB but extremes of up to 60 dB will be experienced.

[bookmark: _Toc354462676][bookmark: _Toc381209067]Link budget

In addition to the path loss there are additional interference problems on a microphone path, which affects the system performance (e.g. Interference, Man Made Noise, antennas placed in actor costume or stage installations). For any production there may be a range of link budgets[11][12][13] dependant on the relative locations of the radio microphone user and the receive antenna.

Typical link budget calculation using a diversity antenna system

Table 12

Link budget.

		Input Parameter

		

		

		



		D – Distance

		20

		m

		



		F – Frequency

		700

		MHz

		



		RXCH - Microphone receiver channel bandwidth

		140

		kHz

		



		Pout - Microphone output power (ERP)

		17

		dBm

		



		PLALD - Microphone antenna loss & detuning effect

		15

		dB

		



		PLB - Loss effected while carrying antenna on human body

		25

		dB

		



		PLN - Additional loss in the transmission path notches

		30

		dB

		



		PGDV - Gain by using antenna diversity techniques 

		7

		dB

		



		PGA - Gain through receiver antenna

		7

		dB

		



		RNF - Receiver noise figure

		8

		dB

		



		RMINSNR - Receiver minimum SNR

		20

		dB

		



		

		

		

		



		Constant Parameter

		

		

		



		TNF - Thermal noise floor

		1 Hz bandwidth at 20 °C

		-174

		dBm



		

		

		

		



		Calculation

		

		

		



		PLFS - Free space path loss using 0 dB dipole antennas

		32.44+20*log10(D/1000)+20*log10(F)

		55.4

		dB



		TPF - Total path los

		PLFS + PLALD + PLB + PLN - PGDV - PGA

		111.4

		dB



		RTNF - Thermal noise floor at receiver channel bandwidth

		at 20°C

		-122.5

		dBm



		TRF - Total receiver noise power

		RTN + RNF

		-114.5

		dBm



		RMINRINP - Minimal needed receiver input signal

		TRF + RMINSNR

		-94.5

		dBm



		RINPS - Receiver input signal

		POUT - TPF

		-94.4

		dBm



		

		

		

		



		Link budget

		RMINRIN - RINP

		0.2

		dB





NOTE: 

[bookmark: _Toc354462677]• A link budget grater than 0 shows the physical link feasibility in absence of interference.
• Any additional interference leads to a reduction in the practical link distance.

[bookmark: _Toc381209068]


Short form presentation of signal level and path losses

Table 13

Link budget short form

		Pout - Microphone output power (ERP)

		17

		dBm



		PLALD - Microphone antenna loss & detuning effect

		-15

		dB



		PLB - Loss effected while carrying antenna on human body

		-25

		dB



		PLN - Additional loss in the transmission path notches

		-30

		dB



		PGDV - Gain by using antenna diversity techniques 

		7

		dB



		PGA - Gain through receiver antenna

		7

		dB



		RNF - Receiver noise figure

		-8

		dB



		RMINSNR - Receiver minimum SNR

		-20

		dB



		PLFS - Free space path loss using 0 dB dipole antennas

@ distance 20m and 700 MHz

		-55.4

		dB



		RTNF - Thermal noise floor at receiver channel bandwidth

		-122.4

		dBm





[bookmark: _Toc354462678][bookmark: _Toc381209069]Interference in to the audio receiver unit of a SAB/SAP system

[bookmark: _Toc354462679][bookmark: _Toc381209070]Compatibility Figures

[bookmark: _Toc381209071]Minimal required C/I for microphone links in the presence of a wideband interferer

This lab test example shows a test LTE signal (2) and a SAB/SAP measuring signal (1) at a measurement bandwidth of 100 kHz. To ensure the minimum necessary production quality, the useful carrier to interference ratio (C/I) can be determined from the difference between the LTE (2) and SAB/SAP (1) signal strengths. Monitoring and control was achieved by means of a headset.

Figure 6 shows the test scenario RF spectrum.




Figure 13

Required C/I in analogue systems.

[image: ]

The 1 kHz audio test signal was interference free with a C/I value of ~ 22 dB. This confirms the initial hypothesis that a minimal C/I of 20 dB is needed for analogue microphone use.

[bookmark: _Toc381209072]Wideband transmitter in adjacent spectrum

Figure 14

Six typical wireless microphone signals on receiver input.



[image: ]

The SNR at receiver input is set according to the result of the link budget calculation.

Figure 15

Schematic illustration to show the principle of interference from a wideband interferer adjacent to the microphone channel.

[image: ]

The adjacent channel transmitter noise will block all microphone links completely.

Figure 16

Schematic illustration to show the principle of interference from 2 wideband interferers adjacent to the microphone channel.

[image: ]

All microphone channels are completely blocked.

NOTE: 

•	The signal quality of adjacent wideband transmitter defines the neighbouring risk to SAB/SAP.

•	Possible blocking effects are not considered.

Figure 17

Schematic illustration to show the principle of interference from a wideband interferer adjacent to the microphone channel in a graphical format. Left) Interference free microphone scenario. Right) Interfered microphone links.

[image: ] [image: ]

NOTE − each colour presents a different signal

[bookmark: _Toc354462680][bookmark: _Toc381209073]A method to measure the radio microphone receiver C/I 

[bookmark: _Toc354462681][bookmark: _Toc381209074]Hardware test procedure

The test procedure is described in order to place in context the following sections on co-channel interference levels.

[bookmark: _Toc381209075]Definition

The microphone protection level can be described as the unwanted signal level which degrades the microphone receiver output audio (S+N)/N to 80 dB(A).

Figure 18

Test setup.

[image: ]

[bookmark: _Toc381209076]Test procedure:

•	Set signal generator A to receiver frequency (fC)

•	Set wanted signal generator A to the necessary modulation parameters (e.g. FM, Deviation 
+/- 24 kHz, AF 1 000 Hz)

•	Set signal generator A RF output level measured at microphone receiver input to ‑85 dBm

•	Set unwanted signal generator B on receiver frequency (fC)

•	Set signal generator B RF on smallest output level (e.g. -130 dBm)

•	Set signal generator B to Modulation FM, Deviation +/- 24 kHz, AF 400 Hz

•	Modify signal generator B RF output level until receiver (S+N)/N degrades to 80 dB(A).
NOTE − If required due to the used analogue audio compander technique employed, the unwanted level can alternatively be measured on an audio quality limit of 30 dB SINAD.

•	Record the generator B RF level measured at receiver input 

•	Repeat the measuring on other interfering frequencies and record the generator B RF level measured at receiver input 

[bookmark: _Toc381209077]Results using the Test procedure 

[bookmark: _Toc354462682][bookmark: _Toc381209078]Analogue microphones

Depending on the receiver construction, a co-channel interference level of less than-115 dBm will provide acceptable performance.

[bookmark: _Toc381209079]Digital microphones

At present, systems which are available on the market differ in their behaviour substantially (also with respect to their designed behaviour), and it seems to be too early to make a definitive statement. From the few tested using spectrum efficient modulation, an unwanted interferer level of less than -115 dBm has been found to give acceptable performance.

[bookmark: _Toc354462683][bookmark: _Toc381209080]Derivation of interference level

a)	Microphone reception quality threshold in operation
The minimal working field strength is -85 dBm. This level includes fading notches. 
With a 30 dB C/I a quality degradation of 1 dB appears.

b)	Microphone receiver sensitivity	
The recent microphone receiver offers a high sensitivity. The typically RF squelch is set to -95 dBm. The minimum quality level with current equipment is given at -95 dBm with 20 dB C/I. Under these conditions a quality degradation of 3 dB appears.	

Both examples calculate a maximum interference level of -115 dBm in 200 kHz channel. This can be transferred into a relative interference level of -168 dBm/Hz.

[bookmark: _Toc381209081]Estimation of the interference level

Figure 19

Maximum interference level to microphone receiver.
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[bookmark: _Ref254888071][bookmark: _Toc381209082]Intermodulation, reverse intermodulation, WSD and SAB/SAP

Wireless microphones and in ear monitors (IEM) are unusual in the radio world in that large numbers of transmitters (in excess of 80 at a large show); operate simultaneously for a number of hours and in very close proximity, in many cases within centimetres of each other.

It should be borne in mind that all wireless microphones and IEM,s will be switched on prior to the start of a performance and not switched off until the audio or recording system is shut down to prevent clicks and bangs being sent to the audio amplification or recording system.

[bookmark: _Toc254870481][bookmark: _Toc381209083]Intermodulation

A detail description of the effects of intermodulation is in section ‎4.2.3.1

Manufacturers can control the contribution of intermodulation that each element of their equipment makes to a large extent and significant differences in performance exist between different brands and models of SAB/SAP equipment in respect of the levels of intermodulation produced and the levels of tolerance they have to intermodulation interference. However, since intermodulation can also occur elsewhere than within the radio microphone equipment it cannot be completely eliminated and therefore the best possible mitigation is to avoid the consequences of interference from any possible intermodulation wherever possible. Once an intermodulation product exists in the environment, regardless of how it originates, it is just another interference source and the effect that it will have on a receiver can be predicted to a large extent by reference to the C/I performance of the receiver. 

The number of intermodulation products present rises exponentially as the number of carriers’ increases. Consequently the number of clean frequencies available within a given bandwidth declines rapidly as the number of carriers increases. The strength of the received signal from a radio microphone at the receiving antenna(s) varies widely as the transmitter moves around.  Frequently the strength of the ‘wanted’ signal at the receiver will be less than that of one or more unwanted signals on adjacent frequencies, be they signals from other radio microphone transmitters which are in more favourable locations than the source of the ‘wanted’ signal, or intermodulation products. 

In practice it is frequently the case that the wanted radio mix signal is one of the weakest at the receiving antennas since during many types of event at various times a single performer or group of performers may be on stage and therefore at a distance from the receiving antennas when the remainder of a shows cast are off stage and therefore their transmitters are closer to the receiving antennas.

Since intermodulation must exist at some point in all radio communications systems where there are multiple simultaneous transmissions many RF practitioners are often puzzled as to why it is such a major preoccupation for those involved in SAB/SAP. To understand this one needs an appreciation of the circumstances in which intermodulation becomes the problem. In the majority of communications systems either only voice quality (300-3 400 Hz) or data with check algorithms are in use. For SAB/SAP two major contributors are the wide audio bandwidth and wide audio dynamic range (or audio signal to noise ratio) of wireless microphones and IEMs. Wireless microphones typically have audio frequency responses ranging from 20 Hz up to 20 kHz and signal to noise ratios exceeding 100 dB. Consequently a low level heterodyne that might present no problem and even go completely unnoticed in other types of radio communications will be considered harmful interference in SAB/SAP applications (e.g. a 12.5 kHz heterodyne which demodulates as a whistle at –40 dB will not be apparent in a PMR system since it will be outside the audio frequency range and also close to the audio noise floor but it will be very obvious in a radio microphone system). Since wireless microphones are at the start of the audio production chain any interference at this point affects the entire downstream audience. Since in practice the likely sources of the signals which have combined to produce a particular intermodulation product will themselves be carrying modulation the intermodulation product will also carry a combination of the contributors modulation, more often than not this makes it even more audibly obtrusive. The ultimate audio output of an event, whether broadcast, recorded or live will frequently also be a combination of the audio output from more than one radio microphone summed together and so will contain the sum of any interference experienced by those wireless microphones.

The problems can be exacerbated in IEM systems by a number of factors. When operated in Stereo mode – the default for Live Music performers – the demodulated bandwidth of the IEM receiver is necessarily considerably larger than for a mono radio microphone (or an IEM receiver operating in Mono mode). The operation of the multiplex stereo system using a 38 kHz sub carrier to carry the L-R difference information means that the receiver is susceptible to disturbance by interference that demodulates as baseband frequencies up to at least 53 kHz which are then rendered audible by the multiplex decoding process. In live music use the IEM receiver feeds high performance audio transducers inserted in to the ear canal of the artist’s ears, consequently the smallest disturbance is conducted directly to the performer’s ears which at the very least can be distracting for them and far more serious in the case of severe interference. Additionally IEM receivers are necessarily small battery powered devices and consequently are restricted in terms of antenna, space and energy resources which in turn can restrict their RF performance in comparison with what can be achieved by a top-of-the-range mains powered rack mounted radio mic receiver. Until quite recently IEM receivers did not feature diversity reception, although newer models do now benefit from this technology.

[bookmark: _Toc254870482][bookmark: _Toc381209084] Reverse intermodulation

The term reverse intermodulation describes the situation that occurs when RF enters the output of an RF amplifier such as the output stage of a transmitter where other signals are received via the transmitting antenna. Since the output is not designed to deal with signals being presented in this way mixing occurs between the ‘received’ signals and also the signal that the amplifier is amplifying. In general the more linear the amplifier the less reverse intermodulation will occur, up to a point. If the ‘received’ signals are sufficiently large then overload will occur. In a small battery powered device designed to output only a few tens of milliwatts this is quite a realistic proposition in the presence of higher powered transmitting devices particularly if they are operating in or near the same frequency band.

[bookmark: _Toc254870483][bookmark: _Toc381209085] Mitigation techniques

In permanent base station installations there are a number of standard practice techniques that are commonly used which reduce intermodulation between multiple co-sited transmitters. A transmitter which is going to operate long term on a single frequency can have output filters, either internally or applied separately as part of the installation, these filters may be multi pole and have a high Q and these can contribute considerably to the reverse intermodulation performance. Ferrite isolators or circulators commonly used to combine transmitter outputs or to protect transmitters against antenna damage also produce dramatic improvements in reverse intermodulation performance at base station sites. Even antenna feeder cable loss has a beneficial effect in reducing the generation of reverse intermodulation products since it attenuates both the ‘received’ contributors travelling from the antenna to the transmitter output and also the resulting intermodulation products on their way back to the antenna.

Unfortunately most of these techniques are not suitable for small portable battery powered devices with a wide tuning range such as wireless microphones. Each contributes weight, size, reduced efficiency or a combination of all three. Highly selective filters band pass filters in radio microphone transmitter output stages were once common in high end professional devices when they operated on a single crystal controlled frequency (>20 years ago). The need for more frequency agile devices with wider tuning ranges means that modern equipment has to take a different approach with wider pass band filtering and linear output amplifiers instead. Miniature ferrite isolators do exist but have limited bandwidth thus limiting the tuning range of any equipment in to which they are incorporated and they also add size and weight which are both undesirable. A simple attenuator between the transmitter output and the antenna can deliver reverse intermodulation performance improvements without imposing significant weight or size penalties, but the effect on efficiency and therefore battery life are readily apparent and therefore not necessarily desirable.

[bookmark: _Toc254870484][bookmark: _Toc381209086] Frequency planning

Since ultimately intermodulation cannot be completely prevented or controlled, the solution adopted by the SAB/SAP industry is to plan frequency usage so as to avoid the predictable consequences of interference which would result from intermodulation as far as is reasonably possible. 

If a number of carriers are evenly spaced in frequency then mutual interference due to intermodulation can be predicted. If just three carriers are each spaced evenly then two of the three carriers will be vulnerable to interference from 3rd order two tone intermodulation products.

For ten, evenly spaced, carriers the number of two tone 3rd order products which will occur directly on the carrier frequencies is forty, evenly distributed at four per carrier frequency. If we start to look at higher order intermodulation products and higher numbers of tones, although the products will individually be predictably smaller in signal strength, they will be more numerous in quantity and the cumulative effect cannot be ignored in systems with multiple transmitters. So far we have only considered the carrier frequency and assumed zero bandwidth. Once we enter the real world then we have to consider the situation where any intermodulation products which occur within the receiver channel bandwidth can also be a source of interference. How far in frequency from the carrier frequency an intermodulation product can be before it can be ignored is a major differentiator between different brands and models of SAB/SAP equipment. For many events and locations where SAB/SAP equipment is present there may be a mixture of makes and models of equipment in use which further complicates the frequency planning. In a multiple channel system using frequency spacing which is equal to the channel spacing plus a fraction of channel spacing will still result in intermodulation products which are within the channel bandwidth. As a simple rule of thumb the spacing between any two frequencies in a system must be different to that between any other pair of frequencies.

[bookmark: _Toc254870485][bookmark: _Toc381209087] Intermodulation products vs. required bandwidth

If the Tx frequencies of the transmitters are equally spaced within a given bandwidth, virtually the required bandwidth for the transmitter setup is low, but the RF noise generated through the intermodulation products in the vicinity of the carriers increases significantly and makes the RF channels adjacent to the Tx carriers unusable.

Figure 20

Generated intermodulation products for 8 equally spaced transmitter carriers.
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In real world situations, the maximum number of IM free channels will depend on the quality of the links as well as the equipment use. The following figure illustrates the behaviour of one typical system.

Figure 21

Required spectrum vs. number of channels in intermodulation free operation.

[image: ]



For co-located and coordinated systems, it will be possible to increase the number of links as shown in the following table.

Table 14

		Total number of channels

		Wireless Microphones

		IEM

		TV channels 
needs to be 
interference free

		TV channels x 8 MHz
needs to be 
interference free



		12

		12

		-

		1

		8 MHz



		12

		10

		2

		2

		16 MHz



		32

		32

		-

		5

		40 MHz



		42

		42

		-

		7

		56 MHz



		42

		32

		10

		9

		72 MHz



		53

		53

		-

		9

		72 MHz



		62

		62

		-

		11

		88 MHz



		62

		52

		10

		13

		104 MHz



		85

		85

		-

		15

		120 MHz



		98

		98

		-

		18

		144 MHz





Note: Frequency spectrum is one package, e.g. 11 channels = 470-558 MHz

[bookmark: _Toc254870486][bookmark: _Toc381209088] Example of audio SAB/SAP in typical urban environment

This section considers the number of SAB/SAP links, which can be operated in parallel in the 
470-790 MHz Band in an urban environment in best case.

The following figure provides an overview of a typical urban scenario of facilities that are using audio SAB/SAP:

Figure 22

Urban scenario of facilities using audio SAB/SAP
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Any production has to be free of interference in order to meet the QoS expected by the listeners. One source of interference is caused by intermodulation which is generated in any wireless system when it operates in close proximity of other systems. As intermodulation can be calculated the system design takes care of the effect and uses only reliable frequencies which guarantee no unwanted noise in the audio signal.

The following graph shows a typical arrangement of carriers in a multichannel system of wireless microphones operated in three UHF TV channel (24 MHz):

Figure 23

Typical arrangement of carriers in a multichannel system of wireless microphones.
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It can be seen that thirty carriers of this system are arranged in non-regular spacing.

A venue usually consists of different locations in which different events take place in parallel: in a conference centre there are different halls and rooms with different events using wireless equipment. The same situation will occur in hotels with their meeting facilities, in universities with their lecture halls, in entertainment centres with their various stages, also in exhibition halls with the booths of the exhibitors last not least at political and sport events where several ENG Teams operate in parallel in different areas.

All these events in one venue have one thing in common: they are separated by walls of by a certain distance. Separation by room, house walls or ceilings usually gives a signal attenuation of more than 15 dB in addition to the free space path loss (e.g. shielding by walls or urban installations). Taking this into account the intermodulation of the system shown above will be very low in the neighbour room or neighbour venue. This allows taking the same set of frequencies for the neighbour venue, but shifting all the frequencies by the same amount. Optimising this process will show than much more SAB/SAP can operate in parallel:

Figure 24

Scenario of SAB/SAP channel in moderately shielded locations.

[image: ]

As shown in the graph above these locations are named S1, S2, and S3 etc. The colours assigned to these locations can be found in the graph that shows the used frequencies from left to right. By shifting the frequencies to higher ones there will come the point where one of these frequencies exceeds the upper limit of the three UHF TV channel. These frequencies have to be left out.

This is the reason why the 10 different venues shown on the right of the graph have a different set of frequencies for the use in that location: some venues have more, some fewer frequencies.

The carriers in the graph have different levels. The one with the highest level is the venue which is the reference, from which one can look to the signals of the neighbour venues. The difference in level of the other locations indicates the attenuation the signals experience on the way to the reference location.

Each of the venues on its own have intermodulation free frequencies, but there is a risk of interference if the wanted carrier falls below the intermodulation frequency level of one of the venues. This can only happen if one of the wireless microphones leaves its venue. For high quality productions there is no alternative than intermodulation free arrangement of a set of frequencies as shown in the first graph.

It has to be mentioned that this scenario as described above will work outdoors only if the distances between the venues delivers a signal attenuation of more than 15 dB in addition to the path loss.

The system as described above is proven by practical application in everyday operation – for the venues as named above. This is usually done by the professional frequency coordinator who takes all the important parameters into account.

It needs to be mentioned that the use of SAB/SAP with extended bandwidth, 400 kHz or 600 kHz, will reduce the maximum number of wireless links that can be used in one venue and a mixed scenario.

SAB/SAP manufactures have software tools available that can be used to calculate the number of intermodulation free channels in a given bandwidth. In these software tools, algorithms similar to the one described above are implemented.

If operation conditions cannot be considered ideal, the maximum number of available IM free channels will be lower.

A number of distinct separated spectrum blocks will give a higher number of available IM free channels than one large continuous frequency range.

[bookmark: _Toc254870487][bookmark: _Toc381209089] Multi-venue sites

At sites where multiple venues are clustered together such as TV studio complexes, conference centres, and theatre complexes it is important to consider the effect that events in one area of the complex may have on another. Wireless microphones are portable transmitters which may travel around a venue (or beyond) outside the coverage of their receivers such as when an actor returns to the dressing room between scenes or a conference speaker leaves the room between presentations. The dressing room or the route to it may be adjacent to another studio, the conference centre bar maybe adjacent to another conference room. Taking the frequency planning for each venue on site solely in isolation exposes the receivers in each venue to the danger of intermodulation created by the proximity of a transmitter (or transmitters) from another area coming within range of the receivers. Careful planning can and does eliminate these risks allowing unhindered mobility of event participants and their wireless microphones. Similar risks exist where IEMs are used in multiple adjacent venues, but since in this case the transmitters are usually fixed in their location the situation is more controlled.

Conversely sites such as schools and universities which may have as many as forty or fifty wireless microphones distributed around a single campus need not be completely ‘intermodulation free’ allowing greater apparent spectral efficiency. Typically such institutions will have only a number of locations within them that have any concentrations of wireless microphones, such as one or two individual lecture theatres with maybe six or eight wireless microphones each. The balance of the systems will be distributed around the site in ones or twos. So long as those systems which are used together or are adjacent to each other are intermodulation free then usually all will be well since the transmitters will normally remain in or around the areas where their receivers are located.

In all of the above however the common factor is that the distribution and use of SAB/SAP radio frequencies in and around a site is known and the ‘worst case’ scenario of everything being in use at once can be assessed, calculated and allowed for.

[bookmark: _Toc254870488][bookmark: _Toc381209090] Digital SAB/SAP

Whereas the effects of intermodulation or any form of interference may become apparent and a nuisance to analogue SAB/SAP services at even relatively low levels the onset may be gradual and the noticeable degradation in performance as levels of interference increases gives some warning of impending problems. Low levels of interference under certain circumstances such as in location news gathering may be deemed acceptable even when noticed if the alternative is no sound at all.

By comparison low levels of radio interference may not be evident in the audio output of a digital radio microphone until the C/I ratio degrades up to or very near the point at which the audio output is suddenly lost or corrupted beyond recognition; in short, digital systems do not fail gracefully. Far from being completely immune to intermodulation issues, as with most analogue or digital dilemmas, the choice is between managing the quantifiable audible intrusion of increasing interference or catastrophic loss of audio with little or no warning. Both will suffer interference as a result of intermodulation in some way. Different digital modulation schemes used by different manufacturers exhibit different levels of tolerance to interference as do different hardware architectures meaning that there is just as much variation in the effects of intermodulation in different digital systems as in different analogue systems overall.

[bookmark: _Toc254870489][bookmark: _Toc381209091] White Space Devices(WSD) and SAB/SAP

White Space devices (WSDs) operating within the 470-790MHz band might have some impact on the availability of spectrum for SAB/SAP. If the operation of the WSDs is controlled by a database, the channels needed for use by SAB/SAP in a particular location can be added to the database, which would give the SAB/SAP usage priority over WSDs and remove the risk of co- or adjacent channel interference. There may still be some possibility of intermodulation occurring, if the WSD transmits within the RF operating bandwidth of the SAB/SAP device and in proximity to the SAB/SAP equipment. 

[bookmark: _Toc254870496][bookmark: _Toc381209092]Benefit of digital audio SAB/SAP: Possibility to adapt the characteristics to application requirements

Digital transmission chains provide significant latitude to select the appropriate audio signal quality, but also provides full freedom to select appropriate trade-offs between the following system’s characteristics:

•	Transmitted acoustic signal quality;

•	Robustness to interference and channel fading;

•	Required received signal strength;

•	Required transmitted RF power;

•	Spectrum efficiency.

It should be stressed that by trade-offs, it is understood that digital transmission does not allow to improve all of these characteristics at the same time, but on the contrary to adapt the transmission characteristic to a specific application by sacrificing some factors in order to improve others.

A very simple example is provided thereafter: systems can be made robust to interference through sacrifices on the achievable audio quality.

[bookmark: _Toc381209093]Technology limitations of digital audio SAB/SAP

Generally speaking, a digital transmission chain introduces latency compared to a similar analogue transmission chain. Latency and co-channel protection requirements may restrict the applicability of digital transmission chain for the most latency sensitive audio SAB/SAP application, most noticeably live performances involving in ear monitors.

[bookmark: _Toc254870497][bookmark: _Ref254888179][bookmark: _Ref254888699][bookmark: _Toc381209094]Information on active antenna distribution systems

Many use scenarios will require additional components in the path from transmitter output to receiver input that affect the interference scenario. 

[bookmark: _Toc381209095]Receiver distribution system

In a simple environment, each receiver has its own antenna. A large production would therefore require 50 or more antennas, which is impractical. Therefore, the professional event uses antenna distribution systems. The signal of a single receiving antenna are split into many receiver paths, this unamplified antenna power division results in additional losses from antenna to receiver port. An antenna amplifier can compensate for this signal loss but the antenna amplifier is a nonlinear and broadband device. Nonlinearity in combination with high-bandwidth (e.g. 24 to 100 MHz) degrades the desired receiver performance. The receiver is affected by interference from the intermodulation generated within the amplifier.

Additional filters are used to provide protection from other radio signals.

[bookmark: _Toc381209096]Transmitter distribution system

IEMs use a fixed transmitter mounted in 19” racks, and it is impractical to use individual antenna in a large system. The transmitter outputs are combined to a common antenna path. The power losses are compensated by the use of an amplifier. Non-linearity in combination with high bandwidth degrades the desired transceiver performance. Additional filters are used to provide protection to other radio application outside the microphone band.

An active antenna distribution system is a complex scenario, which is designed on an individual site basis.

[bookmark: _Toc254870498][bookmark: _Toc381209097]Discussion and summary of the properties of the new technologies

The performance of audio SAB/SAP can be characterised by the following parameters:

•	Acoustic signal quality / audio quality;

•	Spectrum efficiency;

•	System adaptability;

•	Range/ required TX power/ required RX signal strength;

•	Robustness to interference;

•	Latency.

These parameters are in direct relation and interact with each other, they are not independent from each other and the variation of one element usually affects others. In general, the parameters cannot be varied independently from each other.

In the following diagrams, the performance of the described technologies is illustrated by using the 6 parameters as defined above. As a graphic representation, the 6 parameters were arranged in a coordinate plane. When arranged in this coordinate plane the parameters spread an envelope in this plane: “the envelope of possibilities”. 

Depending on the discussed technology, some of the parameters are fixed and others can be adjusted. As a result from these dependencies the shape of the resulting envelope varies for each introduced technology. The resulting envelopes in the coordinate plane help understanding the differences of the discussed technologies and support a comparison of them with regard to the introduced parameters.

For analogue systems the shape of the envelope is fixed. For cognitive and digital systems, the corners of the envelope representing the above described parameters can be varied. 

General notes for the interpretation of the diagrams: 

•	To make the different quantities of the parameters comparable, the axes of the diagram do not show the physical quantities of the parameters themselves but an abstract utility of them which is proportional to the suitability for the user of the system, e.g. the lower the latency of the system the higher the utility of this parameter. Using this approach, for the utility of each parameter (as used in the diagrams) the simple interpretation ‘the higher the better’ holds true.

•	The higher the utility of an parameter, the further it is away from the origin of the coordinate plane. Light green and dark green colour is used, to compare different sets of feasible parameters for a given technology / system setup in the respective graphs.

[bookmark: _Toc254870499][bookmark: _Toc381209098] Analogue systems

The current analogue systems operate with comparatively fixed parameters and characteristics that were tailored to the requirements of the users for typical usage scenarios.  Analogue audio SAB/SAP systems deliver extremely low latency and very good acoustic signal quality. Analogue systems are susceptible to interference and have a fixed operating range, beyond that range the system performance will start to decrease. Due to performance reasons the adaptability to selecting the frequency of operation is limited.

Figure 25

Analogue SAB/SAP
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[bookmark: _Toc254870500][bookmark: _Toc381209099]Cognitive systems with analogue audio SAB/SAP: Envelope of possibilities

In principal, cognitive audio SAB/SAP systems are not limited to a specific technology and the concept can be implemented either by analogue or digital links for the transmission of the audio signal. In the following, as an extension to current analogue devices, the focus is on systems with an analogue audio link whose parameters can be adjusted and modified through a cognitive control plane taking into account the required performance criteria as pre-selected by the user. The system can therefore modify some of the characteristics of the analogue audio link within the present parameters and is hence to some extent capable of adapting to changing conditions of the environment. However, as mentioned before, there is a trade-off between the parameters. For example, a very high spectral efficiency may correspond to a lower acoustic signal quality. On the other hand, if high acoustic signal quality is favoured this may lead to compromises with regard to robustness to interference and/or spectral efficiency. 

Therefore, a cognitive audio SAB/SAP system is not defined by a fixed performance level, but would adapt its performance level with regard to various criteria depending on the requirement of the specific situation. Once the required performance level is set by the user, the system will work within this limitation In that sense, this kind of cognitive SAB/SAP systems is more adaptable than a conventional analogue SAB/SAP system.

Figure 26

Cognitive SAB/SAP envelope of possibilities
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[bookmark: _Toc254870501][bookmark: _Toc381209100] Cognitive systems Example 1

In this example, the user of the cognitive system accepts to sacrifice some robustness to interference but no compromise on the other parameters i.e. requiring maximum audio quality. This may be the case in a very controlled RF environment where a maximum number of microphones is required, while maintaining a very good audio quality.

Figure 27

Cognitive SAB/SAP – Example 1
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[bookmark: _Toc254870502][bookmark: _Toc381209101] Cognitive systems: Example 2 - System providing high acoustic quality

In this example, the user of the cognitive audio SAB/SAP system would require that microphones to transmit at maximum power in order to be certain to maintain audio quality, even in case of interference. 

Figure 28

Cognitive SAB/SAP – Example 2
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[bookmark: _Toc254870503][bookmark: _Toc381209102]Digital systems: Envelope of possibilities

Digital audio SAB/SAP systems provide a large envelope of possibilities as various elements of the technology available in the digital communication field can be reapplied to this specific use case. 

If an appropriate channel coding is applied. Digital systems are capable of correcting, to some extent, errors of the audio signal caused by added noise on the channel or by interference from other systems. This cannot be achieved by analogue systems. Thus, for digital systems the resolution of the audio signal mainly depends on the quality of the microphone itself and the resolution of the analogue to digital conversion resulting in the possibility of a very high audio quality. However, this attractive feature comes at the price of an increased latency introduced by the additional signal processing steps. Moreover, a high bandwidth is required to transmit an audio signal with a high audio resolution. By using source coding techniques the necessary bandwidth can be significantly reduced and to some extent adjusted at the price of a decreased audio quality and an additional increase of latency.

Therefore, as a compromise, low latency digital SAB/SAP systems may use tailored low latency codecs with modest coding and compression rates that accept a higher RF channel bandwidth and a higher susceptibility to interference.

If the rest of the audio chain is analogue, the received and processed digital signal must again be converted into an analogue signal resulting in additional delay. The total delay can be too high for some application scenarios in particular if in ear monitoring is used (e.g. at live performance events), as the signal from the performer must loop through the mixing console and back to the performer fast enough so that the performer does not notice the delay. In the ideal case of a completely digital audio chain these conditions are more relaxed as the additional conversion is omitted. 

However the overall delay depends on all elements of the audio chain which are potentially provided by different manufacturers hence cannot be arbitrarily controlled by the single component manufacturer.

The illustrative envelope of possibilities of digital SAB/SAP systems is provided below.

Figure 29

Digital SAB/SAP – Envelope of possibilities
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[bookmark: _Toc254870504][bookmark: _Toc381209103] Digital systems - Example 1: High capacity system

In this example, the user of the digital audio SAB/SAP system selects a sound encoding scheme with a high compression rate, combined with a very robust channel coding scheme. In such a case, the transmission of the system can be very robust to interference and can achieve a very large range and carry a large number of audio channels in a given bandwidth. On the other hand, such a system would suffer from latency and reduced acoustic signal quality.




Figure 30

Digital SAB/SAP – High Capacity system
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[bookmark: _Toc254870505][bookmark: _Toc381209104]Digital systems – Example 2: System providing high voice quality

In this example, the digital systems uses a very high quality sound encoding scheme (high sampling frequency, little or no compression) together with a robust channel coding scheme. This results in large data rate on the audio link, requiring a higher order modulation scheme resulting in a higher required RF bandwidth The system does therefore support a lower number of audio channels for a given bandwidth.

Figure 31

Digital SAB/SAP – High Capacity system
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[bookmark: _Toc254870507][bookmark: _Ref254871382][bookmark: _Ref254888463][bookmark: _Toc381209105]


Annex 4 study on the influence of OOB emission of an IMT duplex gap

There has been the expectation that digital systems are more robust against interference than analogue ones. A measurement campaign conducted at IRT in Munich in June 2013 has revealed that typical analogue and digital wireless microphones start to degrade at about the same signal to interference and noise ratio (SINR).

On the right a typical test setup comprising a Laptop with a built in 700 MHz LTE Modem can be seen. The interferer in this scenario was a LTE UE transmitting with the maximum power of +23 dBm. It was connected to the SAB/SAP receiver (PMSE receiver) by cable and  decoupled by 47 dB.

Figure 32

LTE signal and the duplex gap position.
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Test result

The following figures present the effect of unwanted emissions by a LTE UE to a PMSE receiver operated in the LTE Band 13 duplex gap:

Figure 33

Analoge SAB/SAP link affected by unwanted emission form a LTE UE
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Figure 34

Digital SAB/SAP link affected by unwanted emissions from a LTE UE

[image: ]

Findings

–	The thresholds where both, the digital PMSE and the analogue FM PMSE links, start to degrade are at about the same order of SINR.

–	Audio PMSE must be operated in interference-free spectrum, i.e. interferer level less than –115 dBm in 200 kHz channel bandwidth.

Digital PMSE devices are using low-complexity or no error correction.  High-complexity error correction should improve the robustness to disturbing signals but currently it is not possible to use improved error correction because the delay of digital systems would increase significantly. That is why both systems, the analogue ones and the digital ones, behave similar in the presence of interference.

[bookmark: _Toc254870508][bookmark: _Ref254959905][bookmark: _Toc381209106]Annex 5 SAB/SAP spectrum requirements

[bookmark: _Toc254870509][bookmark: _Ref254888248][bookmark: _Toc381209107]General demand considerations

[bookmark: _Ref254888241]In assessing the spectrum requirement for SAB/SAP, it is important to consider that the normal regular demand for spectrum should be distinguished from the “peak demand”. ”Peak demand” may be temporary or geographically limited (see CEPT Report 32 [5]).

The geographical peaks correspond to long term use within fixed sites in certain geographical areas (e.g. large urban conglomerations) where there is always a continuous heavy demand (typically multi-equipment, multi-channel users), thus most of the available SAB/SAP spectrum is needed to satisfy this demand. Every country has these in a number of locations.

The temporary peaks correspond to special events of a short term nature (big concerts, festivals etc.). When temporary events are staged at existing geographical peak locations they result in complex spectrum demand requiring detailed intervention by a band manager or the administration, as this results in a “double overload”. Spectrum planning using all available technics including building attenuation between outdoor and indoor us along with geographical shielding and borrowing spectrum must then be employed. 

It should be noted that peak demand most often comes from professional users (e.g. broadcasters). Additional details are given in CEPT Report 32 Annexes 3 and 4 (see [5]). Demand for theatres and rock and pop and touring shows.

Theatres, concert venues and other auditoria of all sizes, both for amateur and professional use, they all use wireless microphones and to a lesser extent, in-ear monitoring systems, talkback and cordless cameras. Applications include drama, musical theatre, rock concerts, corporate events and amateur uses (for example for drama, concerts and shows, and in places of worship).

Spectrum demand is heaviest for large-scale, professional productions, and for touring musicals and rock concerts, and it is these areas on which the following discussion concentrates. Typically, this kind of usage will be most prominent in the locations with highest density of professional theatres, e.g. the West End in London, United Kingdom which covers some 2 square miles of central London (see section ‎12.9.1 below).

Analysis of typical requirements for the touring shows, e.g. rock and pop concerts, suggests that for such touring productions channel demand may be in the order of 20-60 channels. One particular example considered in detail showed, that radiomicrophones used by performers would take around 25% of the channels, while the rest would be divided almost equally by in-ear monitors and instrument (brass, strings, guitar etc.) pick-ups.

Rock and Pop shows will use a similar infrastructure to the largest musical theatre and the maximum figures shown below can be used as representative of this genre.

Table 15

 London West End (31 Theaters)

		

		Radio microphone

		IEM



		Total

		940

		48



		Average

		31

		1.5



		Maximum

		64

		10





[bookmark: _Toc254870510][bookmark: _Toc381209108]


Demand for different kinds of broadcasting applications

Broadcasting involves into a broad range of applications where all forms of SAB/SAP equipment are used.

[bookmark: _Toc254870511][bookmark: _Toc381209109]Studio production

Studio production is covered in section ‎5.1.2 of the main body of the Report.

[bookmark: _Toc254870512][bookmark: _Toc381209110]Demand for news gathering for TV / radio / Internet 

Radio microphones and equipment integral to cameras including talkback systems will be present at any site. TV news providers use radio links in order to provide rapid response coverage of developing news stories. Therefore video links as well as talkback and wireless microphones are used in the production of live and recorded news reports ‘from the scene.

Terrestrial radio links, known under the term of ENG, consist of one or more microwave links that feed video and audio signals directly from the news location to a broadcaster’s network or studio. ENG links are only one of a number of options used to transfer live or recorded material from location to the studio or network, others including:

•	SNG (Satellite News Gathering) refers to the use of satellite links to achieve the same thing;

•	Fibre optic links can be used where a location has a fibre termination;

•	Store-and-forward over public telecommunications lines can be used for non-live inserts;

•	Similarly non-live inserts can be recorded digitally and carried by motorbike or otherwise to the studio.

Each ENG operator (news provider) requires its own exclusive spectrum, for which it requires round-the-clock access over the designated area; there is no scope for event by event co-ordination as the time taken to respond to a news event is too small.

ENG operators normally operate a number of trucks, which can be quickly despatched to a location where a news event is taking place. The truck contains all the facilities required to cover the story and transmit the signal back to the studio or network for (where necessary or appropriate) further production, editing and/or transmission.

It is estimated that altogether, ENG operators providing news coverage in major conurbations with a high density of news events (typically capital and other big cities, like London, Paris etc.) may require allocation on a city wide basis of up to:

•	25-50 talkback narrowband channels;

•	15-30 channels for wireless microphones;

Table 16 below provides information on the number of links available for the four main ENG/SNG companies in the United Kingdom.

[bookmark: _Ref254966061]


Table 16

Number of links available for the four main ENG/SNG companies in the United Kingdom.

		Company #

		Truck

		Radio Microphone and IEM



		1

		20

		100



		2

		2

		No information



		3

		25

		150



		4

		15

		100



		Total

		62

		350





Indicative numbers for events are given in the following table.

Table 17

Examples of links deployment for news gathering.

		Event type

		Number of Crews

		Radio Microphone 

		IEM



		Local

		1

		2

		1



		Main

		6

		12

		6



		Large

		15

		30

		20







[bookmark: _Toc254870513][bookmark: _Toc381209111]Demand for sound broadcasters

Local and national sound broadcast stations use SAB/SAP services for newsgathering, traffic reporting (including airborne use), sports reporting, and other applications. Talkback, wireless microphones and audio links are the key services used. However not all stations make significant use of SAB/SAP; in many cases news provision is bought in from specialist news agencies or similar providers.

Therefore SAB/SAP demand for sound broadcast stations is quite modest, e.g. even for such major conurbation as London area, the total demand is some 10 audio links, 5 channels for wireless microphones and 5 narrow band channels for talk-back communications, some of which may be airborne.

Table 18

Examples of sound broadcast deployment (indicative numbers)

		Event type

		Number of Crews

		Radio Microphone  

		IEM

		Audio Links



		Local

		1

		2

		1

		1



		Main

		3

		6

		3

		3







Prediction of demand over the next 10 years indicate that the number of channels for audio links and for wireless microphones may double, totalling to 15-20 audio link channels and 5-10 wireless microphone channels. These are prediction from the broadcaster community [6].

[bookmark: _Toc254870514][bookmark: _Toc381209112]Demand for regular events such as sport and similar outside broadcasts

All forms of SAB/SAP applications are used heavily for sports and other outside broadcasts. Such events have been divided into two sectors. This section covers routine outside broadcasts; the sort of events that occur week in, week out up and down the country. Although co-ordination is needed, difficulties rarely arise and no special planning of frequencies is required. Spectrum does not have to be ‘borrowed’ from other uses to cover events in this section.

Section ‎0 in the main body of this Report shows some major events, which require detailed and specialised planning, sometimes on-the-ground co-ordination, and ‘borrowing’ of spectrum from other uses. The distinction should be emphasised that there are many more events of this type than major events. Therefore it would not be desirable to have to expend the same planning effort that goes into the large events on the events in this section, unless there were clear rewards in terms of spectral efficiency.

However it should be obvious that if there is more than one broadcaster covering an event or if several events occur in the same geographical area, then the above estimates should be multiplied by the number of broadcasters. Demand may also increase if it becomes necessary to duplicate some of the links, or use repeaters, etc. for topography or other reasons.

Accepting that the Olympic Games are exceptional events and Tour de France or Formula 1 are regular large events the increase in audio SAB/SAP use gives an indication of how the whole industry has expanded in a relatively short time period.

[bookmark: _Toc254870515][bookmark: _Toc381209113]Demand for places of worship

Demand may vary from a few microphones to a large number of channels for microphones and IEM plus other links as well as video links and cordless cameras.

Many places of worship have a complete permanent SAB/SAP installation and can be compared to a concert hall as they provide exceptional quality to those present and often for recording and broadcasting. A number of places of worship have, since the 1960s set up international audio link for their services on a regular basis, in many cases these have now evolved to include video. Some will also provide feeds to local broadcasters and hospital radio on a regular basis

Where large choirs are involved, IEM will regularly be used to keep all sections of the choir singing in tune. 

Table 19

Places of worship (indicative numbers)

		Event type

		Radio Microphone  

		IEM



		Average

		1

		0



		Medium

		10

		6



		Large

		30

		10





[bookmark: _Toc254870516][bookmark: _Toc381209114]Demand for film and advertisement production

Since the introduction of “talkies” in the 1940 is the quality of film sound has been under constant development, currently the introduction of 3D and HD films has generated complex sound requirements to complement the visual extravaganza

In many cases they are the equivalent of a 7:1 sound field system, with the actor speech coming direct via radio microphones and the surround sounds from a mixture of wired and radio microphones. Consider the case where the star is speaking and a car drives away, the stars speech is the prime information and is kept at a high level whilst the car sound dies as it drives away. All sound is recorded and edited at post production.

Along with other broadcast functions the highest quality constant audio is now required (see section ‎4.2.1 in the main part of the Report).

Similar systems are used for sports events to give background fill in sound, events such as super bowl and football regularly use these method’s to enhance the broadcast

Adverts: can be considered the same as a film or TV show, they use the same complex SAB/SAP infrastructure and facilities 

In all cases the same common problem of “hiding” radio equipment in scanty costumes is experienced

A major film will use some 40 channels of radio microphone, 20-60 IEM (used for both coordination and actor/singer feedback) a range of audio links plus talkback and video, including video assist

Table 20

Demand for Film and Advertisement Production (indicative numbers)

		Event type

		Radio Microphone 

		IEM

		Audio Links



		Small

		15

		7

		1



		Major

		40

		20-60

		6





[bookmark: _Toc254870517][bookmark: _Toc381209115]Demand for recording production

This will include the recording of singers, orchestra’s and other material for CD, DVD use. It may be considered as similar in SAB/SAP use to fixed studios, but often will take place in rural or seaside locations.

[bookmark: _Toc254870518][bookmark: _Toc381209116]Demand for corporate events

Corporate events are a major growth area since the early 2000s, they can be considered in the same way as a broadcast activity in that a great number of SAB/SAP applications are used to support the infrastructure of an event. Such events in the cooperate environment vary from meetings with remote participants via telephone dial-in, to large shareholder meetings in multiple locations and product presentations which may involve multiple international locations. SAB/SAP applications will include wireless microphones professional wireless conference systems and cordless video. 

Professional conference systems are used to generate recordings that can be archived, and or the signal will be fed in a teleconference system that would allow remote participation to meetings. A video conference system represents an advanced solution; however a professional wireless conference system is still required to collect the sound from each speaker to the video conference facility.

In a cooperate environment, the usage and the relevance of wireless microphones and professional wireless conference systems can be considered equal: whether a delegate gives a  presentation by using a wireless microphone or participates in a discussion using the table unit of the professional wireless conference system, the requirements with regard to the sound quality are the same. 

A conference system may also include video and multiple channels which enable simultaneous translation of the prime speaker.

Another audio SAB/SAP application that is deployed heavily in a corporate environment is wireless tour guide systems. These systems are used in multi lingual cooperate events to provide wireless reception of multiple translated languages. These systems are also used in guided factory tours, where visitors are guided through various environments such as noisy workshops or other installations. With wireless tour guide systems the visitors can follow the guide´s comments independently from the environment. 

Table 21

Corporate event (indicative numbers)

		Event type

		Radio Microphone

		IEM



		Small

		10

		4



		Large (per location)

		55

		16



		Conference system (wired or wireless)

		<600

		





[bookmark: _Toc254870519][bookmark: _Toc381209117]Demand for social use

This covers homes for elderly people, bingo room, use in pubs, schools etc

Social use has taken advantage of the availability to purchase SAB/SAP equipment at reasonable prices to enhance their activities, activities include, amateur music groups, schools and theatre , Children’s homes and homes for the elderly, local halls where bingo and square dancing are avid users of SAB/SAP. 

Table 22

Social use (indicative numbers)

		Event type

		Radio Microphone  

		IEM



		Small

		2

		0



		Major

		15

		2





[bookmark: _Toc254870520][bookmark: _Toc381209118]Demand for conferences / political events

Conferences vary from events which will use a few radio microphones to extensive events such as a G8 meeting which will require the Administration to clear all available spectrums at the location, not only for the infrastructure of the conference but also for the security aspects. Such events are not covered in the usage information provided in this report.

In addition to radio microphone and IEM, complex conference systems incorporating multiple translations’ with recording facilities plus spectrum used by broadcasters will be part of the frequency plan.

An example of the complex frequency plans required for a political event is provided in Table 26. This is a typical example of such events and even heavier spectrum use is required when the event is of an international nature. 

In total there were 198 links and the total occupied bandwidth sums up to 37, 71 MHz (without consideration of guard bands/separation distances between the applications or intermodulation effects. Note that for these reasons the number of microphone / in ear monitoring links per 8 MHz TV channel is only about 8 to 12. Hence, for most devices currently on the market the effective bandwidth per link increases to 650 kHz – 1 MHz, which has a significant impact on the total bandwidth requirement.)

Table 23

German presidential election - Reichstag building, 18 March 2012

		Radio Microphone  

		IEM



		143

		55





In Holland, it was reported that for the elections in the Hague 2012, about 168 microphones were used.

[bookmark: _Toc254870521][bookmark: _Toc381209119]Snapshots of daily SAB/SAP use

Two “snapshots” of a typical days use are available showing very different use patterns these are:

•	UK, where SAB/SAP is a licensed activity and the figures only show the licensed short term use, they do not show the UK general license use (these are used by many ENG and professional users) or the license exempt use.

Holland where the majority of spectrum is license exempt, 

Table 24

Snapshot of daily SAB/SAP use.

		

		Radio Microphone and IEM



		UK short term licences only

		306



		Holland

		231.465





[bookmark: _Toc254870522][bookmark: _Ref254965962][bookmark: _Toc381209120]London West End hot spot

The following information refers to March 2013

Table 25

Number of audio SAB/SAP used in London West End.

		Name of the show

		No of radio mics

		No of RR/IEM



		We Will Rock You

		36

		1



		Billy Elliot

		40

		0



		Les Miserables

		40

		1



		Jersey Boys

		40

		4



		Chorus Line

		41

		4



		Wicked

		36

		0



		The Lion King

		40

		0



		Matilda

		34

		2



		Rock of Ages

		26

		5



		BodyGuard

		43

		2



		Warhorse

		32

		4



		Singin' in the Rain

		32

		1



		Viva Forever

		48

		0



		Charlie and the Chocolate Factory

		64

		10



		Mamma Mia

		32

		0



		One Man Two Guvs

		16

		4



		Spamalot

		16

		0



		Once

		68

		0



		Book of Mormon

		40

		0



		Trelawny of the Wells

		8

		2



		Grandage Season

		8

		0



		Curious Incident..

		8

		1



		Top Hat

		16

		0



		King Lear

		8

		0



		Stomp

		16

		0



		39 Steps

		16

		0



		Woman in Black

		16

		1



		Phantom Of the Opera

		40

		3



		Thriller

		40

		1



		The Mousetrap

		8

		0



		Let It Be

		32

		2





[bookmark: _Toc254870523][bookmark: _Toc381209121]German presidential election in the Reichstag building, 18 March 2012

In total there were 198 links and the total occupied bandwidth sums up to 37, 71 MHz (without consideration of guard bands/separation distances between the applications or intermodulation effects. Note that for these reasons the number of microphone / in ear monitoring links per 8 MHz TV channel is only about 8 to 12. Hence, for most devices currently on the market the effective bandwidth per link increases to 650 kHz – 1 MHz, which has a significant impact on the total bandwidth requirement).

[bookmark: _Ref254967212][bookmark: _Ref254813222][bookmark: _Ref254967208]Table 26

Frequency coordination for the German presidential election in the Reichstag building, 18 March 2012

		Frequency

MHz

		Power Watt

		Bandwidth

kHz

		Broadcasting Station/

Production Company

		Location

		Device



		36,640

		0,05

		50

		Bundestag

		Reichstag

		microphone



		37,160

		0,05

		50

		Bundestag

		Reichstag

		microphone



		37,820

		0,05

		50

		Bundestag

		Reichstag

		microphone



		512,700

		0,05

		200

		PC 1

		Reichstag

		microphone



		513,250

		0,05

		200

		PC 1

		Reichstag

		microphone



		513,950

		0,05

		200

		PC 1

		Reichstag

		microphone



		514,850

		0,05

		200

		PC 1

		Reichstag

		microphone



		516,150

		0,05

		200

		PC 1

		Reichstag

		microphone



		517,550

		0,05

		200

		PC 1

		Reichstag

		microphone



		526,300

		0,05

		200

		BS 2

		Reichstag

		microphone



		527,500

		0,05

		200

		BS 2

		Reichstag

		microphone



		528,400

		0,05

		200

		BS 2

		Reichstag

		microphone



		530,350

		0,05

		200

		BS 2

		Reichstag

		microphone



		532,150

		0,05

		200

		BS 2

		Reichstag

		microphone



		534,300

		0,05

		200

		BS 2

		Reichstag

		microphone



		535,500

		0,05

		200

		BS 2

		Reichstag

		microphone



		536,400

		0,05

		200

		BS 2

		Reichstag

		microphone



		538,350

		0,05

		200

		BS 2

		Reichstag

		microphone



		540,150

		0,05

		200

		BS 2

		Reichstag

		microphone



		540,750

		0,05

		200

		BS 2

		Reichstag

		microphone



		541,000

		0,05

		200

		PC 1

		Reichstag

		microphone



		541,800

		0,05

		200

		PC 1

		Reichstag

		microphone



		542,800

		0,05

		200

		PC 1

		Reichstag

		microphone



		544,850

		0,05

		200

		BS 2

		Reichstag

		microphone



		545,200

		0,05

		200

		PC 1

		Reichstag

		microphone



		547,450

		0,05

		200

		PC 1

		Reichstag

		microphone



		549,350

		0,05

		200

		PC 1

		Reichstag

		microphone



		550,800

		0,05

		200

		PC 1

		Reichstag

		microphone



		553,350

		0,05

		200

		PC 1

		Reichstag

		microphone



		556,300

		0,05

		200

		PC 1

		Reichstag

		microphone



		558,050

		0,05

		200

		PC 1

		Reichstag

		microphone



		559,500

		4,00

		200

		BS 2

		Reichstag

		In-ear monitor



		560,850

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		563,100

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		564,750

		4,00

		200

		BS 2

		Reichstag

		In-ear monitor



		574,150

		0,05

		200

		PC 1

		Reichstag

		microphone



		576,200

		0,05

		200

		PC 1

		Reichstag

		microphone



		579,300

		0,05

		200

		PC 1

		Reichstag

		microphone



		582,300

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		583,050

		0,05

		200

		PC 1

		Reichstag

		microphone



		583,500

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		584,400

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		584,850

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		585,350

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		586,000

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		587,050

		0,05

		200

		PC 1

		Reichstag

		microphone



		589,310

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		589,890

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		597,310

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		597,890

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		598,000

		0,05

		200

		PC 1

		Reichstag

		microphone



		600,650

		0,05

		200

		PC 1

		Reichstag

		microphone



		604,600

		0,05

		200

		PC 1

		Reichstag

		microphone



		605,310

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		605,890

		1,00

		20

		BS 2

		Reichstag

		In-ear monitor



		626,775

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		628,000

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		628,700

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		630,300

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		631,500

		0,05

		200

		BS 2

		Reichstag

		microphone



		632,850

		0,05

		200

		BS 2

		Reichstag

		microphone



		634,350

		0,05

		200

		BS 2

		Reichstag

		microphone



		635,100

		0,05

		200

		BS 2

		Reichstag

		microphone



		636,150

		0,05

		200

		BS 2

		Reichstag

		microphone



		636,750

		0,05

		200

		BS 2

		Reichstag

		microphone



		637,900

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		638,350

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		638,850

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		640,400

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		641,625

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		643,075

		0,05

		200

		BS 3

		Reichstag

		In-ear monitor



		645,500

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		647,500

		0,05

		200

		BS 2

		Reichstag

		microphone



		648,850

		0,05

		200

		BS 2

		Reichstag

		microphone



		651,100

		0,05

		200

		BS 2

		Reichstag

		microphone



		651,100

		0,05

		200

		BS 2

		Reichstag

		microphone



		652,750

		0,05

		200

		BS 2

		Reichstag

		microphone



		665,000

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		668,300

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		674,150

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		677,300

		0,05

		200

		BS 4

		Reichstag

		In-ear monitor



		677,675

		0,05

		200

		BS 4

		Reichstag

		In-ear monitor



		677,800

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		688,800

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		691,800

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		693,310

		0,05

		200

		BS 4

		Reichstag

		In-ear monitor



		693,310

		4,00

		200

		BS 2

		Reichstag

		In-ear monitor



		693,675

		0,05

		200

		BS 4

		Reichstag

		In-ear monitor



		693,875

		0,05

		200

		BS 4

		Reichstag

		In-ear monitor



		694,100

		0,05

		200

		BS 5

		Reichstag

		microphone



		695,000

		0,05

		200

		BS 5

		Reichstag

		microphone



		696,300

		0,05

		200

		BS 5

		Reichstag

		microphone



		696,750

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		697,750

		0,05

		200

		BS 5

		Reichstag

		microphone



		702,200

		0,05

		200

		Bundestag

		Reichstag

		microphone



		702,250

		0,05

		200

		BS 5

		Reichstag

		microphone



		705,800

		0,05

		200

		BS 5

		Reichstag

		microphone



		707,000

		0,05

		200

		BS 5

		Reichstag

		microphone



		708,400

		0,05

		200

		BS 5

		Reichstag

		microphone



		709,310

		4,00

		200

		BS 2

		Reichstag

		In-ear monitor



		710,500

		0,05

		200

		BS 5

		Reichstag

		microphone



		713,200

		0,05

		200

		BS 5

		Reichstag

		microphone



		716,800

		0,05

		200

		BS 5

		Reichstag

		microphone



		717,310

		4,00

		200

		BS 2

		Reichstag

		In-ear monitor



		717,450

		0,05

		200

		BS 5

		Reichstag

		microphone



		719,000

		0,05

		200

		BS 4

		Reichstag

		microphone



		719,300

		0,05

		200

		BS 4

		Reichstag

		microphone



		719,675

		0,05

		200

		BS 4

		Reichstag

		microphone



		720,200

		0,05

		200

		BS 4

		Reichstag

		microphone



		720,950

		0,05

		200

		BS 4

		Reichstag

		microphone



		722,075

		0,05

		200

		BS 4

		Reichstag

		microphone



		722,675

		0,05

		200

		BS 4

		Reichstag

		microphone



		723,125

		0,05

		200

		BS 4

		Reichstag

		microphone



		724,100

		0,05

		200

		BS 4

		Reichstag

		microphone



		724,925

		0,05

		200

		BS 4

		Reichstag

		microphone



		727,500

		0,05

		200

		BS 3

		Reichstag

		microphone



		728,500

		0,05

		200

		BS 3

		Reichstag

		microphone



		729,250

		0,05

		200

		BS 3

		Reichstag

		microphone



		732,250

		0,05

		200

		BS 3

		Reichstag

		microphone



		735,750

		0,05

		200

		BS 3

		Reichstag

		microphone



		739,125

		0,05

		200

		BS 4

		Reichstag

		microphone



		744,500

		0,05

		200

		BS 3

		Reichstag

		microphone



		744,875

		0,05

		200

		BS 3

		Reichstag

		microphone



		745,375

		0,05

		200

		BS 3

		Reichstag

		microphone



		746,250

		0,05

		200

		BS 3

		Reichstag

		microphone



		746,625

		0,05

		200

		BS 3

		Reichstag

		microphone



		747,125

		0,05

		200

		BS 4

		Reichstag

		microphone



		750,100

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		750,500

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		751,600

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		753,300

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		756,200

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		758,250

		0,05

		200

		BS 3

		Reichstag

		microphone



		758,750

		0,05

		200

		BS 3

		Reichstag

		microphone



		759,300

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		760,000

		0,05

		200

		BS 3

		Reichstag

		microphone



		760,125

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		760,875

		0,05

		200

		BS 3

		Reichstag

		microphone



		761,375

		0,05

		200

		BS 3

		Reichstag

		microphone



		762,250

		0,05

		200

		BS 3

		Reichstag

		microphone



		763,125

		0,05

		200

		BS 3

		Reichstag

		microphone



		764,250

		0,05

		200

		BS 3

		Reichstag

		microphone



		764,625

		0,05

		200

		BS 3

		Reichstag

		microphone



		765,175

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		766,000

		0,05

		200

		BS 3

		Reichstag

		microphone



		766,300

		0,05

		200

		BS 3

		Reichstag

		microphone



		766,625

		0,05

		200

		BS 3

		Reichstag

		microphone



		766,950

		0,05

		200

		BS 3

		Reichstag

		microphone



		769,275

		0,05

		200

		BS 3

		Reichstag

		microphone



		770,025

		0,05

		200

		BS 3

		Reichstag

		microphone



		771,575

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		771,625

		0,05

		200

		BS 3

		Reichstag

		microphone



		772,800

		0,05

		200

		BS 3

		Reichstag

		microphone



		773,925

		0,05

		200

		BS 5

		Reichstag

		In-ear monitor



		782,600

		0,05

		200

		BS 3

		Reichstag

		microphone



		782,900

		0,05

		200

		BS 3

		Reichstag

		microphone



		783,585

		0,05

		200

		BS 3

		Reichstag

		microphone



		784,350

		0,05

		200

		BS 3

		Reichstag

		microphone



		786,625

		0,05

		200

		BS 3

		Reichstag

		microphone



		787,700

		0,05

		200

		BS 3

		Reichstag

		microphone



		788,700

		0,05

		200

		BS 3

		Reichstag

		microphone



		789,950

		0,05

		200

		BS 3

		Reichstag

		microphone



		790,100

		0,05

		200

		Bundestag

		Reichstag

		microphone



		798,100

		0,05

		200

		Bundestag

		Reichstag

		microphone



		798,300

		0,05

		200

		Bundestag

		Reichstag

		microphone



		798,700

		0,05

		200

		Bundestag

		Reichstag

		microphone



		799,250

		0,05

		200

		Bundestag

		Reichstag

		microphone



		799,525

		0,05

		200

		Bundestag

		Reichstag

		microphone



		799,950

		0,05

		200

		Bundestag

		Reichstag

		microphone



		800,075

		0,05

		200

		Bundestag

		Reichstag

		microphone



		800,100

		0,05

		200

		Bundestag

		Reichstag

		microphone



		800,325

		0,05

		200

		Bundestag

		Reichstag

		microphone



		800,375

		0,05

		200

		Bundestag

		Reichstag

		microphone



		800,375

		0,05

		200

		Bundestag

		Reichstag

		microphone



		801,775

		0,05

		200

		Bundestag

		Reichstag

		microphone



		802,675

		0,05

		200

		Bundestag

		Reichstag

		microphone



		804,250

		0,05

		200

		Bundestag

		Reichstag

		microphone



		805,825

		0,05

		200

		Bundestag

		Reichstag

		microphone



		806,650

		0,05

		200

		Bundestag

		Reichstag

		microphone



		808,100

		0,05

		200

		Bundestag

		Reichstag

		microphone



		809,575

		0,05

		200

		Bundestag

		Reichstag

		microphone



		809,775

		0,05

		200

		Bundestag

		Reichstag

		microphone



		811,225

		0,05

		200

		Bundestag

		Reichstag

		microphone



		811,475

		0,05

		200

		Bundestag

		Reichstag

		microphone



		817,125

		0,05

		200

		Bundestag

		Reichstag

		microphone



		820,125

		0,05

		200

		Bundestag

		Reichstag

		microphone



		824,525

		0,05

		200

		Bundestag

		Reichstag

		microphone



		825,100

		0,05

		200

		Bundestag

		Reichstag

		microphone



		838,100

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		839,900

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		845,500

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		851,525

		0,05

		200

		Bundestag

		Reichstag

		microphone



		852,325

		0,05

		200

		Bundestag

		Reichstag

		microphone



		858,650

		0,05

		200

		Bundestag

		Reichstag

		microphone



		860,950

		0,05

		200

		PC 1

		Reichstag

		In-ear monitor



		862,375

		0,05

		200

		Bundestag

		Reichstag

		microphone



		863,475

		0,05

		200

		Bundestag

		Reichstag

		microphone



		869,375

		0,05

		200

		Bundestag

		Reichstag

		microphone





The links identified as “Bundestag” are permanent equipment in the parliament building.

[bookmark: _Toc254870524][bookmark: _Toc381209122]Snapshot of audio SAB/SAP short term allocations for 20/8/11 within the UK

The following results for the ad-hoc short term use on 20/08/11 across the UK can be seen below:

•	UHF 1 & 2 – 173 Assignments

•	TV band IV/V – 306 Assignments Radio Microphones, IEM Wide Band Talkback

•	2-4 GHz – 37 Assignments

•	7 GHz – 2 Assignments

•	12 GHz – 3 Assignments

The allocations above spread across 53 different stakeholder/licensees

Please note that the figures above for short term access amounts to 521. This amount does not account for the significantly large number of annual allocations approximately at 13,000, which represents theatres with annual microphone, monitors & talkback allocations, local radio, area & regional assignments, hospital radio, point to point audio links and National News. We can say that the subtraction of the Short term from Annual (521 from 13,000) will exist over any weekend period. The frequency range/spread for annual allocations also runs from 48 MHz through to 
12 GHz.

The map below shows the allocations geographically.

Figure 35

 Snapshot of SAB/SAP use in the UK - Geographical repartition.
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Just to re-iterate the data in the interests of this study only represents short-term allocations that took place on an ad-hoc basis.

[bookmark: _Toc254870525][bookmark: _Toc381209123]Snapshot of audio SAB/SAP daily use in Holland

Figure 36

Snapshot of daily audio SAB/SAP use in Holland.
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Annex 6 Information on the usage of the 700 MHz band by SAB/SAP in Region 1

Results of measurements during a number of recent major events in Germany

[bookmark: _Toc254870527][bookmark: _Toc381209125]Introduction

This document provides information on the SAB/SAP usage during a number of recent major events in Germany in the 690 to 790 MHz tuning range, which is currently under study for WRC 15 agenda item 1.2. The spectrum scanning and analysis of coordination information shows an average of between 32[footnoteRef:12] and 59[footnoteRef:13] SAB/SAP carriers being in use prior to the reallocation of 790 to 862 to the mobile service. [12:  	Scanned carrier of 15 events.]  [13:  	Calculated from coordinating tables.] 


[bookmark: _Toc254870528][bookmark: _Ref254967436][bookmark: _Toc381209126]Set up of measurements

The following spectrum scans are mainly derived from a single scanning station:

Figure 37

Measurement setup.
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In many cases, due to the limited available positions of scanning equipment and antenna which frequently have to be erected and installed indoors, it is evident that this equipment is unable to capture consistently or comprehensively the true reflection of actual activity in the entire area[footnoteRef:14], including analogue and digital broadcasting signals or other SAB/SAP use in adjacent facilities. Thus, some spectrum usage simultaneously taking place in surrounding facilities and rooms is not captured because the SAB/SAP signals are shielded and remain undetected by a single scanner. A variety of positions for scanning equipment would resolve this issue. [14:  	Also known as the “hidden node problem”.] 


However, this document presents a few scenarios that do show an almost comprehensive use of the number of SAB/SAP used.

In addition, the local man-made noise superimposed weak microphone carriers. This makes the signal analysis difficult. The scans do not differentiate between radio microphones and In Ear Monitors (IEM) but in some scans the higher-powered audio links can be seen as stronger signals.

Further limitation on the measurement is given by the limited dynamics of the scanning equipment.

[bookmark: _Toc254870529][bookmark: _Toc381209127]Coordination of SAB/SAP frequencies

Almost all events are professionally coordinated. This coordination takes place before the event. 
In addition to the event frequency coordination in some cases an additional “uncoordinated” use of spectrum has been recorded. This could be due to some other event taking place in the surrounding area.

[bookmark: _Toc254870530][bookmark: _Toc381209128]Explanation of presented diagrams

The scan and analysis software used presented a combined display of scanned RF spectrum and coordination information. This combination can be used for plausibility checking.

This picture below shows, for example, the scan from the “DFB Cup Final Berlin, 2011” in the band 707.5 to 724.5 MHz. In red is shown the recorded RF spectrum. Behind the spectrum information yellow bars can be seen. These represent the information from the coordinated table of assigned frequencies.

Figure 38

exemplary spectrum recording.
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[bookmark: _Toc254870531][bookmark: _Ref254963641][bookmark: _Toc381209129]Measurement results

1)	Live Earth Hamburg, July 2007

The spectrum plot was recorded the day before the event during the rehearsal in the football stadium. More than 30 carriers were detected in the 690 to 790 MHz band.

Figure 39

Spectrum recording Live Earth Hamburg, July 2007
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2)	UCI Road World Championships in Stuttgart, September 2007

The 2007 UCI Road World Championships took place in Stuttgart, Germany, between September 25 and September 30, 2007. 69 wireless microphones and IEM were coordinated in the 690 to 790 MHz band. The scanner recorded approximately 30 carriers in the 690 to 790 MHz band.

Figure 40

Spectrum recording UCI Road World Championships in Stuttgart, September 2007
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3)	Lower Saxony election Hanover, January 2008

The 2008 Lower Saxony state elections were held in Lower Saxony in north-western Germany on 27 January 2008. The event was covered by all major broadcasters. The productions were based on wireless equipment due the flexibility for the organization, the temporary nature of the event, the short set-up and break down time.

79 wireless microphones, IEM and audio links were coordinated in the band 690 to 790 MHz in the surrounding town area and the parliament building.

Figure 41

Spectrum recording Lower Saxony election Hanover, January 2008
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On the ground floor of the parliament building a receiver was installed. It recorded approximately 29 carriers in the 690 to 790 MHz band – as can be seen on the graph above.




4)	Hamburg state election, February 2008

On 24 February 2008 state elections were held for the 19th legislative period of the parliament of the federal state of Hamburg.

Figure 42

Spectrum recording Hamburg state election, February 2008
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73 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band. 
Approximately 39 carriers were recorded in the 690 to 790 MHz band – as documented above.

5)	Bavaria state election Munich, September 2008

The 2008 Bavarian state election was held on September 28, 2008.

Figure 43

 Spectrum recording Bavaria state election Munich, September 2008
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65 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band. 
Approximately 28 carriers were recorded in the 690 to 790 MHz band.

6)	Saxony-Anhalt state election Magdeburg, March 2011

The Saxony-Anhalt state election was held on March 20, 2011 in Saxony-Anhalt for the 20th legislative period of the parliament of Saxony-Anhalt.

Figure 44

Spectrum recording Saxony-Anhalt state election Magdeburg, March 2011
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38 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band. 
Approximately 39 carriers were recorded in the 690 to 790 MHz band.

7)	Rhineland-Palatinate state election Mainz, March 2011

The 2011 Rhineland-Palatinate state election was conducted on 27 March 2011.

Figure 45

Rhineland-Palatinate state election Mainz, March 2011

[image: ]



27 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band.
Approximately 26 carriers were recorded in the 690 to 790 MHz band.

8)	Bremen state election, May 2011

A Bremen state election was held on May 22, 2011.

Figure 46

Bremen state election, May 2011
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67 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band. Approximately 25 carriers were recorded in the 690 to 790 MHz band.

9)	DFB Cup Final Berlin, May 2011

This DFB Final was the 68th season of the annual German football cup competition.

Figure 47

DFB Cup Final Berlin, May 2011
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198 wireless microphones, IEM and audio links were coordinated in the 470 to 862 MHz band. Approximately 50 carriers were recorded in the 690 to 790 MHz band.

10)	Eurovision Song Contest Düsseldorf, May 2011 (final event)

56 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band.
Approximately 36 carriers were recorded in the 690 to 790 MHz band.

Figure 48

 Eurovision Song Contest Düsseldorf, May 2011 (final event)

[image: ]

11)	Eurovision Song Contest Düsseldorf, May 2011 (complete event)

Simultaneously with the Eurovision event “Interpack - Exhibition” was taking place in an adjacent Hall of the Dusseldorf exhibition centre.

56 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band. Approximately 50 carriers were recorded in the 690 to 790 MHz band. Additional information can be found in a separate report[15].

Figure 49

Eurovision Song Contest Düsseldorf, May 2011 (complete event)
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12)	Mecklenburg-Vorpommern election Schwerin, September 2011

The Mecklenburg-Vorpommern state election was conducted on 4 September 2011.

Figure 50

Mecklenburg-Vorpommern election Schwerin, September 2011

[image: ]



65 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band.
Approximately 18 carriers were recorded in the 690 to 790 MHz band.

13)	Berlin election, September 2011 

The Berlin state election was held on 18 September 2011.

Figure 51

Berlin election, September 2011
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127 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band.
Approximately 37 carriers were recorded in the 690 to 790 MHz band.

14)	North Rhine-Westphalia state election Dusseldorf, May 2012

The North Rhine-Westphalia state election, 2012 was held on 13 May 2012, to elect members to the parliament of North Rhine-Westphalia.




Figure 52

North Rhine-Westphalia state election Dusseldorf, May 2012
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Although coordination took place before the event, no coordination data were recorded. Approximately 23 carriers were recorded in the 690 to 790 MHz band.

15)	Schleswig Holstein state election Kiel, May 2012

A state election took place in Schleswig-Holstein on 6 May 2012.

Figure 53

Schleswig Holstein state election Kiel, May 2012

[image: ]

44 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band.
Approximately 29 carriers were recorded in the 690 to 790 MHz band.

16)	“Oktoberfest” in Munich, Sebtember 2012

Figure 54

“Oktoberfest” in Munich, September 2012
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No coordination data available. Since the scanner antenna could not be positioned close enough to the stages, most of the microphone signals are recorded as weak and close to the noise floor level.

Approximately 27 carriers were recorded in the 690 to 790 MHz band.

More microphones were probably used, but due to the distance to the receiver, the signals were not picked up. An additional measurement is planned for the next “Oktoberfest” in 2013 to provide additional information.

17)	Lower Saxony state election Hanover, January 2013

This event was held in Lower Saxony on 20 January 2013.

Figure 55

 Lower Saxony state election Hanover, January 2013
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80 wireless microphones, IEM and audio links were coordinated in the 690 to 790 MHz band.
Approximately 36 carriers were recorded in the 690 to 790 MHz band.

[bookmark: _Toc254870532][bookmark: _Toc381209130]Summary 




Table 27

Summary of the scanned events

		Section

		Event name, location and year

		Carrier in 690 to 790 MHz



		

		

		Coordinated

		Scanned



		1

		Live Earth Hamburg, 2007

		-

		30



		2

		UCI Road World Championships in Stuttgart, 2007

		69

		30



		3

		Lower Saxony election Hanover, 2008

		79

		29



		4

		Hamburg state election, 2008

		73

		39



		5

		Bavaria state election Munich, 2008

		65

		28



		6

		Saxony-Anhalt state election Magdeburg,  2011

		38

		39



		7

		Rhineland-Palatinate state election Mainz, 2011

		27

		26



		8

		Bremen state election, 2011

		67

		25



		9

		DFB Cup Final Berlin, May 2011

		147[footnoteRef:15] [15:  	Calculated from the total number of SAB/SAP in 470 to 862 MHz.] 


		50



		10+11

		Eurovision Song Contest Düsseldorf, 2011

		56

		50



		12

		Mecklenburg-Vorpommern election Schwerin, 2011

		65

		18



		13

		Berlin election, September 2011 

		127

		37



		14

		North Rhine-Westphalia state election Düsseldorf, 2012 

		-

		23



		15

		Schleswig Holstein state election Kiel, 2012

		44

		29



		16

		Lower Saxony state election Hanover, 2013

		80

		36



		17

		Oktoberfest Munich, 2012

		-

		26





NOTE – As previously noted in the section ‎13.2: Set up of measurements, a single scanning unit used in isolation is unable to detect all SAB/SAP carriers. The difference between coordinated and scanned carriers should not be interpreted as unused coordinated SAB/SAP channels.

[bookmark: _Toc254870533][bookmark: _Toc381209131]Conclusion

Recent and current events have used the 690 to 790 MHz band as shown. The events shown above can be regarded as examples of bigger or smaller events taking place many times each year. Moreover, it can be concluded that each event is “unique” in its spectrum requirements, it has its own “spectrum footprint“.

[bookmark: _Ref254813056][bookmark: _Toc254870534][bookmark: _Toc381209132]


Annex 7 SAB/SAP spectrum requirements in the 470-790 MHz band at the Eurovision Song Contest 2011

[bookmark: _Toc254870535][bookmark: _Toc381209133]Introduction

The Eurovision Song Contest (ESC, French: Concours Eurovision de la Chanson) is an annual competition held among many of the active member countries of the European Broadcasting Union.

Each member country submits a song to be performed on live television and radio and then votes for the other countries' songs to determine the most popular song in the competition. The contest has been broadcast every year since its inauguration in 1956 and is one of the longest-running television programmes in the world. It is also one of the most watched non-sporting events in the world, with audience figures having been quoted in recent years as between 100 and 600 million. The Eurovision Song Contest has also been broadcast outside Europe to such countries as Argentina, Australia, Brazil, Canada, China, Colombia, Egypt, India, Japan, Jordan, Mexico, New Zealand, the Philippines, South Korea, Taiwan, Thailand, the United States, Uruguay and Venezuela despite the fact that they do not compete. Since 2000, the contest has also been broadcast over the Internet [footnoteRef:16]. [16:  http://en.wikipedia.org/wiki/Eurovision_Song_Contest] 


The Eurovision Song Contest 2011 took place in the Esprit Arena in Düsseldorf at the 14th of May. The technical setup for the event began on 20th of March, and was completed within about four weeks. This period was followed by another four weeks of actual rehearsals with the artists, semi-finals afterwards and ended with the final on Saturday, 14th May 2011. It was one of the two largest concert venues (after the ESC in Copenhagen in 2001) so far. The Esprit Arena held approximately 36,500 people. Forty-three countries participated in the contest. 

The event organizer bears the responsibility for the economic impact of the event and the efficient use of the available budget. In addition, the organizer is expected to generate a wide range of secondary effects by ensuring the success of the event. These include, for example, effects on the labour market, on tourism (hotels) and numerous other activities accompanying the event (e.g. crafts or integrated trades, telecommunications and advertising). The example of ESC 2011 shows that significant investments have been undertaken in staff and infrastructure and that these rely on the event’s success - thus making its success obligatory. 

[bookmark: _Toc254870536][bookmark: _Toc381209134]Requirements at the ESC 2011

As well as creating a visually compelling concept, communication among all of those involved in the production had to be ensured. With considerable effort, the artists have to be transmitted over wireless microphones without interference and optimally controlled using feedback links (the so-called in-ear monitors (IEMs)). The organizer had to ensure that participants from all countries encounter production conditions of equal quality and that the competitors are treated fairly. This includes, in particular, the quality of the live sound, live video and the accompanying interpretation. Even a partial failure of one of these three components is inevitably liable to be interpreted as unfair treatment and could have disrupted further progress of the event.

During the construction period, parts of the wireless communication network were already operational.  All of the usable television channels between 21 and 60 were needed by the start of the artist rehearsals approximately four weeks before the final. In parallel to the rehearsals, press conferences were held by the various countries. So enough links needed to be available, with an appropriate audio quality, for both the artist at the rehearsals and the press taking part in the conferences. 

A total of approximately 215 wireless radio transmission links were co-ordinated. With this high number the limit of available intermodulation-free[footnoteRef:17] frequencies was nearly reached. Only a few additional frequencies could have been hold available. The co-ordinated frequencies were located in the following frequency ranges. One link was even coordinated in the future LTE duplex gap in the 800 MHz band. Annex 3 shows the full list of the coordinated frequencies.  [17:  see section ‎14.3.1] 


[bookmark: _Ref254967581]Table 28

Number of co-ordinated frequencies 

[image: ]

[bookmark: _Toc254870537][bookmark: _Toc381209135]Wireless microphones and in-ear monitoring

Wireless microphones allow performers and moderators to move around freely while using a microphone to amplify their voices. Today's dance choreography and show performances use this freedom of movement and a return to wired microphones would not be possible without significantly restricting artistic freedom. Therefore, wired microphones are nowadays used only to a small extent (for example as ambience microphones or for background singers) and are also kept in reserve for backup reasons.  At the time of the ESC 2011 digital transmitter links were not yet available and even today they are scarcely in use in a professional environment due to latency problems.

Table 29 shows the number of wired microphones used at the ESC 2011.

[bookmark: _Ref254813306]Table 29

Number of wired microphones

		Number of wired microphones



		Type of use

		Number



		Ambience microphones (5.1-spider)

		32



		Spare ambience microphones

		8



		Spare vocal microphones

		6



		Spare presenter microphones

		4





Traditionally loudspeakers placed on stage and directed towards the performers were used to monitor their audio feedback. But this system has its drawbacks. A better way is to provide each artist the audio mix he needs by the use of in-ear monitoring systems. With these systems it is possible to serve a stereo or other mixes by panning different elements to each ear. 

Almost all analogue wireless microphones and in-ear transmitters are using a frequency modulation scheme to transmit the signal to the receiver. The occupied bandwidth per audio link amounts to approximately 200 kHz. 

At the ESC 2011 the links for wireless microphones, in-ear monitors, and sound engineering were located in the 470-790 MHz band. Also some intercom transmitters used this frequency range. A table with the numbers of equipment can be found below.

[bookmark: _Ref254967594]Table 30

Number of wireless audio equipment

		Number of wireless audio equipment



		Type of transmitters

		Total number

		Number of spare transmitters



		Microphones

		113

		12



		In-Ear-Monitors

		52

		1



		Intercom transmitters

		6

		-



		Total

		171

		13





The large number of microphones and in-ear monitors was due to different application purposes (see Table 31). 48 microphones and 8 in-ear monitors were used for the competing artists. As there were music groups from 43 countries, the microphones for voice and instruments were distributed by rotation schedules. To realize the number of required audio links the microphones that were used in the rehearsals were later additionally used for the live-acts. Twelve microphones and four in-ear monitors were assigned to the three authorized television reporting teams. 

[bookmark: _Ref254967521]Table 31

Microphones and IEMs by type of use

[image: ]

[bookmark: _Toc254870538][bookmark: _Toc381209136]Ensuring radio coverage

Due to the size of the hall and the equipment suspended from the supporting structures, the view between the antennas of the event production and the stage was largely unobstructed. Nevertheless it was a considerable technical challenge to ensure the necessary transmission quality for a distance of approximately 90 m. To ensure the quality of sound the microphones are picked up by diversity receiver systems. The in-ear monitor systems are equipped with antenna splitters, so a reliable coverage of all stages could be guaranteed. There were 17 additional frequencies available for back up reasons (Table 28), and there was additional equipment available (Table 30).

[bookmark: _Toc254870539][bookmark: _Toc381209137]Monitoring the audio quality

Two sound engineers monitored the quality of the links. They evaluated the audio quality in a specially prepared and sound-insulated container. This monitoring was largely set up to identify and eliminate interference. Due to the limited time available, it was not tried to locate the source of an interference, but instead a different frequency was used for the interfered with signal. This made it possible to respond manually at very short notice to interference.

[bookmark: _Toc254870540][bookmark: _Toc381209138]Issues with frequency coordination

[bookmark: _Ref254813376][bookmark: _Toc254870541][bookmark: _Toc381209139]Frequency coordination 

The entire frequency coordination was carried out centrally and was strictly organized in order to rule out as many uncertainties as possible. 

Before the frequency planning started spectrum scans were performed in the event hall. This ensured that possible sources of interference were excluded in advance. 

To meet the high requirements of the organizer regarding the quality of sound the frequency planning for the wireless systems has been designed such that no intermodulation of third and fifth order may occur.  Intermodulation (IM) is a major problem when operating multiple systems in one location. 

Intermodulation is caused by non-linear behaviour of the signal processing being used. Intermodulation is deleterious in audio processing as it creates unwanted spurious emissions, often in the form of sidebands. For radio transmissions this increases the occupied bandwidth, leading to adjacent channel interference. To avoid such interference all possible intermodulation products are calculated and only IM3- and IM5-free frequencies are used. Due to the high number of audio links at the ESC 2011, this could only be done for devices that show similar characteristics, which eventually lead to the decision to use only devices from one manufacturer. 

To eliminate interference from other sources a strict set of rules regarding the use of radio equipment was set up. Journalists who used unregistered wireless equipment immediately lost their accreditation. The usual news crews with their wireless devices were not permitted at this event. There were only three reporting teams accredited, equipped with authorized microphones and IEMs by the organizer. These measures were monitored by the security staff. 

[bookmark: _Toc254870542][bookmark: _Toc381209140]Planning constraints

The following aspects concerning the types of audio links, DVB-T spectrum occupancy and building attenuation had to be considered in the frequency planning.

[bookmark: _Toc381209141]Microphones and IEMs

To operate wireless microphones and IEMs interference-free at the same person, spacing between the used frequencies is required. The spacing used in the ESC 2011 was about 15 MHz, see Figure 56 and Annex 4.1.

[bookmark: _Ref254967710]Figure 56

Channel spacing between IEM and microphones

[image: ]

[bookmark: _Toc381209142]Audio links and DVB-T

To avoid interference with DVB-T transmitters, a 600 kHz guard band had been used on each side of a DVB-T channel (Figure 57). Only six DVB-T transmitters (48 MHz) were identified as strong interferers around the Esprit-Arena, a moderate number of occupied DVB-T channels for a big city like Düsseldorf. In other cities such as Berlin and Hamburg there are nine and seven DVB-T channels operational, respectively. Additionally, television channel 38 is reserved for radio astronomy in Germany and must not be used. In total 63,2 MHz[footnoteRef:18] of the UHF Broadcast Band were not available, i.e., in principle about 257 MHz out of the TV channel 21 – 60 were available.  [18:  6 * 8 MHz plus 1,2 MHz guard band each and 8 MHz for channel 38. ] 


[bookmark: _Ref254967764]Figure 57

DVB-T channels and safety band to audio links
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[bookmark: _Toc381209143]Building attenuation

Additional external measurements showed that at a distance of approx. 350 m signals from the stage installation could still be clearly detected. A building attenuation of the partly roofless “ESPRIT arena” of approx. 10 dB could be derived from the received signal levels. 

Such additional measurements are required in order to assess the risk of an on-going event being considerably disrupted by external signals and to take appropriate measures to avoid this.

[bookmark: _Toc381209144]Other adjacent events

The Eurovision Song Contest 2011 was an event that took place in a metropolitan area where there was a close proximity to a neighbouring event.

In the period from 12th to 18th May 2011, at the same time as the ESC, the trade fair “Interpack - Processes and Packaging” was held. With 2703 exhibitors from 59 countries and 166,000 visitors, it is one of the largest trade fairs in Düsseldorf. The graphic below (Figure 58) shows its direct proximity to the “ESPRIT arena”, the venue of the ESC.

[bookmark: _Ref254967807]


Figure 58

 Esprit Arena and trade fair Interpack (all coloured halls in use by the trade fair)

[image: Macintosh HD:Users:sebastian:Desktop:Bildschirmfoto 2013-07-11 um 15.51.44.png]

It turned out that the use of the interleaved TV spectrum by wireless systems related to the trade fair were not harmful to the ESC 2011 due to the particular, i.e. indoor, use of wireless systems by the trade fair and sufficient spatial decoupling. Possibly, links in the 800 MHz band were used by the exhibitors of the trade fair, which was feasible due to the fact that LTE-800 was not deployed yet.

[bookmark: _Toc254870543][bookmark: _Toc381209145]Actual spectrum use at ESC 

The spectrum was monitored by measurements. This was done by associates of the research group DKE-AK 731.0.8. They used specialized scanning and analysis software.

The accuracy of the measurements depends on the quality of the spectrum recording. To get a as realistic as possible picture of the spectrum usage the test site has to be chosen carefully. 

Usually, due to event constraints, the number of possible measurement sites is restricted. In the case of the ESC 2011 a balcony opposite to the stage was chosen to place the measurement antenna. With this position not all microphones in use could be recorded but the measurements give a good picture, especially about the equipment used on stage, whereas rehearsal rooms, press centre etc. could not or only partly be observed.

In addition, as detailed information as possible on the PMSE equipment is required. Therefore the organizer provided the frequency co-ordination lists to the DKE research group in advance.

The scanning period lasted from May 1st (18:24) to May 15th (4:16 (End of event)). During the recording period it was possible to obtain a nearly complete spectrum recording of the stage. Figure 59 and Table 32 show the number of carriers that were recorded during the 15 days of production. 

[bookmark: _Ref254967861]Figure 59

Number of recorded carriers within a time period of 15 days



[bookmark: _Ref254967918]Table 32

Recorded carriers of 15 days

		

		Scanning period

		

		



		Date

		from

		to

		Samples

		Carriers



		01.05.2011

		18:24

		24:00

		1660

		40



		02.05.2011

		00:00

		24:00

		7030

		77



		03.05.2011

		00:00

		24:00

		6934

		80



		04.05.2011

		00:00

		24:00

		6969

		65



		05.05.2011

		00:00

		24:00

		6965

		88



		06.05.2011

		00:00

		24:00

		7002

		71



		07.05.2011

		00:00

		24:00

		6434

		94



		08.05.2011

		00:00

		24:00

		6817

		64



		09.05.2011

		00:00

		24:00

		6926

		126



		10.05.2011

		00:00

		24:00

		6978

		120



		11.05.2011

		00:00

		24:00

		6822

		90



		12.05.2011

		00:00

		24:00

		4343

		110



		13.05.2011

		00:00

		24:00

		6780

		100



		14.05.2011

		00:00

		24:00

		6820

		102



		15.05.2011

		00:00

		04:16

		1216

		51





[bookmark: _Toc254870544][bookmark: _Toc381209146]Evaluation of spectrum recording during the main event 

During the main event (duration 9,5 hours) approx. 4500 scans were performed. 

[bookmark: _Ref254967983]Figure 60

Maximum reception level over measurement period
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The red line in Figure 60with its pronounced peaks shows the maximum reception level over the measurement period. The light green blocks are the DVB-T transmitters. The two pink blocks on the right hand side are the new ranges for LTE usage. The recorded weak carries in the 800 MHz band might origin from the adjacent trade fair.  

[bookmark: _Ref254968028]Figure 61

Time occupancy of the frequency band
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Figure 61 shows the duration of a signal that exceeds a specific evaluation threshold. 100% means constant reception on this frequency. Signals that only briefly exceed the threshold are not shown in this presentation. 

The red and yellow coloured blocks in Figure 6 indicate the use of the recorded links. In-ear transmitters were almost always in operation, while the microphones were turned on only when needed. This difference is due to the fact that, opposite to in-ear monitor transmitters, microphone transmitters can be switched on or off by the users. Even if many microphones were only active for a rather short time it is still mandatory that each microphone has its exclusive frequency assigned in order not to become accidently an interferer by switching it on at the wrong time. 

[bookmark: _Ref254968068]Figure 62

Occupancy of unique frequency links
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Figure 62 shows an evaluation of the measured signals over time. The blue graph represents the number of simultaneously received signals. Only narrowband signals are evaluated (<500 kHz bandwidth), as these are signals that could represent wireless microphones and in-ear monitors. Due to an update rate of typically 13 seconds also relatively short signals could be recorded and subsequently analysed. From the perspective of signal analysis, it is irrelevant whether the microphone is switched on or off, or if the performer leaves the venue (reception area) for example. In both cases, the number of signals observed changes. In order to increase the accuracy of the measurements, all TV stations have been hidden from the spectrum analysis.

The analysis shows that the density with which the spectrum is occupied in a venue can not be assumed to be constant, rather it follows the progress of the event. At the ESC 2011 changes were observed every minute.

The red graph in Figure 7 shows the total number of occupied frequencies. Whenever a link triggers the threshold the first time the red line adds one up and stays at that value even if the link goes off over the measurement period. Until 12:35, only the IEM links were switched on. Until approx. 20:00, around ninety frequencies were occupied. This trend was expanded to about 100 frequencies during the main event. 

[bookmark: _Toc254870545][bookmark: _Toc381209147]Alternative coordination

Immediately after WRC-15, the 700 MHz band is going to be allocated to the mobile service on a co-primary basis with broadcasting and there is a risk that this band will be used by mobile services in the future. Therefore, for the present report, it was studied what would have happened if the 
700 MHz band would have neither be available for DVB broadcasting nor for wireless microphones and IEMs. Thus, it was tried to coordinate the given event in the 470-694 MHz frequecy range. 

Then, broadcasting DVB-T transmitters, which currently use channels in the 700 MHz band would have been reallocated in the remaining 470-694 MHz band as far as possible. Such theoretical TV re-planning was performed in advance. This new TV plan formed the boundary conditions for the PMSE planning in the 470-694 MHz band. Thus, spectrum for PMSE is reduced in a twofold way. There is less spectrum available in total, and there are less TV white spaces available in the remaining spectrum. 

To ensure that the general setup for the frequency calculation remains the same as in 2011, the same planer performed the recalculation with the same requirements. As in 2011, the available spectrum is divided into two separate frequency ranges for microphones and IEMs for reasons of frequency economy.

TV channels 34 to 48 (574-694 MHz) contain the frequencies for in-ear monitors. The IEM channels are calculated in such a way that they are very robust against interference. The size of the arena and the adjoining rooms that had to be supplied with the IEM signals require a boosting of the signals. To be save from interference by intermodulation a high channel spacing of 600 kHz is necessary. The carriers were calculated such that they were intermodulation-free up to the fifth order. 

TV channels 22 to 31 (478-558 MHz) accommodate the frequencies for microphones. Up to nine microphone links are placed into one TV channel. This corresponds to the requirements of coordination of 2011. In principle, 12 links per TV channel may be possible, but not viable at the ESC due to the high number of used carriers, the amplified IEM carriers and their intermodulation products. In addition it would not have complied with the quality criteria requested by the artists and the event organizer. A channel spacing of 400kHz is used and intermodulation products were calculated up to the third order.

Table 33 show the channel allocation that had been assumed for this study. 

[bookmark: _Ref254870351]Table 33

assumed channel allocation

		Channel 21

		Channel 22

		Channel 23

		Channel 24

		Channel 25

		Channel 26

		Channel 27



		DVB-T

		Microphone

		IM Products

		Microphone

		IM Products

		DVB-T

		Microphone



		Channel 28

		Channel 29

		Channel 30

		Channel 31

		Channel 32

		Channel 33

		Channel 34



		IM Products

		DVB-T

		Microphone

		Microphone

		IM Products

		IM Products

		IEM



		Channel 35

		Channel 36

		Channel 37

		Channel 38

		Channel 39

		Channel 40

		Channel 41



		DVB-T

		IM Products

		IEM

		Radio Astronomy Channel

		IM Products

		IEM

		IM Products



		Channel 42

		Channel 43

		Channel 44

		Channel 45

		Channel 46

		Channel 47

		Channel 48



		IEM

		DVB-T

		IEM

		IM Products

		DVB-T

		IEM

		IEM





Channels 22, 24, 27 30 and 31 are used for wireless microphones and the channels 34, 37, 40, 42, 44, 47 and 48 are used for in-ear-monitoring (IEM). In between, there are channels that cannot be used due to the fact that the intermodulation products are placed in there. In summary a total of 39 microphones and 38 IEMs (or engineering links) could be coordinated in this spectrum. 




Table 34

Comparing co-ordinate frequencies



		Comparing co-ordinated frequencies



		Frequency range

		Use

		Total number of links



		470-790 MHz

		Microphones / IEM / Engineering links

		175



		470-694 MHz

		Microphones / IEM/Engineering links

		77





Considering only the loss of the 700 MHz band, i.e. only those links in the original PMSE plan that were located in the 700 MHz band, over 50 links would be lost which is about one third of the 2011 used capacity.

Leaving out the 700 MHz band and reallocating the DVB-T transmitters results in a loss of about 100 links as compared to the actually used links at the ESC 2011. 

Without these links it would not have been possible to perform the event as it was planned and realized in 2011. Other spectrum allowing for the accommodation of about 100 links would have had to be made available in order to achieve the same result as for the ESC 2011. 

With a 100 links less available the event flow would have had to change fundamentally, longer time for stage alterations would have been needed and performances would have experienced remarkable restrictions and would have had to change dramatically to less ambitious ones. With 100 wireless links less it would be doubtful whether an event such as the ESC could still be carried out.

[bookmark: _Toc254870546][bookmark: _Toc381209148]Other events

Other, more regular events occur over the year with quite similar spectrum requirements. That means that the ESC is not a single outstanding event from a PMSE usage point of view but the foregoing aspects are also relevant for other events. 

Good examples for these more regular events are the elections of the government of the federal states of Germany. At these events there is a high density of small reporter teams with wireless equipment. In addition, the various television broadcasters set up their TV-studios within the parliament building to produce their programme on site. Different from the ESC, these events cannot be planned with regard to PMSE in due time beforehead since reporter teams often show up only at short notice. This fact imposes an additional difficulty for the frequency coordination.

[bookmark: _Toc254870547][bookmark: _Toc381209149]Hannover state election 2013

At the Hannover state election 2013 there were 15 different production teams on-site and 30 of the used links could only be coordinated as recently as at the event day. 213 links were coordinated in the frequency range 470-790 MHz. Actually, only 216 MHz were usable in this frequency band due to the potential interference from twelve DVB-T channels. Again also channel 38 could not be used, because it is reserved for radio astronomy in Germany. In addition the adjacent election party had to be taken into account. Links that have been used by reporting teams at the party were not usable at the parliament. As a result the frequency coordinator was forced to place up to 15 audio links into one TV channel which violates the criterion of intermodulation-free positioning of PMSE links, as explained in section ‎14.3.1, and reduced the quality. 

In 2013, spectrum in the 800 MHz band with a guarantee of no interference from other services (LTE) was no longer available since the LTE roll-out already had started. Nonetheless, because of a lack of alternatives, 15 additional links had to be established in the 800 MHz band, even at the risk of LTE interference into these links.

[bookmark: _Toc254870548][bookmark: _Toc381209150]Conclusion

The report shows that almost the entire available spectrum in the 470-790 MHz range was used. There were only a few spare frequencies that were at call in an emergency case such as an unexpected interferer showing up at event time. The whole event lasted about four weeks, and during that time the full range of production spectrum had to be available.

The effort that is needed to plan the frequency coordination of such a big events is immense and often takes several weeks or months. And despite of that great effort, it is not impossible that there are problems showing up during the event. To ensure a high production quality, it is important to be able to respond to these unexpected problems in an adequate way.

To achieve high sound quality of the radio links it is mandatory to avoid intermodulation. Due to the great number of required audio links at the ESC 2011 it was essential to use equipment from one manufacturer only. Otherwise, intermodulation-free frequencies could not have been found.

Additionally rotation plans for microphones and in-ear monitors and the reuse of temporally unused frequencies were necessary in order to realize all requested audio links. Finally, restrictive admission measures were required to prevent interference from non-authorized equipment. The use of PMSE equipment other than that provided by the event organizer was prohibited.

At the ESC 2011 a favourable circumstance helped to secure the production. In Düsseldorf only six DVB-T channels were in operation. If the event had taken place in another city such as Berlin or Hamburg, the free spectrum for audio links would have been even less. 

The example of the ESC 2011 shows how important an interference-free enviroment is to achive the necessary high quality needed for broadcasting and other high class productions. It demonstrates that there is a significant risk of failure for the event which must be controlled by the efforts of technology and personnel.

To be able to produce high quality events in the future, enough spectrum has to be available for the use of PMSE[footnoteRef:19] equipment. This spectrum needs to have good propagation characteristics and a low interference environment. The broadcasting bands IV and V have proven to be a good choice in all these matters.  [19:  Programme Making and Special Events (PMSE) is a term that refers to equipment that is used for the production of programme for broadcasting or other special events. In general it relates to wireless microphones, wireless cameras, talkback systems and in-ear monitors.] 


Without frequencies in the 700 MHz band the ESC as it was would not have been possible. Other spectrum allowing for the accommodation of about 100 links would have had to be made available in order to achieve the same result as for the ESC 2011. Or the audio quality of the wireless PMSE links would have been much lower and interference would have been most likely. Alternatively, a large part of the wireless devices would have had to be exchanged with hard-wired equipment and the artistic choreographies would not have been possible in the form shown. 

With a 100 links less available the event flow would have had to change fundamentally, longer time for stage alterations would have been needed and performances would have experienced remarkable restrictions and would have had to change dramatically to less ambitious ones. With 100 wireless links less it would be doubtful whether an event such as the ESC could still be carried out.

Finally, the ESC is a major event of international importance and interest. The financial, human and time resources available for this kind of production are much more extensive than those for other more daily productions of similar complexity. It is therefore all the more important to provide sufficient spectrum available for PMSE equipment.
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		[bookmark: recibido][bookmark: dnum]

		Revision 1 to
Document 4-5-6-7/TEMP/114-E



		[bookmark: ddate]

		28 February 2014



		[bookmark: dorlang]

		English only



		[bookmark: dsource]Joint Task Group 4-5-6-7
(Working Group 2)



		[bookmark: drec][bookmark: _GoBack]Establishment of a Correspondence Group to develop the Recommendation/Report on assessment of reference protection 
of DTTB reception considering the cumulative interference of 
IMT Base stations for application in the GE06 area







The Correspondence Group will:

1)	work in accordance with § 2.16 and § 2.17 of Resolution ITU-R 1-6[footnoteRef:1]; [1:   	2.16	Correspondence Groups may also be established under the leadership of an appointed Correspondence Group Chairman. The Correspondence Group differs from the Rapporteur Group in that the Correspondence Group performs its work only via electronic correspondence and no meetings are required. A Correspondence Group must have clearly defined Terms of Reference and may be established and its Chairman appointed by a Working Party, a Task Group, a Study Group, CCV, or RAG.
	2.17	 Participation in the work of the Rapporteur and Correspondence Groups of the Study Groups is open to representatives of Member States, Sector Members, Associates and Academia. … . Any views expressed and documentation submitted to these groups should indicate the Member State, Sector Member, Associate or Academia, as appropriate, making the submission.] 


2)	develop in the inter-sessional period thea  recommendation/report on assessment of reference protection of DTTB reception considering the cumulative effect of interference offrom IMT base stations which can help administrations in their bilateral and multilateral negotiations when coordination is shallrequired which should include the following: 

a) methodology for establishing the reference protection level for specific points; 

b) calculation of the changes in the reference protection level of that specific point when IMT networks are supposed to be used instead of GE06 stations 
(e.g. GE06 stations of one country);

c) selection of propagation model including time and location percentages, as well as corrections (distribution and deviation) to be used to protect the given GE06 station appropriately;

d) methodology for selecting the IMT network area for consideration of the cumulative interference for appropriate protection of the given GE06 station.

 address the followings: 

methodology for establishing the reference protection level for any specific point within the DTTB coverage area involving multiple DTTB transmitters;  

calculation of the reference protection level when part of multiple DTTB transmitters are replaced by IMT network;

propagation model including time and location percentages, as well as corrections (distribution and deviation) to be used to protect target DTTB appropriately;

methodology for selecting the IMT network area considering the cumul.ative interference for appropriate protection of DTTB.

3)	take into account available results of the studies in JTG 4-5-6-7 related to this topic

4)               progress its work on an ITU-R SharePoint site established for the purpose; 

5)4)	submit a report on the activities of the correspondence group as an input contribution two weeks before the sixth JTG 4-5-6-7 meeting;

6)5)	be chaired by:



Contact:	Mr Bakyt-Bek Murzabaev/Ms Abcd		E-mail: bakytabcd@tra.gov.omef.com

Participants:	Interested parties are invited to join this group on the SharePoint site:

		https://extranet.itu.int/rsg-meetings/jtg4-5-6-7/cg_task_a.b.c./default.aspx 





______________



Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.

M:\BRSGD\TEXT2014\JTG4-5-6-7\DT\114Rev.1e .docx		28/02/2014



M:\BRSGD\TEXT2014\JTG4-5-6-7\DT\114Rev.1e .docx		28/02/2014



image1.png








image12.emf
R12-JTG4567-14022 0-TD-0143!!MSW-E.docx


R12-JTG4567-140220-TD-0143!!MSW-E.docx
- 8 -

4-5-6-7/TEMP/102-E

		Radiocommunication Study Groups

		[bookmark: ditulogo][image: ]



		

		



		

		



		[bookmark: recibido][bookmark: dnum]

		Document 4-5-6-7/TEMP/143-E



		[bookmark: ddate]

		28 February 2014



		[bookmark: dorlang]

		English only



		[bookmark: dsource]Joint Task Group 4-5-6-7

[bookmark: _GoBack](WGs 1 & 2)



		[bookmark: dtitle1]liaison statement to working party 5d

Channelling arrangements for 694-790 mhz for agenda item 1.2





[bookmark: dbreak]

Joint Task Group 4-5-6-7 (JTG 4-5-6-7) notes that Working Party 5D (WP 5D) is responsible for providing studies related to channelling arrangements under agenda item 1.2. Resolution 232 (WRC-12) invites ITU-R 2) to study channelling arrangements for the mobile service, adapted to the frequency band below 790 MHz, and 3) to study coexistence between the different channelling arrangements which have been implemented in Region 1 above 790 MHz, as well as the possibility of further harmonization.

The JTG 4-5-6-7 studies on adjacent band compatibility at the 694 MHz boundary have been based on a frequency separation of 9 MHz above that boundary so that the IMT channelling arrangement starts at 703 MHz. JTG 4-5-6-7 kindly requests WP 5D to take this into account in its work on channelling arrangements.

JTG 4-5-6-7 will be finalizing its draft CPM text for agenda item 1.2 at its last meeting being held July 21-31, 2014 and therefore kindly requests WP 5D to liaise the results of their studies on the above issues before the beginning of the next JTG 4-5-6-7 meeting so that they can be included.



		Status: 	For action

		



		Contact:	Mr. Steve Green

		E-mail:  steve.green@ofcom.org.uk







______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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[bookmark: dbreak]Overall Consideration of Results of Studies

The attachments to this report represent submissions to JTG, and have not been reviewed in detail or agreed.

Several studies have been carried out with respect to the frequency band 1 300-1 400 MHz. 
All of the studies show, based on the parameters provided by the relevant working parties, 
that within the same geographical area co-frequency operation of mobile broadband systems and radar is not feasible. As a result, globally harmonised usage of the 1 300-1 400 MHz frequency range or a portion thereof by mobile services for the implementation of IMT may not be possible.

Local circumstances such as ubiquity of radar deployments and additional mitigation are, when taken together, the single most critical factor as to whether IMT can operate in particular geographic areas. This report makes no conclusion as to the complexity, practicability or achievability of the applied mitigations as discussed. Those decisions would have to be made at a national level under the current regulatory framework .

Based on the same parameters provided by the relevant working parties, compatibility also cannot be achieved in the same geographic area when operations including frequency offset are considered (i.e., when the occupied bandwidth of the IMT signal and the occupied bandwidth of the radar do not overlap).  However several studies presented showed that compatibility may be achievable subject to a frequency offset and geographic separation if certain mitigation techniques can be implemented including the modification of mobile and radar parameters from those provided by the relevant expert groups within the ITU. This might offer possibilities for the introduction mobile services into the 1 300-1 400 MHz frequency band, with due consideration of the future deployment of radar. It should be noted that those mitigation techniques have not at this point been determined as practical by the expert working parties.  The size of the frequency offset and geographical separation depends on the mitigation technique assumptions made in the studies and the acceptability of those assumptions to an administration and its neighbouring administrations 
(i.e., all of those within 800 km where no mitigation whatsoever is employed).

It should also be noted that all of the studies which concluded it is feasible to introduce IMT systems in the 1 300-1 400 MHz frequency band require modification of the IMT and radar equipment. Such studies also suggest segmentation in accordance with ITU-R SM.1132 which may involve replanning radar systems as necessary to remove radars from a portion of the band to provide sufficient spectrum to accommodate the IMT channel plus the frequency offset. Any consideration of radar replanning must take into account that some administrations make use of radars that operate across the band between 1 300-1 400 MHz.

Attachment 1:	Preliminary sharing/compatibility studies between radiolocation et IMT systems in 1300-1400MHz

Attachment 2:	“Sharing/compatibility studies of imt systems with radiolocation systems in 
the frequency band 1 300-1 400 MHz” 

Attachment 3:	“Working document on sharing/compatibility studies of imt systems with radiolocation systems in the frequency band 1 300-1 400 MHz” 

Attachment 4:	“Coexistence between radiolocation and imt systems within 1375-1400 MHz band” 

Attachment 5:	“Study into the co-existence of mobile broadband systems and radars in 
the frequency band 1 300-1 350 MHz” 

Attachment 6:	“Spectrum sharing between radiolocation, and broadband wireless system using imt in the band 1 350-1 525 MHz” 

Attachment 7:	“Sharing/compatibility studies of imt systems with radiolocation systems in the frequency band range 1 300-1 400 MHz” 

Attachment 8:	“Study into the coexistence of imt-advanced systems and  radiolocation systems in the band 1 300-1 400 MHz” 

Attachment 9:	“Sharing between imt-advanced and radiodetermination systems in the band 
1 300-1 400 MHz” 

Attachment 10:	“Sharing between imt systems and radars in the 1 300-1 400 MHz band” 

[bookmark: _GoBack]Attachment 11:	“Analysis of required mitigation for imt systems and radars to share the 
1 300-1 400 MHz band” 






ATTACHMENT 1

Prelimnary sharing/compatibility studies between radiolocation et 
IMT systems in 1300-1400 MHz

Introduction

The frequency range 1 300-1 400 MHz has been identified as a suitable frequency range and possible candidate band for IMT systems. The frequency bands 1 300-1 350 MHz and 
1 350-1 400 MHz are allocated to the radiolocation service on a primary basis in all Regions. Because of these allocations it is necessary to study the impact from IMT systems into the radiolocation service. 

Technical characteristics of radars operating in this band have been forwarded to JTG 4-5-6-7 by WP 5B, and WP 5D has provided the technical characteristics of IMT systems. Having received these inputs it is now possible to produce a study using approved technical characteristics of both radars and IMT systems.

The analysis and results of this preliminary deterministic study into co-channel and non cochannel compatibility of IMT stations towards radars is presented in this document. The study considers interference from an IMT system in a suburban environment with macro base stations and associated user equipment into radars.

2	Background

WRC-15 agenda item 1.1 is considering additional spectrum allocations to the mobile service and identification of additional frequency bands for IMT, and JTG 4-5-6-7 is conducting compatibility/sharing studies in relation to this. The GSMA has proposed a number of suitable frequency ranges to be considered as potential candidate bands for IMT (see Document 4-5-6-7/88), including “L-band” frequencies between 1 300 and 1 527 MHz (excluding 1 400-1 427 MHz).

There are existing primary allocations to the radiolocation service in the frequency bands 
1 300-1 350 MHz and 1 350-1 400 MHz in all Regions. This contribution contains preliminary studies into compatibility/sharing between IMT and the radiolocation service in frequencies between 1 300 and 1 400 MHz.

3	Technical characteristics

In this section the technical characteristics of radars and IMT systems are provided as submitted to JTG 4-4-5-6-7 by WP 5B and WP 5D.

3.1	Technical characteristics of radars in the frequency band 1 300-1 400 MHz

Recommendation ITU-R М.1463 defines the different types of radars operating in the frequency band 1 300-1 400 MHz.




Table 1

Technical characteristics of radars operating in the frequency band 1300-1400 MHz, given in 
Recommendation ITU-R М.1463

		

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8



		Receiver gain Grec, dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Receiver Noise Figure NF, dB

		2

		2

		4.7

		3.5

		2.6

		4.25

		9

		3.2



		Receiver Noise temperature Tn, К

		171.4

		171.4

		571.7

		362.9

		240.2

		486.6

		2 034.4

		319.2



		Receiver bandwidth F, kHz

		780

		690

		6 400

		1 200

		1 250

		880

		330

		 1200



		Protection criteria I/N, dB

		-6





3.2	Technical characteristics of IMT in the frequency band 1 300-1 400 MHz

The technical characteristics, as provided by WP 5D, for IMT operating in this frequency range are shown below. This information is copied from Table C of Document 4-5-6-7/242 Annex 2 Attachment 2 Appendix 1. 

Table 2

Deployment-related parameters of IMT for bands between 1 and 3 GHz

		

		Macro rural

		Macro suburban

		Macro
urban

		Small cell outdoor / Micro urban

		Small cell indoor / Indoor urban



		Base station characteristics / Cell structure

		

		

		

		

		



		Cell radius / Deployment density (for bands between 1 and 2 GHz)

		[bookmark: _Ref334600713]> 3 km
(typical figure to be used in sharing studies 5 km)

		0.5-3 km
(typical figure to be used in sharing studies 1 km)

		0.25-1 km

(typical figure to be used in sharing studies 0.5 km)

		1-3 per urban macro cell[footnoteRef:1] [1:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 


< 1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Cell radius / Deployment density (for bands between 2 and 3 GHz)

		> 2 km
(typical figure to be used in sharing studies 4 km)

		0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)

		0.2-0.8 km

(typical figure to be used in sharing studies 0.4 km)

		1-3 per urban macro cell4

< 1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Antenna height

		30 m

		30 m (1-2 GHz)

25 m (2-3 GHz)

		25 m (1-2 GHz)

20 m 2-3 GHz)

		6 m

		3 m



		Sectorization

		3-sectors

		3-sectors

		3-sectors

		single sector

		single sector



		Downtilt

		3 degrees

		6 degrees

		10 degrees

		n.a.

		n.a.



		Frequency reuse[footnoteRef:2] [2:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 


		1

		1

		1

		1

		1



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” section)

· ka = 0.7

· kp = 0.7

· kh = 0.7

· kv = 0.3



Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336

omni





		Antenna polarization

		linear / ±45 degrees

		linear / ±45 degrees

		linear / ±45 degrees

		linear

		linear



		Indoor base station deployment

		n.a.

		n.a.

		n.a.

		n.a.

		100%



		Indoor base station penetration loss

		n.a.

		n.a.

		n.a.

		n.a.

		20 dB (horizontal)

P.1238, Table 3 (vertical)



		Below rooftop base station antenna deployment

		0%

		0%

		30% (1-2 GHz)

50% (2-3 GHz)

		100%

		n.a.



		Feeder loss

		3 dB

		3 dB

		3 dB

		n.a

		n.a



		Maximum base station output power (5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm

		43/46/46 dBm

		35 dBm

		24 dBm



		Maximum base station antenna gain

		18 dBi

		16 dBi

		16 dBi

		5 dBi

		0 dBi



		Maximum base station output power (EIRP)

		58/61/61 dBm

		56/59/59 dBm

		56/59/59 dBm

		40 dBm

		24 dBm



		Average base station activity

		50%

		50%

		50%

		50%

		50%



		Average base station power/sector 

		55/58/58 dBm



		53/56/56 dBm



		53/56/56 dBm



		37 dBm

		21 dBm



		User terminal characteristics

		

		

		

		

		



		Indoor user terminal usage

		50%

		70%

		70%

		70%

		100%



		Indoor user terminal penetration loss

		15 dB

		20 dB

		20 dB

		20 dB

		20 dB



		User terminal density in active mode

		0.17 / 5 MHz/km2

		2.16 / 5 MHz/km2

		3 / 5 MHz/km2

		3 / 5 MHz/km2

		depending on indoor coverage/ capacity demand



		Maximum user terminal output power

		23 dBm

		23 dBm

		23 dBm

		23 dBm

		23 dBm



		Average user terminal output power[footnoteRef:3] [3:  	According to JTG5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 


		2 dBm

		−9 dBm

		−9 dBm

		−9 dBm

		−9 dBm



		Typical antenna gain for user terminals

		−3 dBi

		−3 dBi

		−3 dBi

		−3 dBi

		−3 dBi



		Body loss –

		4 dB

		4 dB

		4 dB

		4 dB

		4 dB





Unwanted emissions for an IMT base station according to 3GPP TS 36.104 for a 10 MHz channel bandwidth (E-UTRA bands > 1 GHz) for Category B are shown in Figure 1.

Figure 1

[image: ]

Unwanted emissions for IMT user equipment according to 3GPP TS 36.101 for 10 MHz channel bandwidth are shown in Figure 2.

Figure 2

[image: ]



4	Analysis

4.1	Assumptions

The study is performed under the following assumptions;

For both co-channel and non cochannel analysis the assumed frequency is 1350 MHz. For the non cochannel analysis a 10 MHz frequency offset is assumed. The frequency offset is from the edge of the IMT band to the radar receiver’s closest – 3dB point (half RX bandwidth from centre frequency).

The study analyses the required protection distances between IMT and radars for both IMT base stations and user equipment in order to consider the possibilities of both FDD and TDD operation in the band.

As an example, the study assumes a 10 MHz IMT system in a suburban environment typical of the area surrounding most airports.

The assessment of the required protection distances is for 10% of time and 50% of location for 
a suburban environment at antenna heights of 1.5 m for IMT UEs, 15 m for radars and 30 m for IMT BSs.

A sensitivity analysis is added to consider more typical values of unwanted emissions than the limits in the 3GPP specifications. 

4.2	Methodology and formulas

The protection limit for the radar is calculated as power spectral density at the receiver input:



		

where:



	:	power spectral density protection limit in dBm/MHz



	:	receiver noise figure, dB



	 :	interference/noise ratio, dB



	 :	feeder loss, dB.

The maximum power limit at the radar receiver is then derived from the above:



		

where:



	:	power limit at the receiver in dBm

	BW:	receiver bandwidth in kHz.

The average power EIRP for the IMT base station is:



		

where:



	:	transmitter power in dBm.



	:	antenna gain in dBi



	:	feeder loss in dB



	:	activity factor in %.

The IMT base station average power spectral density, radiated, is derived from the above:



		

where:



	:	signal bandwidth in MHz

The average power EIRP for the IMT user equipment is: 



		

where:



	:	average transmitter power in dBm



	:	antenna gain in dBi



	:	feeder loss in dB.

The IMT user equipment average power spectral density, radiated, is derived from the above:



		

where:



	:	signal bandwidth in MHz.

To determine the necessary separation distance between IMT systems and radars the path loss requirement to meet the protection level of the radar receiver is calculated by deducting the calculated PSD levels of radars from the average PSD level of IMT base stations and user equipment taking account of the radar antenna gain and the additional loss for user equipment due to the height difference to the radar antenna. 

The resulting path loss requirements are then calculated to determine a protection distance using Rec. ITU-R P.1546-4. The distances below 1 km are obtained by interpolation between Recommendation ITU-R P.1546-4 at 1 km and free space propagation at 100 m and for distances below 100 m free space propagation is used. It is recognized there is a new revision of Recommendation ITU-R P.1546 that may provide a better solution, when available.

4.3	Radar calculations

In Table 3 the maximum acceptable interference level (PSD) at the radar receiver is calculated.

Table 3

		Radar type

		

		1

		2

		3

		4

		5

		6

		7

		8



		Antenna height

		m

		15

		15

		15

		15

		15

		15

		15

		15



		Receiver gain

		dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Feeder loss

		dB

		2

		2

		2

		2

		2

		2

		2

		2



		Receiver noise figure NF

		dB

		2

		2

		4.7

		3.5

		2.6

		4.25

		9

		3.2



		Receiver bandwidth 

		kHz

		780

		690

		6 400

		1 200

		1250

		880

		330

		1 200



		Protection criterion (I/N)

		dB

		−6

		−6

		−6

		−6

		−6

		−6

		−6

		−6



		Maximum acceptable interference PSD at receiver

		dBm/MHz

		−116

		−116

		−113.3

		−114.5

		−115.4

		−113.8

		−109

		−114.8



		Antenna gain reduction toward UEs because of height difference

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10

		−10





4.4	IMT base station calculations

In Table 4 the suburban macro base station average radiated power (PSD) is calculated.

Table 4

		IMT BS parameter 

		

		



		Antenna height

		m

		30



		Antenna gain

		dBi

		16



		Feeder loss

		dB

		3



		Channel bandwidth

		MHz

		10



		Maximum base station output power

		dBm

		46



		Maximum base station output power (EIRP)

		dBm

		59



		Average base station activity

		%

		50



		Average base station output power (EIRP) / sector

		dBm

		55.99



		Signal bandwidth

		MHz

		9



		Average base station output radiated PSD

		dBm/MHz

		46.46





4.5	IMT user equipment calculations

In Table 5 the user equipment maximum radiated power (PSD) is calculated.

Table 5

		IMT UE Parameter 

		

		



		Antenna height

		m

		1.5



		Antenna gain

		dBi

		−3



		Body loss

		dB

		4



		Maximum terminal output power

		dBm

		23



		Signal Bandwidth

		MHz

		9



		Max terminal in-band EIRP/PSD

		dBm/MHz

		6.5







4.6	Path loss calculations for the IMT base station

In Table 6 the path loss requirements are calculated for the suburban macro base station operating co-channel with a radar.

Table 6

		Radar type

		

		1

		2

		3

		4

		5

		6

		7

		8



		Average base station output radiated PSD 

		dBm/MHz

		46.46

		46.46

		46.46

		46.46

		46.46

		46.46

		46.46

		46.46



		Radar receiver gain

		dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Maximum acceptable interference PSD at radar receiver

		dBm/MHz

		−116

		−116

		−113.3

		−114.5

		−115.4

		−113.75

		−109

		−114.8



		Path loss requirement (BS)

		dB

		195.9

		201.3

		197.9

		193.4

		200.3

		194.2

		190.4

		195.7





4.7	Path loss calculations for the IMT user equipment

In Table 7 the path loss requirements are calculated for the user equipment operating co-channel with a radar. The result is calculated for a maximum power of 23 dBm.






Table 7

		Radar type

		

		1

		2

		3

		4

		5

		6

		7

		8



		Max terminal in-band EIRP/PSD

		dBm/MHz

		6.5

		6.5

		6.5

		6.5

		6.5

		6.5

		6.5

		6.5



		Radar receiver Gain

		dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Maximum acceptable interference PSD at radar receiver

		dBm/MHz

		−116

		−116

		−113.3

		−114.5

		−115.4

		−113.8

		−109

		−114.8



		Radar antenna gain reduction toward UEs because of height difference

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10

		−10



		Path loss requirement (UE)

Max power

		dB

		146.0

		151.4

		148.0

		143.5

		150.4

		144.2

		140.5

		145.8





4.8	Path loss calculations for the IMT base station

In Table 8 the path loss requirements are calculated for the IMT suburban macro base station operating in the non cochannel to a radar.

Table 8

		Radar type

		

		1

		2

		3

		4

		5

		6

		7

		8



		Spurious  Emissions (BS)

		dBm/MHz

		−30

		−30

		−30

		−30

		−30

		−30

		−30

		−30



		Antenna gain

		dBi

		16

		16

		16

		16

		16

		16

		16

		16



		Feeder loss

		dB

		3

		3

		3

		3

		3

		3

		3

		3



		Spurious Emissions EIRP (BS)

		dBm/MHz

		−17

		−17

		−17

		−17

		−17

		−17

		−17

		−17



		Maximum acceptable interference PSD at radar receiver

		dBm/MHz

		−116

		−116

		−113.3

		−114.5

		−115.4

		−113.8

		−109

		−114.8



		Radar receiver Gain

		dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Path loss requirement (BS)

		dB

		132.5

		137.9

		134.5

		130

		136.9

		130.8

		127

		132.3





4.9	Path loss calculations for the IMT user equipment

In Table 9 the path loss requirements are calculated for the user equipment operating in the adjacent channel to a radar. The value used for spurious emissions is –27.5 dBm/MHz where the correct value at this frequency offset  is –25 dBm/MHz.




Table 9

		Radar type

		

		1

		2

		3

		4

		5

		6

		7

		8



		Spurious  Emissions (UE)

		dBm/MHz

		−25/−30

		−25/−30

		−25/−30

		−25/−30

		−25/−30

		−25/−30

		−25/−30

		−25/−30



		Antenna gain

		dBi

		−3

		−3

		−3

		−3

		−3

		−3

		−3

		−3



		Body loss

		dB

		4

		4

		4

		4

		4

		4

		4

		4



		Spurious Emissions EIRP (UE)

		dBm/MHz

		−34.5

		−34.5

		−34.5

		−34.5

		−34.5

		−34.5

		−34.5

		−34.5



		Maximum acceptable interference PSD at radar receiver

		dBm/MHz

		−116

		−116

		−113.3

		−114.5

		−115.4

		−113.8

		−109

		−114.8



		Radar receiver Gain

		dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Radar antenna gain reduction toward UEs because of height difference

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10

		−10



		Path loss requirement (UE)

		dB

		105

		110.4

		107

		102.5

		109.4

		103.25

		99.5

		104.8





4.10	Results

The deterministic path loss requirements calculated above have been used to derive the resulting protection distances using Recommendation ITU-R P.1546-4 and are presented in Tables 10 to 12 below.

In Table 10 the required protection distances in km are shown separately for each radar type for 
the four cases; user equipment operating in non cochannel with 10 MHz frequency offset to a radar, user equipment operating co-channel with a radar, suburban macro base station operating in non cochannel with 10 MHz frequency offset to a radar, and suburban macro base station operating co-channel with a radar. The calculations have been made using the standard parameters given in section 3 of this document.

Table 10

Baseline protection distances (km)

		

		Radar

		1

		2

		3

		4

		5

		6

		7

		8



		IMT

		

		

		

		

		

		

		

		

		



		Uplink

		Non cochannel band

		0.377

		0.479

		0.412

		0.338

		0.458

		0.349

		0.296

		0.374



		Uplink

		Co-channel

		3.154

		4.180

		3.505

		2.746

		3.976

		2.866

		2.312

		3.121



		

		

		

		

		

		

		

		

		

		



		Downlink

		Non cochannel band

		7.298

		9.474

		8.052

		6.435

		9.037

		6.685

		5.503

		7.226



		Downlink

		Co-channel

		187.560

		231.831

		191.417

		167.190

		223.672

		173.286

		142.900

		185.913









Sensitivity analysis using more typical IMT UE unwanted emissions levels

In Table 11 required protection distances in km are shown for each radar type for the case where the IMT system is operating in non cochannel with a 10 MHz frequency offset to a radar. The calculations have been made using the standard parameters apart from more typical unwanted emissions levels of –10 
and –20 dB below the limits in the 3GPP specifications. 

Table 11

Sensitivity analysis with different IMT UE unwanted emissions

		Non cochannel band

		Radar

		1

		2

		3

		4

		5

		6

		7

		8



		IMT 

		Unwanted emissions

		

		

		

		

		

		

		

		



		Uplink

		3GPP

		0.377

		0.479

		0.412

		0.338

		0.458

		0.349

		0.296

		0.374



		Uplink

		−10 dB

		0.242

		0.308

		0.265

		0.217

		0.294

		0.224

		0.190

		0.240



		Uplink

		−20 dB

		0.155

		0.197

		0.170

		0.139

		0.189

		0.144

		0.122

		0.154





Sensitivity analysis using more typical IMT base station unwanted emissions levels 

In Table 12 required protection distances in km are shown for each radar type for the case where a suburban macro base station is operating in non cochannel with a 10 MHz frequency offset to a radar. 
The calculations have been made using the standard parameters apart from more typical unwanted emissions levels of −10 and −20 dB below the limits in the 3GPP specifications. 

Table 12

Sensitivity analysis with different base station unwanted emissions

		Non cochannel band

		Radar

		1

		2

		3

		4

		5

		6

		7

		8



		IMT 

		Unwanted emissions

		

		

		

		

		

		

		

		



		Downlink

		3GPP

		7.298

		9.474

		8.052

		6.435

		9.037

		6.685

		5.503

		7.226



		Downlink

		−10 dB

		4.296

		5.773

		4.807

		3.714

		5.474

		3.885

		3.101

		4.247



		Downlink

		−20 dB

		2.327

		3.274

		2.646

		1.980

		3.082

		2.079

		1.615

		2.297





5	Summary

This preliminary deterministic study has been focusing on interference into radars operating in the band 1 300 to 1 400 MHz to assess the feasibility of introducing IMT services into the band. 
The study has analysed cases of both co-channel operation and non cochannel operation in the band assuming a 10 MHz frequency offset. The study has used worst-case deterministic analysis to calculate the required protection distances of a suburban macro IMT base station and user equipment for the standard parameters that have been provided to JTG 4-5-6-7. Sensitivity analysis has also been performed for more typical unwanted emissions levels of IMT user equipment and base station for the non cochannel case. For the IMT user equipment the reduced unwanted emissions levels are a result of these levels typically being significantly below the limits in the standards, and lower typical transmit powers as a result of power control, and unwanted emissions levels will also be lower when not all of the resource blocks in the IMT channel are being utilised. For the base station the lower values reflect more realistic emissions levels that are achieved in practice, and which may be further reduced by site engineering / additional filtering in areas where this is required. The analysis has calculated the required protection for these cases using Recommendaiton ITU-R P.1546-4 to derive the associated protection distances.

The resulting protection distances calculated in this preliminary study using the inputs from WP 5B and WP 5D indicate that the band 1 300 to 1 400 MHz may be feasible for IMT uplink, in particular for the non cochannel case and when the results of reduced unwanted emissions are considered. The results of the study also indicate that IMT uplink co-channel operation may be feasible, particularly with some mitigation such as exclusion zones and when the power of the user equipment in a real network is taken into account. The results further indicate that co-channel downlink operation may be very difficult within the same geographical area and that some coordination may be required in particular areas. It may however be feasible to operate downlink if frequency segmentation is introduced and some additional mitigation is applied to the IMT base station (for example additional filtering or use of microcells). 

6	Recommendations

The results of this study indicate that the band may be feasible for IMT uplink operation, although further studies are required for the co-channel uplink case. Further studies for both uplink and downlink operation should evaluate the probabilistic nature of interference scenarios with a representative number of IMT user equipment and base stations. This may also include assessment of the effectiveness of different mitigation techniques, for example co-siting the base station with the radar, additional filtering, etc.

Whilst this preliminary study provides a good indication of the compatibilities involved it considers a single interferer only. At the distances calculated it may be unlikely to have more than one interferer within a single ‘snap shot’ of the radar due to the antenna discrimination. However for analysis of scenarios where a number of IMT user equipment or base stations are active in an area and how this relates to a radar at a location would appear to be better evaluated using Monte Carlo simulations, which will also deal better with the many variable power levels inherently involved in IMT systems.




ATTACHMENT 2

Sharing/compatibility studies of IMT systems with radiolocation systems in 
the frequency band 1 300-1 400 MHz

1	Background

Some Administrations participating in the second JTG 4-5-6-7 meeting proposed to use the frequency band 1 300-1 400 MHz as a candidate one for conducting studies in compatibility with possible IMT systems (see Annex 8 to Doc. 4-5-6-7/113). Therefore it was necessary to conduct studies in that frequency band in relation to compatibility of possible IMT stations with radiodetermination radars operating in the frequency band 1 300-1 400 MHz.

Unfortunately technical characteristics of these IMT systems in the frequency band 1 300‑1 400 MHz were not defined by ITU-R WP 5D at that time. Therefore the Communication Administration of the Russian Federation suggested to conduct the compatibility studies based on reasonable assumptions which presumed that technical characteristics of IMT systems in the frequency band 1 300-1 400 MHz would be similar to those associated with IMT systems operating in the frequency range 1 800 MHz that have characteristics specified in Report ITU-R M.2039.

Results of those studies conducted by the Russian Federation were presented at the third JTG 4‑5‑6‑7 meeting in Document 4-5-6-7/155 which contained preliminary results of analysis related to compatibility of possible IMT stations with radars operating in the radiolocation service in the frequency band 1 300-1 400 MHz. It was shown in that document that providing protection for radars operating in the frequency band 1 300-1 400 MHz would require separation distances exceeding 500 km. Based on those study results it was concluded that frequency sharing between possible IMT stations and relevant radars would be extremely difficult to implement and would prevent the IMT systems from effective operation in the frequency band concerned.

Document 4-5-6-7/155 was discussed at the third JTG 4-5-6-7 meeting and it was noted that the presented therein results required adjusting based on IMT system technical characteristics in the frequency band 1 300-1 400 MHz as presented by ITU-R WP 5D in Document 4-5-6-7/236.

The Russian Federation used those latest technical characteristics when conducting additional studies related to compatibility of possible IMT systems with radars operating in the frequency band 1 300-1 400 MHz. The obtained study results are discussed below herein.

2	Protection criteria for radiolocation stations in the frequency band 1 300-1 400 MHz

Subject to provisions of Recommendation ITU-R M.1463 the frequency band 1 300-1 400 MHz is used by different types of radars with even accommodation in the whole bandwidth. Table 1 below shows technical characteristics of 8 typical radar systems. The characteristics were used for estimating the effect from possible IMT systems on operation of the radars.




TABLE 1

Technical characteristics of radars operating in the frequency band 1 300-1 400 MHz 
(as specified in Recommendation ITU-R М.1463)

		

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8



		Receiver gain, G Rx, dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Receiver noise figure, NF, dB

		2

		2

		4.7

		3.5

		2.6

		4.25

		9

		3.2



		Receiver noise temperature, Tn, К

		171.4

		171.4

		571.7

		362.9

		240.2

		486.6

		2034.4

		319.2



		Receiver bandwidth, F, kHz

		780

		690

		6400

		1200

		1250

		880

		330

		1200



		Protection criterion, I/N, dB

		–6





Analysis of Recommendation ITU-R M.1463 also showed that wind profile radars operate in the frequency band 1 300-1 375 MHz. Table 2 reflects typical technical characteristics of those radars. 

TABLE 2

Typical technical characteristics of wind profile radars in the frequency band 1 300-1 375 MHz

		Parameter

		Unit of measure

		Value



		Emission bandwidth 

		MHz

		8



		Antenna type

		

		Parabolic-reflector



		Antenna polarization

		

		Horizontal 



		Maximum antenna gain

		dBi

		33.5



		Vertical beam width

		degrees

		3.9



		Horizontal beam width

		degrees

		3.9



		Vertical scan

		

		From –15° to +15° 



		Receiver IF passband 

		MHz

		2.5



		Noise figure

		dB

		1.5



		Protection criterion I/N

		dB

		-6





3	Technical characteristics of envisioned mobile stations in the frequency band 1 300-1 400 MHz

The third JTG 4-5-6-7 meeting discussed technical characteristics of IMT systems in different frequency bands. The characteristics were presented in Document 4-5-6-7/236 by WP 5D. 
The document was used for compiling Annex 2 to JTG 4-5-6-7 Chairman’s Report (Doc. 4-5-6-7/242) which contained technical and operational characteristics presented by relevant ITU-R Working Parties for using in studies related to feasibility of compatibility and frequency sharing. Table 3 below shows IMT system technical characteristics which were used in the studies




TABLE 3

Technical characteristics of IMT base stations between 1 GHz and 3 GHz 

		Cell type 

		Rural macro cell



		Characteristics of base stations 

		



		Antenna height 

		30 m



		Number of sectors

		3 sectors



		Tilt

		3 degrees



		Feeder losses

		3 dB



		Maximum base station (BS) output power (BW*=5/10/20 MHz)

		43/46/46 dBm



		Maximum BS antenna gain

		18 dBi



		Maximum e.i.r.p.

		58/61/61 dBm



		Mean BS/sector e.i.r.p.

		55/58/58 dBm





*	BW – frequency bandwidth

4	Estimation of protection distances required for radar receivers 
in the frequency band 1 300-1 400 MHz

Radar receivers characteristics shown in Tables 1 and 2 were used for estimating an acceptable interference level at radar receiver front end. The interference level was calculated using the following equation::



,

where 



	  - acceptable level of noise at receiver front end, dBW;



	  - acceptable interference-to-noise ratio, dB; 



	 - Boltzmann constant;



	 - receiver noise temperature, К;

	NF – receiver noise figure, dB;



	 - receiver passband, Hz.

The obtained value of acceptable noise level was used for estimating acceptable interference field strength based on the following equation: 



,




where 



	- 	acceptable level of interference field strength, dB(µV/m);



	-	radar antenna gain in a receiving mode, dB;

	 - 	operational wavelength, m.

Estimated values of acceptable interference power and associated values of acceptable interference field strength are shown in Table 4.

TABLE 4

Estimates of protection distances for radars operating in the frequency band 1 300-1 400 MHz
accounting no tropospheric scattering

		

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8

		Wind profile radars



		Receiver thermal noise, dBW

		–147,3

		–147,9

		–133,0

		–142,2

		–143,8

		–142,3

		–140,3

		–142,8

		–144



		Acceptable interference power, dBW

		–153,3

		–153,9

		–139,0

		–148,2

		–149,8

		–148,3

		–146,3

		–148,8

		–150



		Acceptable interference field strength, dB(µV/m)

		–14,1

		–20

		–4,4

		–7,9

		–15,5

		–9,5

		–8,5

		–10,5

		–10.5



		Protection distances



		Interference bandwidth, MHz

		5; 10



		

, dBW

		16.9

		16.4

		25.0

		18.8

		19.0

		17.5

		13.2

		18.8

		22



		Land path, km

		208

		253

		197

		174

		239

		176

		134

		196

		221



		Sea path, km

		436

		495

		417

		390

		474

		388

		342

		417

		450



		Interference bandwidth, MHz

		20



		

, dBW

		13.9

		13.4

		23.1

		15.8

		16.0

		14.4

		10.2

		15.8

		19



		Land path, km

		184

		229

		180

		150

		214

		151

		110

		170

		198



		Sea path, km

		401

		459

		395

		360

		440

		360

		312

		383

		420





The above technical characteristics of IMT stations were used for estimating the minimum separation distances required for protection of radar receivers from interference caused by base stations of possible IMT systems. The protection distances for the radars were estimated in relation to IMT systems operating with signals of 5 MHz, 10 MHz and 20 MHz bandwidth.




Therewith it was taken into consideration that operational passband of radar receivers related to 
al-most all typical radars reflected in Recommendation ITU-R М.1463 was narrower as compared with IMT base station frequency band. Therefore interference estimation used an effective IMT station e.i.r.p. value calculated on the basis of the following equation:



,

where	



	 - 	effective interference e.i.r.p., dBW;



	 - 	IMT transmitter output power, dBW;



	 -	 IMT transmitter gain, dB;



	 - 	radar receiver operational passband, MHz;



	 - 	IMT transmitter operational bandwidth, MHz.

Estimated values for effective interference e.i.r.p. in the bandwidth of 5 MHz, 10 MHz and 
20 MHz are shown in Table 4.

Estimation of interference to ground-based radar receivers used a radiowave propagation model reflected in Recommendation ITU-R Р.1546. The required protection distances were estimated for 10% of time and for 50% of locations for land and sea paths. The estimation assumed that ground-based radar antenna altitude was 10 m. The results of protection distance estimation are shown in Table 4.

The results obtained show that the required protection distance related to interference of 5 MHz and 10 MHz bandwidth would vary from 134 km to 253 km for a land path and from 342 km to 495 km for a sea path. The values for interference of 20 MHz bandwidth would be less but even in that case the minimum protection distance would be 110 km for a land path and 312 km for a sea path.

It is worth mentioning that the protection distances shown in Table 4 were estimated without accounting for tropospheric scattering therefore they would not provide a complete protection for radar systems from the interference concerned. Table 5 below reflects the protection distance estimates accounting tthe tropospheric scattering.




TABLE 5

Estimates of protection distances for radars operating in the band 1 300-1 400 MHz
 accounting the tropospheric scattering 

		

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8

		Wind profile radars



		Receiver thermal noise, dBW

		–147.3

		–147.9

		–133.0

		–142.2

		–143.8

		–142.3

		–140.3

		–142.8

		–144



		Acceptable interference power, dBW

		–153.3

		–153.9

		–139.0

		–148.2

		–149.8

		–148.3

		–146.3

		–148.8

		–150



		Acceptable interference field strength, dB(µV/m)

		–14.1

		–20

		–4.4

		–7.9

		–15.5

		–9.5

		–8.5

		–10.5

		–10.5



		Protection distances



		Interference band-width, MHz

		5; 10



		

, dBW

		16.9

		16.4

		25.0

		18.8

		19.0

		17.5

		13.2

		18.8

		22



		Land path, km

		274

		328

		255

		232

		310

		236

		187

		257

		288



		Sea path, km

		455

		515

		435

		410

		493

		414

		362

		438

		472



		Interference band-width, MHz

		20



		

, dBW

		13.9

		13.4

		23.1

		15.8

		16.0

		14.4

		10.2

		15.8

		19



		Land path, km

		236

		298

		241

		206

		279

		208

		165

		229

		260



		Sea path, km

		424

		482

		419

		381

		461

		383

		337

		407

		440





Analysis of data reflected in Table 5 shows that accounting for the tropospheric scattering results in significant increasing the required protection distances. As for interference of 5 MHz and 10 MHz bandwidth the required protection distance would be from 187 km to 328 km for a land radio path and from 362 km to 515 km for a sea path. For interference of 20 MHz bandwidth the values of the distance would be reduced. However in that case the required protection distance would be of 
165 km for a land radio path and of 337 km for a sea path. 

The results shown in Table 5 were obtained assuming a cold sea radio path. Consideration of a warm sea radio path would result in increased protection distances.

The above presented results were obtained assuming single-source interference effect on a radar receiver. But since the beam width of radar antenna patterns features a finite value the pattern main lobe could be affected by emissions from several IMT interferers located at different distances from the radar receiver considered. In that case the effect of aggregate interference from IMT base stations would be defined by density of their deployment and would result in increasing the required protection distances. 




5	Conclusions and proposals

Analysis of the obtained results shows that providing protection for radars operating in the frequency band 1 300-1 400 MHz would require separation distances exceeding 450 km. Considering a global nature of radiolocation service allocations a conclusion could be drawn that sharing between IMT stations and the mentioned radars would be extremely hard to implement and would prevent from providing effective operation of IMT systems.

Estimation of feasibility for using the considered frequency band to implement IMT stations should take into account that the frequency band 1 300-1 350 MHz is also allocated to Aeronautical Radionavigation service (ARNS) on a global primary basis and that ARNS radars are actively used for navigation purposes. Recommendation ITU-R М.1463 points out that radionavigation radars operate in a wide range of technical characteristics variation as defined by their missions. The Recommendation also points out that RR No. 4.10 applies to those radars stating that no harmful interference shall be caused to them.

Considering a wide deployment of the mentioned radiolocation facilities and aeronautical navigation stations a conclusion may be drawn that IMT systems could not operate in the discussed frequency band on a global basis.

The conducted studies also show that compatibility of possible IMT systems and radiodetermination radars would be unfeasible in the frequency band 1 300-1 400 MHz.

Based on the above discussion it is proposed to exclude the frequency band 1 300-1 400 MHz from consideration as a candidate one for satisfying WRC-15 agenda item 1.1.




ATTACHMENT 3

Study into the co-existence of mobile telecommunication systems and airborne radars in the 1300-1400 MHz frequency band 

1	Introduction

The aim of this study is to investigate co-channel and non co-channel compatibility between a high-density IMT system and an airborne radar receiver. An airborne radar has a significantly large radio horizon making it prone to interference from IMT systems at a distance. The following single interfering transmitters into single victim receiver scenarios are studied for both co-channel and non cochannel emissions with respect to the radar receiver intermediate frequency (IF) bandwidth:

–	single fixed IMT base station into an airborne radar receiver;

–	single mobile station into an airborne radar receiver;

–	single radar transmitter into a IMT base station receiver.

Radiolocation and radionavigation services require access to spectrum in a number of frequency bands to take advantage of the different propagation characteristics that suit different applications. The long-range detection capability provided by systems operating in the frequency band 
1 215-1 400 MHz is complemented by mid-range systems operating in the frequency band 
2 700-3 700 MHz and short-range systems operating in the frequency band 8.5-10.55 GHz. Collectively, radars in the above three bands provide radar operators the ability to conduct search, surveillance and tracking of long-range, mid-range and short-range objects. It is not possible to provide the long-range detection capability of radars operating in the 1 215-1 400 MHz frequency band in higher frequency bands.

2	Background

The following documents were used in this study:

[bookmark: _Ref367457207]A	Recommendation ITU-R M. 1463-2 Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz. Radar System 9 is found in the preliminary draft revision of this Recommendation (Annex 11 to Document 5B/475).

[bookmark: _Ref367453659]B	Recommendation ITU-R M.1461-1 Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services.

[bookmark: _Ref367455938]C	Draft new Report ITU-R M.[IMT.ADV. PARAM], Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses, Document 5/65.

[bookmark: _Ref367453719]D	3GPP Document TS 36.104 V1.2.0.

[bookmark: _Ref367453920]E	3GPP Document TS 36.101 V11.2.0.

F	Recommendation ITU-R P.528-3 Propagation curves for aeronautical mobile and radionavigation services using the VHF, UHF and SHF bands.

[bookmark: _Ref367454488]G	Working document towards preliminary draft revision of Recommendation ITU-R F.1336-3 Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from [X] MHz to about 70 GHz, Annex 12 to 5C/171.



H	Working document towards preliminary draft new Report ITU-R.[COM_RAD], Annex 30 to Chairman’s Report on 12th meeting of WP 5B, Document 5B/475. 

I	Recommendation ITU-R M. 1372-1, Efficient use of the radio spectrum by radar stations in the radiodetermination service.

3	Technical characteristics

3.1	Radiolocation system

Characteristics of the radar receiver used in this study are given in Table 1.

TABLE 1

Radar System 9 transmitter/receiver characteristics (Reference A)

		Parameter

		System 9



		Receiver IF –3 dB bandwidth (MHz)

		10



		IF filter selectivity



–20 dB (MHz)

–60 dB (MHz)

		Not given in Reference A, 80 dB/decade roll-off from 3 dB point is assumed (See Reference B)

16

50



		Receiver Noise Figure (dB)

		3



		Antenna Gain (dBi)

		30



		Antenna Type

		360 electronically steered array, 2 horizontal 3 dB beamwidth, vertical sinc pattern with 20 3dB beamwidth



		Antenna height (km)

		10



		Feeder Loss (dB)

		0



		Emission Bandwidth (MHz)

		3



		Peak Power (dBm/MHz)

		77



		Rec. ITU-R SM.329 Spurious Emission Limit (dBm/MHz)

		17 





3.2	Protection criteria for the radar systems in the frequency band 1 300-1 400 MHz

Recommendation ITU-R M.1463-2 “Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz” contains in particular the interference criterion, I/N, that was used to protect Radar systems from other services. I/N = –6 dB value is recommended (see recommends 3 of Recommendation ITU-R M.1463-2). 

However, as noted in Recommendation ITU-R M.1461-1, in some cases, a I/N ratio of ‑6 dB may not be appropriate, and further studies or compatibility measurements may be necessary to assess the interference in terms of the operational impact on the radar’s performance. Systems which use pulse compression have their IF bandwidth matched to the compressed pulse and act as a matched filter to maximise signal-to-noise ratio. Pulse compression filters may be partially matched to and hence increase the effect of interference which might otherwise be considered “noise-like” over longer integration times. In that case, an interference signal, which is 6 dB below the noise floor, can still lead to significant degradation of the radar performance. As an example, probability of detection performance of the Radar System 9 from revised Recommendation ITU-R M.1463-1 in the presence of an IMT signal is given in Table 5. 

3.3	IMT System

Characteristics of the IMT base station transmitters used in this study are given in Table 2 and those of the IMT mobile station transmitters used in this study are given in Table 3.

TABLE 2

IMT base station transmitter/receiver characteristics

		Parameter

		IMT base station



		Transmitter output power (dBm / 5 MHz)

		43 (Reference C)



		Emission bandwidth (MHz)

		5 (Reference C)



		Emission Mask

		Reference D Table 6.6.3.1-6



		Spurious emission (dBm / 100 kHz)

		–96 (Reference D, Section 6.6.4 and Table 6.6.4.2-1)



		Cable Loss (dB)

		3



		Antenna gain (dBi)

		16.7 (Reference G)



		Down Tilt (deg.)

		10



		Antenna Type

		Sector Antenna (Reference G)



		Antenna height (m)

		30



		Receiver Noise Figure (dB)

		5





TABLE 3

IMT mobile transmitter characteristics

		Parameter

		IMT mobile station



		Terminal output power (dBm / 5 MHz)

		23 (Reference C)



		Emission bandwidth (MHz)

		5 (Reference C)



		Emission Mask

		Reference E

Table 6.6.2.1.1-1



		Spurious Emissions (dBm / MHz)

		–30 (Reference E Table 6.6.3.1-1 and Table 6.6.3.1-2)



		Antenna gain (dBi)

		–3 (Reference E)



		Antenna type

		Omni



		Antenna height (m)

		2



		User terminal density (Stations / 5 MHz / km2)

		0.17



		Body Loss (dB)

		4





4	Analysis

4.1	Assumptions (NOTE 1)

–	This analysis does not consider radar receiver front end saturation.

–	Airborne receiver is located at its maximum altitude of 10 km. Further analysis is conducted for 2.5 km and 5 km altitudes.

–	Base station antenna height is 30 meters and mobile antenna height is 1.5 meters.

–	It is assumed that IMT transmitters are coupling into the main beam of the radar receiver. 

–	All antenna gain values are selected to be frequency independent. Hence no reduction of gain at off-tune frequencies.

–	All transmitters are considered as operating at their peak power levels (NOTE 2)

–	The 1% curves of Recommendation ITU-R P.528-3 are used in calculations. 
Clutter attenuation has not been considered in the path loss model (NOTE 3).

NOTE 1: These assumptions are based on worst case scenarios, which should guarantee the protection of radars as per protection criteria given in References A and B. The current protection criteria for radars in this frequency band is generic that maximum acceptable interference is 6 dB below the noise floor. For noise-like interference this corresponds to an approximate 1 dB increase in the noise floor and hence 1 dB reduction of the SNR. It must also be noted that this criteria has no temporal component. Therefore, only MCL calculations are meaningful with the protection criteria provided in references A and B. 

NOTE 2: Reference C provides both peak and average power levels for base and mobile IMT transmitters. Average power of an IMT mobile can be defined in two ways:

1	time average for a single mobile terminal: Mobile terminal is only transmitting during the data upload and uplink control signalling and it remains silent for majority of time. Hence the average transmit power over time is as low as -9 dBm for a mobile in a macro urban cell. An example in the section 2.2.3.7 of the Report ITU-R M.2241 calculates this average power in conjunction with the activity factor;

2	spatial average for a single mobile terminal when transmitting: Mobile terminal when transmitting is subject to power control mechanisms. The terminals closer to base station transmit at lower power levels compared to those at the edge of the cell. Hence the transmit power during data uploads can be averaged as a variable of the location of the mobile terminal with respect to base station. The example in the section 2.2.3.7 of the Report ITU-R M.2241 has this value set to 15 dBm.

The relevant interference power for the radar is that of an active transmitter. Assuming 5 Mbps throughput during transmission and 2 Mbyte file upload, the duration of a transmission is around 3.4 seconds. For the radar considered in this study this is equal to 40 Coherent Processing Intervals (CPI). Any interference that occurs during this period may seriously affect the performance of the radar. For this reason at least spatial average power, (2) above, or for the worst case scenarios, as in this case, the peak power should be considered in compatibility studies.

NOTE 3: The protection criteria recommended for this radar does not include a temporal component. If the maximum interference level as per the protection criteria is exceeded at any point of time, the radar cannot be considered as protected and hence not compatible with the new service. However, the statistical nature of the propagation models requires percentage of time specified in calculations. Often for interference analysis the smallest percentage of time curves applicable to a propagation model used should be considered. The Recommendation ITU-R P.528 has the smallest available percentage of time at 1%, i.e., the path loss values used in this study are exceeded 99% of the time. 

4.2	Methodology

The calculations are aimed at deriving MCL and the corresponding minimum separation distance using the Recommendation ITU-R P.528-3 propagation model between a single IMT base/mobile transmitter and an airborne radar receiver. Separation distance is the slant range between the IMT base/mobile station and the airborne receiver location.




Calculations are conducted for co-frequency, 5 MHz, 10 MHz, 12.5 MHz, 15 MHz, 20 MHz and 30 MHz carrier separation. Carrier separation is defined as the difference between the centre frequency of the IMT emission (fixed at 1 300 MHz in this case) and the centre frequency of the receiver IF filter. The IMT transmitter bandwidth is 5 MHz, however out-of-band and spurious emissions are applicable to other transmitter bandwidths with little or no adjustment to the emission masks. 

Calculations are carried out to assess interference from a radar transmitter into the IMT base station receiver taking into account the IMT base station receiver blocking performance and radar spurious emissions. In this case carrier offset of at least 20 MHz is assumed.

The methodology used in determining radar performance degradation by an interfering IMT signal which is 6 dB below the noise floor is given in Reference H.

4.3	Calculations

Received interference at the victim receiver

The following formula applies for a single interference source and the victim radar receiver:











 







NOTE 1: frequency dependent rejection is produced by the radar receiver IF selectivity on the emissions from the IMT transmitters. The off tune rejection takes into account both the IF filter roll off and the transmitter emission mask.

Receiver inherent noise level



(dBm)





Minimum Coupling Loss







(dBm)





4.4	Results

TABLE 1

Minimum separation distance between an interfering IMT base station transmitter
and the victim airborne radar receiver

		

		Minimum separation distance (km)



		Frequency offset (MHz)

		0

		5

		10

		12.5

		15

		20

		30



		Airborne antenna Height= 2.5 km

		650

		630

		540

		525

		500

		450

		360



		Airborne antenna Height= 5 km

		720

		670

		630

		600

		560

		500

		440



		Airborne antenna Height= 10 km

		760

		740

		660

		650

		600

		550

		480





TABLE 2

Minimum separation distance between an interfering IMT mobile station transmitter
and the victim airborne radar receiver

		

		Minimum separation distance (km)



		Frequency offset (MHz)

		0

		5

		10

		12.5

		15

		20

		30



		Airborne antenna Height= 2.5 km

		155

		150

		140

		130

		120

		60

		0



		Airborne antenna Height= 5 km

		300

		270

		160

		150

		120

		0

		0



		Airborne antenna Height= 10 km

		405

		400

		380

		300

		180

		0

		0





TABLE 3

Minimum separation distance between a victim IMT base station receiver and the interfering airborne radar transmitter considering spurious emissions of the radar transmitter

		Radiated spurious emissions of the radar (dBm/MHz) (

		47



		 (dBm/MHz)

		63.7



		Base receiver noise level (dBm/MHz)

		-109



		Maximum Interference level (dBm/MHz)

		-115



		MCL (dB)

		178



		Minimum Separation (km) (airborne antenna height 10 km, ITU-R P.528, 1% curves)

		450





TABLE 4

Minimum separation distance between a victim IMT base station receiver and the interfering airborne radar transmitter considering receiver blocking characteristics of the IMT base station receiver

		Radiated emissions of the radar (dBm) (

		112 



		 (dBm)

		128.7



		Blocking level for base receiver (dBm)

		-43 (Reference C)



		MCL (dB)

		172



		Minimum Separation (km) (airborne antenna height 10 km, ITU-R P.528, 1% curves)

		400 





TABLE 5

Target SNR levels to achieve a detection probability of 50% in the presence of IMT interference for linear and non-linear FM radar waveforms. In all cases false alarm rate is set to 10-4 (Reference H)

		

		I/N = -∞ dB

(radar receiver noise only)

		I/N = -6 dB

(radar receiver noise +IMT interference)



		Linear FM  radar waveform

		10.6 dB

		12.0 dB



		Non-linear FM radar waveform

		10.3 dB

		11.6 dB







5	Summary

5.1	Discussion

Interference from a single IMT base/mobile transmitter into an airborne radar receiver is studied. Worst case coupling between the interferer and the victim receiver is assumed and minimum coupling loss (MCL) to meet protection criteria is calculated. 

Calculations are repeated for co-channel and seven discrete carrier offsets. MCL values are translated into minimum separation distances using the Recommendation ITU-R P.528-3 propagation model.

IMT base into radar receiver

The results (Table 1) show that minimum separation for co-channel operation of radar and an IMT base station is more than 700 km. Even for non cochannel minimum separation is at or beyond 
line-of-sight. The coexistence of an airborne radar and an IMT base station (or a group of base stations) in the same geographic area is not possible.

IMT mobiles into radar receiver

At 30 MHz offset, it is possible that an airborne radar and the IMT mobile transmitter can coexist in a same geographic area (Table 2). Implementing sharper filter roll-off at the transmitter is likely to further reduce the offset required for compatibility. This analysis is limited to a single IMT mobile station. In reality when high density deployment of IMT mobile stations occurs, there should be additional separation between the radar and the IMT system.

Radar transmitter emission into IMT base receiver

Given the possibility of compatibility between the airborne radar receiver and the non cochannel band IMT uplink it is necessary to also analyse the compatibility of the radar transmitter and the IMT base receiver. With at least 20 MHz guard band it is only necessary to consider the spurious emissions of the radar transmitter for the analysis as given in Table 3. An IMT base receiver blocking analysis is also conducted in Table 4. According to these two results minimum separation distance of 450 km will meet the IMT base receiver blocking and protection requirements. Although this is a distance beyond line-of-sight, improvements to spurious emissions and blocking performance that surpasses those in recommendations may achieve non cochannel compatibility between radar and IMT systems.

Radar performance degradation due to IMT interference

Interference received by a radar receiver at 6 dB below the noise floor is considered generally acceptable in sharing studies. However, performance of the radar at this level is expected to be degraded to a certain level. This is calculated and presented in Table 5. Performance of a radar is compared between scenarios with respect to the reference probability of detection 50%. The radar receiver uses pulse compression with a constant false alarm rate (CFAR) (Reference I) set to 10-4. The results show that the SNR is degraded by 1.3-1.4 dB below the level required to maintain the probability of detection at 50% in the presence of an IMT interferer. Note that for I/N=-6dB the SNR is expected to be degraded by only 1 dB. This difference should be taken into account when spectrum sharing between radars and IMT systems are planned.

5.2	Conclusion

The results of this study show that in order to meet the protection criteria for an airborne radar receiver large separation distances are required from any co-channel IMT system.

When an IMT mobile station is transmitting in the first or second adjacent channels of the radar receiver, further attenuation may allow coexistence within a reasonable distance of each other. Nevertheless such compatibility is unlikely with respect to an IMT base receiver operating in an non cochannel band to the airborne radar. 

6	Recommendations

According to the studies carried out between the airborne radar systems in the frequency band 1 300-1 400 MHz and IMT systems in the cochannel and non cochannel:

–	co-channel sharing between the airborne radar and an IMT system is not possible;

–	non cochannel sharing between the airborne radar receiver and the IMT system downlink is not viable;

–	where there is sufficient guard band between allocations, non cochannel sharing between the airborne radar receiver and the IMT system uplink may be possible, subject to stringent conditions on out-of-band/spurious emission levels and out-of-band rejection performance of the interfering and the victim systems;

–	sharing between IMT base receivers and radar transmitters operating in non cochannel spectrum is not possible without improvement to blocking performance of IMT base receivers above that specified in existing Recommendations.





ATTACHMENT 4

Coexistence between radiolocation and imt systems within 1375-1400 MHz band

1	Introduction

The WRC-15 agenda item 1.1 addresses additional spectrum allocations to the mobile service on 
a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12).

The band 1 300-1 400 MHz is currently allocated to the radiolocation service on a primary basis.

France has proposed to consider this band as a possible candidate band and further sharing studies are needed before being able to designate this band as candidate band.

2	Description and characteristics of the considered Systems

a)	Assumptions and Methodology

A Minimum Coupling Loss approach is used, modeling only a single interferer-victim pair 
(as to be BS-to-Radar) and corresponding to the worst case scenario with main lobe (of the interferer transmitter antenna pattern) to main lobe (of the radar receiver antenna pattern) configuration. 

The interference mechanism which is assumed in this document refers to:

–	unwanted emissions of the interfering transmitter falling into the receiving bandwidth of the victim receiver for compatibility in non cochannel band;

–	Inband emissions of the interfering transmitter falling into the receiving bandwidth of the victim receiver for sharing in cochannel. 

This study did not address the impact of blocking level onto radiolocation receivers. In practice, 
if the emission level of the IMT system exceeds the blocking level of radars systems, their performances could be seriously degraded and could even become inoperative from this method, 
we derive the required isolation to ensure the protection of the radar receiver:

Isolation(dB) ≥ e.i.r.p. (dBm/MHz)-FeederLossR+ GR-I/N-Noise(dBm/MHz)

where

–	Isolation=PathLoss[footnoteRef:4](dseparation)  [4:  With ITU-R P.452-14 with p=50%, Path loss depends on distance d, frequency f, antenna heights of 
the interfering transmitter hT and victim receiver hR in dB] 


–	GR is the antenna gain of the receiver depending on the elevation angle 
and tilt (dBi)

–	FeederLossR is the Receiver FeederLoss

Additional isolation is required when d< dseparation. In such a case, for example:

–	in cochannel sharing, restricted Inband level for BS could be required to ensure the protection of the radar;

–	in non cochannel band compatibility, Out-Of-Band (OOB) emissions limits of  IMT systems could be required to ensure the protection of the radar.

The selected propagation model separating the radar receiver from the base station is terrestrial point-to-point propagation model extracted from the Recommendation ITU-R P.452-14. Recommendation ITU-R P.452-14 is suitable over any kind of areas since it accounts the digital terrain model featuring the relief of the location of both transmitter and receiver. Associated parameter to the propagation model is the time for which the pathloss assessment is higher or equal is time p= 50%. Furthermore when worst case scenario is assumed, flat terrain assumption is also covered by P.452 propagation model. In such a case, the digital terrain model is not required to derive the pathloss between the interfering IMT Base Station and the victim radar receiver. 

Diversity of radar deployments as well as usage in rural area (hilly or flat environment) make antenna tilt being negative (when installed above hill) as well being positive, which justifies looping tilt in a negative and positive values range[footnoteRef:5]. The studies performed in this paper assumed a 18 m radar antenna height, corresponding to an average value for both ship born and ground radar situations. Radar antennas loop a 360° horizontal angular sector. [5:  –3° ;22°] 


b)	Radar systems

Recommendation ITU-R M.1463-2 “Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz” contains in particular the interference criterion, I/N, that was used to protect Radar systems from other services. I/N = –6 dB value is recommended (see recommends 3 of Recommendation ITU-R M.1463-2). 

Other parameters of the radar systems operating within 1200-1400MHz band are taken from recommends 1 of Recommendation ITU-R M.1463-2 (see the Annex of this recommendation). Considered radar systems are depicted in Table . Note that the radar referred as no9 is the radar wind profiler feature in Recommendation ITU-R M.1463-2.

[bookmark: _Ref374986448]Table 1 

Radar systems characteristics

		

		1

		2

		3

		4

		5

		6

		7

		8

		



9



		Radar Type

		

		

		

		

		

		

		

		

		



		Receiver gain,  G Rx, dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5

		33.5



		Receiver noise figure, NF, dB

		2

		2

		4,7

		3,5

		2,6

		4,25

		9

		3,2

		1.5



		Receiver bandwidth, F, kHz

		780

		690

		6400

		1200

		1250

		880

		330

		1200

		2500



		Noise Power (dBm)

		-113,1

		-113,6

		-101,2

		-109,7

		-110,4

		-110,3

		-109,8

		-110,0

		-108,5



		Antenna azimuthal beamwidth  3dB (°)

		1.2

		1.4

		3.2

		3

		2.2

		1.2

		1.3

		1.2

		3.9



		I/N (dB)

		-6

		-6

		-6

		-6

		-6

		-6

		-6

		-6

		-6



		Imax (dBm/MHz)

		-119,1

		-119,6

		-107,2

		-115,7

		-116,4

		-116,3

		-115,8

		-116,0

		-114,5



		Feeder Loss (dB)

		2

		2

		2

		2

		2

		2

		2

		2

		2







c)	IMT Systems

Macro base station characteristics are given in the following Table for the rural case, extracted from Document 4-5-6-7/236, as well as Out-of-Band (OoB) emission limits in non cochannel band taken from 3GPP TS 37.104 for 5, 10 and 20MHz. The calculated interference level I, corresponds to 
the unwanted emissions level due to the leakage of the Base Station in its non cochannels. 
Thus the impact of the BS Out-of-Band emissions (OoBe) levels on Radar receiver is investigated in this paper and appropriate separation distance is assessed in order to protect radar systems from the BS interference.

[bookmark: _Ref374986654]Table2

Base Station characteristics

		Parameters

		Unit

		Value



		Transmitter bandwidth

		MHz

		5,10, 20



		Maximum Base Station output power (5/10/20MHz)

		dBm

		43/46/46



		Feeder Loss

		dB

		3



		Maximum Base Station antenna gain

		dBi

		18



		Base Station antenna height

		m

		30



		OoBemission  level (immediately non cochannel to the mobile band)

		dBm/MHz

		–8.7



		Spurious emission level (10 MHz frequency separation)

		dBm/MHz

		–30



		Transmitter frequency range

		MHz

		1 375-1 400





3	Results

a)	Compatibility study (non cochannel)

This section tackles the compatibility studies between IMT BS within 1 375-1 400 MHz and radar systems below 1 375 MHz with and without mitigation techniques.

1)	Without mitigation technique (except separation distance)

The following Table3 depicts the separation distance for different radar systems operating within 
1 375-1 400 MHz band with two assumptions on frequency separation: immediately adjacent and with 10 MHz frequency separation. 

[bookmark: _Ref375005185]Table3

Separation distance between IMT BS and Radar Receiver (km)

		Radar type

		1

		2

		3

		4

		5

		6

		7

		8

		9



		Immediately adjacent

		48.7

		53.2

		49.4

		45.1

		52

		45.8

		41.8

		47.5

		48.4



		10MHz frequency separation

		27.6

		31.4

		28.7

		25.7

		30.6

		26.2

		23.6

		27.3

		28





41 to 56km separation distance range is required according to radar systems to protect them from IMT BS Interference.

2)	With mitigation techniques

This section covers the techniques that would improve the compatibility between IMT-Advanced and Radiolocation. These mitigation techniques should be applied to radar systems whose applicability range makes the frequency separation with IMT BS very low. The use of these techniques result non cochannel band operation of both systems and include for the base station:

–	additional filtering: additional isolation to protect the radar receivers may be achieved by improvement of mobile equipment to reduce unwanted emissions in relation to regulatory requirements. This could be performed by reducing the inband power transmitted or with an additional filtering[footnoteRef:6] to base stations transmission component at specific sites. Additional filtering would require frequency separation between radar and IMT BS edge bands to be applicable; [6:  which may increase Adjacent Channel Leakage Ratio] 


–	sector disabling (for the BS): when disabling the Base Station sector antenna which faces the radar system, the 2 other ones (Figure)  are the main interfering components onto the radiolocation system. The following figure depicts that any BS may face the radar main beam with the disabled antenna sector and thus the backlobes of the 2 active sectors facing the radar receiver lead to 20dB antenna gain discrimination;

[bookmark: _Ref375005872]Figure 1

Overview on sector disabling

[image: ]



–	antenna pattern nulling usage on base stations within the direction of the radar[footnoteRef:7] : interference level could be reduced if the IMT-Advanced base station antennas can have blanking in the direction of the radar. Such blanking could be of the order of 20 dB antenna gain discrimination as depicted in the Figure within 5° small gap. Given that radar antenna has lower narrow horizontal beamwidth than 5°, this method may be applicable to reduce additional required isolation to protect the radar systems. [7:  i.e. the direction to the radar position.] 


[bookmark: _Ref375006009]Figure 2

Antenna pattern in horizontal and vertical plans

[image: ]

For different mitigation techniques combinations, the compatibility results showed in 4 and 5 highlight the separation distances reduction for various radar systems.

Table 4

Separation distance with different mitigation techniques (km)

		Radar type

		1

		2

		3

		4

		5

		6

		7

		8

		9



		Additional filtering 10dB

		38.2

		41.9

		38.6

		35

		40.9

		35.6

		32.1

		37

		37.8



		Additional filtering 20dB/Blanking

		29.1

		32.5

		29.7

		26.6

		31.6

		27.2

		24.4

		28.4

		29



		Additional filtering 20dB+Blanking

		9.2

		14.6

		10.1

		6.4

		13.1

		6.9

		4.5

		8.2

		8.9



		Additional filtering 30dB+Blanking

		3.0

		4.9

		3.4

		2.1

		4.4

		2.3

		1.8

		2.7

		2.9





Table 5

Separation distance with different mitigation techniques (km) with 10MHz frequency separation

		Radar type

		1

		2

		3

		4

		5

		6

		7

		8

		9



		Additional filtering 10dB

		20.7

		23.7

		21.6

		16.9

		23.1

		18.6

		12

		20.5

		21



		Additional filtering 20dB/Blanking

		7.3

		12.7

		8.7

		5.5

		11.4

		6

		3.9

		7.1

		7.7



		Additional filtering 20dB+Blanking

		<1

		1.4

		1

		<1

		1.3

		<1

		<1

		<1

		<1





In addition, further isolation reduction could then be added when also applying mitigation techniques to the radar systems such as site shielding: natural or man-made shielding minimizes interference to the radar antennas or blanking.

b)	Sharing study (co-channel)

When both IMT BS and Radar systems share the band, the interfering impact of the IMT systems on the Radiolocation service within 1 375-1 400 MHz band is depicted in the Table6 below 
(with and without mitigation technique). 

Note that:

–	some mitigation techniques (additional filtering, frequency separation) are not applicable when both interferer and victim systems operate in cochannel;

–	some mitigation techniques (additional downtilt+blanking, additional downtilt+sector antenna disabling) effects are not cumulative.

[bookmark: _Ref375006590][bookmark: _Ref375006582]Table6

Separation distance without/with different mitigation techniques (km)

		Radar type

		1

		2

		3

		4

		5

		6

		7

		8

		9



		No Mitigation technique

		>100

		>100

		>100

		>100

		>100

		>100

		>100

		>100

		>100



		Additional downtilt (3°->6°)

		>100

		>100

		95

		>100

		>100

		>100

		>100

		>100

		>100



		Sector antenna disabling/Blanking

		88

		98

		75

		81

		91

		84

		85

		84

		82



		Additional downtilt (3°->6°)+

Sector antenna disabling

		72

		80

		61

		66

		74

		69

		69

		69

		68





4	Conclusions

These studies addressed:

–	the cochannel sharing between IMT base stations and Radar systems within 
1 375-1 400 MHz band and showed that large separation distances (over 100kms) are required to protect the radio determination services in the band 1300-1400 MHz. 
When using feasible mitigation techniques, the separation distances are in the range of 61 km to more than 100km depending on the type of radar which needs to be protected;

–	the compatibility between radiolocation (below 1 375 MHz) and IMT systems 
(in 1 375-1 400 MHz). Based on these results, it is shown that compatibility requires a separation distance much lower than in sharing case and highly dependent on frequency separation and on unwanted emission levels. In addition, this separation distance can be considerably reduced using appropriate mitigation techniques: for example, 
with 10 MHz separation and additional filtering/blanking to the base station for a total of 20 dB the maximum separation distance is from 3.9 km to 12.7 km. The same approach would be applied for blocking radars protection criteria: additional filtering to (improve the selectivity of) the Radar receiver would lead to similar separation distance.

The study has shown that co-channel sharing between the radiolocation service and the downlink of mobile service is not feasible while compatibility in non cochannel band could be feasible for all radar types from Recommendation ITU-R R.1463 with appropriate mitigation techniques (frequency separation, distance separation, extra filtering for the base station and radars if necessary). 

Recommendations

The study has shown that co-channel sharing between the radiolocation service and the transmission of a base station in the mobile service in the same geographical area would be difficult. On the other hand, cross-border coordination could be achieved taking into account appropriate mitigation techniques available

Compatibility in non cochannel band between both services in the same geographical area would require a coordination process on national basis in order to protect each radar system from the interfering base stations within a country. This coordination may involve the use of mitigation techniques for the protection of radars operating close to the boundary between mobile service 
and radiolocation service.






ATTACHMENT 5

Study into the co-existence of mobile broadband systems and radars in the frequency band 1 300-1 350 MHz

1	Introduction

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]World Radiocommunication Conference 2015, agenda item 1.1 seeks to identify additional spectrum that can be assigned to the mobile service in order to meet the expected increased demand for mobile broadband. One of the areas identified for study is the frequency band 1 300-1 350 MHz.

Currently the frequency band 1 300-1 350 MHz is used by air traffic control (ATC), defence and meteorological radars. ATC radars mainly for long range search, tracking and surveillance including wind profiling. Note that some of the defence radars being either transportable or located on-board aircraft.

This study investigates, based on the relevant ITU-R Recommendations where necessary supplemented by other freely available data, the potential for introducing mobile broadband systems into the frequency band 1 300-1 350 MHz. 

The following single interferer/victim scenarios for both co and non cochannel situations are studied:

–	mobile base station impact on radar;

–	mobile user equipment impact on radar;

–	radar impact on mobile base station;

–	radar impact on mobile user equipment;

This study does not consider aggregate interference however this issue may need to be considered in subsequent studies.

2	Background

The frequency band 1 300-1 350 MHz is allocated on a primary basis to the aeronautical radionavigation, radiolocation and the radionavigation satellite (earth to space) services. This study only considers the impact of any mobile broadband deployment within the frequency band 
1 300-1 350 MHz.

The aeronautical radionavigation service is restricted to ground based radar and associated transponders through footnote RR No. 5.337, and the radiolocation service on a secondary basis. The technical characteristics for these systems are taken from ITU-R Recommendations:

–	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

–	Recommendation ITU-R M.1461-1 – Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services.

–	Recommendation ITU-R M.1463-1 – Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz.

–	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

–	Recommendation ITU-R M.1849, – Technical and operational aspects of ground-based meteorological radars.

–	Recommendation ITU-R M.1851, – Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

–	Recommendation ITU-R V.573-4, – Radiocommunication vocabulary

Characteristics of the mobile broadband systems are based on those for IMT systems operating in the frequency range 1 300-1 350 MHz as contained in:

–	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

–	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

–	Recommendation ITU-R F.1336-2 – Reference radiation patterns of omnidirectional, sectorial and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz.

–	Report ITU-R M.2039-2 – Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses.

Propagation is modelled using:

–	Recommendation ITU-R P.452-12 – Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above about 0.7 GHz.

–	Recommendation ITU-R P.525-2 – Calculation of free-space attenuation.

3	Technical characteristics

3.1	Radar systems

The following radar system characteristics are based on those contained in Recommendation 
ITU-R M.1463.

Table 1

Radar characteristics

		Transmitter

		Units

		Air Traffic Control

		Defense



		

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Power to the Antenna

		dBW

		67

		50

		46.5

		43.9

		66

		63

		48.8



		

		dBm/MHz

		100

		79.7

		72.9

		72.9

		95.2

		91.9

		78



		3 dB Emission Bandwidth

		

		0.5

		1.09

		2.3

		1.25

		1.2

		1.3

		1.2



		Rec. ITU-R SM.329/1541 Spurious emission limits 

		Roll off

		dB/decade

		30

		30

		30

		30

		30

		40

		30



		

		Limit 

		dBc

		60

		60

		60

		60

		60

		100

		100



		

		

		dBm

		37

		20

		16.5

		13.9

		36

		33

		18.8



		

		

		dBm/MHz

		40

		19.7

		12.9

		12.9

		35.2

		31.9

		18



		Receiver

		

		

		

		

		

		

		

		



		Noise Figure

		dB

		2

		2

		4.7

		2.6

		4.25

		9

		3.2



		3 dB Bandwidth

		MHz

		0.78

		0.69

		4.4

		1.25

		1.32

		0.88

		1.2



		Receiver thermal noise figure 

		

		

		

		

		

		

		

		



		

		dBm/MHz

		–112

		–112

		–109

		–111

		–109

		–105

		–111



		Required I/N 

		dB

		–6

		–6

		–6

		–6

		–6

		–6

		–6



		Antenna

		 

		 

		 

		 

		 



		Gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Feeder loss

		dB

		2

		2

		2

		2

		2

		2

		2



		Azimuthal Beamwidth

		degrees

		1.2

		1.4

		3.2

		2.2

		1.2

		1.3

		1.2



		Elevation Beamwidth

		degrees

		3.6

		5.61

		1.3

		2

		3.75

		3.75

		3.7



		Rotation

		rpm

		5

		5

		6

		5

		6

		5

		5



		Location

		 

		Fixed

		Fixed

		Transport

		Fixed

		Fixed

		Fixed

		Fixed



		Nominal Height

		 

		15

		15

		10

		15

		15

		15

		15



		Aeronautical Safety Factor[footnoteRef:8] [8:  	The addition of a minimum 6 dB safety factor in theoretical studies is recommended by ICAO Doc. 9718.] 


		dB

		6

		6

		0

		0

		0

		0

		0





3.2	Mobile broadband system

3.2.1	Base station

Table 2

Base station characteristics

		Base Station

		Units

		LTE



		Downlink frequency FDD

		MHz

		1325[footnoteRef:9]  [9: 	Assumed as the centre frequency for this study.] 




		Bandwidth

		MHz

		5, 10 or 20



		Maximum transmitter power   

		BW=5 MHz

		

dBm


dBm/MHz

		43



		

		BW = 10 MHz

		

		46



		

		BW = 20 MHz

		

		46



		

		PeakPower density

		

		36



		Spurious emission limits

		limit

		dBm/MHz

		–30



		Max Antenna gain  

		dBi

		18 (Rural),16 (Suburban/Urban)



		Feeder loss

		dB

		3



		Typical antenna height 

		m

		30 (Rural/Suburban),25 (Urban)



		Antenna down tilt

		degrees

		3 to 10



		Antenna type

		 

		Sectoral (3 sectors)



		Antenna Pattern

		 

		Rec. ITU-R F.1336



		Polarization 

		 

		± 45° cross-polarized



























Representative air traffic control antenna polar diagram

Figure 1

Vertical pattern
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Figure 2

Horizontal Pattern
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Table 2

Percentage of radar antenna relative gains falling within the following limits (dB below the peak of beam)

		0 to –30 dB

		1.42%



		–30 to –50dB

		45.8%



		Greater than –50 dB

		52.8%





3.2.2	User equipment

Table 3

User equipment characteristics

		Base Station

		Units

		LTE



		Downlink frequency FDD

		MHz

		1325



		Bandwidth

		MHz

		5, 10 or 20



		Access technique

		 

		SC-FDMA



		Modulation type

		 

		QPSK/16-QAM/64-QAM



		Maximum transmitter power 

		dBm

		23



		Antenna gain

		dBi

		-3.0



		Antenna height 

		m

		1.5



		Antenna type

		 

		Omnidirectional



		Polarization 

		 

		Linear



		Spectral mask 

		+10 to 20 MHz

		dBm/MHz

		–13



		

		+20 to 25 MHz

		dBm/MHz

		–25



		Spurious emission limits 

		dBm/MHz

		–30



		Receiver Noise Figure (worst case)

		dB

		9



		Receiver thermal noise level

		BW = 5 MHz

		dBm





dBm/MHz

		–98



		

		BW = 10 MHz

		

		–95



		

		Power density

		

		–105



		Required I/N

		dB

		–6



		Maximum relative adjacent channel selectivity[footnoteRef:10] for a 20 MHz channel [10: 	Based on blocking level commensurate with a noise figure of 9 dB.] 


		20 MHz 

		dB

		27.0









4	Analysis

4.1	Assumptions

–	Studies based on the impact of a single interferer on a single victim.

–	Minimum separation:

–	base station = 1 km;

–	user equipment = 500 m.

–	That peak transmission power used.

–	That the mobile base station and radar will be in the main beam of the other.

–	That typical mobile user equipment will be 3.5 degrees[footnoteRef:11] below the main beam of 
the radar reducing the antenna gain by 10 dB in accordance with Figure 1. [11: 	Based on the user equipment at 1.5 m the radar at 15 m and a separation of 500 m.] 


–	That cumulative effects can be ignore in all cases except when considering spurious emissions from mobile base stations on a single mast into the radar receiver[footnoteRef:12] [12:  The rationale being:
–	for a radar, given its directive antenna with good sidelobe suppression (>30dB), 
the probability that more than one mobile base station is operating within the radar beamwidth on the same single frequency is not worth considering;
–	for the mobile base station the probability that it will be illuminated by more than one radar at a time is also so low that it is not worth considering] 


–	The cumulative interference from mobile base stations fitted to a single mask can be accounted on a case by case basis when determining, if any, the additional suppression required on the mobile signal in order to avoid interference into a radar. 

4.2	Methodology

The following analysis is based on determining the interference margin, for a reference minimum separation distance, using free space path loss  between mobile broadband and radar systems in the frequency band 1 300-1 350 MHz. The studies address both co-channel and non cochannel issues.

4.2.1	Co-channel analysis

This analysis calculates the power at the victim receiver from the potential interference source for 
a given separation distance (1 km for a base station and 500 m for user equipment) assuming free space path loss and compares it against the receiver interference level. The difference between the receiver interference level and the power of the potential interferer at the victim receiver represents the interference margin where a negative number represents the additional suppression required to achieve compatibility.

Receiver interference level:



Where:

	IL	= Receiver interference level

	TN	= Receiver thermal noise level

	I/N	= Required interference to noise protection level 

	SM	= Safety margin (only applicable for aeronautical safety systems)

Power of the potential interferer at the victim receiver:



Where:

	PRX	= Power of the potential interferer at the victim receiver

	PTX	= Power of the potential interfering transmitter

	FLTX	= Transmit feeder loss 

	GTX	= Transmit antenna gain

	PL	= Path loss 

	GRX	= Receive antenna gain

	FLRX	= Receive feeder loss

Interference margin:



Where:

	IM	= Interference margin

	IL	= Receiver interference level

	PRX	= Power of the potential interferer at the victim receiver

4.2.2	Non cochannel Analysis

This analysis calculates the power at the victim receiver from the spurious emissions of the potential interference source for a given separation distance (1 km for a base station and 500 m for user equipment) assuming free space path loss and compares it against the receiver interference level. The difference between the receiver interference level and the power of the potential interferer at the victim receiver represents the interference margin where a negative number represents the additional suppression required to achieve compatibility.

Receiver interference level:



Where:

	IL	= Receiver interference level

	TN	= Receiver thermal noise level

	I/N	= Required interference to noise protection level 

	SM	= Safety margin (only applicable for aeronautical services)

Spurious Power of the potential interferer at the victim receiver:



Where:

	SPRX	= Spurious power of the potential interferer at the victim receiver

	SPTX	= Spurious power of the potential interfering transmitter

	FLTX	= Transmit feeder loss 

	GTX	= Transmit antenna gain

	PL	= Path loss 

	GRX	= Receive antenna gain

	FLRX	= Receive feeder loss

Interference margin:



Where:

	IM	= Interference margin

	IL	= Receiver interference level

	SPRX	= Spurious power of the potential interferer at the victim receiver

4.3	Calculations

4.3.1	Co-channel

4.3.1.1	Mobile base station impact on radar

Table 4

Co-channel mobile base station on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Mobile base station antenna gain

		dBi

		18.0/16

		18.0/16

		18.0/16

		18.0/16

		18.0/16

		18.0/16

		18.0/16



		Free space path loss for 1km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		–11.5/-13.5

		–11.8/-13.8

		–7.8/-9.8

		–7.5/-9.5

		–12.0/-14.0

		–11.0/-13.0

		–11.5/-13.5



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–112

		–112

		–109

		–111

		–109

		–105

		–111



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Inteference level

		dBm/MHz

		–124.0

		–124.0

		–115.0

		–117.0

		–115.0

		–111.0

		–117.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Level of compatibility

		dB

		–112.5/
-110.5

		–112.2/
-110.2

		–117.2/
-115.2

		–109.5/
-107.5

		–103.0/
-101.0

		–100.0/
-98.0

		–105.5/
-103.5



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		





4.3.1.2	Mobile user equipment impact on radar

Table 5

Co-channel mobile user equipment on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile user equipment transmit power

		dBm/MHz

		23.0

		23.0

		23.0

		23.0

		23.0

		23.0

		23.0



		Mobile user equipment feeder loss

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Mobile user equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0



		Free space path loss for 500m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		 

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		–46.5

		–46.8

		–42.8

		–42.5

		–47.0

		–46.0

		–46.5



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–112

		–112

		–109

		–111

		–109

		–105

		–111



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Inteference level

		dBm/MHz

		–124.0

		–124.0

		–115.0

		–117.0

		–115.0

		–111.0

		–117.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Interference margin

		dB

		–77.5

		–77.5

		–72.2

		–74.5

		–68.0

		–65.0

		–70.5



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		










4.3.1.3	Radar impact on mobile base station

Table 6

Co-channel radar on a mobile base station receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar power to the antenna

		dBm/MHz

		100

		79.7

		72.9

		72.9

		95.2

		91.9

		78



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Radar anrenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Free space path loss for 1km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Mobile base station antenna gain

		dBi

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		52.5/50.5

		31.9/29.9

		29.1/27.1

		29.4/27.4

		47.2/45.2

		44.9/42.9

		30.5/28.5



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–109.0

		–109.0

		–109.0

		–109.0

		–109.0

		–109.0

		–109.0



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Inteference level

		dBm/MHz

		–115.0

		–115.0

		–115.0

		–115.0

		–115.0

		–115.0

		–115.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Interference margin

		dB

		–167.5/

-165.5

		–146.9/

-144.9

		–144.1/

-142.1

		–144.4/

-142.4

		–162.2/

-160.2

		–159.9/

-157.9

		–145.5/

-143.5



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		










4.3.1.4	Radar impact on mobile user equipment

Table 7

Co-frequency radar on a mobile user equipment receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar power to the antenna

		dBm/MHz

		67

		50

		46.5

		43.9

		66

		63

		48.8



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Radar anrenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		 

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Free space path loss for 500m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Mobile base station antenna gain

		dBi

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0



		Mobile base station feeder loss

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Power at the receiver front-end

		dBm/MHz

		-2.5

		–19.8

		–19.3

		–21.6

		–4.0

		–6.0

		–20.7



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–109.0

		–109.0

		–109.0

		–109.0

		–109.0

		–109.0

		–109.0



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Inteference level

		dBm/MHz

		–115.0

		–115.0

		–115.0

		–115.0

		–115.0

		–115.0

		–115.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Interference margin

		dB

		–112.5

		–95.2

		–95.7

		–93.4

		–111.0

		–109.0

		–94.3



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		










4.3.2	Non cochannel

4.3.2.1	Mobile base station impact on radar

Table 8

Mobile base station spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile base station spurious emission limit

		dBm/MHz

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0

		-30.0

		-30.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Mobile base station antenna gain

		dBi

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Free space path loss for 1km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		–77.5/-79.5

		–77.8/-79.8

		–73.8/-75.8

		–73.5/-75.5

		–78.0/-80.0

		–77.0/-79.0

		–77.5/-79.5



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–112

		–112

		–109

		–111

		–109

		–105

		–111



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Inteference level

		dBm/MHz

		–124.0

		–124.0

		–115.0

		–117.0

		–115.0

		–111.0

		–117.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Level of compatibility

		dB

		–46.5/
-44.5

		–46.5/
-44.5

		–41.2/
-39.2

		–43.5/
-41.5

		–37.0/
-35.0

		–34.0/
-32.0

		–39.5/
-37.5



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		










4.3.2.2	Mobile user equipment impact on radar

Table 9

Mobile user equipment spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile user equipment spurious emission limit

		dBm/MHz

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0



		Mobile user equipment feeder loss

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Mobile user equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0



		Free space path loss for 500m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		 

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-99.5

		-99.8

		-95.8

		-95.5

		-100.0

		-99.0

		-99.5



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–112

		–112

		–109

		–111

		–109

		–105

		–111



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Inteference level

		dBm/MHz

		–124.0

		–124.0

		–115.0

		–117.0

		–115.0

		–111.0

		–117.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Interference margin

		dB

		-24.5

		-24.5

		-19.2

		-21.5

		-15.0

		-12.0

		-17.5



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		








4.3.2.3	Radar impact on mobile base station

Table 10

Radar spurious emissions falling in the pass-band of a mobile base station receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar suprious level

		dBm/MHz

		40

		19.7

		12.9

		12.9

		35.2

		31.9

		18



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Radar anrenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Free space path loss for 1km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Mobile base station antenna gain

		dBi

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–7.5/-9.5

		–28.1
/-30.1

		–30.9/
-32.9

		–30.6/
-32.6

		–12.8/
-14.8

		–15.1/
-17.1

		–29.5/
-31.5



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–102.0

		–102.0

		–102.0

		–102.0

		–102.0

		–102.0

		–102.0



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Inteference level

		dBm/MHz

		–108.0

		–108.0

		–108.0

		–108.0

		–108.0

		–108.0

		–108.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Level of compatibility

		dB

		–100.5/

-98.5

		–79.9/

-77.9

		–77.1/

-75.1

		–77.4/

-75.4

		–95.2/

-93.2

		–92.9/

-90.9

		–78.5/

-76.5



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		










4.3.2.4	Radar impact on mobile user equipment

Table 11

Radar spurious emissions falling in the pass-band of a mobile user equipment receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar suprious level

		dBm/MHz

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Radar anrenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		 

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Free space path loss for 500m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Mobile base station antenna gain

		dBi

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0

		-3.0



		Mobile base station feeder loss

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Power at the receiver front-end

		dBm/MHz

		–35.0

		–35.6

		–27.6

		–27.0

		–36.0

		–34.0

		–35.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Minimum discernable signal

		dBm/MHz

		–102.0

		–102.0

		–102.0

		–102.0

		–102.0

		–102.0

		–102.0



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Inteference level

		dBm/MHz

		–108.0

		-–108.0

		–108.0

		–108.0

		–108.0

		–108.0

		–108.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Interference margin

		dB

		–73.0

		–72.4

		–80.4

		–81.0

		–72.0

		–74.0

		–73.0



		negative number indicates the amount of additional attenuation required

		

		

		

		

		

		

		

		





4.4	Results

4.4.1	Co-channel

Table 12

Interference margin for mobile systems into radar systems measured in dB

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Interferer

		Mobile base Station

		–112.5/
-110.5

		–112.2/
-110.2

		–117.2/
-115.2

		–109.5/
-107.5

		–103.0/
-101.0

		–100.0/
-98.0

		–-105.5/
-103.5



		

		User equipment

		–77.5

		–77.5

		–72.2

		–74.5

		–68.0

		–65.0

		–70.5










Table 13

Interference margin for radar systems into mobile systems measured in dB

		

		Victim



		

		Mobile base station

		Mobile user equipment



		Interferer

		Radar 1

		–167.5/-165.5

		–112.5



		

		Radar 2

		–146.9/-144.9

		–95.2



		

		Radar 3

		–144.1/-142.1

		–95.7



		

		Radar 4

		–144.4/-142.4

		–93.4



		

		Radar 5

		–162.2/-160.2

		–111.0



		

		Radar 6

		–159.9/-157.9

		–109.0



		

		Radar 7

		–145.5/-143.5

		–94.3





Non cochannel 

Table 14

Interference margin for mobile systems spurious into radar measured in dB

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Interferer

		Mobile base Station

		–46.5/
-44.5

		–46.5/
-44.5

		–41.2/
-39.2

		–43.5/
-41.5

		–37.0/
-35.0

		–34.0/
-32.0

		–39.5/
-37.5



		

		User equipment

		-24.5

		-24.5

		-19.2

		-21.5

		-15.0

		-12.0

		-17.5





Table 15

Interference margin for radar systems spurious into mobile systems measured in dB

		

		Victim



		

		Mobile base station

		Mobile user equipment



		Interferer

		Radar 1

		–100.5/-98.5

		–73.0



		

		Radar 2

		–79.9/-77.9

		–72.4



		

		Radar 3

		–77.1/-75.1

		–80.4



		

		Radar 4

		–77.4/-75.4

		–81.0



		

		Radar 5

		–95.2/-93.2

		–72.0



		

		Radar 6

		–92.9/-90.9

		–74.0



		

		Radar 7

		–78.5/-76.5

		–73.0





4.4.2	Impact of pulsed signals on mobile systems

The interference margin shown in tables 13 and 15 above relate to the peak power radiated by 
a radar. However if the statistics of the radar signal as well as the antenna pattern are taken into account then these levels will only be experienced for the following periods of time then these levels of interference margin may not be an issue however the ability of the communications receivers to operate correctly in the presence of the levels of peak power delivered by radar systems has yet to be established.




Thus the effects of pulsed interference, if successfully managed by the communications device will result in relatively short periods of loss of performance assuming no other detrimental effects have occurred subject to the peak power consideration above.


Table 16

Percentage time radar signal can be received at communications site in the radar main beam and sidelobes

		

		Solid state radar

		TWT or magnetron radar 



		The duty cycle of the radar

		9.34%

		2% or less



		Antenna gain and waveform 

		Peak radar transmission pmax to pmax –30 dB



		Percentage of time

		0.14%

		0.03%



		

		Sidelobe level wrt main beam gain-30 dB to –50 dB



		Percentage of time

		4.58%

		0.981%



		

		Sidelobe level wrt main beam gain Less than -50 dB



		Percentage of time

		5.28%

		1.131%



		

		Radar not transmitting



		Percentage of time

		90.66%

		98%





5	Summary

5.1	Discussion of findings

The results of the studies based purely on ITU Recommendations (Tables 10 and 11 above), indicate that there is a significant missing interference margin for both the co and non cochannel scenarios. Additionally the studies do not account for the factors listed below and had these been taken into account then it is likely that the shortfall in interference budget would if anything have increased.

–	peak to average power ratio;

–	aggregation effects of multiple sources;

–	impact of interference received through the antenna sidelobes.

An indication of the practical impact of the missing interference margin is given in the diagrams below that show the exclusion area that would apply to both the co and non cochannel for mobile base station into radar and radar into mobile base station in order to protect the relevant system. The analysis is based on a representative en-route radar location using Recommendation 
ITU-R P.452 for 0.1% of time for interference from a rural mobile base station into the radar and 5% for the interference from the radar into the mobile base station[footnoteRef:13]. [13: 	The percentage values were chosen for the purposes of this analysis although they may not necessarily be the appropriate value to use in this compatibility situation.] 


 

		Figure 3



		Figure 4





		Area where an solid state radar (radar 2) 
would receive interference from a co-frequency 
mobile base station, 0.1% propagation model 

		Area where a mobile base station would receive interference from a co-frequency solid state radar (radar 2), 5% propagation model 
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		_____ <0.14% of the time 

_____ <4.72% of the time

_____ <9.34% of the time



		Figure 5

Area where an solid state radar (radar 2) 
would receive interference from a co-frequency 
mobile base station, 0.1% propagation model

		Figure 6

Area where a mobile base station would receive interference from a co-frequency solid state radar 
(radar 2), 5% propagation model
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		_____ <0.14% of the time 

_____ <4.72% of the time

_____ <9.34% of the time



		







5.2	Conclusions

Based on this study the following conclusions can be drawn: 

–	That co-channel sharing is not feasible within the same geographical area.






ATTACHMENT 6

Spectrum sharing between radiolocation, and broadband wireless system using imt in the band 1 350-1 525 MHz

1	Introduction

This document presents studies  performed in Brazil about suitable frequency ranges for IMT to be considered under WRC-15 agenda item 1.1. The Brazilian Administration supports sharing studies on non cochannel operation between IMT and other systems operating in the band 
1 350-1 525 MHz, with an aim to support the identification of one or more portions of bands in this frequency range to be used by IMT systems. It is necessary to guarantee enough spectrum for the operation of aeronautical mobile telemetry (AMT) and radiolocation, as well as to guarantee the operation of passive services in the band 1 400-1 427 MHz. Furthermore, there have been discussions on the definition of a band in 1 452-1 492 MHz for Supplemental Downlink (SDL), 
in order to address the traffic asymmetry between uplink and downlink of IMT-FDD systems. 

Table I shows the communication services identified by the Brazilian Administration between 
the frequencies 1 300-1 525 MHz.

Table 1

Current frequency assignments in Brazil and IMT frequency sharing under consideration

		Frequency

		Services used in Brazil

		Band for IMT under consideration



		1 300-1 350 MHz

		 Radiolocation, Aeronautical Radionavigation and Radionavigation-Satellite Servies

		-



		1 350-1 375 MHz

		Radiolocation

		IMT FDD Uplink frequency band L2



		1 375-1 400 MHz

		Radiolocation

		IMT FDD Uplink frequency band L1



		1 400-1 427 MHz

		Earth Exploration Satellite, Space Research and Radio astronomy Services

		-



		1 427-1 452 MHz

		Fixed service

		IMT FDD Downlink frequency band L1



		1 452-1 472 MHz

		Aeronautical Mobile Telemetry (AMT)

		Supplemental Downlink



		1 472-1 492 MHz

		Allocated to Fixed,  Mobile services, Broadcasting (sound) and Broadcasting Satellite (sound) Services, but not regulated

		



		1 492-1 517 MHz

		Fixed Service

		IMT FDD Downlink frequency band L2



		1 518-1 525 MHz

		Allocated to Fixed and Mobile Services, but not regulated

		-





Figure 1

IMT Frequency band for downlink (Radar, AMT and EESS)

[image: ]

Figure 2

IMT FDD Frequency band L1 (Radar, AMT and EESS)
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Figure 3

IMT FDD Frequency band L2 (Radar, AMT and EESS)
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2	Background

The study considers technical characteristics and procedures of interference calculation from Recommendations of ITU-R.

For the radiolocation service the following Recommendations were used:

–	for the radiolocation service in the frequency band of 1 300-1 350 MHz , the technical characteristics were obtained from Recommendation ITU-R M.1463-1 “Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz”. In the case of Brazil, the antenna height is between 15 and 25 meters;

–	for the transmission mask for the radiolocation service, a reference of the emission power was determined with the equation provided by J.R. Piepmeier and F. A. Pellerano, “Mitigation of Terrestrial Radar Interference in L-Band Spaceborne Microwave Radiometers,” in Proceedings of the 2006 International Geoscience and Remote Sensing Symposium (IGARSS), Denver, Colorado, 2006, pp. 2292-2296, DOI 10.1109/IGARSS.2006.593. This expression is part of the Annex 8 of the Recommendation ITU-R SM.1541 -4 “Unwanted emissions in the out-of band domain”;

–	the antenna characteristics were modeled according Recommendation ITU-R M.1851 “Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses”;

–	for the protection criteria I/N, the Recommendation ITU-R M.1461-1 “Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services”.

For the IMT the equipment characteristics of the LTE-Advanced radio access technology were selected. The documents used for IMT service are:

–	LTE systems are described in detail in liaison statement 4-5-6-7/236-E from WP-5D, 18 July 2013, containing Preliminary Draft New Report ITU-R [IMT.ADV.PARAM], “Characteristics of terrestrial IMT Advanced systems for frequency sharing/interference analyses”;

–	ITU-R Recommendation F.1336-2 “Reference radiation patterns of omnidirectional, sectorial and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz” provides antenna pattern information with respect to the effects of eNodeB (LTE base station) antenna down-tilt.

–	Report ITU-R M.2039-2 – Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses;

–	the unwanted emission masks were obtained from the 3gpp standards TS 36.101 v12.2.0 and TS 36.104 v12.2.0 for IMT Mobile Stations and IMT Base Stations respectively. 

For the propagation models and methodology the following Recommendations were used:

–	For free space loss calculation the Recommendation ITU-R P.525-2 “Calculation of free-space attenuation”;

–	Okumura-Hata model.

For the simulation of interference, the worst cases will be considered with the IMT carriers adjacent with the other systems (Radar). The results of the study will show the necessary guard band or distance of protection to IMT system coexists with actual operating telecommunication systems.

3	Technical Characteristics

The systems considered for this document are the AMT, Radar, EESS and IMT based on 
LTE-Advanced system characteristics. 

3.1	IMT – LTE Advanced

The IMT system to be considered on the study will be the LTE eNodeB for a rural area with the followings technical specifications:

Table 2

LTE-Advanced eNodeB characteristics used for simulations

		Parameter

		Unit

		Value



		Bandwidth

		MHz

		20



		Antenna Gain

		dBi

		18



		Transceiver Transmission Power

		dBm

		46



		Interference Criterium

		dB

		–3



		Antenna Height

		m

		15 – 25 





For the worst case, no activity factor was considered, and the total power was assumed as continuous in time.

The emission mask for the eNodeB is:

[image: ]

For the simulation purpose of the study, we can see that out-of-band emissions are the same for channel bandwidths above 5MHz. The study use 20 MHz and 5 MHz of channel bandwidth.

The mobile station has the following technical parameters:






Table 3

LTE-Advanced UE characteristics used for simulations

		Parameter

		Unit

		Value



		Bandwidth

		MHz

		20



		Antenna Gain

		dBi

		0



		Transmission Power

		dBm

		23



		Interference Criterium

		dB

		-3



		Antenna Height

		m

		1.5 





The emission mask for the UE is:

Table 4

LTE-Advanced UE emission mask

[image: ]

3.2	Radars

Radar refers to the Radiolocation System used for Air Traffic Control allowing the monitoring of all the aeronautical routes between the different airports in Brazil. The radars are operating in 
the 1 215-1 350 MHz. This study considers an equipment bandwidth of 1.25 MHz and I/N protection criteria of –6dB for the receiver. The radar antenna for the simulations is located on the height of 15 meters, as typical radar in Brazil, with electrical characteristics of the antenna with 38.5 dBi gain and 1.5° of HBW and VBW. 

The used parameters are summarized on the table 5.

Table 5

Radar characteristics used for simulations

		Radar system 5

		Unit

		Value



		Frequency range

		MHz

		1 300 -1 350



		Frequency for analysis

		MHz

		1 349.375



		Transmission Power

		kW

		40



		Receiver Bandwidth

		MHz

		1.25



		Reference Noise Temperature

		K

		290



		Interference Criterion

		dB

		I/N=-6



		Noise Figure

		dB

		2.6



		Antenna Height

		m

		15



		Antenna HBW

		degrees

		1.5



		Radar  antenna gain

		dBi

		38.5





4	Analysis

4.1	Non cochannel operations between Radar and IMT FDD Uplink and Downlink

For the non cochannel operation study, the methodology used established some scenarios of interference:

–	For SDL Frequency Band of IMT FDD LTE:

–	LTE eNodeB (20 MHz) interfering on radar;

–	LTE UE (20 MHz) interfered by radar.

–	For IMT FDD Frequency band L1 and L2 (from table I):

–	LTE eNodeB (5 MHz) interfering on radar; 

–	LTE eNodeB (5 MHz) interfered by radar; 

–	LTE UE (5 MHz) interfered by radar.

The methodology used includes two kind of analyses, the first one based on link budget and path loss calculations based on Free Space Loss and Okumura Hata propagation models, the main equipment characteristics are the I/N protection criteria and OOB emission masks of the interferers. The results considers de worst-case scenario with beam-to-beam interferer and interfered systems antenna configurations. The second part of the analyses corresponds to the Monte Carlo simulations to evaluate the possible combinations of distance and antenna pointing between interferer and interfered system. The resulting values are compared with the maximum OOB value permitted by the interfered receiver.




All the results are summarized in the following table:

Table 7

Simulation results

		Scenario

		e.i.r.p. max_OOB

Free Space Loss (1 km)

		e.i.r.p. max_OOB

Okumura-Hata (1 km)

		e.i.r.p. max_OOB

Monte Carlo Simulation

		e.i.r.p. interferer

		Coordination conditions for interference suppression



		SDL Band

		

		

		

		

		



		LTE eNodeB (20 MHz) interfering on radar

		-2.5 dBm/MHz

		18.75 dBm/MHz

		22.4 dBm/MHz

		4 dBm/MHz

		No interference for Okumura-Hata model. For free space the coordination distance is 2.12 km. 



		LTE UE(20 MHz) interfered by radar

		52.81 dBm/20MHz

		73.94 dBm/20MHz

		59 dBm/20MHz

		100.55 dBm/20MHz

		For the Okumura Hata model, distance of 5 km is necessary to no interference condition



		IMT FDD LTE Frequency band L1

		

		

		

		

		



		LTE eNodeB (5 MHz) interfering on radar 

		-2.5 dBm/MHz

		18.75 dBm/MHz

		22.4 dBm/MHz

		4 dBm/MHz

		No interference for Okumura-Hata model. For free space the coordination distance is 2.12 km. 



		LTE eNodeB (5 MHz) interfered by radar 

		35.51 dBm/5MHz

		54.25 dBm/5MHz

		25 dBm/5MHz

		94.53 dBm/5MHz

		The coordination distance for Okumura-Hata is 12.1 km.



		LTE UE (5 MHz) interfering on radar

		-2.5 dBm/MHz

		30.14 dBm/MHz

		42.5 dBm/MHz

		-21.01 dBm/MHz

		



		LTE UE (5 MHz) interfered by radar

		52.2 dBm/5MHz

		73.43 dBm/5MHz

		56.25 dBm/5MHz

		98.05 dBm/5MHz

		The coordination distance for Okumura-Hata is 4.4 km.



		IMT FDD LTE Frequency band L2

		

		

		

		

		



		LTE eNodeB (5 MHz) interfering on radar 

		-2.5 dBm/MHz

		18.75 dBm/MHz

		22.4 dBm/MHz

		4 dBm/MHz

		No interference for Okumura-Hata model. For free space the coordination distance is 2.12 km. 



		LTE eNodeB (5 MHz) interfered by radar 

		35.51 dBm/5MHz

		54.25 dBm/5MHz

		25 dBm/5MHz

		94.53 dBm/5MHz

		The coordination distance for Okumura-Hata is 12.1 km.



		LTE UE (5 MHz) interfering on radar

		-2.5 dBm/MHz

		30.14 dBm/MHz

		42.5 dBm/MHz

		3.76 dBm/MHz

		



		LTE UE (5 MHz) interfered by radar

		52.89 dBm/5MHz

		74.09 dBm/5MHz

		56.55 dBm/MHz

		98.05 dBm/5MHz

		The coordination distance for Okumura-Hata is 4.2 km.








5	Summary

A deterministic analysis (Okumura-Hata propagation model) and Monte Carlo simulations were performed in order to model in a more realistic way the impact of interference between IMT systems and existing services (Radiolocation, AMT and EESS).

Results were obtained in order to find a method to mitigate effects of interference on the three proposed bands for the IMT system (SDL, L1 and L2) as can be seen on Figures 1, 2 and 3. 

Parameters of the systems were used form ITU-R recommendations and adapted from local use in Brazil (height of antenna and bandwidth).

6	Recommendations

Based upon the premises adopted in this study and the use of the Okumura-Hata model for the worst case distance calculation, the following results can be summarized concerning the sharing possibilities between Radar, AMT and EESS on non cochannel coexistence with IMT FDD systems.

For the radiolocation systems, it was found the followings results for non cochannel operation:

–	for SDL band, L1 band and L2 band, no non cochannel interference was found to radar systems from the eNodeB for the propagation models used on simulation for non cochannel operation;

–	the received non cochannel interference from radar was high for the UE, resulting on a coordination distance between 4.2 to 5 km for Okumura-Hata model on the three bands. This is a very hypothetical case with radar antennas pointing the UE;

–	the received non cochannel interference from radar was high for the eNodeB, resulting on a coordination distance of 12.1 km for Okumura-Hata model on the L1 and L2 bands. A method of reduction of interference is necessary in order to minimize 
the effects of interference and allows coexistence. 




ATTACHMENT 7

Co-existence of mobile broadband systems and radars in 
the frequency band 1300-1400 MHz

It should be noted that some of the studies in the attachments also reflect the inclusion of a notional safety margin.  Due to the function performed by aeronautical safety-of-life systems, an additional safety margin added to the protection criteria for theoretical studies may be necessary as a means to maintain the high reliability requirements of this application.

The level of the safety margin, if any, to be applied to aeronautical radars operating in the band 2 700-2 900 MHz is to be established on the basis of further study within the ITU-R. As a result, conclusions based on the inclusion of a safety margin should be reviewed to determine if the same conclusion applies without that factor.




ATTACHMENT 8

Study into the coexistence of IMT-advanced systems and radiolocation systems 
in the band 1300-1400 MHz

1	Introduction

At the previous meeting of the JTG 4-5-6-7 (Oct 2013), Telecom New Zealand submitted a document that considered studies of co-existence between IMT systems and incumbent radar systems in the band 1 300-1 400 MHz.

This frequency range is of particular interest for IMT systems, not only because of its attractive propagation characteristics to address rural coverage scenarios, but also because the non cochannel band 
1 427-1 525 MHz is already allocated to the Mobile Service on a primary basis in all Regions. Specifically, the 1 427-1 525 MHz band could be considered a useful IMT ‘downlink’ companion to a new ‘uplink’ block within the range 1 300-1 400 MHz. Therefore, the co-existence of IMT ‘uplink’ usage with incumbent systems within (and non cochannel to) the band 1 300-1 400 MHz have been the focus of sharing studies reported by this and previous contributions to the 
JTG 4-5-6-7.

A previous contribution (refer Document 4-5-6-7/280) focused on preliminary analysis of the minimum coupling loss (MCL) requirements for co-existence due to emissions from a single mobile uplink (occupying 10MHz of bandwidth) into typical radar systems using the band 
1 300-1 400 MHz. These preliminary studies used the free space and Hata propagation models to assess worst-case separation distances based on the derived MCL values. 

The results of that preliminary analysis are reflected in Document 4-5-6-7/Temp/81 
(Annex 3, Study 3).

During the discussions it became apparent that the sharing studies should also take into account:

–	interference from radar to mobile base-station receivers;

–	interference to radar systems from multiple UEs operating in a network environment; and

–	the propagation model defined in Recommendation ITU-R P.1546, because it includes the impact of interference on signal availability for a given percentage of time and area.

This contribution therefore addresses these additional considerations, and derives revised MCL values and worst-case upper-bound separation distances using a deterministic approach to the analysis.

2	Back ground 

The WRC-15 agenda item 1.1 is focused on consideration of additional spectrum allocations to the Mobile Service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12). The ITU-R established a Joint Task Group (JTG 4-5-6-7) to undertake relevant studies associated with this Agenda Item, and to include consideration of relevant information contributed by other interested Study Groups.

2.1	Proposed suitable frequency range: 1 300-1 525 MHz

A particularly attractive frequency range for future broadband IMT systems is the band 
1 300-1 525 MHz (L-band) or some portion thereof (as determined by sharing studies), because it exhibits:

–	superior propagation range, to cover large regional/rural areas;

–	good building penetration characteristics, for ubiquitous urban/suburban coverage; and

–	possibility of wider IMT channel bandwidths, possibly up to 20 MHz (FDD 
and/or TDD). 

The L-band is also attractive due to its proximity to bands already identified for IMT (for example, 3GPP Bands #3, #11, #21, and others) which would simplify user terminal design (e.g. antenna and other radiofrequency components).  Notably, however, the band 1 400-1 427 MHz is expected to be excluded from the wider proposed frequency range (along with suitable guard-bands in accordance with sharing studies) so as to protect existing Space Science allocations.

By way of overview of the L-band, the Table of Allocations in Article 5 of the ITU-R Radio Regulations indicates the following allocations are currently in force:  

Figure 1
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While a number of services are allocated in the lower band (below 1400 MHz), it is the impact on aeronautical radio navigation service (ARNS) and Radiolocation Service (RLS) that is of particular relevance. Notably, these services are associated with safety-of-life services and must therefore be protected from unacceptable interference.

2.2	Scope of Sharing studies

This contribution only considers the case of non cochannel sharing between IMT and ARNS/RLS, based on possible further segmentation of the band.  Further, while a number of sharing scenarios might be considered, covering both FDD and TDD technology variants of IMT, this contribution assumes that the band 1 300-1 400 MHz is only to be used for IMT ‘uplink’ purposes. Therefore, only two interference scenarios are investigated:

1) IMT UE transmitter emissions 		into	ARNS/RLS receiver

2) ARNS/RLS transmitter emissions 	into	IMT base-station receiver

It is further assumed that some guard-band may be needed between IMT systems and radars, and therefore the studies further investigate the sensitivity of the minimum coupling loss (MCL) results to the size of the guard-band.

2.3	Worst case deterministic versus Monte Carlo

While interference analysis may be undertaken using either a deterministic or Monte Carlo method, traditional ITU-R practice is to rely on deterministic analysis to establish co-ordination threshold (‘trigger’) values for indicating the need for international co-ordination procedures, and the Monte Carlo method is then used to determine efficient and equitable technical sharing conditions.

Moreover, when investigating interference arising from mobile emitters that exhibit varying location, orientation and emission power levels, usual practice is to adopt the Monte Carlo method to properly account for the statistical nature of the variables involved. Furthermore, in the special case of IMT-Advanced, where the channel resource (bandwidth) is simultaneously shared between multiple user devices, the instantaneous bandwidth assigned to a mobile emitter will also vary depending on the number of active user devices, the spectrum resources available, and capacity needs of users. For example, some simulations by 3GPP have assumed 10 users/sector to represent an efficiently (‘fully’) loaded system. Thus, in the case of a 10 MHz IMT-Advanced carrier, which provides fifty physical resource blocks (PRBs), a ‘proportional-fair’ resource algorithm would assign each user just five contiguous PRBs representing an occupied bandwidth of slightly less than 1 MHz averaged in time. The Monte Carlo method would again permit the variable nature of user-device emissions to be reasonably modelled.

However, in the study reported in this contribution, a worst case scenario is modelled where each IMT user device is assumed to occupy all available PRBs within a cell – and is transmitting at maximum power - for multiple users in a notional IMT network. It is also assumed that the requirements of the MCL are satisfied through the mean pathloss arising from a coordination distance between the IMT user device and a victim ARNS/RLS receiver. 

3	System characteristics

This section summarises the technical characteristics of the relevant radar systems, 
IMT base-station receivers, IMT user equipment (UEs), and UE out-of-band and spurious emissions applicable to the studies.

3.1	Radar characteristics

The Recommendation ITU-R М.1463-2 provides the technical characteristics of the relevant types of radars operating within the frequency range 1 300-1 400 MHz – and the key technical parameters required for the studies are given below.

Table 1

Radar receiver characteristics 1 300-1 400 MHz Recommendation ITU-R М.1463

		

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8



		Receiver gain Grec, dBi

		33.5

		38.9

		38.2

		32.5

		38.5

		34

		35

		34.5



		Antenna Azi beamwidth 

		1.2

		1.4

		3.2

		3.0

		2.2

		1.2

		1.3

		1.2



		Antenna Ele beamwidth V

		3.6

		5.6

		1.3

		4-40

		2.0

		3.8

		3.8

		3.7-44



		Receiver bandwidth F, kHz

		780

		690

		6400

		1200

		1250

		880

		330

		1200



		Receiver noise figure NF, dB

		2

		2

		4.7

		3.5

		2.6

		4.25

		9

		3.2



		Protection criteria I/N, dB

		–6

		–6

		–6

		–6

		–6

		–6

		–6

		–6







Radar transmit  characteristics 1 300-1 400 MHz Recommendation ITU-R М.1463

		

		System 1

		System 2

		System 3

		System 4

		System 5

		System 6

		System 7

		System 8



		Transmit  gain Gtx, dBi

		34.5

		34.2

		38.9

		32.5

		38.5

		34

		35

		34.5



		Antenna Azi beamwidth 

		1.2

		1.4

		3.2

		3.0

		2.2

		1.2

		1.3

		1.2



		Antenna Ele beamwidth V

		3.6

		5.6

		1.3

		4-40

		2.0

		3.8

		3.8

		3.7-44



		Peak Power into Antenna dBm

		97

		80

		76.5

		80

		73.9

		96

		93

		78.8



		Output device

		Klystron

		Transistor

		Transistor

		Cross-field amplifier

		Transistor

		Magnetron/
Amplitron

		Klystron

		Transistor





3.2	IMT UE characteristics

As this is non cochannel band study we are primarily concerned with the UE out of band emissions and spurious emissions. These are shown in the table below for a 10 MHz LTE UE.

The specified maximum out-of-band and spurious domain emissions for IMT UE are:

		Parameter

		Units

		Value

		Notes



		IMT User devices – for 10 MHz channel bandwidth (3GPP TS 36.101)



		OOB emissions

		dBm/30kHz

dBm/MHz

dBm/MHz

dBm/MHz

		–18

–10

–13

–25

		0-1 MHz separation from channel edge

1-5 MHz

5-10 MHz

10-15 MHz



		Spurious emissions

		dBm/MHz

		–30

		in the range 1-12.75 GHz (except OOB emission region noted above)





 (
IMT
10
 
MHz
Spurious emissions > 15 MHz
OOB emissions (<15 MHz)
IMT Band edge
R
ADAR band
GB
10 MHz
)With a guard band of 10 MHz, the out-of-band limit of –25 dBm/MHz falls into this region and extends to 15 MHz from the IMT band edge. Radars operating in the lower part of the radar band would be afforded the spurious limit of –30 dBm/ MHz: 







3.3	IMT Base station receive characteristics

To investigate the case of interference from radars into IMT base-stations, the following receiver characteristics derived from 3GPP TS 36.104 are relevant: 

	Blocking			–15dBm

	Receiver Noise figure	5dB 

Additional receiver system characteristics for feeder loss and antenna gain should also be considered.  Typically these will be in the order of	

	Antenna Gain		18 dBi (rural)

	Feeder losses		  3 dB

4	Methodology and formulas

This section briefly outlines the methodology and formulae used to derive the worst-case minimum coupling losses and separation distances.

A three stage approach is taken:

1)	Calculate the maximum allowable interfering level at the radar, based on the radar technical characteristics and minimum protection criteria of 6 dB below the noise floor:

		Pint = -174 +NF +I/N +10 log10106 dBm / MHz

where:

	Pint = 	maximum allowable interference PSD;

	NF = 	noise figure;

	I/N = 	protection ratio.

2)	Calculate the minimum coupling loss (MCL) required, by considering the UE emissions and radar system receive characteristics:

		MCL = UE – Pint + Gant – Lfeed

where:

	MCL =	Minimum Coupling Loss;

	UE =	UE emissions;

	Gant =	Radar receive antenna gain;

	Lfeed =	Radar system feeder losses.

3)	Finally, calculate required minimum separation distances using simple propagation models.  The following alternative radio propagation models are considered.

a) Estimation of separation distance using the free space path loss model: 

PLFS = 32.4 +20 log10 (f) + 20 log10 (d)

where:

	PLFS = free space path loss (dB);

	MCL = minimum coupling loss (dB);

	f = frequency (MHz);

	d = distance (km).

	Equating the PLFS to MCL, and then re-arranging and solving for d gives:

		d = 10^((MCL-32.4 - 20log10 (f))/20)

b) Estimation of separation distance using the Hata path loss model

PLHata = 69.55 +26.16 log10 (f) – 13.82 log10 (Hb) + [44.9 -6.55log10 (Hb)] log10 d

	where:

	PLHata = 	Hata path loss (dB);

	f = frequency (MHz);

	Hb = base station Height (Radar Height in this case = 15 m);

	d = distance (km).




Equating the PLHata to MCL, and then re-arranging and solving for d gives:

		d = 10^((MCL - 69.55 - 26.16 log10 (f) + 13.82 log10(Hb) ) / (44.9 -6.55log10(Hb)))/10

It is noted that the Hata model also incorporates a general clutter loss component, and may over predict the path loss (suggesting shorter separation distances). In contrast, the more simplistic free-space propagation model assumes clear line-of-sight and perfect propagation conditions, and will thus typically under predict path loss for low-elevation (terrain clearance) angles (suggesting unrealistically large separation distances). 

However, neither of the above models consider the effect of interference on the desired signal availability for a particular percentage of time and area availability. This aspect can be incorporated by using the propagation model defined in Recommendation ITU-R P.1546. However, the free-space and Hata propagation models can usefully establish upper- and lower-bounds to the modelling and analysis of worst-case separation distances. 

c) Estimation of separation distance using the Recommendation ITU-R 
P.1546-5 model

Recommendation ITU-R P.1546 -5 is intended as a point-to-area coverage prediction model. For the purposes of this study, the curves provided in figure 19 of that Recommendation are relevant. These curves represent estimates of land-based field strength exceeded for 1% of the time and 50% of locations at an operating frequency of 2 GHz.

To adjust these curves for applicability at 1 350 MHz, and extend them to cover the case of 1% of locations, a further margin must be included in accordance with Annex 5 (equation 34) of Recommendation ITU-R P.1546-5:

SD = 1.2 +1.3 log10(1350)

=  5.3 dB

Margin for 1% of locations  =  Inverse normal (0.99)  * SD

=  2.32 * 5.3

= 12.3 dB

where SD = Standard deviation lognormal fading.

To further reduce either of these parameters to 1% bounds (to say 0.1%) in terms time and/or locations is outside of the validity of the P.1546 model. Therefore we have no agreed way to derive the additional margin

The Recommendation ITU-R P.1546 curves provide the expected field strength for a 1 kW e.i.r.p. transmitter, so conversion from field strength (E) to the effective path loss (Lb) is required. That conversion is achieved by use of equation 40 of Annex 5.   

Thus, the conversion of MCL to Field strength (E)  is given by the following Equation

E =  201.6 – MCL - Margin

=  201.6  - MCL – 12.3

= 189.3 - MCL

To derive field-strength values for the case of a transmitter elevated 15m above ground, a linear interpolation is made between  the 10m and 20m transmitter elevation values.

E15  =  (E10 + E20) / 2



Final separation distances are then obtained by linear interpolation of the tabulated E and D values above and below the E value corresponding to the required MCL:



D =  D1 + (E - E1)/(E2 - E1) * (D2 - D1)



where  E1 <  E  < E2 .

5	Analysis

5.1	IMT User Equipment Interfering with Radar Receiver

The table below summarises the required minimum coupling losses and separation distances for 
a range of antenna types and UE emission limits. 

Table 1

Upper Bound Separation Distances – single user case

		[bookmark: _Hlk378761640]Radar receive  characteristics

		

		

		Type 1

		Type 2

		Type 3

		Type 4

		Type 5

		Type 6

		Type 7

		Type 8



		Thermal

		dBm/Hz

		A

		-174.0

		-174.0

		-174.0

		-174.0

		-174.0

		-174.0

		-174.0

		-174.0



		Noise figure

		dB

		B

		2.0

		2.0

		4.7

		3.5

		2.6

		4.3

		9.0

		3.2



		Sensitivity

		dBm/MHz

		c=
a+b+10log 1e6

		-112.0

		-112.0

		-109.3

		-110.5

		-111.4

		-109.8

		-105.0

		-110.8



		Required I/N

		dB

		D

		-6.0

		-6.0

		-6.0

		-6.0

		-6.0

		-6.0

		-6.0

		-6.0



		Max Interfering power

		dBm/MHz

		e=c-d

		-118.0

		-118.0

		-115.3

		-116.5

		-117.4

		-115.8

		-111.0

		-116.8



		Antenna gain

		dBi

		F

		33.5

		38.9

		38.2

		32.5

		38.5

		34.0

		35.0

		34.5



		Feeder loss

		dB

		G

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Maximum received power @antenna

		dBm/MHz

		h=e-f+g

		-149.5

		-154.9

		-151.5

		-147.0

		-153.9

		-147.8

		-144.0

		-149.3



		UE transmit characteristics

		

		

		

		

		

		

		

		

		

		



		Emission limit @ -25

		dBm/MHz

		I

		-25.0

		-25.0

		-25.0

		-25.0

		-25.0

		-25.0

		-25.0

		-25.0



		Emission limit @ -30

		dBm/MHz

		J

		-30.0

		-30.0

		-30.0

		-30.0

		-30.0

		-30.0

		-30.0

		-30.0



		Minimum coupling loss

		

		

		

		

		

		

		

		

		

		



		MCL @ -25dBm/MHz

		dB

		k=i-h

		124.5

		129.9

		126.5

		122.0

		128.9

		122.8

		119.0

		124.3



		MCL @ -30dBm/MHz

		dB

		l=j-h

		119.5

		124.9

		121.5

		117.0

		123.9

		117.8

		114.0

		119.3



		Coordination distance by model 

		

		

		

		

		

		

		

		

		

		



		UE emission limit

		

		Prop model

		

		

		

		

		

		

		

		



		-25 dBm/MHz 

		Km

		m = dfspace(k)

		32.86

		31.75

		36.87

		21.96

		48.61

		23.94

		15.55

		28.62



		-25dBm/MHz 

		Km

		o = dhata(k)

		0.56

		0.79

		0.64

		0.74

		0.50

		0.40

		0.55

		0.56



		-25 dBm/MHz 

		Km

		q = d1546(k)

		6.00

		7.80

		6.60

		5.20

		7.50

		5.50

		4.50

		5.90



		

		

		

		

		

		

		

		

		

		

		



		-30 dBm/MHz 

		Km

		n = dfspace(l)

		18.48

		17.85

		20.73

		12.35

		27.33

		13.46

		8.74

		16.10



		-30 dBm/MHz 

		Km

		p= dhata(l)

		0.41

		0.57

		0.46

		0.54

		0.37

		0.29

		0.40

		0.41



		-30 dBm/MHz 

		Km

		r = df1546(l)

		4.60

		6.10

		5.10

		4.00

		5.80

		4.20

		3.40

		4.60





Multiple IMT UEs in surrounding cells

The MCL values calculated above represent the case of a single IMT UE device located within the antenna bore-sight of a Radar receiver. To model the case of a ‘network’ hosting multiple UEs potentially causing interference to a victim Radar receiver, it has been agreed to use a cluster of 
19 cells each comprising a 3-sector base station - and placing UE’s at random within the cells, in accordance with applicable UE densities (urban/suburban/rural), enabling a Monte Carlo simulation to be undertaken to derive a CDF of interference to the victim receiver.

In practice, many of the UEs in such a 19-cell cluster will lie outside the main beam of the RADAR receiver antenna, and only those UEs located within the main-beam and in the nearest tier of cells will dominate the interference scenario. Previous modelling, and extensive IMT network 
drive-testing, has demonstrated that, typically, only 2 ~ 3 dominant interferers located with the first ‘tier’ sectors and directly within the victim receiver main beam contribute to the total aggregated interference (within < 2 dB).

To approximate the case of multiple IMT cells, it is noted that the 2~3 sectors falling within the radar antenna main beam (as it sweeps) will contribute a high proportion of the interfering emissions – while other cells beyond the main beam or more distant from the radar site will contribute a lesser proportion of interference. As for the single-entry analysis, it is assumed that in each IMT cell a single UE is transmitting on the entire 10MHz bandwidth.  This is clearly a 
worst-case scenario since, in practice, multiple UE’s share the 10MHz available bandwidth and are thus each assigned fewer physical resource blocks (narrower bandwidth), and are randomly distributed throughout the host cell. The assumption of maximum bandwidth allocation to a single UE equates to worst-case out-of-band UE emissions. Furthermore, an inherent inference is that the interfering UEs are all located at their respective cell-edge, since the UEs are all assumed to be transmitting at maximum power.

From the discussion above, it might be assumed, for a worst-case deterministic analysis, that the interference from multiple UEs may be mostly coming from four full-bandwidth users: one in the bore-sight cell, and three from each of the surrounding cells. However, along with assuming all users occupy the full 10 MHz bandwidth, all are assumed to be transmitting at maximum 
power - and all located a similar distance away from the victim receiver.

On that basis, the equivalent impact of multiple users could t be roughly approximated by increasing the MCL by 10*log(4) or 6dB.  The table below provides the estimated upper-bound separation distances for each propagation model considered, and for each radar type. 

Table 2

Upper Bound Separation Distances – multiple user case

		Radar Type

		

		

		Type 1

		Type 2

		Type 3

		Type 4

		Type 5

		Type 6

		Type 7

		Type 8



		Applicable UE Emission limit

		

		Model

		

		

		

		

		

		

		

		



		-25 dBm/MHz 

		Km

		S = fspace(k+6)

		65.72

		63.5

		73.74

		43.92

		97.22

		47.88

		31.1

		57.24



		-25dBm/MHz 

		Km

		U = hata(k+6)

		0.82

		1.15

		0.93

		1.08

		0.73

		0.58

		0.81

		0.82



		-25 dBm/MHz 

		Km

		W = P1546(k+6)

		8.1

		10.5

		8.9

		7.1

		10.0

		7.4

		6.1

		8.0



		

		

		

		

		

		

		

		

		

		

		



		-30 dBm/MHz 

		Km

		T  = fspace(l+6)

		36.96

		35.7

		41.46

		24.7

		54.66

		26.92

		17.48

		32.2



		-30 dBm/MHz 

		Km

		V= hata(l+6)

		0.60

		0.84

		0.68

		0.79

		0.53

		0.42

		0.59

		0.60



		-30 dBm/MHz 

		Km

		X = P1546(l+6)

		6.3

		8.2

		6.9

		5.5

		7.8

		5.8

		4.7

		6.2





With a modest guard band of 10 MHz, and for a 10 MHz IMT UE uplink carrier bandwidth, the UE emissions are still in the out-of-band domain at –25 dBm/MHz. Extending the guard band a further 5 MHz reduces the UE emissions to –30 dBm/MHz, since these emissions now lie in the spurious domain. Based on the specified maximum out-of-band emission levels, the worst-case MCL requirement for 10 MHz guard-band is about 119 dB for IMT UE emission limits of –25 dBm/MHz for a single UE.

In comparison, the aggregate interference due to multiple UEs and with 10 MHz guard-band is roughly estimated as an equivalent 6dB rise in interference level at the Radar station - increasing the worst-case MCL requirement from 119dB to about 125 dB.  

For the case of multiple UEs and -25dBm emission limit, converting the worst-case MCL values to separation distance using the Hata propagation model results in values less than 1 km. A worst-case free space calculation results in a separation distance of between 31 - 97 km. A more realistic 
worst-case separation distance may therefore lie somewhere between the two cases.  Use of  the Recommendation ITU-R P.1546 model suggests a worst-case separation distance of 6.1 - 10.5 km.

These separation distances would be improved by considering several other issues, such as:

1) more detailed consideration of radar antenna elevation characteristics below horizontal;

2) more realistic values for OOB emissions of UEs, noting that 3GPP specifications are defined as minimum performance objectives. Actual OOB emissions of real devices are considerably better than 3GPP requirements (and UE antenna OOB efficiency may result in even lower values);

3) body loss will further attenuate UE radiated emissions. 




5.2	Radar interfering with IMT base-station receiver

The second interference scenario to be considered is the case of radar emissions causing interference to the IMT base-station receiver. Two interference mechanisms need to be considered: 

a)	Blocking of the base-station receiver (ie. IMT out-of-band effects), and

b)	Radar spurious emissions causing degradation of IMT receiver noise floor 
(ie. IMT in-band effects).

5.2.1	Base station Blocking (out of band)

The first mechanism relies on a maximum out-of-band interference level of not more than –15dBm. In 3GPP Recommendation ITU-R 36.104 the blocking characteristic is defined as a measure of the receiver’s ability to receive a wanted signal in the presence of an unwanted interferer which is a CW signal for out of band blocking. The L band is closest to Band 3 and for this band for interferers lying between 1-20 MHz of the lowest uplink frequency, the blocking level is –15dBm.

Using the typical e.i.r.p. of a high power radar (ref: M.1463 system 1), it can be seen:

	Radar Tx Pwr 		+97.0   dBm

	Radar Antenna gain	+34.5	dBi

	Base station gain		+18.0	dBi

	Feeder loss			  - 3.0	dB

					==========

					146.5	dBm

 	IMT Rx Blocking level	–15.0	dBm

                                                          	=========  

	Worst-case MCL		161.5	dB

	Nom. separation 1km	–95.0 dB

     					========= 

	Shortfall  =			66.5 dB	- requiring additional filtering.

This filtering requirement (67 dB) is relatively modest, and can be readily achieved via additional out-of-band filtering at the IMT base-station receiver - noting that the IMT base-station will typically employ substantial filtering to protect its receivers from its own transmitters. 
For example, we would naturally assume that a real base-station will include a duplexer (at least) to protect the base-station receiver from its associated transmitter emissions.

Therefore, the assumption of a 1 km minimum separation between the radar and IMT base-station receiver appears to be practical, since it seems likely that the IMT base-station receiver can be adequately protected from blocking effects with out-of-band filtering providing 67 dB or more of protection.




5.2.2	IMT Base-station degradation from radar spurious emission

[bookmark: _Ref379798078]The second mechanism to impact on IMT base-station performance is the radar system out-of-band emissions degrading IMT noise levels. The L-band radar systems are intended to achieve Category A limits of –60dBc for out-of-band emissions[footnoteRef:14]. Solid state radars can achieve this level within about 12 MHz of the main carrier. It is unlikely that legacy vacuum-tube based radar technologies can achieve Category A out-of-band emission limits within such a modest bandwidth. Therefore, future co-existence of IMT base-station protection scenarios may suggest the need for retirement of klystron/magnetron systems, and deployment of solid-state radars only.  [14:  Reference source: ECC Report 174 – Category A out-of-band emissions limit for radar types 1-4 = –60 dBc, and for modern type 4 the limit is –75 to –90 dBc see table 5. Both these values apply in the spurious domain as the radar out-of-band emissions lie in the spurious domain. The 1 MHz  emission bandwidth has been chosen in accordance with Recommendation ITU-R M.1177 and then converted to an equivalent 10 MHz bandwidth of the IMT service. ] 


The maximum interfering level is determined by the interference level being 6dB below the IMT base station receive noise floor – and this level is –115 dBm/MHz assuming a receiver noise figure of 5dB.

The highest powered solid-state radar is the System 2 shown in Table 1 above: 

	Transmit power	 		80.0 	dBm

	Tx Antenna gain			38.9     dBi

	Cat A					–60.0 	dBc

						==========

	OOB Emission EIRP		58.9 	dBm/1MHz

	OOB Emission EIRP		68.9    dBm /10MHz

	IMT Rx Antenna gain		18.0 	dBi

	Feeder loss				–3.0 	dB 

	Maximum level   			–105  	dBm/ 10MHz

						=======

	Worst-case MCL	requirement = 	188.9 dB

At first glance, this worst-case MCL requirement may seem a rather challenging objective. 

However, in practice, there are a range of mitigation techniques available, including:

1)	Co-ordinated placement of the IMT base-station, to take advantage of natural or man-made obstructions – potentially offering at least 15 dB of isolation;

2)	Orientation of the IMT base-station antenna to face directly away from the radar site – and use of a solid reflector to shield the IMT antenna – providing at least 20-40 dB of additional isolation;

3)	Further filtering of the radar OOB emissions - filter attenuations of 40-50dB are noted in Recommendation ITU R F.1097-1 as a possible mitigation option, 
(refer section 2.1 RF filters).




	Obstructions			15	dB

	Antenna orientation		20-40	dB

	Radar OOB Filter 		45	dB

  	           					===========

	Resulting worst-case MCL 	88.9 - 108.9	dB

For a separation distance of 1km, and assuming a free-space propagation model, only relatively minor additional isolation of between 0 - 13.9 dB is necessary to achieve the worst-case MCL of 88.9-108.9 to protect the IMT base-station. 

If the worst-case MCL requirement were to be met by geographic separation alone, the above value of 108.9 dB equates to a distance of approximately 5km assuming worst-case free-space propagation. However, identification of additional isolation (mitigation) options, as noted above, is considered non-challenging – although this aspect may be location-specific. 

Notably, only the free-space propagation model has been assumed – given that base station antennas are typically deployed at elevations relatively clear of local clutter.  However, further improvement of these calculations may be observed if Recommendation ITU-R P.452 were to be used to derive worst-case co-ordination separation threshold values.

Moreover, observations have been presented to date indicating that contemporary radar out-of-band emission performance is considerably better than the values suggested in relevant ITU-R Recommendations. Therefore, if actual measurement results of radar out-of-band emissions were available, it is likely that worst-case values estimated above may be considerably improved. 

Irrespective of the actual radar unwanted emission levels, the intermittent nature of the radar pulse and sweeping pattern, may well minimise its impact on IMT base-station performance. Studies of this aspect are not discussed in this paper.

6	Summary and conclusions

A simple deterministic analysis has been performed modelling the worst-case impact of UE mobiles into the radar receive band and the worst-case impact of radar transmissions to IMT base stations. For both of these interference scenarios, worst-case MCL values and thus worst-case separation distances have been determined.

The results of these studies clearly suggest that worst-case separation distances are not quite as challenging as previously envisaged.

More detailed studies should consider actual deployment situations - but that is a matter for National Administrations to consider.  In particular, the radio paths between IMT base-station and the radar transmitter may have benefit of natural and/or man-made obstructions which have only been generally characterised in this study.

In regard to IMT UE out-of-band emissions toward the radar: an upper bound for worst-case separation distances necessary to protect the radar receiver noise floor, for the case of multiple UEs all operating at maximum power and 10 MHz guard-band for a 10 MHz IMT channel, have been shown to be in the range 6 – 98 km – using Recommendation ITU-R P.1546 and free-space propagation models. If the guard-band is expanded to 15 MHz, the upper bound for worst-case separation distances falls to 4.7 – 55 km, under the same conditions.

In contrast, the lower bound for worst-case separation distances necessary to protect the radar receiver noise floor, for the case of multiple UEs all operating at maximum power and 10 MHz guard-band for a 10 MHz IMT channel, have been shown to be in the range 0.58 – 1.15 km – using the Hata/Cost231 propagation model. For a 15 MHz guard-band, the lower bound falls to
0.42 – 0.84 km.

A range of mitigation options should also be considered:

1) consider radar receive antenna elevation characteristics; 

2) use more realistic values for radiated emissions of mobile devices, since 3GPP emission criteria are typically defined as minimum performance objectives, and confirmed by use of conducted measurements. The radiated emissions of real devices are usually considerably better than 3GPP requirements, and UE antenna efficiency will result in even lower values;

3) body loss will further attenuate UE radiated emissions. 

However, these studies clearly indicate that worst-case separation/co-ordination distances between radar systems and IMT systems are considerably lower than previous studies have tended to suggest. In particular, when realistic distribution of UE emission levels are taken into consideration (along with random mobility of devices), a minimum separation of 1-2 km may well prove to be feasible.

In regard to radar transmitter impact to IMT base-station (ie. receiver blocking and degradation of in-band receiver threshold): an upper bound for worst-case separation distance to protect the IMT base-station receiver, using a free-space propagation assumption and no specific mitigation measures, would appear to need very large isolation distances.

However, there are a number of practical mitigation measures available, including:

1)	co-ordinated placement of the IMT base-station, to take account of natural or man-made obstructions;

2)	orientation of the IMT base-station antenna to face directly away from the radar 
site – and use of a solid reflector to shield the IMT antenna; and

3)	further filtering of the radar OOB emissions;

Moreover, it seems likely that where realistic radar out-of-band emissions are considered, along with implementation of mitigation measures, achieving separations that are realistic appears to be possible.

Additional support for the encouraging conclusions of these studies is provided by the conclusions of ECC Report 174, which states:

It should be noted that although the worst case analysis shown in this report suggests that there could be compatibility problems in certain circumstances between MS and radar, the actual situation in practice throughout CEPT will vary from country to country. In addition it is expected that by considering more realistic assumptions, including unwanted emissions levels for both services and using a combination of the mitigation techniques highlighted in the report, where appropriate, sufficient protection can be given to both services

Finally, it should be noted that the studies reported in this document are based on worst-case modelling and assumptions - and actual scenarios will vary according to local circumstances/situation. It is expected by considering more realistic assumptions of unwanted emissions of both services, mitigation options such as deployment geometry, and other factors, will show that sufficient protection for separation distances of 1-2 km and guard-bands of 10-15 MHz is likely to be achievable.




ATTACHMENT 9

Sharing between IMT-advanced and radiodetermination systems
 in the band 1 300-1 400 MHz

1	Introduction

The World Radio Conference 2015 agenda item 1.1 seeks to identify additional spectrum for the mobile service to meet the forecast increase in capacity demand for mobile broadband systems to 2020 and beyond. One of the frequency bands of interest is the 1 300-1 400 MHz band, which is currently used for aeronautical radionavigation (ARNS), radiolocation (RLS), and radionavigation satellite services (RNSS) subject to RR footnote 5.337A.

In some countries, there is minimal or inefficient usage of the band 1 300-1 400 MHz by radiodetermination services - prompting some administrations to explore opportunities for other services such as wireless broadband systems to exploit the band (or some portion) toward further facilitating national economic growth and development.

The band 1 300-1 400 MHz offers notable advantages for future IMT systems, not only because of its favourable propagation characteristics, but also to potentially provide the frequency-division-duplex (FDD) ‘uplink’ companion to the band 1 427-1 525 MHz already allocated to the mobile service in all three Regions and which already seems destined to be used for ‘downlink’ signals:

Figure 1
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This contribution reports on technical sharing studies that investigate the minimum necessary frequency and geographic separation necessary to protect ARNS and RLS systems from unacceptable interference caused by ‘uplink’ emissions of IMT-Advanced user devices.

These studies have used a Monte Carlo model, and focus on simulating non cochannel-channel operating scenarios to illustrate the potential for either:

i) Local segmentation of the band (per Rec. ITU-R SM.1132) to accommodate 
IMT-Advanced systems and incumbent systems to occupy non cochannel segments; or

ii) co-ordinated sharing of the band by IMT-Advanced systems and existing incumbent systems, through a combination of frequency and geographic separation.

The results of these studies may also suggest possible threshold values for initiating cross-border co-ordination discussions enabling administrations to ensure both sufficient protection of incumbent systems and efficient usage of the radiofrequency spectrum resources.

2	Background

Under Article 5 of the International Radio Regulations (RRs), the frequency band 1 300-1 400 MHz is currently allocated to the ARNS, RLS, and RNSS on a co-primary basis and restricted to 
ground-based radar and associated transponders through RR footnote 5.337:

Figure 2
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The technical characteristics for the ARNS, RLS and IMT systems are derived from the Compilation of Material maintained by the Joint Task Group 4-5-6-7 Working Groups, Annex 2 to the JTG 4-5-6-7 Chairman’s Report of the 3rd Meeting (Document 4-5-6-7/242).

In addition, reference was also made to relevant ITU-R Recommendations, including:

–	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

–	Recommendation ITU-R M.1461-1 – Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services.

–	Recommendation ITU-R M.1463-1 – Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz.

–	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

–	Recommendation ITU-R M.1851 – Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

Similar to other studies, and to explore the sensitivity of results to potential performance improvement of certain parameters, additional simulations were undertaken with selectively adjusted parameter values as noted in the results.

The radio propagation environments were modelled in accordance with the recent liaison advice from Working Parties 3K and 3M (Document 4-5-6-7//141) along with relevant ITU-R documents and Recommendations:

–	Revision 1 to ITU-R Document 3/39 – concerning modifications to Recommendation 
ITU-R P.1546-4 (now published as Rec. ITU-R P.1546-5).

–	Recommendation ITU-R P.452-15 – Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above about 0.7 GHz.

–	Recommendation ITU-R P.525-2 – Calculation of free-space attenuation.

3	Technical characteristics

The technical characteristics of System 3 and System 5 in Table 1 of Recommendation 
ITU-R M.1463 are taken to represent solid-state ARNS and RLS systems with substantial future operational lifetime post-2018:

Table 1

Radar systems technical characteristics

		Parameter

		Units

		ARNS

		RLS



		Transmitter

		

		

		



		RF Output Type

		-

		Solid State

		Solid state



		Peak Power into Antenna

		dBm

		76.5

		73.9



		3dB emission bandwidth

		MHz

		2.3

		1.25



		Unwanted emissions[footnoteRef:15] [15:  Consistent with the recommended design objective of Recommendation
 ITU-R SM.1541Unwanted emissions in the out-of-band domain.] 


		dB/dec

		-40

		-40



		Receiver

		

		

		



		RF 3 dB Bandwidth

		MHz

		6.4

		1.25



		Noise Figure

		dB

		4.7

		2.6



		IF selectivity roll-off[footnoteRef:16] [16:  Consistent with suggested value in Recommendation ITU-R M.1461  Procedures for determining the potential for interference between radars operating in the radiodetermination service and other services.] 


		dB/dec

		80

		80



		I/N criterion

		dB

		-6

		-6



		Antenna

		

		

		



		Pattern type

		

		Phased array

		Planar Array



		Polarisation

		

		Horizontal

		Horizontal



		Gain

		dBi

		38.9 Tx

38.2 Rx

		38.5



		Azimuth beamwidth

		degrees

		3.2

		2.2



		Nominal height

		m (AGL)

		15

		15







NOTE: The antenna illumination pattern in the vertical plane is assumed to be consistent with a cosecant-squared envelope, as defined in Recommendation ITU-R M.1851 Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.




The following technical characteristics were adopted for IMT-Advanced systems:

Table 2

IMT-Advanced Systems technical characteristics

		Parameter

		Units

		Base Station

		User Device



		Antenna Type

		-

		65° sector

		Compact omni



		Antenna Gain

		dBi

		Rural: 18

Suburban: 16

Urban: 16

		-3



		Feeder Loss

		dB

		3

		-



		Antenna elevation

		m (AGL)

		Rural: 30

Suburban: 30

Urban: 25

		1.5



		Cell radius

		km

		Rural: 5

Suburban: 1

Urban: 0.5

		-



		Antenna down-tilt

		degrees

		Rural: 3

Suburban: 6

Urban: 10

		-



		Typical body loss

		dB

		-

		4



		User terminal density (in active mode)

		Users/5MHz/km2

		-

		Rural: 0.17

Suburban: 2.16

Urban: 3



		Transmitter*

		

		

		



		Maximum Tx Power

		dBm

		NA

		23



		Dynamic Power Control

		-

		

		Yes



		Max Tx e.i.r.p.

		dBm

		

		20



		Channel bandwidth

		MHz

		

		10



		Average activity factor

		%

		

		-



		Average Tx e.i.r.p.

		dBm

		

		Rural: 2

Suburban: -9

Urban: -9



		Noise figure

		dB

		

		9



		Receiver*

		

		

		



		Ref sensitivity

		dBm

		-101.5

		NA



		Noise Figure

		dB

		5

		



		Blocking

		dBm

		-15

		



		Selectivity

		dB@∆MHz

		[-58 dB @ 2.5 MHz offset]

		





* Applicable to the case of 10 MHz IMT-Advanced channel.

The out-of-band (OOB) and spurious emission characteristics of IMT base-stations and user equipment (UEs) are based on maximum mask specified in the 3GPP technical specification series 36 (TS 36). Commercial IMT products typically offer significantly better performance[footnoteRef:17] than 3GPP requirements – noting that earliest practical date of launch of IMT services in this band is unlikely before end-2017. However, for the purposes of studies reported in this contribution, the following out-of-band (OOB) and spurious emission mask for IMT user devices is assumed: [17:  Recent (2012) vendor contributions to CEPT have already indicated considerably better OOB and spurious emissions performance by UEs than is currently specified by 3GPP TS 36.101.] 


Table 3

IMT User Devices: OOB and spurious emission limits

		Parameter

		Units

		Value

		Notes



		IMT User devices – for 10 MHz channel bandwidth (3GPP TS 36.101)



		OOB emissions

		dBm/30 kHz

dBm/MHz

dBm/MHz

dBm/MHz

		-18

-10

-13

-25

		0-1 MHz separation from channel edge

1-5 MHz

5-10 MHz

10-15 MHz



		Spurious emissions

		dBm/MHz

		-30

		in the range 1-12.75 GHz (except OOB emission region noted above)





NOTE: In accordance with WP-5D advice[footnoteRef:18] to the JTG 4-5-6-7: these unwanted emission limits are the upper limits defined in 3GPP specifications for laboratory testing while the user device is operating at maximum power (+23 dBm). When the in-band transmitting power of the device is reduced as a consequence of uplink power control function, the unwanted emission levels will also be reduced by an equivalent value (dB). [18:  Refer Note 17 in Section 2 of Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses, 4-5-6-7/393 Annex 2, Attachment 2, Appendix 1] 


4	Analysis

As noted, these studies have focused on non cochannel sharing, to support administrations reviewing the efficiency of current ARNS and RLS usage of the band 1 300-1 400 MHz in their own country. While the deployment of ARNS and RLS systems may be widespread in some countries, other countries have deployed few such systems (or none, in some cases) in this band – and, in that case, some administrations are exploring the possibility for better utilisation of the band 1 300-1 400 MHz (for example, by IMT-Advanced systems) to encourage further national economic growth and development.

In addition, as the band 1 427-1 525 MHz is already allocated on a primary basis to the mobile service in all Regions, and noting discussions within CEPT in regard to a possible IMT downlink arrangement for the band 1 452-1 492 MHz, it is proposed that the band 1 300-1 400 MHz (if identified for IMT) be assigned only for uplink usage (ie. UE emissions only are considered). 




4.1	Approach

To evaluate the implications of the uplink emissions of multiple UEs, hosted by an IMT-Advanced network deployed in the vicinity of a radar site, a cluster of nineteen 3-sector cells is taken to represent the network in accordance with agreement already established by a previous JTG 4-5-6-7 meeting. Each sector is host to a number of active UEs in accordance with its area, based on the applicable user-density and cell-radius for the relevant geographic environment (urban, suburban, 
or rural):

Figure 3

Network model for sharing analysis























The active UEs are randomly located within each sector, reflecting the random mobility of users within the network coverage area. The emissions of active UEs are variable subject to uplink power control, and the emissions from all UEs incident on the radar antenna are aggregated to derive the effective interference level to the radar.

The nominal radar station is located at a fixed distance from the centre of the 19-cell cluster, and this distance is varied to determine the minimum separation required, for each frequency offset (guard-band) value, to ensure satisfactory I/N performance at the radar receiver. The radar antenna is oriented in azimuth directly toward the centre of the 19-cell cluster, and is not rotating, to reflect the worst-case interference scenario. Consideration of the impact of radar emissions on IMT 
base-station receivers is also included in this study.

No specific terrain topography was assumed. To reflect the low-elevation of IMT UEs (1.5 m AGL), and likelihood of surrounding pedestrians, vehicles, buildings and trees, clutter-loss appropriate to the particular geographic environment (urban, suburban, rural) was included.

4.2	Assumptions

As noted above, these studies assume that the band 1 300-1 400 MHz will only be used for IMT uplink – that is emissions from UE transmitters to base-station receivers. This assumption reflects 
a proposed frequency-division-duplex (FDD) arrangement, involving the band 1 427-1 518 MHz (or portion thereof) for purposes of IMT downlink emissions (that is, base station transmitters to UE receivers).

4.2.1	Radio Propagation Models

The conventional Hata/Cost231 propagation model is generally used to model IMT uplink paths between UEs and the IMT base-station receiver, and to properly enable the power-control mechanism. However, in this study, and based on discussions to date in preceding meetings of the JTG 4-5-6-7, two alternative propagation models are considered for modelling the interference paths between UEs and the radar receiver:

–	Recommendation ITU-R P.1546-5 (09/2013) - a point-to-area propagation model, as recommended by WP-3K and WP-3M, which provides an estimate of field strength including relevant adjustments for:  operating frequency of 1 350 MHz; land path; field strength exceeded for 1% of time[footnoteRef:19]; UE height above ground; radar height above ground; and smooth earth scenario.  This model is used for evaluating the interference from low-elevation IMT UE transmitters into a radar receiver. [19:  Per advice of chairmen of WP-3K and WP-3M, noted in Document  4-5-6-7/393 Annex 2: ‘for short distance scenarios, particularly with low antenna heights, the time variability of path loss is unlikely to be an important factor in interference estimation, so mean path loss values might also be used’.] 


–	Recommendation ITU-R P.452-15 (09/2013) – for evaluating interference between stations on the surface of the earth at frequencies above about 0.1 GHz, which provides an estimate for the propagation loss not exceeded for time percentages over the range 0.001 ≤ p ≤ 50%. For distances less than about 5 km, propagation losses determined using Recommendation ITU-R P.452 approach free-space, and are considered unrealistic for the case of low-elevation IMT UE emissions especially in urban and suburban scenarios. However, this model is used for evaluating the interference from 
a radar transmitter into an IMT base-station receiver.

4.2.2	Guard-band

The guard-band is taken to be the frequency separation between the respective 3dB-bandwidth boundaries of the radar and IMT carrier:

Figure 4

Illustration of assumed guard-band scenarios
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4.2.3	Localised Clutter

For the case of interference by IMT UEs into a radar receiver, Recommendation ITU-R P.1546 provides for an additional correction for clutter (refer Annex 5 §10). As a consequence of their low elevation above ground, UEs are typically surrounded by clutter such as buildings, motor vehicles, pedestrians, and shrubs/tress when used outdoors in urban and suburban scenarios. In such scenarios, the clutter correction factor defined by Recommendation ITU-R P.1546 can vary over a wide range (3-25 dB or more) depending on the relative height and proximity of the clutter 
to the UE.

Since it is rare for UEs in urban or suburban scenarios to be free of surrounding clutter, the clutter correction factor is included in field strength estimates derived using Rec. ITU-R P.1546. Recommendation ITU-R P.1546 also provides a non-urban clutter correction factor applicable to low-elevation devices in rural areas.

4.2.4	Indoor versus outdoor UEs

This study has assumed that all UEs are located in outdoor locations.

Normal IMT network planning typically recognises that the UE ‘uplink’ signal budget effectively determines the nominal cell-radius – and a power-limited UE located indoors will suffer additional propagation loss due to building penetration attenuation. Consequently, if indoor operations are intended, normal IMT network planning procedures will include penetration losses when determining nominal cell-radius, to derive inter-site distance for base-station deployments. 
This study assumes that the urban/suburban/rural cell-radii values recommended by WP-5D for use in sharing studies already account for indoor power-limited uplink emission constraints and building penetration loss. 

4.2.5	IMT UE signal characteristics

These studies have assumed that emissions of each UE occupy the full 10 MHz channel bandwidth – that is, each active UE is assigned all available channel resources (PRBs). This scenario is considered to be a worst-case model, because: although resource assignment is dependent on the particular scheduler algorithm implemented, such a large resource assignment to UEs is generally considered unlikely within a moderately-loaded IMT network.

Furthermore, in this study the UE emissions are always be located at band-edge, nearest to the radar channel.  In a moderately-loaded network, UEs will typically be assigned some lesser portion of the available bandwidth, and the assigned resources may only sometimes be located at band-edge, and otherwise will be shifted spectrally further away from the radar.




Noting that 3GPP specifications of minimum OOB and spurious emissions performance also represent a maximum mask for UE emissions, the following figure illustrates how real interference situations will likely be considerably improved over the case modelled in these studies:

Figure 5

Example of real UE emissions
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Therefore, the results presented in this study are considered to represent a worst-case scenario that overstates the likelihood of interference to radar receivers.

4.2.6	Radar interference threshold

The results of this study have been presented in graphical form to show a range of radar receiver I/N exceedence probability values, and the distribution of receiver I/N values versus associated exceedence probability. Two particular exceedence thresholds are observed:

–	0.1% I/N exceedence probability – since previous meetings have suggested this value as more appropriate (than 1%) for radiolocation systems in this band, and arising from a recent review by others of relevant ICAO flight safety and systems reliability recommendations[footnoteRef:20]. [20:  ICAO Document 9859 Safety Management Manual is the key reference for regional/national air traffic safety procedures – for example, the 4th part of Eurocontrol Safety Regulatory Requirement (ESARR4), and UKCAA Publication CAP760 which provides a useful matrix of risk classification/tolerability.] 


–	0.01% I/N exceedence probability – to illustrate the rapid reduction of probability with only small change in I/N, and to provide an additional 10 dB ‘safety margin’ to the study results.

Noting contributions by others, these studies thus assume that a 0.1% I/N exceedence threshold represents the minimum level of protection for radar systems operating in this band.




4.3	Results

To establish a baseline scenario for subsequent sensitivity analyses, the Monte Carlo simulation adopted the following initial values:

–	Minimum separation between radar station and nearest IMT user device (UE) = 1 km

–	Minimum guard-band between radar system (upper -3dB channel edge set at 1 350 MHz) and IMT user device emissions (lower -3dB emission mask edge, according to 
3GPP) = 10 MHz

Analysis of the sensitivity of I/N exceedence probability to variations in these parameter values is also explored in subsequent stages of the studies.

4.3.1	IMT Interference to radar receivers

As noted, two representative radar systems taken from Table 1 of Recommendation ITU-R M.1463 are evaluated:

–	ARNS systems - System 3 – solid state; widest receiver IF bandwidth (6.4 MHz)

–	RLS systems – System 5 – solid state; with lower Rx noise figure (2.6 dB)

4.3.1.1	Baseline I/N exceedence probability

The baseline results for each of the urban, suburban and rural geographic scenarios are shown in the following plots[footnoteRef:21], and key values in Table 4 - see Annex 1 for increased resolution plots of 0.1% and 0.01% threshold crossing values: [21:  Note that the Cumulative Distribution for each simulation case was derived via the aggregation of 50,000 randomised runs, to achieve the necessary resolution.] 


Figure 6.1.1

System 3 – urban environment – 1 km separation – 10 MHz guard-band

[image: ]




Figure 6.1.2

System 3 – suburban environment – 1 km separation – 10 MHz guard-band
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Figure 6.1.3

System 3 – rural environment – 1 km separation – 10 MHz guard-band
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The equivalent baseline urban/suburban/rural Monte Carlo sharing study results for Radar System 5 are presented on the following page.


Figure 6.2.1

System 5 – urban environment – 1.2 km separation – 10 MHz guard-band
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Figure 6.2.2

 System 5 – suburban environment – 1.2 km separation – 10 MHz guard-band
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Figure 6.2.3

 System 5 – rural environment – 1 km separation – 10 MHz guard-band

[image: ]

The urban and suburban scenarios clearly present higher interference impact on radar receivers than is the case for a rural environment – due to the higher-density of UEs, collectively located closer to the radar station.  The summary of the baseline results for radar I/N is:

Table 4

Summary of baseline I/N results – 1 km separation – 10 MHz guard-band

		Prexceedence

		Radar System 3

		Radar System 5



		

		Urban

		Suburban

		Rural

		Urban

		Suburban

		Rural



		0.1%

		-7.2

		-7.2

		-9.4

		-3.8

		-4.4

		-6.4



		0.01%

		-6.7

		-6.1

		-8.3

		-3.4

		-3.3

		-5.1





While Radar System 3 appears sufficiently protected by 1 km separation to the nearest IMT user-device with a 10 MHz guard-band, additional geographic/spectral separation is clearly required to protect Radar System 5. Separation values of 1.2 km and 1.5 km were therefore also explored – as well the trade-off between separation distance and guard-band, as shown in the following sensitivity analysis.

4.3.1.2	Sensitivity Analysis

To evaluate the sensitivity of the radar I/N to variations in geographic separation and size of the guard-band, additional analysis was undertaken of the urban case for the wider-bandwidth Radar System 3:

Table 5.1

Sensitivity Analysis – Urban scenario – Radar System 3

		I/N (dB) for 0.1% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.5



		Frequency separation (MHz)

		8

		-2.5

		-4.6

		-7.4



		

		10

		-7.2

		-10.1

		-12.9





Table 5.2

Sensitivity Analysis – Urban scenario – Radar System 3

		I/N (dB) for 0.01% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.5



		Frequency separation (MHz)

		8

		-2.0

		-4.7

		-7.3



		

		10

		-6.7

		-9.6

		-12.4





These results indicate that (for the wider bandwidth Radar System 3) a smaller guard-band could potentially be offset by a larger separation distance to the radar receiver. For example, an 8 MHz guard-band appears to require a separation distance of about 1.4 km or more. However, larger separation distances may be difficult to enforce for aerodromes (Radars) located on the fringe of major urban centres. A separation distance of 1 km (with 10 MHz guard-band) may be more readily implemented by virtue of the aerodrome perimeter fence, for example. 

For the case of Radar System 5, similar sensitivity analysis reveals:

Table 5.3

Sensitivity analysis – Urban scenario – Radar System 5

		I/N (dB) for 0.1% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.5



		Frequency separation (MHz)

		8

		+4.0

		+1.5

		-1.4



		

		10

		-3.8

		-7.2

		-9.8





Table 5.4

 Sensitivity analysis – Urban scenario – Radar System 5

		I/N (dB) for 0.01% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.5



		Frequency separation (MHz)

		8

		+4.5

		+2.2

		-0.8



		

		10

		-3.4

		-6.6

		-9.2





These results suggest that Radar System 5 (and other narrow-band Radars, with low noise performance) will likely require a minimum guard-band of 10 MHz and a minimum geographic separation of 1.2 km. Therefore, suggested minimum values to avoid interference by IMT 
user-devices into solid-state radar receivers in the 1 300-1 400 MHz band are therefore:

–	Minimum guard-band = 10 MHz

–	Minimum geographic separation[footnoteRef:22] = 1.2 km [22:  Minimum geographic separation is defined as the distance between the radar site and the nearest IMT cell edge (or nearest possible location of an active IMT user device).] 


4.3.2	Radar Interference to IMT base-station receivers

To properly accommodate IMT ‘uplink’ systems within the band 1 300-1 400 MHz via segmentation, it is also appropriate to consider the impact of radar emissions on IMT base-station receivers.

4.3.2.1	IMT base-station blocking

The physical space available at an IMT base station site generally easily accommodates additional filtering (to address issues such as inter-modulation with other co-sited systems, blocking by non cochannel systems, and other matters). Therefore, combating out-of-band interference into IMT base-station receivers is typically resolved by filtering, to improve receiver selectivity:

Table 6

Radar blocking of IMT base-station receiver

		Parameter

		Values

		Units



		

		Urban

		Suburban

		Rural

		



		Radar R Tx power

		+76.5

		dBm



		Radar antenna gain

		+38.9

		dBi



		Radar signal e.i.r.p.

		+115.4

		dBm



		IMT base-station antenna gain

		16

		16

		18

		dBi



		IMT Rx blocking limit[footnoteRef:23] [23:  See 3GPP TS 36.104 V10, Table 7.6.2.1-1 for Bands 11 and 21. Is that the right table as I don’t find this value? Would it be 7.6.1.1-1?] 


		-15

		dBm



		Worst-case IMT Rx protection requirement

		146.4

		146.4

		148.4

		dB



		Path loss ( 1 km free-space)

		95

		dB



		Minimum additional filter OOB rejection

		51.4

		51.4

		53.4

		dB









According to 3GPP[footnoteRef:24], minimum IMT base-station receiver selectivity performance offers at least 57.9 dB of protection (for ≤ 1dB receiver degradation) from an non cochannel wide-band 
(5 MHz) carrier (2.5075 MHz offset).  To achieve an additional 51-55 dB of protection at 10 MHz offset using external filtering equipment is not a challenging out-of-band filtering objective. [24:  See 3GPP TS 36.104 V10, Table 7.5.1-3] 


4.3.2.2	IMT base-station in-band interference

In-band interference to IMT receivers due to excessive levels of unwanted out-of-band emissions from an non cochannel transmitter are often more challenging, and may therefore determine the potential for co-existence in this band.

Radar systems operating in the L-band are generally expected to achieve Category A limits for 
out-of-band emissions[footnoteRef:25] of at least –60 dBc. Solid-state Radars can achieve this limit within
12 MHz of the main carrier[footnoteRef:26]. Assuming that the radar antenna is directed at the victim IMT base-station site (for each rotation, at least), analysis of the in-band noise degradation of IMT base-station receivers can be estimated via a simple minimum coupling loss analysis: [25:  Reference source: ECC Report 174 – Category A out-of-band emissions limit for radar types 1-4 = -60 dBc, and for modern type 4 the limit is -75 to -90 dBc.]  [26:  Legacy vacuum-tube radars may not meet the Category A emissions limit – so future IMT co-existence in the band 1 300-1 400 may be subject to retirement of spectrally less-efficient klystron/magnetron systems, and systematic replacement by sold-state systems.] 


Table 7

 IMT base-station in-band interference from radar

		Parameter

		Values

		Units



		

		Urban

		Suburban

		Rural

		



		Radar Tx power

		+76.5

		dBm



		Radar antenna gain	

		+38.9

		dBi



		Radar emission bandwidth

		2.3

		MHz



		Category A OOB emissions

		-60.0

		dBc



		Radar OOB emissions

		+51.8

		dBm/MHz



		IMT base-station antenna gain

		16

		16

		18

		dBi



		IMT base-station Rx noise figure

		5

		dB



		IMT Rx Interference threshold (≤1dB Rx sensitivity degradation)

		-104.9

		dBm



		Worst-case IMT Rx protection requirement

		182.7

		182.7

		184.7

		dB










While the required protection may initially seem a somewhat challenging objective, there are several mitigation measures that may be readily implemented to resolve the unwanted radar emissions:

i)	Co-ordinated placement of the IMT base-station, to take advantage of natural or man-made obstructions – potentially offering at least 20 dB of isolation;

ii)	Orienting the IMT base-station antenna to face directly away from the radar site – and use of a solid reflector to shield the IMT antenna – providing at least 20-40 dB of additional isolation; and

iii)	Further filtering of the RADAR OOB emissions – noting that filter attenuations of 
40-50 dB are noted in Recommendation ITU-R F.1097-1 as a possible mitigation option (refer section 2.1 RF filters).

Including free-space path-loss for a separation of 1 km, the following interference mitigation budget is therefore highlighted:

Table 8

IMT base-station in-band interference mitigation

		Parameter

		Values

		Units



		

		Urban

		Suburban

		Rural

		



		Path loss – free space – 1 km

		95

		dB



		Use of obstructions

		15-20

		dB



		Antenna orientation

		20-40

		dB



		RADAR OOB filtering[footnoteRef:27] [27:  There have been some observations at prior ITU-R meetings that contemporary radar systems exhibit considerably lower out-of-band emissions that reported in ITU-R Recommendations. 
Thus, the need for additional filtering may be subject to verification of actual radar performance.] 


		45

		dB



		Nett additional protection requirement

		-17.3 ~ 7.7

		-17.3 ~ 7.7

		-15.3 ~ 9.7

		dB





Therefore, identification of appropriate and practical mitigation measures turns out to be not quite so challenging – although this aspect may be location-specific, and therefore subject to site-by-site co-ordination with nearby radar stations.




5	Conclusions

Results of Monte Carlo studies of the co-existence of IMT user-devices with solid-state radar systems in the band 1 300-1 400 MHz suggest that sharing is possible with at least a 1.2 km geographic separation and 10 MHz guard-band. Furthermore, while the peak power of radar signals may appear to be a risk to IMT base-station receivers, minimum coupling loss analysis illustrates that mitigation is feasible if IMT antennas are pointed away from the radar, along with appropriate filtering and judicious co-ordination/location of IMT base-stations. There may also be a need for verification/remediation of radar out-of-band emissions performance. 

The working document on sharing/compatibility studies of IMT systems and radiolocation systems in the frequency band 1 300-1 400 MHz (Attachment 2 to Annex 6 of Document 4-5-6-7/393) contains relevant studies contributed to JTG 4-5-6-7. Telstra proposes that the above updated study report and conclusions replace the preliminary text (drawn from Document 4-5-6-7/278) currently included in Annex 2 of Attachment 2 of the Working Document in Annex 6 of Document 
4-5-6-7/393.




ANNEX 1

Radar I/N Exceedence thresholds – higher resolution plots

Case 1.1 – Urban scenario – 1 km separation – 10 MHz guard-band – System 3
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Case 1.2 - Suburban scenario – 1 km separation – 10 MHz guard-band – System 3
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Case 1.3 - Rural scenario – 1 km separation – 10 MHz guard-band – System 3
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Case 2.1 – Urban scenario – 1.2 km separation – 10 MHz guard-band – System 5
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Case 2.2 - Suburban scenario – 1.2 km separation – 10 MHz guard-band – System 5
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Case 2.3 – Rural scenario – 1 km separation – 10 MHz guard-band – System 5
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ATTACHMENT 10

Sharing between imt systems and radars in the 1 300-1 400 MHz band

1	Introduction

In this contribution, a deterministic study is presented building on the inputs to the 4th JTG 4-5-6-7 meeting. The study includes a baseline set of calculations using the parameters from Working Parties 5B and 5D. 

A number of mitigation techniques are discussed, and incorporated into the sensitivity analysis, with the aim of showing how interference to radar receivers may be reduced to acceptable levels. 

Interference from radars to IMT systems is not addressed in this contribution.

2	Background

The 1 300-1 400 MHz band has been proposed as a candidate band for WRC-15 agenda item 1.1. Several of the studies received at the 4th JTG 4-5-6-7 meeting suggest that non cochannel coexistence may be possible. This document contains a deterministic non cochannel coexistence analysis, discusses some possible mitigation techniques and provides an analysis based on the mitigated performances.

3	Technical characteristics

The technical characteristics of the IMT and radar systems are described in this section. Firstly in Section 3.1 the ‘baseline’ characteristics are described. Secondly in Section 3.2, various potential mitigation techniques are described, and revised technical characteristics of the IMT and radar systems presented that include the sensitivity to these techniques.  

3.1	Baseline

The baseline technical characteristics of radar and IMT systems are described in this section, without any mitigation assumed. Also characteristics are described that are based on the combined assumptions of both radar and IMT systems. 

3.1.1	Radar system

The following radar system characteristics in Table 1 are those provided by WP 5B. 






Table 1

Radar characteristics

		Transmitter

		Units

		ATC

		Defence



		

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Power to the Antenna

		dBW

		67

		50

		46.5

		43.9

		66

		63

		48.8



		

		dBm/MHz

		100

		79.7

		72.9

		72.9

		95.2

		91.9

		78



		3 dB Emission Bandwidth

		

		0.5

		1.09

		2.3

		1.25

		1.2

		1.3

		1.2



		Rec. ITU-R SM.329/1541 Spurious emission limits

		Roll off

		dB/decade

		30

		30

		30

		30

		30

		30

		30



		

		Limit

		dBc

		60

		60

		60

		60

		60

		60

		60



		

		

		dBm

		37

		20

		16.5

		13.9

		36

		33

		18.8



		

		

		dBm/MHz

		40

		19.7

		12.9

		12.9

		35.2

		31.9

		18



		Receiver

		

		

		

		

		

		

		

		



		Noise Figure

		dB

		2

		2

		4.7

		2.6

		4.25

		9

		3.2



		3 dB Bandwidth

		MHz

		0.78

		0.69

		4.4

		1.25

		1.32

		0.88

		1.2



		Receiver thermal noise figure

		dBm

		-113.1

		–113.6

		–102.9

		–110.4

		–108.5

		–105.6

		-110.0



		

		dBm/MHz

		–112

		–112

		–109.3

		–111.4

		–109.8

		–105

		-110.8



		Required I/N

		dB

		–6

		–6

		–6

		–6

		–6

		–6

		–6



		Antenna

		



		Gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Feeder loss

		dB

		2

		2

		2

		2

		2

		2

		2



		Azimuthal Beamwidth

		degrees

		1.2

		1.4

		3.2

		2.2

		1.2

		1.3

		1.2



		Elevation Beamwidth

		degrees

		3.6

		3.6

		1.3

		2

		3.75

		3.75

		3.7



		Rotation

		rpm

		5

		5

		6

		5

		6

		5

		5



		Location

		

		Fixed

		Fixed

		Transport

		Fixed

		Fixed

		Fixed

		Fixed



		Nominal Height

		

		15

		15

		10

		15

		15

		15

		15



		Aeronautical Safety Factor[footnoteRef:28] [28:  	The addition of a minimum 6 dB safety factor in theoretical studies is recommended by ICAO Doc. 9718.] 


		dB

		6

		6

		0

		0

		0

		0

		0





The radar IF selectivity parameters have been added to the above table. A selectivity roll-off of 80 dB per decade from the radar 3 dB bandwidth has been assumed as suggested by Recommendation ITU-R M.1461-1 (end of Section 3.2). Also a frequency offset of 10 MHz has been assumed between the radar and IMT system channel edges, and an IMT system bandwidth of 10 MHz.



Representative air traffic control antenna polar diagram

Figure 1

Vertical pattern
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Figure 2

Horizontal Pattern
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Table 3

Percentage of radar antenna relative gains falling within the following limits
(dB below the peak of beam)

		0 to –30 dB

		1.42%



		–30 to –50dB

		45.8%



		Greater than –50 dB

		52.8%





3.1.2	IMT system

The baseline technical characteristics of the IMT system are described in this section beginning with the base station characteristics, and finishing with the user equipment (UE) characteristics.

3.1.2.1	Base station

The base station characteristics shown in Table 3 are based on the suburban macrocell characteristics for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document 4‑5‑6‑7/242 Annex 2. A bandwidth of 10 MHz has been used.

Table 3

Base station characteristics

		Base Station

		Units

		IMT



		Downlink frequency FDD

		MHz

		1350[footnoteRef:29] [29: 	Assumed as the centre frequency for this study.] 




		Bandwidth

		MHz

		10



		Maximum transmitter power 

		

		

dBm


dBm/MHz

		



		

		BW = 10 MHz

		

		46



		

		

		

		



		

		PeakPower density

		

		36



		Spurious emission limits

		limit

		dBm/MHz

		–30



		Max Antenna gain  

		dBi

		18



		Feeder loss

		dB

		3



		Typical antenna height 

		m

		30



		Antenna down tilt

		degrees

		3 to 10



		Antenna type

		

		Sectoral (3 sectors)



		Antenna Pattern

		

		Rec. ITU-R F.1336



		Polarization 

		

		± 45° cross-polarized



		Typical feeder loss

		dB

		3



		3 dB antenna aperture in elevation 

		degrees

		1.57



		3 dB antenna aperture in azimuth 

		degrees

		65



		Receiver Noise Figure (worst case)

		dB

		5



		

		

		










































		Receiver thermal noise level

		

		dBm





dBm/MHz

		



		

		BW = 10 MHz

		

		–99



		

		Power density

		

		–109



		Required I/N

		dB

		–6



		Relative adjacent channel selectivity[footnoteRef:30]  [30: 	Based on a blocking level of –15 dBm.] 


		

		dB

		



		

		10 MHz

		

		79.7

















3.1.2.2	User equipment (UE)

The UE characteristics shown in Table 4 are based on the characteristics agreed for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document JTG-4-5-6-7/242, Annex 2. 
A bandwidth of 10 MHz has been used for the IMT system.

Table 4

User equipment characteristics

		User Equipment (UE)

		Units

		IMT



		Downlink frequency FDD

		MHz

		1350



		Bandwidth

		MHz

		10



		Access technique

		

		SC-FDMA



		Modulation type

		

		QPSK/16-QAM/64-QAM



		Maximum transmitter power 

		dBm

		23



		Antenna gain

		dBi

		-3



		Antenna height 

		m

		1.5



		Antenna type

		

		Omnidirectional



		Polarization 

		

		Linear



		Body loss

		dB

		4



		Spurious emission limits 

		dBm/MHz

		–30



		Receiver Noise Figure (worst case)

		dB

		9



		Receiver thermal noise level

		dBm

		–95



		Required I/N

		dB

		–6





3.2	Mitigation of non cochannel band interference

Coexistence between Radar systems in the 2 700-2 900 MHz band with IMT in the 
2 500-2 690 MHz band has been extensively studied, and indeed in the United Kingdom, coexistence is being ensured through a remediation program to improve radar receiver selectivity. Similar techniques may be used, if required, to enable coexistence between IMT and Radars in the 1 300-1 400 MHz band. 

In order to be able to utilize the band for IMT systems improvements will be necessary at some of the radar receivers and to the IMT system emissions to ensure coexistence. A number of candidate improvements are described in this section. 

3.2.1	Improving radar selectivity

The radar selectivity can be improved by adding RF filtering before the low noise amplifier (LNA) or by improving the IF filtering.

3.2.1.1	Adding RF filtering before the LNA

The main problems relate to gain compression or intermodulation product generation in the LNA, and downstream components. For fixed frequency allocations, the most effective means of suppressing such problems is RF filtering prior to the LNA. The disadvantage is the insertion loss of the filter, which adds to the noise figure of the LNA, reducing detection range. In many cases, replacing the LNA of the radars, with a LNA with a lower noise figure that offsets the insertion loss of the filter, leaving the performance unchanged may be possible. For the mitigation and where required a RF filter providing 28.5 dB at separations ≥ 5 MHz has been used.

3.2.1.2	Improving IF filtering

The receiver IF-rolloff, of 80 dB/decade from the 3 dB bandwidth of the IF filters, should be sufficient to provide adequate protection for the narrower bandwidth filters; however, with small frequency offset s and wide IF bandwidths (particularly for Radar 3), the IF selectivity is likely to be insufficient. Replacement of the IF filter will not have as significant effect on receiver sensitivity as the insertion of an RF filter prior to the LNA; however it cannot protect the LNA from compression, although it can protect the IF amplifiers.

For the mitigation sensitivity analysis presented later where improved IF filtering is assumed, a receiver IF-rolloff of 100 dB/decade is assumed yielding the rejection values shown in Table 5. 
This rejection is additional to the rejection offered by RF filtering summarized at the end of Section 3.2.1.1. 

Table 5

Radar IF selectivity assuming an IF-rolloff of 100 dB/decade

		Parameter

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Attenuation of interfering signal by radar IF selectivity assuming frequency offset of

		10 MHz

		dB

		141.9

		147.1

		73.1

		122.3

		120.1

		136.9

		124.0



		

		20 MHz

		dB

		168.4

		173.6

		96.6

		148.4

		146.1

		163.3

		150.1



		

		30 MHz

		dB

		184.2

		189.5

		111.4

		164.1

		161.7

		179.1

		165.8





3.2.2 	Improvements to IMT base station emissions

Possible options for improving emissions from IMT base stations are to apply antenna downtilt, assume more typical spurious emissions levels and include an RF filter in the transmit chain.




3.2.2.1	Base station downtilt

Typical base station installations use downtilt to reduce inter-cell interference. The same technique can be used to afford some protection to the radar receiver, especially if its location and height is known. Although nulls exist in the vertical polar diagram, the full depth may not be achieved, due to pointing inaccuracy; however, antennas may be designed to suppress the upper sidelobe, and such antennas can achieve relative gains of ‑25 dB over 8 degrees above the main beam, as can be seen in Report ITU‑R F.1336 [[endnoteRef:1]].  [1: . 	Recommendation ITU‑R  F.1336-3, “Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz”, March 2012. ] 


Base station downtilt reduces the power of both the wanted and the unwanted emissions of the base station in the direction of the radar.

For the mitigation sensitivity analysis presented later, a relative antenna gain of −25 dB is assumed due to base station downtilt with upper sidelobe suppression. 

3.2.2.2	Base station out-of-band and spurious emissions

Base station unwanted emissions are given in 3GPP 36.104 for IMT-Advanced[endnoteRef:2]. At 10 MHz outside the downlink transmit band, the spurious emissions levels apply. For Category B, wide area base stations these are −30 dBm/MHz. However, typical performances can be significantly better, e.g. −55 dBm/MHz at 10 MHz offset falling to around −65 dBm/MHz by 20 MHz offset.  [2:  	3GPP, TS 36.104 v11.5.0 (2013-07): 3rd Generation Partnership Project; “LTE; Evolved Universal Terrestrial Radio Access (E-UTRA)”, (Release 11), July 2013.
ATTACHMENT 11
Analysis of required mitigation for imt systems and radars to share 
the 1300-1400 MHz
1	The results of the deterministic analysis (Study 10 above) of non co-channel compatibility of IMT base stations and UEs with radar systems for the ‘baseline’ case are used as a starting point to determine which interference mechanisms should be investigated further. 
1	Assumptions
In addition to the assumptions described in Section 3, the following assumptions apply.
–	The studies are based on the impact of multiple IMT transmitters on a single radar receiver.
–	The following minimum separation distances to radar are assumed. 
–	Base station	=  ≥ 5.5 km 
–	UE			=  ≥ 500 m
–	Maximum transmission power is assumed for IMT base stations and the powers from a ‘real life’ IMT system are emulated for the UEs by Seamcat’s built-in OFDMA module
–	Rural environment
–	Base station antenna down tilt of 3º 
–	The assumption of a 1 dB compression point of –10 dBm for the radars has been made in the absence of parameters from WP 5B or ITU recommendations.
–	Guard band of 10 MHz from edge of IMT band to radar receiver’s closest 3 dB point (half bandwidth from centre frequency)
–	It is recognised that the radar antenna gain used in error is the transmitter gain
2	IMT cell structure for the analysis
The IMT parameters in Tables 2 and 3 (as provided to JTG 4-5-6-7  from WP 5D) are used to set up the Seamcat OFDMA module for the IMT network for this frequency range. Below in figure 3 are shown the IMT network base station positions in relation to the radar receiver (yellow diamond). The IMT system is a rural macro network with 5 km cell radius, hence the distance between the closest base station and the radar receiver of 5.5 km as this provides a 500 m exclusion zone for the UEs. The IMT parameters from WP 5D also specify the active user density as 0.17 / 5MHz/km2. For this frequency band and the 10 MHz IMT system specified this translates into around 420 active users, we have however implemented a more conservative 570 active users with 50/50 split between indoor and outdoor use.
Figure 3

3	Baseline non co-channel case results (no mitigation) obtained from the deterministic study
In the following the critical interference mechanisms identified in the MCL study are presented. The attenuation required to enable coexistence for each of the interference mechanisms studied with the baseline characteristics are given in Table 6; where the values are negative (green), then this indicates compatibility and where the values are red this indicates that some sort of mitigation is required to achieve compatibility. 
It is clear that the unwanted emissions from the IMT transmitters in the radar band need some improvements, and radar RF selectivity is a problem for all the radars in the case where an IMT base station is operating in the non co-channel/band to a radar.






Table 6
Required attenuation for IMT systems into radar measured in dB
4	Calculations
In the following calculations the parameters from WP 5B and WP 5D have been used together with the additional assumptions mentioned in 4.1. The calculations have been performed firstly for the base stations followed by the UEs. The cellular structure set-up used in Seamcat is the same for both base stations and UEs. Seamcat’s built-in IMT module has been used to randomly position the 570 active UEs and provide the link power required for the terminals to operate in a real environment for both the indoor and outdoor UEs. The position of each UE, for each event, is then used to calculate the interference path loss to the radar with the interference power from those UEs being within the antenna beam of the radar receiver being aggregated. Similarly for the base stations and whilst not changing position, the interference power from those falling within the radar receiver’s main beam is aggregated. 
For each of the identified interference mechanisms, for the base station to radar case, firstly the deterministic calculation is shown for the case where a base station is located 1 km from a radar. Then this is recalculated using the cellular structure shown above where the closest base station is located at 5.5 km from the radar and where the interference powers from further base stations in the radar receiver antenna main beam are also taken into account.
A further calculation has been performed using a more appropriate propagation model than free space. It was found that at the distances up to 40 km the free space model is really not meaningful and that Recommendation ITU-R P.452-14 is a better choice. This has been used at a time percentage of 0.001%, even though this would appear rather conservative and unnecessarily strict when compared to the variations in the returned power from a target. Unsurprisingly the resulting aggregate interference power increased allowing to calculate a more accurate/conservative mitigation requirement. Where relevant the impact of the required mitigation has also been calculated.
Also for the identified interference mechanisms for the UE to radar, firstly the deterministic calculation is shown for the case where a single UE is located 500 m from the radar.
Then this is recalculated using the cellular structure shown above where the closest UE may be located 500 m from the radar and where the interference powers from the randomly distributed UEs in the radar main beam are taken into account up to a distance of 40 km. The calculation uses the requirement identified in the deterministic study to establish a ‘bench mark’. 
The calculations also consider the likelihood of the UEs transmitting a data burst at the time a radar beam sweeps past and takes this into account as a correlation factor.
Further the calculations are performed using Recommendation ITU-R P.452-14 propagation model at a time percentage of 0.001% instead of free space, and finally the impact of the mitigation is calculated.
4.1	Base station non co-channel calculations
In the following the base station calculations are considered for IMT downlink. 
4.1.1	Single IMT rural base station spurious emissions impact on radar (no mitigation) 
at 1 km separation distance, obtained from the deterministic study.
The calculation of the required additional attenuation when considering the impact of IMT base station unwanted emissions on the radar receiver is shown in Table 7. A frequency offset of 10 MHz is assumed for the Category B −30 dBm/MHz base station spurious emissions limit to apply. 
Table 7
IMT base station spurious emissions falling in the pass-band of a radar receiver
The above results from a single base station into a radar receiver at 1 km is recalculated using the cellular structure and aggregate power from the base stations at distances from 5.5 km to 40 km. The calculations have been performed for radar 1 as this is the most critical. 
For radar 1 the calculation of the spurious emissions using free space propagation provides aggregate interference power at the radar receiver of –93.32 dBm/MHz which is 30.68 dB above the threshold of –124.0 dBm/MHz (–6 dB I/N -6 dB safety factor). 
This value is different to the required attenuation of –43.5 dB of the deterministic study because in the deterministic study there is no aggregation of power and the base station is fixed at 1 km. In this rural environment there is no requirement to have a base station this close to the radar, in fact it is unwanted. The closest base station is positioned at 5.5 km distance to the radar to provide coverage for the UEs up to a distance of 500 m from the radar.
At distances between 5.5 to 40 km free space propagation clearly is not a valid model even for base stations and the more suitable propagation model in Recommendation ITU-R P.452-14 is used. 
The model is producing propagation losses very close to Free Space propagation for the first 5 km and only a slow roll off thereafter so a very pessimistic model compared to other models.
Recalculating the spurious emissions using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power provides –87.3 dBm/MHz at the radar receiver or 36.7 dB above the threshold of -124.0 dBm/MHz (–6 dB I/N, –6 dB safety factor).
Taking the above into account and under the above assumptions all base stations would need to have spurious emissions 20 dB better than the generic specification in the radar frequency range and the base stations within 65 km of a radar would need to be coordinated and be required to have further improved spurious emissions specification or an additional transmitter chain filter installed, or both, according to the distance to the radar; this however is a relatively trivial matter that can be part of normal site engineering.
4.1.2	Single IMT rural base station impact on radar IF selectivity (no mitigation) at 
1 km separation distance, obtained from the deterministic study.
The calculation of the required additional attenuation when considering the suppression of the IMT base station wanted signal by the radar IF selectivity is shown in Table 8. The required additional attenuation is calculated for a frequency offset of 10 MHz.







Table 8
Radar IF Selectivity rejection of IMT base station transmission

Recalculating the IF selectivity for radar 1 using free space propagation and aggregate interference power provides –122.74 dBm/MHz at the radar receiver, 1.26 dB above the threshold of –124 dBm/MHz (–6 dB I/N –6 dB safety factor). Again, the variation in the result to the deterministic study is due to distances and aggregation of interference power.
Using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power provides –116.71dBm/MHz, 7.29 dB above the threshold of –124.0 dBm/MHz (–6 dB I/N –6 dB safety factor).
This could be mitigated by an improved roll-off of the IF filter but as the radar receiver also need improved 1 dB compression point characteristic a RF front end filter is required. This filter will also provide the additional selectivity required. Assuming an RF front end filter with 28.5 dB attenuation at more than 5 MHz frequency separation will provide – 144.51 dBm/MHz at the radar receiver or 
20.51 dB below the threshold of –124.0 dBm/MHz (–6 dB I/N –6 dB safety factor).
Radar 3 will in addition to the RF front end filter also require a 100 dB/decade IF filter or replace by a more spectrum efficient radar.
4.1.3	Single IMT rural base station impact on radar 1 dB compression point (no mitigation) at 1 km separation distance, obtained from the deterministic study.
The calculation of the required additional attenuation when considering the impact of the IMT base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 9. 
Table 9
IMT base station wanted emissions compared with input 1 dB compression point of a radar receiver 
(-10 dBm 1 dB compression point assumed)
Recalculating the 1 dB compression point for radar 1 using free space propagation and aggregate interference power provides –16.59dBm at the radar receiver, 0.59 dB below the threshold of –16 dBm (1 dB compression point –6 dB safety factor). Again, the variation in the result to the deterministic study is due to distances and aggregation of interference power.
Using Recommendation ITU-R P.452-14 propagation model at 0.001% time, aggregate power provides –10.57 dBm, 5.43 dB above the threshold of -16 dBm (1 dB compression point –6 dB safety factor).
Mitigating this requires the installation of a RF front end filter in the radar receiver and assuming the same filter used to mitigate the selectivity the calculation now provides –42.56 dBm, 26.56 dB below the threshold of –16 dBm (1 dB compression point –6 dB safety factor).



4.2	IMT UE calculations
4.2.1	IMT UE MCL calculations for spurious emissions from a single UE at 500 m separation distance of the radar, obtained from the deterministic study.
The calculation of the required additional attenuation when considering the impact of IMT UE spurious emissions on the pass-band of a radar receiver is shown in Table 10.
Table 10
IMT user equipment spurious emissions falling in the pass-band of a radar receiver
4.2.2	IMT UE MC calculations for spurious emissions of multiple UEs in the 
IMT system.
The above results from a single UE into a radar receiver at 500 m is recalculated using the cellular structure from above and aggregate power from randomly located UEs at distances from 500 m to 40 km (the size of the simulated IMT system). The calculations have been performed for radar 1 as this is the most critical ATC radar.
In the deterministic study shown above the required attenuation of spurious emissions at 500 m distance between an UE and the Radar is 17.5 dB for the most critical, Radar 1. 
The simple but costly solution would be just to ‘tighten’ the spurious emissions requirements of the UEs by the required 17.5 dB. The result of this is shown below in figure 4 as a ‘bench mark’. 
Figure 4
UEs with -47.5 dBm/MHz spurious emissions, free space propagation and aggregate power of UEs 
in the radar beam pointing into the IMT system

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of –124.0 dBm/MHz (–6 dB I/N and 6 dB ATC safety factor) is 1.0 % with 0.2 % of events exceeding the I/N threshold by around 1.5 dB (the maximum value)
The scenario above assumes free space propagation to be valid model at distances of up to 40 km and that all 570 active UEs are transmitting continuously, of course, neither of these two requirements are realistic or possible.
So if we first look at the activity of the UE e.g. in a voice over IP call. The data rate in uplink is more than ten times what is required to support a VoIP call and of course there are also no transmissions of data during any silence or listening which accounts for more than half the time so even with overhead for the link maintenance this easily justifies a one in twenty probability of the UE transmitting during the very short period of time when the main radar beam sweeps past. Also for data applications, any particular UE will only be transmitting on the uplink for a small percentage of the time. Transmissions over IMT for data applications will generally be comprised of a number of relatively short bursts, most data applications require transmission of significantly more data on the downlink than on the uplink, and even when a UE is engaged in an active data session it will not be transmitting continuously. 10% is a highly conservative figure for the probability that an UE will be transmitting at any particular time. For practical reasons we have used this more conservative one in ten probability (correlation factor) in the following scenarios below, figure 5 shows the impact of this on the ‘unmitigated’ baseline scenario.
Figure 5
UEs with standard -30 dBm/MHz spurious, free space propagation, correlation factor and aggregate of UEs
 in the radar beam pointing into the IMT system

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of –124.0 dBm/MHz (–6 dB I/N and 6 dB ATC safety factor) is 8.8 % with 3 % exceeding the I/N threshold
Next we look at the propagation to include the aggregate powers from terminals at up to 40 km distance. Clearly, free space propagation is not a valid model at these distances and a more appropriate propagation model to deal with this is Recommendation ITU-R P.452-14. The result of this is shown below in figure 6.
Figure 6
UEs with standard -30 dBm/MHz spurious, Recommendation ITU-R P.452-14 propagation model at 0.001% time, correlation factor and aggregate of UEs in the radar beam pointing into the IMT system

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of –124.0 dBm/MHz (–6 dB I/N and 6 dB ATC safety factor) is 6 % with 1.3 % exceeding the I/N threshold
With the more realistic conditions interference is still exceeding the bench mark and it is clear that under these assumptions the spurious emissions from the UEs would need to be reduced to an acceptable level.
In the following two scenarios the spurious emissions are reduced by 5 dB (figure 7) and 10 dB (figure 8) respectively.
Figure 7
UEs with -35 dBm/MHz spurious, correlation factor, with propagation model Recommendation ITU-R P.452-14 at 0.001 % time and aggregate of UEs in the radar beam pointing into the IMT system

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of –124.0 dBm/MHz (-6 dB I/N and 6 dB ATC safety factor) is 0.7 % with 0.5 % exceeding the I/N threshold, mean value –141.69 dBm/MHz



Figure 8
UEs with -40 dBm/MHz spurious, correlation factor, propagation model Recommendation ITU-R P.452-14 at 0.001 % time and aggregate of UEs in the radar beam pointing into the IMT system

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of –124.0 dBm/MHz (–6 dB I/N and 6 dB ATC safety factor) is 0.2 % with 0 % exceeding the I/N threshold, mean value –147.02 dBm/MHz
5	Results
A summary for radar 1 is presented in this section for the ‘baseline’ results and results where the application of various mitigation techniques is assumed. 










Table 12 below is the results for IMT base stations 
Table 12
Table 13 below is the results for IMT user equipment.
Table 13





Discussion of the results
A way of relating to the 0.2 % of events exceeding the 6 dB safety factor with 0 % of events exceeding the I/N value is; for any given direction of the radar antenna, out of 1 000 rotations of the radar antenna sweeping past this direction there are 2 instances where an interfering signal is present which will exceed the safety factor threshold of 6 dB, it will however have no impact on the radar performance because the I/N threshold has not been exceeded.
6	Summary / Conclusions of Study 8
This contribution has been produced as a supplement to the deterministic studies already presented. The study provides an analysis of what and how much mitigation is likely to be required for an IMT system and radar to coexist with a 10 MHz frequency offset under normal operating conditions.
From the simulations performed it is likely that the use of the band for uplink will require UEs with improved spurious emissions of around 10 dB lower than the generic specification. For uplink there are no requirements for any mitigation to the radars even if these have significantly worse specifications than assumed in this study. 
For downlink operation all base stations are likely to require spurious emissions in the radar band around 20 dB below the generic specification. There is also likely to be a need for coordination of the base stations within a distance of around 65 km of the radar and within this range to have further improved spurious emissions, a transmitter chain filter added or both. The radars may require a RF front end filter to improve the 1 dB compression point; this filter will also provide the additional attenuation needed for the IF selectivity, apart from Radar 3 which in addition will require an IF filter with a roll-off of around 100 dB/decade. For the few cases where a base station is close to the radar, there are many more potential mitigating techniques available as can be seen in Section 3.2.
In summary: The results of this study indicate that it is possible to operate IMT uplink on the non-co-channel basis provided a 10 MHz frequency offset is implemented and the UEs have spurious emissions in the radar band around 10 dB lower than the generic spurious emissions specification. 
It is also possible to operate IMT downlink in the band; in this case however a RF front end filter is required for the radar and around 20 dB improved spurious emissions specification for all base stations compared with the generic specification. Coordination of the IMT base stations within around 65 km of radar is also likely to be required because these may need further improved spurious emissions. Also, Radar 3 is likely to require an improved IF filter. 
In principle, it would be possible to operate IMT uplink in the non co-channel with a frequency offset smaller than 10 MHz. This however would require use of much more of the mitigation techniques mentioned in 3.2, filtering of most radars and the UEs to have further reduced spurious emissions which may not be commercially viable.
______________] 


For the mitigation sensitivity analysis presented later, the base station unwanted emissions are assumed to be −55 dBm/MHz for a frequency offset of 10 MHz.

3.2.2.3	Additional RF filtering

Base station unwanted emissions can be improved further by the addition of an RF filter to the transmit chain. Such an approach can yield up to 60 dB reduction in emissions with guardbands of 10 MHz and above, with standard filter design techniques, as described in Appendix 2 to Annex 2 of Report ITU‑R M.2112, the appendix being entitled, “IMT base station front-end filters”. 

For the mitigation sensitivity analysis presented later, the inclusion of an RF filter in the transmit chain is considered, yielding 60 dB reduction in unwanted emissions for a guardband of 10 MHz or more.

3.2.3 	IMT UE unwanted emissions

There is considerably less flexibility in improving UE unwanted emissions. It should be noted that in general IMT macrocell networks are designed to serve UEs located in buildings, and therefore maximum power UE transmissions outside are fairly unlikely due to the planning margins employed. 

Unwanted emissions of IMT UEs are generally considerably better than the specification. In our mitigated analysis, the unwanted emissions in the radar receive band is assumed to be −50 dBm/MHz well aware that this may be challenging commercially. 

Collocation of the base station with the radar may also be a possibility, in order that the UEs will be power controlled to deliver a low power level to the base station, and therefore also to the radar. 

4	Analysis

In this section the assumptions, methodology, calculations and results are described for the deterministic analysis of non cochannel compatibility of IMT base stations and UEs with radar systems both for the ‘baseline’ case based on the technical characteristic outlined in Section 3.1 and for the case where the improvements in Section 3.2 are assumed. 

4.1	Assumptions

In addition to the assumptions described in Section 3, the following assumptions apply.

–	The studies are based on the impact of single IMT transmitter on a single radar receiver.

–	The following minimum separation distances to radar are assumed. 

–	Base station	=   1 km 

–	UE		=   500 m

–	Maximum transmission power is assumed

–	Rural environment

–	The assumption of a 1 dB compression point of –10 dBm for the radars has been made in the absence of parameters from WP5B or ITU recommendations.

–	It is recognised that the radar antenna gain used in error is the transmitter gain.

4.2	Methodology

The following analysis is based on determining the additional attenuation required for a reference minimum separation distance using free space path loss to ensure compatibility between IMT systems and radar in the frequency band 1300-1400 MHz. The studies address IMT systems in the non cochannel to radar systems, and consider compatibility with and without the application of various mitigation techniques. The methodology is the same regardless of whether mitigation is considered or not; instead some of the parameter values differ as described in Section 3.

The non cochannel analysis considers the impact of both the unwanted emissions from the IMT system and the radar receiver adjacent channel/band rejection of the wanted signal of the IMT system.

4.2.1	IMT spurious emissions in radar receiver passband

This analysis calculates the power spectral density (PSD) at the radar receiver from the unwanted emissions of the IMT system for a given separation distance (1 km for a base station and 500 m for a UE) assuming free space path loss and compares it against the acceptable receiver interference PSD level. The difference between the PSD of the IMT system at the radar receiver and the acceptable receiver interference PSD level represents the additional attenuation required. A positive number represents the additional suppression required to achieve compatibility whilst a negative number represents the degree of compatibility.

Spurious PSD of the IMT transmitter at the radar receiver:



where:

	SPSDRX	= spurious PSD of the IMT system at the radar receiver

	SPSDTX	= spurious PSD of the IMT transmitter

	FLTX	= transmit feeder loss for base stations or body loss for UE 

	GTX	= transmit maximum antenna gain

	GTX,REL	= transmit antenna gain relative to maximum in direction of radar

	PL	= free space path loss 

	GRX	= receive antenna gain

	GRX,REL	= receive antenna gain relative to maximum in direction of IMT system

	FLRX	= receive feeder loss

	POLRX	= polarization loss

Acceptable receiver interference PSD level:



where:

	ILPSD	= acceptable receiver interference PSD level 

	TN	= receiver thermal noise PSD level

	I/N	= required interference to noise protection level 

	SM	= safety margin (only applicable ATC radars)

Required additional attenuation:



where:

	ATT	= required additional attenuation

	SPSDRX	= spurious PSD of the potential interferer at the victim receiver

	ILPSD	= acceptable receiver interference PSD level

In this analysis, the guardband between the radar and IMT systems is assumed to be sufficient to ensure that the interference at the radar receiver is dominated by spurious emissions rather than out of band emissions (OOBEs). 

4.2.2	Radar receiver rejection of the IMT wanted signal

This analysis calculates:

	the PSD at the radar receiver from the wanted signal PSD of the IMT system as attenuated by the adjacent channel rejection of the radar receiver for a given separation distance (1 km for a base station and 500 m for a UE) assuming free space path loss and compares it against the acceptable receiver interference PSD level;

	and

	the power at the radar receiver from the wanted signal of the IMT system for a given separation distance (1 km for a base station and 500 m for a UE) assuming free space path loss and compares it with the 1 dB compression point (radar).

The difference between the PSD/power of the IMT system at the radar receiver and the acceptable receiver interference PSD/power level represents the additional attenuation required. A positive number represents the additional suppression required to achieve compatibility whilst a negative number represents the degree of compatibility. 




4.2.2.1	Adjacent channel rejection

PSD of the IMT transmitter at the radar receiver:



where:

	PSDRX	= PSD of the IMT transmitter at the radar receiver front end

	PSDTX	= PSD of the IMT transmitter

	FLTX	= transmit feeder loss for base stations or body loss for a UE

	GTX	= transmit maximum antenna gain

	GTX,REL	= transmit antenna gain relative to maximum in direction of radar

	PL	= free space path loss 

	GRX	= receive antenna gain

	GRX,REL	= receive antenna gain relative to maximum in direction of IMT system

	FLRX	= receive feeder loss

	POLRX	= polarization loss

Acceptable receiver interference PSD level:



where:

	ILPSD	= acceptable receiver interference PSD level

	TNPSD	= receiver thermal noise PSD level

	I/N	= required interference to noise protection level 

	SM	= safety margin (only applicable for aeronautical services)

	ACRRX 	= maximum adjacent channel rejection of the receiver

Required additional attenuation:



where:

	ATT	= required additional attenuation

	PSDRX	= PSD of the potential interferer at the victim receiver

	IL	= acceptable receiver interference PSD level

4.2.2.2	1 dB compression point

Power of the IMT transmitter at the radar receiver:



Where:

	PRX	= power of the IMT transmitter at the radar receiver

	PTX	= power of the IMT transmitter

	FLTX	= transmit feeder loss 

	GTX	= transmit maximum antenna gain

	GTX,REL	= transmit antenna gain relative to maximum in direction of radar

	PL	= free space path loss 

	GRX	= receive antenna gain

	GRX,REL	= receive antenna gain relative to maximum in direction of IMT system

	FLRX	= receive feeder loss

	POLRX	= polarization loss

Acceptable receiver interference level:



where:

	ILCP	= acceptable receiver interference level for 1 dB compression point

	CPRX	= receiver 1 dB compression point

	SM	= safety margin (only applicable for aeronautical services)

Required additional attenuation:



where:

	ATT	= required additional attenuation

	PRX	= power of the potential interferer at the victim receiver

	ILCP	= acceptable receiver interference level for 1 dB compression point



4.3	Calculations

The calculations of co-channel and non cochannel interference between IMT systems and radar systems are described in this section. These include ‘baseline’ calculations in which no mitigation is assumed, and calculations that do consider the application of non cochannel mitigation techniques. Refer to Sections 3.1 and Section 3.2 for details of the technical characteristics assumed for the ‘baseline’ and ‘mitigation’ cases, respectively.

4.3.1	Co-channel

4.3.1.1	Baseline co-channel (no mitigation)

First the baseline calculations are considered. 

4.3.1.2	IMT base station (rural) impact on radar




Table 6

Co-channel base station on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–14.5

		–14.8

		–11.8

		–11.5

		–15.0

		–14.0

		–14.5



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–116.0

		–114.0

		–118.0



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		109.5

		109.2

		104.5

		106.9

		100.7

		97.0

		102.3





4.3.1.3	IMT user equipment impact on radar




Table 7

Co-channel user equipment on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm/MHz

		23.0

		23.0

		23.0

		23.0

		23.0

		23.0

		23.0



		UE transmit power

		dBm/MHz

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–63.5

		–63.8

		–59.8

		–59.5

		–64.0

		–63.0

		–63.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–115.8

		–111.0

		–116.8



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		60.5

		60.2

		55.5

		57.9

		57.9

		48.0

		53.3





4.3.2	Baseline non cochannel (no mitigation)

First the baseline calculations are considered. 

4.3.2.1	IMT rural base station impact on radar (no mitigation)

The calculation of the required additional attenuation when considering the impact of IMT base station unwanted emissions on the radar receiver is shown in Table 9. A frequency offset of 10 MHz is assumed for the Category B −30 dBm/MHz base station spurious emissions limit to apply. 




Table 8

IMT base station spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emission limit

		dBm/MHz

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0

		-30.0

		-30.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–80.5

		–80.8

		–76.8

		–76.5

		–81.0

		–80.0

		–80.5



		 

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–115.8

		–111.0

		–116.8



		 

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		43.5

		43.2

		38.5

		40.9

		34.7

		31.0

		36.3





The calculation of the required additional attenuation when considering the suppression of the IMT base station wanted signal by the radar IF selectivity is shown in Table 9. The required additional attenuation is calculated for a frequency offset of 10 MHz.

Table 9

Radar IF Selectivity (60 dB/decade) rejection of base station transmission

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Relative base station antenna gain

		dB

		0

		0

		0

		0

		0

		0

		0



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar relative height loss

		dB

		0

		0

		0

		0

		0

		0

		0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–14.5

		–14.8

		–11.8

		–11.5

		–15.0

		–14.0

		–14.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		IF selectivity at 10 MHz frequency offset (FO)

		dB

		112.4

		116.5

		57.2

		96.7

		94.9

		108.3

		98.0



		Acceptable interference level at 10 MHz FO

		dBm/MHz

		-11.6

		-7.5

		-58.1

		-20.7

		-20.9

		-2.7

		-18.8



		

		

		

		

		

		

		

		

		



		Required attenuation at 10 MHz FO

		dB

		-2.9

		-7.3

		47.3

		10.2

		5.8

		-11.4

		4.2





The calculation of the required additional attenuation when considering the impact of the IMT base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 10. 

Table 10

IMT base station wanted emissions compared with input 1 dB compression point of a radar receiver 
(–10 dBm assumed)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm

		46

		46

		46

		46

		46

		46

		46



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar relative height loss

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		-4.5

		-4.8

		-0.8

		-0.5

		-5.0

		-4.0

		-4.5



		

		

		

		

		

		

		

		

		



		Radar 1 dB compression point (assumed)

		dBm

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Acceptable interference level

		dBm

		-16.0

		-16.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		11.5

		11.2

		9.2

		9.5

		5.0

		6.0

		5.5





4.3.2.2	IMT UE impact on radar (no mitigation)

The calculation of the required additional attenuation when considering the impact of IMT UE spurious emissions on the pass-band of a radar receiver is shown in Table 11. A frequency offset of 15 MHz is used for this calculation for the UE spurious emissions to apply.

Table 11

User equipment spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE spurious emission limit

		dBm/MHz

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0

		–30.0



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–106.5

		–106.8

		–102.8

		–102.5

		–107.0

		–106.0

		–106.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–115.8

		–111.0

		–116.8



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		17.5

		17.2

		12.5

		14.9

		8.7

		5.0

		10.3





The calculation of the required additional attenuation when considering the suppression of the IMT UE wanted signal by the radar IF selectivity is shown in Table 12. The required additional attenuation is calculated for a frequency offset of 10 MHz. 




Table 12

Radar IF Selectivity (60 dB/decade) rejection of user equipment transmission

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm/MHz

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–63.5

		–63.8

		–59.8

		–59.5

		–64.0

		–63.0

		–63.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		IF selectivity at 10 MHz frequency offset (FO)

		dB

		112.4

		116.5

		57.2

		96.7

		94.9

		108.3

		98.0



		Acceptable interference level at 10 MHz FO

		dBm/MHz

		-11.6

		-7.5

		-58.1

		-20.7

		-20.9

		-2.7

		-18.8



		

		

		

		

		

		

		

		

		



		Required attenuation at 10 MHz FO

		dB

		-51.9

		-56.3

		-1.7

		-38.8

		-43.1

		-60.3

		-44.7





The calculation of the required additional attenuation when considering the impact of the IMT UE wanted signal on the 1 dB compression point of a radar receiver is shown in Table 13. 

Table 13

IMT user equipment wanted emissions compared with input 1 dB compression point of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm

		23

		23

		23

		23

		23

		23

		23



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		-53.5

		-53.8

		-49.8

		-49.5

		-54.0

		-53.0

		-53.5



		

		

		

		

		

		

		

		

		



		Radar 1 dB compression point

		dBm

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0



		Safety factor

		dBm

		6

		6

		0

		0

		0

		0

		0



		Acceptable interference level

		dBm

		-16.0

		-16.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		-37.5

		-37.8

		-39.8

		-39.5

		-44.0

		-43.0

		-43.5







4.3.3	Co-channel with mitigation

The calculations in Section 4.3.1 are repeated in this section, but with the mitigation techniques applied, using a down tilt antenna with suppressed upper lobe for the base station as described in Section 3.2.

Table 14

Co-channel IMT base station on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Relative base station antenna gain

		dB

		-25

		-25

		-25

		-25

		-25

		-25

		-25



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–39.5

		–39.8

		–36.8

		–36.5

		–40.0

		–39.0

		–39.5



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–116.0

		–114.0

		–118.0



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		84.5

		84.2

		79.5

		81.9

		75.7

		72.0

		77.3





4.3.4	Non cochannel with mitigation

The calculations in Section 4.3.2 are repeated in this section, but with the assumption that various non cochannel channel mitigation techniques are applied, as described in Section 3.2.

4.3.4.1	IMT rural macrocell base station impact on radar (with mitigation)

The calculation of the required additional attenuation when considering the impact of IMT base station spurious emissions on the pass-band of a radar receiver is shown in Table 15 when various mitigation techniques are adopted. The mitigation measures include 

–	Base station 

–	Lower spurious emissions (–55 dBm/MHz rather than –30 dBm/MHz)

–	RF Transmit filter giving 60 dB suppression

–	Downtilt + upper sidelobe suppression (–25 dB gain toward radar)

Table 15

IMT base station spurious emissions falling in the pass-band of a radar receiver (60 dB filter)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emission limit

		dBm/MHz

		-55

		-55

		-55

		-55

		-55

		-55

		-55



		Base station RF transmit chain filter rejection

		dB

		60

		60

		60

		60

		60

		60

		60



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Relative base station antenna gain

		dB

		-25

		-25

		-25

		-25

		-25

		-25

		-25



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar relative height loss

		dB

		0

		0

		0

		0

		0

		0

		0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		-190.5

		-190.8

		-186.8

		-186.5

		-191.0

		-190.0

		-190.5



		 

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–115.8

		–111.0

		–116.8



		 

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		-66.5

		-66.8

		-71.5

		-69.1

		-75.3

		-79.0

		-73.7












The calculation of the required additional attenuation when considering the rejection of the IMT base station wanted signal by the radar selectivity is shown in Table 16 assuming various mitigation measures. The mitigation measures include 

–	Base station

–	downtilt with upper sidelobe suppression (−25 dB relative antenna gain in the direction of the radar).

–	Radar

–	IF selectivity rolloff of 100 dB/decade rather than 80 dB/decade.

–	RF filter before the LNA (as described in Section 3.2.1.1).

–	The required attenuation is calculated for a frequency offset of 10 MHz.

Table 16

Radar IF selectivity (100 dB/decade) rejection of IMT base station transmission (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0

		36.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Relative base station antenna gain

		dB

		-25

		-25

		-25

		-25

		-25

		-25

		-25



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar relative height loss

		dB

		0

		0

		0

		0

		0

		0

		0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		-39.5

		-39.8

		-35.8

		-35.5

		-40.0

		-39.0

		-39.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		IF selectivity at 10 MHz frequency offset (FO)

		dB

		170.4

		175.6

		101.6

		150.8

		148.6

		165.4

		152.5



		Acceptable interference level at 10 MHz FO

		dBm/MHz

		46.4

		51.6

		-13.7

		33.4

		32.8

		54.4

		35.7



		

		

		

		

		

		

		

		

		



		Required attenuation at 10 MHz FO

		dB

		-86.0

		-91.4

		-22.1

		-69.0

		-72.9

		-93.4

		-75.3










The calculation of the required additional attenuation when considering the impact of the IMT base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 17 assuming the following mitigation measures are adopted. 

–	Base station downtilt with upper sidelobe suppression (–25 dB relative antenna gain).

–	Inclusion of an RF filter before the radar LNA (as described in Section 3.2.1.1) yielding 28.5 dB rejection at ≥ 5 MHz frequency offset.

Table 17

IMT base station wanted emissions compared with input 1 dB compression point of a radar receiver 
(-10 dBm 1 dB compression point assumed and with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm

		46

		46

		46

		46

		46

		46

		46



		Base station feeder loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Base station antenna gain

		dBi

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0

		18.0



		Relative base station antenna gain

		dB

		-25

		-25

		-25

		-25

		-25

		-25

		-25



		Free space path loss for 1 km

		dB

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0

		95.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Radar relative height loss

		dB

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		-29.5

		-29.8

		-25.8

		-25.5

		-30.0

		-29.0

		-29.5



		

		

		

		

		

		

		

		

		



		Radar 1 dB compression point (assumed)

		dBm

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0



		RF filter rejection

		dB

		28.5

		28.5

		28.5

		28.5

		28.5

		28.5

		28.5



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Acceptable interference level

		dBm

		12.5

		12.5

		18.5

		18.5

		18.5

		18.5

		18.5



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		-42.0

		-42.3

		-44.3

		-44.0

		-48.5

		-47.5

		-48.0





4.3.4.2	IMT UE impact on radar (with mitigation)

Calculation of the required additional attenuation for the scenario of IMT UEs coexisting with radars when mitigation measures are applied is considered in this section.

The calculation of the required additional attenuation when considering the impact of UE unwanted emissions on the radar receiver is shown in Table 18 assuming UE unwanted emissions of −50 dBm/MHz.

Table 18

IMT user equipment spurious emissions falling in the pass-band of a radar receiver (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE spurious emission limit

		dBm/MHz

		-50

		-50

		-50

		-50

		-50

		-50

		-50



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		-126.5

		-126.8

		-122.8

		-122.5

		-127.0

		-126.0

		-126.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		Interference level

		dBm/MHz

		–124.0

		–124.0

		–115.3

		–117.4

		–115.8

		–111.0

		–116.8



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		-2.5

		-2.8

		-7.5

		-5.1

		-11.3

		-15.0

		-9.7





The calculation of the required additional attenuation when considering the rejection of the UE wanted signal by the radar selectivity is shown in Table 19 assuming various mitigation measures. The mitigation measures include: 

–	A radar IF selectivity rolloff of 100 dB/decade rather than 80 dB/decade.

–	Also the radar selectivity includes the rejection due to an RF filter before the LNA 
(as described in Section 3.2.1.1).

The required additional attenuation is calculated for a frequency offset of 10 MHz. 




Table 19

Radar IF selectivity (100 dB/decade) rejection of user equipment transmission (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm/MHz

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0

		13.0



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		–63.5

		–63.8

		–59.8

		–59.5

		–64.0

		–63.0

		–63.5



		

		

		

		

		

		

		

		

		



		Receiver noise floor

		dBm/MHz

		–112.0

		–112.0

		–109.3

		–111.4

		–109.8

		–105.0

		–110.8



		Required I/N

		dB

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0

		–6.0



		Safety margin

		dB

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0

		0.0



		IF selectivity at 10 MHz frequency offset (FO)

		dB

		170.4

		175.6

		101.6

		150.8

		148.6

		165.4

		152.5



		Acceptable interference level at 10 MHz FO

		dBm/MHz

		46.4

		51.6

		-13.7

		33.4

		32.8

		54.4

		35.7



		

		

		

		

		

		

		

		

		



		Required attenuation at 10 MHz FO

		dB

		-110.0

		-115.4

		-46.1

		-93.0

		-96.9

		-117.4

		-99.2





The calculation of the required additional attenuation when considering the impact of the UE wanted signal on the 1 dB compression point of a radar receiver is shown in Table 20 assuming the inclusion of an RF filter before the radar LNA (as described in Section 3.2.1.1) yielding 28.5 dB rejection at separations ≥5 MHz. 




Table 20

IMT user equipment wanted emissions compared with input 1 dB compression point of a radar receiver
(with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm

		23

		23

		23

		23

		23

		23

		23



		UE body loss

		dB

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0

		4.0



		UE antenna gain

		dBi

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0

		–3.0



		Free space path loss for 500 m

		dB

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0

		89.0



		Radar antenna gain

		dBi

		34.5

		34.2

		38.2

		38.5

		34

		35

		34.5



		Relative gain (3° below max)

		

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0

		–10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarisation Loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		-53.5

		-53.8

		-49.8

		-49.5

		-54.0

		-53.0

		-53.5



		

		

		

		

		

		

		

		

		



		Radar 1 dB compression point

		dBm

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0

		-10.0



		RF filter rejection

		dB

		28.5

		28.5

		28.5

		28.5

		28.5

		28.5

		28.5



		Safety factor

		dBm

		6

		6

		0

		0

		0

		0

		0



		Acceptable interference level

		dBm

		12.5

		12.5

		18.5

		18.5

		18.5

		18.5

		18.5



		

		

		

		

		

		

		

		

		



		Required attenuation

		dB

		-66.0

		-66.3

		-68.3

		-68.0

		-72.5

		-71.5

		-72.0





4.4	Results

A summary is presented in this section of the ‘baseline’ results and results where the application of various mitigation techniques is assumed. 

4.4.1	Co-channel

The results provided in Table 21 are the required additional attenuation for avoidance of interference to radar in the co-channel case with no mitigation

Table 21

Required attenuation (dB) for IMT systems co-channel into radar

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Interferer

		Base Station

		109.5

		109.2

		104.5

		106.9

		100.7

		97.0

		102.3



		

		User equipment

		60.5

		60.2

		55.2

		57.9

		51.70

		48.0

		53.3





4.4.1.1	Co-channel with mitigation

The results provided in Table 22 are the required additional attenuation for avoidance of interference to radar in the co-channel case using a down tilt antenna with suppressed upper lobe for the base station.

Table 22

Required attenuation (dB) for IMT systems co-channel into radar (with mitigation)

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Interferer

		Base Station

		84.5

		84.2

		79.5

		81.9

		75.7

		72.0

		77.3



		

		User equipment

		60.5

		60.2

		55.2

		57.9

		51.70

		48.0

		53.3





4.4.2	Baseline non cochannel case (no mitigation)

The attenuation required to enable coexistence for each of the interference mechanisms studied with the baseline characteristics are given in Table 23; where the values are negative (green), then this indicates compatibility. Unwanted emissions from the IMT transmitters in the radar band need some improvements, and radar RF selectivity is a problem for all the radars and IF selectivity as well for the wider bandwidth radars 3, 4, 5 and 7. 

Table 23

Required attenuation for IMT systems into radar measured in dB

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		IMT system

		BS

		Spurious emissions

		43.5

		43.2

		38.5

		40.9

		34.7

		31.0

		36.3



		

		

		Radar 1 dB compression point -10 dBm  assumed

		11.5

		11.2

		9.2

		9.5

		5.0

		6.0

		5.5



		

		

		Radar IF selectivity at 10 MHz frequency offset

		-2.9

		-7.3

		47.3

		10.2

		5.8

		-11.4

		4.2



		

		UE

		Spurious emissions at 15 MHz frequency offset

		17.5

		17.2

		12.5

		14.9

		8.7

		5.0

		10.3



		

		

		Radar 1 dB compression point -10 dBm  assumed

		-37.5

		-37.8

		-39.8

		-39.5

		-44.0

		-43.0

		-43.5



		

		

		Radar IF selectivity at 10 MHz frequency offset

		-51.9

		-56.3

		-1.7

		-38.8

		-43.1

		-60.3

		-44.7





4.4.2.1	Non cochannel with mitigation

The results are presented in this section assuming that all of the mitigation measures described in Section 3.2 are adopted, namely improved unwanted emissions of the IMT base stations and UEs, RF filtering at the base stations and at the radars, improved radar IF selectivity, downtilt with upper sidelobe suppression for the rural macrocell base stations, exclusion zone around the radar from a UE at 500 m separation or a base station at 1 km, and a frequency offset of 10 MHz. Clearly there are many intermediate cases where some but not all of these mitigation measures are applied, however calculation of detailed results for these is beyond the scope of this study.

The attenuation required to enable coexistence for each of the interference mechanisms studied with the improved characteristics are given in Table 24; where the values are negative (green), then this indicates compatibility. The unwanted emissions from IMT into the radar band that are assumed here are now acceptable, and the selectivity of the wider bandwidth Radars 3, 4, 5 and 7 requires a frequency offset of 10 MHz in order to achieve coexistence with macrocells and UEs. 

Table 24

Required attenuation for IMT systems into radar measured in dB (with mitigation)

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		IMT system

		BS

		Spurious emissions

		-66.5

		-66.8

		-71.5

		-69.1

		-75.3

		-79.0

		-73.7



		

		

		Radar 1 dB compression point -10 dBm  assumed

		-42.0

		-42.3

		-44.3

		-44.0

		-48.5

		-47.5

		-48.0



		

		

		Radar IF selectivity at 10 MHz frequency offset

		-86.0

		-91.4

		-22.1

		-69.0

		-72.9

		-93.4

		-75.3



		

		UE

		Spurious emissions

		-2.5

		-2.8

		-7.5

		-5.1

		-11.3

		-15.0

		-9.7



		

		

		Radar 1 dB compression point -10 dBm  assumed

		-66.0

		-66.3

		-68.3

		-68.0

		-72.5

		-71.5

		-72.0



		

		

		Radar IF selectivity at 10 MHz frequency offset

		-110.0

		-115.4

		-46.1

		-93.0

		-96.9

		-117.4

		-99.2





5	Summary / Conclusions

In this contribution a deterministic study has been presented supplementing those already in the Working Document toward a PDNR, which extends the analysis of operation in non co-channel spectrum, focusing on the impact of IMT transmissions on the radar. Performing the analysis using baseline assumptions with a base station to radar separation of 1 km and a UE to radar separation of 500 m and free space path loss indicates that additional attenuation is required.

From the results it is clear that co-channel operation in the same geographical area is not practical, however the results for non co-channel operation with a guard band to allow for filters to work are encouraging.

To enable coexistence, a number of possible mitigation techniques are considered, including improved emissions performance of the IMT transmitters, downtilt of base station antennas to avoid main lobe coupling with the radar, RF filtering at radars and base stations, and improved IF filtering for the wider bandwidth radars. Applying all of these techniques would enable the radar receivers to coexist with IMT systems with a frequency offset of less than 10 MHz. It is important to note that coexistence may be achieved with a subset of the techniques outlined, and also that these are not the only possible approaches to achieve this.

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask

Spectrum emission limit (dBm)/ Channel bandwidth
Afoos 14 3.0 5 10 15 20 | Measurement
(MHz) | MHz | MHz | MHz | MHz | MHz | MHz | bandwidth

+0-1 0 | 13 -15 18 20 21 30 kHz
1125 | 40 | -0 10 E 10 10 TMHz
32528 | 25 | 0 10 -0 10 10 TMHz
+285 10 10 10 10 10 TMHz
+56 25 3 13 3 3 TMHz
+6-10 25 3 3 13 TMHz
+10-15 25 3 3 TMHz
+15-20 25 3 TMHz
+20-25 25 TMHz

As a general rule, the resolution bandwidth of the measuring equipment should be equal to the
measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the
resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is
smaller than the measurement bandwidth, the result should be integrated over the measurement
bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
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[bookmark: dbreak]1	Introduction

This document provides sharing studies between potential IMT systems and aeronautical mobile telemetry (AMT) systems in the frequency band 1 429-1 535 MHz conducted as preparatory work for WRC-15 agenda item 1.1. Several technical studies are contained in the document taking into account differences in regulatory situations as well as technical and operational characteristics for the use of AMT systems in three Regions.

2	Related ITU-R Recommendations and Reports

Recommendation ITU-R M.1459 – “Protection criteria for telemetry systems in the aeronautical mobile service and mitigation techniques to facilitate sharing with geostationary broadcasting‑satellite and mobile-satellite services in the frequency bands 1 452-1 525 MHz and 2 310-2 360 MHz”.

Recommendation ITU-R P.452 – “Prediction procedure for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz”.

Recommendation ITU-R P.1546 – “Method for point-to-area predictions for terrestrial services in the frequency range 30 MHz to 3 000 MHz”.

Report ITU-R M.2292 – “Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses”.




3	Allocation information

In Region 1, the frequency band 1 429-1 525 MHz is allocated to the mobile except aeronautical mobile service on a primary basis. RR No. 5.342 states that “Additional allocation: in Armenia, Azerbaijan, Belarus, the Russian Federation, Uzbekistan, Kyrgyzstan and Ukraine, the band 
1 429-1 535 MHz, and in Bulgaria the band 1 525-1 535 MHz, are also allocated to the aeronautical mobile service on a primary basis exclusively for the purposes of aeronautical telemetry within the national territory. As of 1 April 2007, the use of the band 1 452-1 492 MHz is subject to agreement between the administrations concerned.”

In Regions 2 and 3, the frequency band 1 429-1 525 MHz is allocated to the mobile service on a primary basis. RR No. 5.343 states that “In Region 2, the use of the band 1 435-1 535 MHz by the aeronautical mobile service for telemetry has priority over other uses by the mobile service.”

4	Technical characteristics used in sharing studies

4.1	AMT system characteristics

With regard to AMT system characteristics, the technical studies contained in the document are based on the technical characteristics as those described in Recommendation ITU-R М.1459 “Protection Criteria for Telemetry Systems in the Aeronautical Mobile Service and Mitigation Techniques to Facilitate Sharing with Geostationary Broadcasting-Satellite and Mobile-Satellite Services in the frequency bands 1 452-1 525 MHz and 2 310-2 360 MHz”. Details of technical characteristics employed in the respective studies are contained in the corresponding Annexes.

4.2	IMT system characteristics

With regard to IMT system characteristics, the technical studies contained in the document are based on the technical characteristics as those in Report ITU-R M.2292 “Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses”. Details of technical characteristics employed in the respective studies are contained in the corresponding Annexes.




5	Overview of technical studies

This document contains different technical studies as detailed in Annexes 1-6. Overview of each study is summarized in Table 1.

TABLE 1

Overview of each technical study in the document

		

		Study #1

		Study #2

		Study #3

		Study #4

		Study #5

		Study #6



		

		Study in Region 1 associated with RR No. 5.342

		Study in Region 1 associated with RR No. 5.342

		Study in Region 1 associated with RR No. 5.342

		Study in Region 2 associated with RR No. 5.343

		Study in Region 3

		Study in Region 2



		Operating frequency band of AMT systems

		1 429 – 
1 535 MHz

		1 429 – 
1 535　MHz

		1 429 – 
1 535 MHz

		1 435 – 1525 MHz

		1 429 – 
1 518 MHz

		1 452 – 
1 472 MHz



		Interference scenarios evaluated in the studies

		IMT station 
 AMT ground station

		YES

(Interference from IMT base station)

		YES

(Interference from IMT base station)

		–

		YES

(Interference from IMT base station and user terminal)

		YES

(Interference from IMT base station)

		YES

(Interference from IMT base station and user terminal)



		

		IMT station 
 AMT aircraft station

		YES

(Interference from IMT base station)

		– 

		–

		–

(NOTE 1)

		YES

(Interference from IMT base station)

		–



		

		AMT 
aircraft station 
 IMT station

		–

		–

		YES

(Interference into IMT base station)

		YES

(Interference into IMT base station and user terminal)

		–

		–



		

		AMT 
ground station 
 IMT station

		– 

		–

		– 

		–

		– 

		YES

(Interference into IMT base station and user terminal)





NOTE 1: Telecommand systems, and air-to-air telemetry relay systems, are also utilized by countries in Region 2.
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6	Summary of results in each technical study 

6.1	Interference from IMT station into AMT ground station

TABLE 2

Scenario 1: Interference from IMT station into AMT ground station

		

		Study #1

		Study #2

		Study #4

		Study #5

		Study #6



		IMT station transmitter characteristics

		Macro rural base station

		Macro base station

		Macro base station,

User terminal

		Macro rural, suburban base station

		Macro rural base station, User terminal



		Propagation model

		Rec. ITU-R P.1546-4

		Rec. ITU-R P.1546-4

		Rec. ITU-R P.452-14

		–

		Free space loss model,

Okumura-Hata model



		AMT ground station receiver characteristics

		Antenna height: 10 m

		Antenna height: 10 m

		Antenna height: 30 m

		–

		Antenna height: 30 m



		Protection criteria of AMT ground station

		Rec. ITU-R M.1459

		Rec. ITU-R M.1459

		Rec. ITU-R M.1459

		Rec. ITU-R M.1459

		Rec. ITU-R M.1459



		Summary of results of studies

		· Distances required for protection of AMT ground receivers from emissions produced by a single IMT station would depend on radio path features. In the case of IMT station operating in 5 MHz bandwidth the distance would be of 170 km for land path and up to 395 km for water path without accounting for tropospheric scattering.

· With accounting for the tropospheric scattering, the required protection distances increase by 15-20% in the average.

· Distances required for protection of AMT ground receivers from emissions produced by a network of IMT base stations would depend on radio path features. In the case of IMT station operating in 5 MHz bandwidth the required protection distance would be of 450 km for land path and 500 km for mixed path.

		· For 100-130 km separation distance range, the following apportionment for urban 40-50% path in the total path separating IMT base station from telemetry terrestrial station could ensure sharing between both services. 

· Such distances would then make the bilateral cross border coordination process possible on a case by case basis through good engineering practice (such as mitigation techniques : site engineering, reduction of output power).

· The impact of a single IMT base station to the ground aeronautical telemetry stations that are notified in the BR IFIC when they share the same band within 1 427-1 492 MHz is (1) 42% of the notified ground telemetry stations do not require additional protection to operate properly without suffering harmful interference from a single IMT base station, (2)the 58% remaining ground telemetry stations may require mitigation techniques (sector disabling, antenna pattern nulling, down tilting) applied to the IMT base station to reduce the geographical distance, which would lead to tens km separation distance from the cross-border. These separation distances could be more reduced when performing mitigation techniques to the ground telemetry stations.

		· When beyond line of sight distances are included in propagation models, the distance at which an IMT base station needs to be from an AMT ground station in order to comply with Recommendation ITU-R M.1459 exceeds 100 km, even for assuming 90 meter average terrain variation.

· For IMT user terminal, typical protection distances increase to 47 km and more in the absence of extreme 
(>20 dB) clutter loss.

		· The isolation requirement from the IMT base station for co-channel operation in the worst case is 200 dB (macro rural) and 198 dB (macro suburban), respectively, to prevent the harmful interference to AMT ground station.

· The isolation requirement from the IMT macro rural and macro suburban base station for adjacent channel operation in the worst case is 160 dB (macro rural) & 158 dB (macro suburban) at 5 MHz OoB frequency offset and 151 dB (macro rural) & 149 dB (macro suburban) at 10 MHz OoB frequency offset to prevent the harmful interference to AMT ground station.

		· Adjacent channel interference was found to AMT receivers from the IMT base station for distances about 1 km when using Okumura-Hata propagation model.

· No adjacent channel interference from IMT user terminal to AMT receiver because height differences and spectrum mask of the AMT system for the out-of-band emission results on good conditions for the IMT user terminal.
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6.2	Interference from IMT station into AMT aircraft station

TABLE 3

Scenario 2: Interference from IMT station into AMT aircraft station

		

		Study #1

		Study #5



		IMT station transmitter characteristics

		Macro rural base station

		Macro rural, suburban base station



		Propagation model

		Free space propagation model

		–



		AMT aircraft station receiver characteristics

		Flight altitude: 10 km

		Antenna gain: 0 dBi



		Protection criteria of AMT aircraft station

		–140 dB(W/m2)

Not exceeding in any 4 kHz band

		–140 dB(W/m2)

Not exceeding in any 4 kHz band



		Summary of results of studies

		· Distance required for protecting the air-borne aeronautical telemetry receivers from single IMT base stations exceeds the air-borne receiver line-of-sight. For conventional flight altitude of 10 km the line-of-sight exceeds 412 km accounting refraction.

		· The isolation requirement from the IMT base station for co-channel operation in the worst case is 159 dB (macro rural) and 157 dB (macro suburban), respectively, to prevent the harmful interference to AMT ground station.

· The isolation requirement from the IMT macro rural and macro suburban base station for adjacent channel operation in the worst case is 119 dB (macro rural) & 117 dB (macro suburban) at 5 MHz OoB frequency offset and 110 dB (macro rural) & 108 dB (macro suburban) at 10 MHz OoB frequency offset to prevent the harmful interference to AMT ground station.










6.3	Interference from AMT aircraft station into IMT station

[Editor’s Note: Comments were raised on Study #3 parameters in table 4.  One administration expressed a view that the following assumptions made on this study by country “x” do not correspond to the power spectral density values associated to the assigned MA stations in the MIFR by country “x” over 1 429-1 525 MHz band.  The characteristics are in line with Recommendation ITU-R M.1459 as indicated in section 4.1.]

TABLE 4

Scenario 3: Interference from AMT aircraft station into IMT station

		

		Study #3

		Study #4



		AMT aircraft station transmitter characteristics 

		Transmitter power: 
25 Watts per 1, 3 and 5 MHz

Antenna gain: 10 dB



		Transmitter power: 
10 Watts per 10 MHz

Antenna gain: 2 dBi



		Propagation model

		Free space propagation model

		Free space propagation model



		IMT station receiver characteristics

		Macro, Micro, Pico base station

		User terminal, base station



		Protection criteria of IMT station

		–138 dBW in 5 MHz

–135 dBW in 10 MHz

–132 dBW in 20 MHz

		I/N = -6dB in conjunction with IMT parameters provided in Report ITU-R M.2292



		Summary of results of studies

		· Protection distance required for IMT systems operating with signals of 5 MHz, 10 MHz and 20 MHz bandwidth would exceed line-of-sight distance of 412 km for a typical flight altitude of 10 000 m for both macro-cell and micro-cell/pico-cell.

		· Protection criteria required for user terminal will exceed at a 45 km distance from the aircraft to the user terminal.  Since the aircraft may be up to 320 km from the AMT ground station, this yields an exclusion zone of 365 km.

· Exclusion zone for base station will be considerably larger than the 365 km computed above for interference to user terminals. 





6.4	Interference from AMT ground station into IMT station

TABLE 5

Scenario 3: Interference from AMT ground station into IMT station

		

		Study #6



		AMT aircraft station transmitter characteristics 

		Transmitter power: 10 watts

5 MHz

Antenna gain: 30 dBi



		Propagation model

		Free Space/Okumura-Hata propagation model



		IMT station receiver characteristics

		User terminal, base station



		Protection criteria of IMT station

		I/N= -3 dB



		Summary of results of studies

		· No adjacent channel interference was found from AMT to IMT base station receivers, and user terminals





7	Conclusions 

In order to provide protection of aeronautical mobile telemetry ground receivers in Region 1 from co-frequency interference caused by IMT stations, required separation distances would generally exceed 100 km:

–	For interference from a single IMT base station, separation distances are around 225 km for a land path and up to 415 km for a sea path. For aggregate interference from an IMT network having multiple base stations, separation distances are up to 450 km for a land path and 500 km for a mixed path (40% of land and 60% of sea),

–	For interference from a single IMT base station, separation distances are around 100‑130 kilometres and increasing up to 200 km when assuming the apportionment for urban 40-50% path and less than 10 % in the total path, respectively.

However, when applying mitigation techniques (e.g., sector antenna disabling at IMT base stations) separation distances may be reduced to few tens of kilometers. This will be addressed during coordination between the concerned administrations. 

[Editor’s note: Confirmation of the number of administrations who indicate the operation of telemetry onboard receivers is required.]

With respect to Region 1, [one] administration has indicated that it is operating telemetry onboard receivers. Some administrations who are not listed in No. 5342 are considering that such stations cannot be considered as part of telemetry application and shall not be considered for protection.  Providing protection for such air-borne receiver in Region 1 from co-frequency interference caused by an IMT station may require separation distances exceeding line-of-sight (460 km for typical flight altitudes). In case of airborne aeronautical receiver, necessary separation distance is equal to line of sight distance for any cases. In case of ground-based aeronautical receiver, due to finite value of telemetry receiver antenna pattern width, its main lobe may be affected by emissions from several interferers located at different distances from a given aeronautical mobile telemetry receiver. In that case the aggregate effect of interference from IMT base stations would be defined by density of their deployment and would result in increasing the required protection distances.

In order to provide protection for potential IMT base stations from co-frequency interference caused by an air-borne aeronautical mobile telemetry station in Region 1, required separation distances would be around 460 km. Thus, additional Region 1 studies to determine the protection for potential IMT mobile stations would be necessary. 

In Region 2, co-channel sharing between IMT and AMT in the sub-band 1 435-1 525 MHz has been studied by one administration. Based on that study, it is concluded that such sharing is not practical in the geographic areas located within the exclusion zones required below for all of the possible uplink/downlink combinations:

–	For interference from IMT user equipment to AMT ground stations, typical protection distances are 47 km and more in the absence of extreme (>20 dB) clutter loss.  

–	For interference from IMT base stations to AMT ground stations, the distance beyond which an IMT base station needs to be from an AMT ground station exceeds 100 km, even for “typical” terrain.  

–	For interference from AMT equipped aircraft to IMT user equipment and IMT base stations, protection distances are 400 kilometers or more when measured from the location of the corresponding AMT ground station. This is because the maximum line of sight distance from the aircraft to IMT user terminals and base stations (up to 320 km) must be added to the distance from the aircraft to its ground station.

Adjacent channel co-existence of IMT systems was studied by a different Region 2 administration operating AMT in the band 1 452-1 472 MHz, with IMT operating in adjacent channels. Adjacent channel operation has been determined feasible with a separation distance of 1 km from the IMT base station to the AMT receiver. However, this conclusion depends on certain assumptions not characteristic of flight testing as conducted in other administrations in accordance with Recommendation ITU-R M.1459 (such as that AMT receive antennas do not operate less than 5 degrees above the horizon).  For those other administrations, there would be a significant protection shortfall using a 1 km separation distance for the adjacent channel case.
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annex 1

Study #1

Interference impact caused by the possible stations of the mobile service to receivers of aeronautical telemetry in the frequency band 1 429-1 535 MHz

1	Introduction

This Annex presents study results of interference impact caused by the possible stations of the mobile service to receivers of aeronautical telemetry in the frequency band 1 429-1 535 MHz.

2	Technical characteristics

2.1	Protection criteria for the aeronautical telemetry stations in the frequency band 1 429-1 535 MHz

The onboard and ground stations of the aeronautical telemetry systems can operate in the frequency band 1 429-1 535 MHz.

(1)	Protection criteria for the terrestrial stations of the aeronautical telemetry systems

The protection criteria for the terrestrial aeronautical telemetry systems are given in Recommendation ITU-R M.1459. In particular for their protection in the frequency band 1 452‑1 525 MHz the power flux density (pfd) of geostationary satellites BSS or MSS in the reference bandwidth of 4 kHz for all methods of modulation should not exceed:

–181.0	dB(W/m2)				for		04

–193.0  20 log 	dB(W/m2)		for		420

–213.3  35.6 log 	dB(W/m2)	for		2060

–150.0	dB(W/m2)				for		6090

where  is the angle of arrival (degrees above the horizontal plane);

Similar criteria were used for protection of the aeronautical telemetry stations in the frequency band 1 430-1 432 MHz in the studies on WRC-07 agenda item 1.17 (see CPM-07 Report section 3/1.17/2.2).

(2)	Protection criteria for the aircraft stations of the aeronautical telemetry systems

For the protection of aircraft stations of the aeronautical telemetry systems operating in the countries listed in RR No. 5.342 another criterion is used: the permissible pfd value in the reference bandwidth of 4 kHz shall not exceed (‑140 dB(W/m2)). 

2.2	Technical characteristics of possible stations of the mobile service in the frequency band 1 429-1 535 MHz

Table 1 below shows IMT system technical characteristics which were used in the studies concerned.

TABLE 1

Technical characteristics of IMT base stations between 1 GHz and 3 GHz

		Cell type 

		Rural macro cell

		Suburban macro cell 

		Urban macro cell 



		Characteristics of base stations 

		

		

		



		Cell radius / Deployment density (for frequency bands  between 1 and 2 GHz)

		> 3 km
(typical value for sharing studies 5 km)

		0.5-3 km
(typical value for sharing studies 1 km)

		0.25-1 km

(typical value for sharing studies 0.5 km)



		Antenna height

		30 m

		30 m

		25 m



		Number of sectors

		3 sectors

		3

		3



		Tilt

		3 degrees

		6

		10



		Feeder losses

		3 dB

		3

		3



		Antenna pattern

		see Recommendation ITU-R F.1336-3



		Antenna pattern width towards horizontal plane, deg.

		65



		Maximum base station (BS) output power (BW*=5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm

		43/46/46 dBm



		Maximum BS antenna gain

		18 dBi

		16 dBi

		16 dBi



		Maximum e.i.r.p.

		58/61/61 dBm

		56/59/59 dBm

		56/59/59 dBm



		Mean BS/sector e.i.r.p. 

		55/58/58 dBm

		53/56/56 dBm

		53/56/56 dBm





	*BW – bandwidth.

3	Analysis

3.1	Assessment of the protection distances required for protection of ground stations of the aeronautical telemetry systems operating in the frequency band 
1 429-1 535 MHz

The propagation model given in Recommendation ITU-R Р.1546 was used for interference assessment to the ground receivers of the aeronautical telemetry systems.

Separation distances required for protection of ground aeronautical telemetry receivers were estimated. The estimation used a propagation model in Recommendation ITU-R P.1546 for 10% of time and 50% of locations and for frequency of 1 440 MHz. The obtained results show that distances required for protection of ground aeronautical telemetry receivers from emissions produced by a single IMT station would significantly depend on radio path features. In the worst case (IMT station operates in 5 MHz bandwidth) the distance would be of 170 km for land path and up to 395 km for water path. The estimates of required protection distances as a function of IMT station frequency bandwidth are shown in Table 2.

TABLE 2

Separation distances for protecting the ground aeronautical telemetry stations from IMT 
base stations accounting no tropospheric scattering

		Interference from IMT base stations



		Frequency bandwidth, MHz

		5

		10

		20



		Mean sector e.i.r.p., dBW

		25

		28

		28



		e.i.r.p. /4 kHz, dBW

		-6

		-6

		-9



		Protection distance, km

		Land path

		170

		170

		143



		

		Water path

		397

		397

		363







The protection distances shown in Table 2 were estimated without accounting for tropospheric scattering therefore they would not provide a complete protection for aeronautical telemetry systems from the interference concerned. Table 3 below reflects the protection distance estimates accounting the tropospheric scattering.

TABLE 3

Separation distances for protecting the ground aeronautical telemetry stations from IMT 
base stations accounting tropospheric scattering

		Interference from IMT base stations



		Frequency bandwidth, MHz

		5

		10

		20



		Mean sector e.i.r.p., dBW

		25

		28

		28



		e.i.r.p. /4 kHz, dBW

		–6

		–6

		–9



		Protection distance, km

		Land path

		225

		225

		198



		

		Water path

		415

		415

		383







Analysis of data reflected in Table 3 shows that accounting for the tropospheric scattering results in increasing the required protection distances by 15-20% in the average. In the worst case scenario (an IMT station operates in 5 MHz bandwidth) the protection distance would be from 225 km for a land radio path to 415 km for a water path. It is to note that the results shown in Table 3 were obtained assuming a cold sea radio path. Consideration of a warm sea radio path would result in increased protection distances as compared with those shown in Table 3.

The protection distances shown in Tables 2 and 3 refer to minimal separation distances estimated assuming single-source interference. However it is to note that emissions from several IMT base stations could affect a main lobe of an air-borne aeronautical telemetry station antenna pattern. In that case the required protection distances would increase and would be a function of IMT base station deployment density and an aeronautical telemetry station antenna pattern.




3.2 	Aggregate interference impact from IMT network to ground receiver of aeronautical telemetry 

In the compatibility studies two scenarios of potential IMT station deployment were considered:

–	Scenario 1 is shown in Fig.1. In this case it is assumed that IMT system transmitters are located behind the line that placed at the distance of R km from the ground receiver of aeronautical telemetry. The urban area surrounded by suburban and rural areas is located in the vicinity of the receiver. The IMT transmitters are located in these areas with deployment density values and antenna heights indicated in Table 1. The ground receiver antenna height was 10 m. In the calculations the urban area of 30 square km and the suburban area of 90 sq.km (90=120-30, see Fig.1) are considered;

–	Scenario 2 is shown in Fig.2. In this case it is assumed that IMT system transmitters are located behind the line that placed at the distance of R km from the ground receiver of aeronautical telemetry. Unlike Scenario 1 they are located in the rural area with deployment density values corresponding to cell radius indicated in Table 1. The IMT BS antenna height was taken as 30 m and the ground receiver antenna height was 10 m. 

FIGURE 1

Scenario 1 of interference impact to ground receiver of aeronautical telemetry 







FIGURE 2

Scenario 2 of interference impact to ground receiver of aeronautical telemetry 







In the compatibility estimation the propagation model described in Recommendation ITU‑R Р.1546-4 was used. The estimations were carried out for the frequency of 1 460 MHz. In the estimations the impact from IMT BS antenna tilt to its antenna gain towards horizon was taken into account. The analysis of Recommendation ITU-R F.1336 showed that using the sectoral antenna with antenna pattern beamwidth less than 120 deg. at 3 dB level in the horizontal plane the relation between antenna gain and antenna main beamwidth at 3 dB level in both planes is determined by the following:



		, 	(1)



where 	 - maximum antenna gain;

	3 – antenna pattern width in the horizontal plane;

3 – antenna pattern width in the vertical plane.

Equation (1) was used for determination of the antenna pattern beamwidth of IMT system used in different cells. The estimation results are given in Table 4.

Table 4

IMT BS e.i.r.p. towards horizon 

		Cell type 

		Rural macro cell 

		Suburban macro cell 

		Urban macro cell 



		Max. antenna gain, dB

		18 dBi

		16 dBi

		16 dBi



		Antenna pattern width in the vertical plane, deg.

		7.6

		12

		12



		Antenna gain attenuation towards horizon, dB

		2.3

		3

		5



		e.i.r.p. towards horizon, dB

		52.7/55.7/55.7 dBm

		50/52/52 dBm

		48/51/51 dBm







The e.i.r.p. values towards the horizon given in Table 4 were used to determine the separation distances providing interference free operation of ground receivers of aeronautical telemetry.

The estimations were carried out for land path. The antenna pattern of the ground receiver of aeronautical telemetry given in Recommendation ITU-R М.1459 was taken into account in these estimations.

The estimation results for land path obtained for IMT BS with bandwidth of 5 MHz are given in Fig.3. 

FIGURE 3

Determination of protection distance required in case of IMT stations 
with 5 MHz bandwidth for land path 

[image: ]



In this Figure and further the dependence of power flux density from distance between IMT network and ground receiver of aeronautical telemetry for Scenario 1 is shown by violet line. The dependence of power flux density from distance between IMT network and ground receiver of aeronautical telemetry for Scenario 2 is shown by orange line. The protection criterion for ground receivers of aeronautical telemetry is shown by black dotted line. The analysis of the obtained results shows that for protection of ground receivers of aeronautical telemetry in case of interference under Scenario 1 the required protection distance is 450 km. For Scenario 2 the required protection distance is reduced up to 440 km.

The estimation results of protection distance in case of mixed path (40% land, 60% sea) are given in Fig. 4 below.

FIGURE 4

Determination of protection distance required in case of IMT stations 
with 5 MHz bandwidth for mixed path 
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It is shown that if sea path is taken into account the required protection distance for Scenario 1 is increased up to 500 km and for Scenario 2 up to 450 km.

The results obtained for IMT BS operating in 10 MHz bandwidth for land path are given in Fig. 5.

FIGURE 5

Determination of protection distance required in case of IMT stations 
with 10 MHz bandwidth for land path 

[image: ]



The analysis of the obtained results shows that for protection of ground receivers of aeronautical telemetry the required protection distance is 450 km for Scenario 1 and for Scenario 2 the required protection distance is to 440 km.

The estimation results for mixed path are given in Fig. 6. 

FIGURE 6

Determination of protection distance required in case of  IMT stations
with 10 MHz bandwidth for mixed path 
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The analysis of the obtained results shows that for protection of ground receivers of aeronautical telemetry the required protection distance is 500 km for Scenario 1 and for Scenario 2 the required protection distance is to 450 km.

The results obtained for IMT BS operating in 20 MHz bandwidth for land path are given in Fig. 7.

FIGURE 7

Determination of protection distance required in case of  IMT stations 
with20 MHz bandwidth for land path 

[image: ]

The analysis of the obtained results shows that for protection of ground receivers of aeronautical telemetry the required protection distance is 405 km for Scenario 1 and for Scenario 2 the required protection distance is to 400 km.

The estimation results for mixed path are given Fig. 8.

FIGURE 8

Determination of protection distance required in case of IMT stations 
with 20 MHz bandwidth for mixed path 
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The analysis of the obtained results shows that for protection of ground receivers of aeronautical telemetry the required protection distance is 460 km for Scenario 1 and for Scenario 2 the required protection distance is to 405 km.

It is obvious that the protection distance providing interference free operation of ground receivers of aeronautical telemetry shall be maximum distance out of the obtained values. It allows to conclude that the protection distance providing interference free operation of ground receivers of aeronautical telemetry is 500 km.

3.3	Assessment of the protection distances required for protection of onboard stations in the aeronautical telemetry systems operating in the frequency band 
1 429-1 535 MHz

The interference assessment for the onboard receivers was carried out based on the free space propagation model. 

Table 5 below describes the obtained estimates of protection distances for different bandwidths used by IMT base station transmitters.




TABLE 5

Separation distances for protecting the air-borne aeronautical telemetry 
stations from IMT base stations emissions 

		Interference from IMT base stations



		Frequency bandwidth, MHz

		5

		10

		20



		Mean sector e.i.r.p., dBW

		25

		28

		28



		e.i.r.p. /4 kHz, dBW

		–6

		–6

		–9



		Protection distance, km

		exceeds radio line of sight (above 412 km)







Analysis of obtained results shows that distance required for protecting the air-borne aeronautical telemetry receivers from single IMT base stations exceeds the air-borne receiver line-of-sight. 
For conventional flight altitude of 10 km the line-of-sight exceeds 412 km accounting refraction. 

It would mean that MS base stations should be deployed at the above distances from the boundaries of air-borne aeronautical telemetry stations operation areas. 

It should be noted that emissions from IMT user terminals could also cause interference to air-borne aeronautical telemetry receiver. In that case protection distances would be defined by deployment density for user terminals.

The presented preliminary results of analysis related to IMT station interference effect on operation of aeronautical telemetry stations provide for conclusion that dimensions of an area precluding deployment of IMT base stations would be rather large (specifically those required for protection 
of air-borne aeronautical telemetry receivers) even in case of assuming interference caused by a single IMT base station.

Figure 9 exemplifies border areas of the Russian Federation (shown in orange) where harmful interference would be caused to aeronautical telemetry stations. Fig. 9 analysis shows that IMT systems would not be compatible with the aeronautical telemetry systems in the frequency band 1 429-1 535 MHz practically within a whole area of about 400 km from the country border.

Figure 9 also shows:

–	a green area of an air-borne aeronautical telemetry receiver potential location;

–	an orange area where operation of IMT system stations would be impossible 
(or restricted significantly).

FIGURE 9

Areas of potential harmful interference from IMT systems to the Russian 
aeronautical telemetry stations in the frequency band 1 429-1 535 MHz 

[image: Сергей1429_1636_MA_ВпределахРФ2]

4	Summary

The above discussed estimates provide for conclusions that operation of IMT systems would be impractical (or restricted significantly) in areas at a distance of about 500 km from the borders of countries using aeronautical telemetry systems. 

The conducted studies also show that compatibility of envisioned IMT systems and aeronautical telemetry stations would be unfeasible in the frequency band 1 429-1 535 MHz.






Annex 2

Study #2

Sharing studies between aeronautical telemetry terrestrial systems and IMT systems within 1 429-1 492 MHz band

1	Introduction

In Europe, the deployment of aeronautical telemetry services is limited to some CEPT countries in accordance with ITU Radio Regulations footnote No. 5.342.

This Annex only presents study results of interference impact caused by the possible stations of the mobile service to ground receivers of aeronautical telemetry in the frequency band 
1 429-1 492 MHz (referred to Study A, hereafter). The results also include for the results considering the ground receivers of aeronautical telemetry in the frequency band 1 427-1 492 MHz that are notified in the BR IFIC (referred to Study B, hereafter). In terrestrial telemetry system, telemetry signals are transmitted by airborne stations (e.g. aircraft, missile) to ground stations.

2	Protection criteria for the aeronautical telemetry stations in the frequency band 1 429-1 535 MHz

The protection criteria for the terrestrial aeronautical telemetry systems are given in Recommendation ITU-R M.1459.

In particular for their protection in the frequency band 1 452‑1 525 MHz the power flux-density (pfd) of geostationary satellites BSS or MSS in the reference bandwidth of 4 kHz for all methods of modulation should not exceed:

–181.0	 dB(W/m2)				for		04

–193.0  20 log 	dB(W/m2)		for		420

–213.3  35.6 log 	dB(W/m2)		for		2060

–150.0	 dB(W/m2)				for		6090

where  is the angle of arrival of the interfering signal (degrees above the horizontal plane).

These criteria were also used for the protection of the aeronautical telemetry stations in the frequency band 1 430-1 432 MHz in the studies on WRC-07 agenda item 1.17 (see CPM-07 Report Section 3/1.17/2.2).

It appears relevant to extend such assumption to adjacent bands: 1 432-1 452 MHz and 1 427‑1 430 MHz, so that the same protection criteria will cover the whole 1 427-1 492 MHz frequency band for sharing studies.




3	Systems characteristics

a)	Telemetry systems

Parameters from telemetry ground receivers for sharing studies are extracted from Recommendation ITU-R M.1459 as seen in the table below:

Table 1

Telemetry ground stations characteristics

		Parameters

		Unit

		Value



		Receiver antenna gain

		dBi

		41.2 (for Study A)

20-41.2 (for Study B)



		Ground station antenna height

		m

		10



		Transmitter frequency range

		MHz

		1 429-1 492





b)	IMT systems

In this contribution, the considered bands for possible IMT identification on 1 427-1 452 MHz and 1 452-1 492 MHz are for supplementary down link (SDL), which impacts base stations (BS) as IMT transmitters. Thus, features of the IMT base stations are provided in the Table 2.

Table 2

Mobile systems characteristics

		Parameters

		Unit

		Value



		Transmitter bandwidth

		MHz

		10



		Transmitter base station antenna gain

		dBi

		18



		Base station emission power

		dBm

		46



		Base station downtilt

		°

		3-6



		Base station feeder loss

		dB

		3



		Base station antenna height he

		m

		30



		Transmitter frequency range

		MHz

		1 427-1 492





c)	Assumption and methodology

A minimum coupling loss approach is used, modeling only a single interferer-victim pair (as to be BS-to-Radar) and corresponding to the worst case scenario with main lobe (of the interferer transmitter antenna pattern) to main lobe (of the radar receiver antenna pattern) configuration (ML‑ML) in the horizontal plane. From this method, we derive the in-band (IB) emissions level of IMT systems when telemetry ground stations and IMT Base Stations (BS) share 
1 427-1 492 MHz frequency band.

Equation (8) of Recommendation ITU-R M.1459 provides a methodology to calculate the maximal acceptable interference level at the receiver, from pfd limit:

  




where: 

	Pfd: 	power flux density of the interferer (W/(m2.B);

	Imax : 	maximal acceptable Interference level after the antenna the receiver (dBm);

	Go : 	Telemetry receiver antenna gain in the direction of the base station.

From this expression, we deduce[footnoteRef:1] the required isolation to ensure the sharing between the telemetry receiver and BS transmitter:  [1: 	Imax(dBm)=e.i.r.p. BS(dBm)+PathLoss(dB)+Go(dBi)] 


Isolation(dB)PathLoss(dB)=Pfd(dBm/4 kHz/m2)+10log10()- e.i.r.p. BS(dBm)

(For Study A)

The propagation model between the telemetry ground receiver and the base station is extracted from Recommendation ITU-R P.1546[footnoteRef:2]. Recommendation ITU-R P.1546 is assumed over land paths and the flat terrain assumption[footnoteRef:3] will cover the worst case as a minimization of the pathloss since no shadowing (clutter height: buildings, vegetation...) is performed, for 10% of time and 50% of locations. [2: 	The adjusted Recommendation ITU-R P.1546 model is suitable for modelling propagation path loss in the broadcasting, land mobile and certain fixed services (e.g. those employing point‑to‑multipoint systems) in the frequency range 30 to 3 000 MHz and for the distance range 1 km to 1 000 km.]  [3: 	Recommendation ITU-R P.1546-4 is under revision for short paths longer than 1 km when there is a large required correction (happening with large difference in antenna heights) dB. This is not the case here since |Cds|<10-3.] 


The radio environment choice for the Recommendation ITU-R P.1546 model is based on the geographical topology of both telemetry ground stations and base stations. Base stations are deployed in rural or urban areas while Telemetry systems are deployed in rural areas. Such assumption implies to apportion path with urban/rural components. Since BS can also be deployed in rural radio environment, we will assume that apportionment for urban is lower or equal to the rural one.

Sharing studies with propagation model Recommendation ITU-R P.1546 sea path cover cases where telemetry ground stations and BS in cross borders are separated by less than separation distance 300 kilometres and that can be kept more than 300 kilometres away. There are only very few cases where telemetry stations would need to be protected against base stations through sea path whose distance is lower than this separation distance.

(For Study B)

The propagation model between the telemetry ground receiver and the base station is extracted from Recommendation ITU-R P.452-14. The selected propagation model separating the telemetry receiver from the base station is terrestrial point-to-point propagation model which is suitable over any kind of terrestrial areas since it accounts the digital terrain model featuring the relief of the location of both transmitter and receiver. Associated parameter to the propagation model is the time for which the pathloss assessment is higher or equal is time p= 50%. 

4	Results for Study A

Table 3 depicts the required isolation in propagation to protect terrestrial telemetry receiver from interfering BS transmitter, given the arrival angles range. According to the downtilt value taken by IMT BS, the angle of arrival belongs to the 0-6° range, leading to minimum isolation value as to be 202 dB.

TABLE 3

Required isolation between ground telemetry station and IMT BS

		Arrival angle range (°) 

		0-4

		4-20



		Required pathloss (dB)

		202

		202-188







From this value, we may derive the separation distance, in accordance with our previous assumptions on the propagation model.

Table 4 highlights the available pathloss for different rural/urban path apportionment, given fixed distance (100-130 km) and for an arrival angle of 0°:

–	green color depicts the case where the required isolation to protect terrestrial telemetry stations from BS is met;

–	yellow color reflects urban/rural distribution of the path which does not ensure the protection of telemetry ground stations from IMT BSs.

TABLE 4

Required isolation distance (dB) as a function of the urban/rural apportionment

		Distance between telemetry system & 
mobile IMT system (km)


		Apportionment of Urban/(Urban+Rural) in pathloss (%)

		10

		20

		30

		40

		50



		100

		

		188

		188

		194

		199

		203



		110

		

		190

		190

		196

		201

		205



		120

		

		191

		192

		197

		202

		207



		130

		

		192

		193

		198

		204

		208







It shows that for 100-130 kilometres separation distance range, the following apportionment for urban 40-50% path in the total path separating BS from telemetry terrestrial station could ensure sharing between both services. Such distances would then make the bilateral cross border coordination process possible on a case by case basis through good engineering practice (such as mitigation techniques : site engineering, reduction of output power).




5	Results for Study B: Practical analysis of the separation distance between ground telemetry station and LTE Base Station

a)	Required isolation between ground telemetry station and IMT Base Stations

Table 5 depicts the required isolation in propagation to protect terrestrial telemetry receiver from interfering BS transmitter, given the arrival angles range. According to the downtilt value taken by IMT BS, the angle of arrival belongs to the 0-6° range, leading to minimum isolation value as to be 200 dB.

TABLE 5

Required isolation between ground telemetry station and IMT BS

		Arrival angle range (°) 

		0-4

		4-20



		Required pathloss (dB)

		200

		200-186





From this value, we may derive the separation distance, in accordance with our previous assumptions on the propagation model.

b)	Declared ground telemetry stations in BRIFIC

If the ground telemetry station is receiver, it means that the transmitter is an airborne device, which is labelled as MA (for aircraft transmitting station). The BR-IFIC lists 56 assignments for such devices over 1 427-1 525 MHz range with 4 different frequencies channels (1 439.65 MHz, 
1 460.9 MHz, 1 482.15 MHz and 1 503.35 MHz) that are recorded for each geographical site. 
Thus, it leads to 14 different geographical terrestrial telemetry sites.

c)	Sharing results WITHOUT mitigation techniques

The following table depicts for the 14 recorder assignments whether or not the ground telemetry station is protected when IMT base stations are located in the cross-border. They are sorted by capital letter (from A to N) for the later study. The minimum PathLoss (column 3) from the
cross-border to the ground telemetry station is displayed in order to ease comparison with the required pathloss (200 dB) with reference to the concerned crossborder country for each recorded assignments. This results in the last column if any “Required additional isolation dB” is mandatory.

The yellow rows depict the case where the declared ground telemetry station has been already protected at the cross-border without any mitigation techniques (separation distance, site shielding, sector disabling, down tilting…): in order to be protected, 4/14 sites do not require any mitigation techniques to apply on IMT base stations (BS).

The blue rows correspond to the notified sites which have no data related on the digital terrain model from the NASA Shuttle Radar Topography Mission (SRTM)[footnoteRef:4]: no path loss can be calculated for such sites: 3/14 cannot be calculated. However 2/3 are at least 980 km away from the cross border which lead to the conclusion that the required isolation to protect ground telemetry station is met for 2/3 sites which have no SRTM data. [4:  Available for download at: http://dds.cr.usgs.gov/srtm/version2_1/SRTM3/Eurasia/] 


The green field indicates which ground telemetry station does not require any additional isolation to be protected from BS interference.




Table 6

Preliminary conclusion: Thus, 6/14 sites do not require any additional isolation to be protected from 
the interfering LTE Base Stations (green color for the last column).

		Number

		Coordinates of the ground telemetry stations

		D* Distance between  crossborder and ground telemetry station minimizing the pathloss

		Path Loss (dB)

from the frontier to the ground telemetry station

		Required

Additional

Isolation

(dB)



		A

		91°23'00"E - 53°45'00"N

		322km-

(Kazahkstan)



		288.9

		NO



		B

		47°52'00"E - 46°24'00"N

		54km-

(Kazakhstan)

		161

		39



		C

		83°34'00"E - 53°22'00"N

		245km-

(Kazakhstan)

		214.6

		NO



		D

		38°13'00"E - 46°41'00"N

		181km

(Ukrain)

		198

		2



		E

		20°24'00"E - 54°46'00"N

		45km (Poland)

70km (Lithuania)

		132

177

		68

23



		F

		32°10'00"E - 52°20'00"N

		28km

(Ukrain)

		146.5

		53.4



		G

		65°25'00"E - 55°29'00"N

		92km

(Kazakhstan)

		191.6

		8.4



		H

		73°34'00"E - 54°59'00"N

		105km

(Kazakhstan)

		194

		6



		I

		28°24'00"E - 57°47'00"N

		37km (Estonia)

60km Latvia)

		149

163

		51

37



		J

		44°36'00"E - 43°13'00"N

		50km(Georgia)

		208



		NO



		K

		30°22'00"E - 66°58'00"N

		58km (Finland)

239km (Norway)

		No SRTM available

		



		L

		61°34'00"E - 69°46'00"N

		1162km

(Finland-Norway)

		No SRTM available

		NO



		M

		53°07'00"E - 67°38'00"N

		980km

(Finland-Norway)

		No STRM available

		NO



		N

		57°19'00"E - 52°02'00"N

		102km

Kazakhstan

		223

		NO





There is a need to investigate for the 7[footnoteRef:5] remaining telemetry ground stations (that have been notified in the BR IFIC) the impact of the BS interference on them. [5:  There should be 8 but one of them (number K) does not have the SRTM data to calculate 
the required separation distance.] 




d)	Sharing results WITH mitigation techniques

There are different mitigation techniques which may be applicable for cochannel operation between ground telemetry receivers and IMT BS. In order to select the most suitable mitigation technique for each case, it is proposed to sort cases according to their required additional isolation ranges:

–	required additional isolation 0-9dB: downtilt antenna from 3° to 6°.



		Case

		Required additional isolation (dB)

		Required additional isolation (dB) after additional downtilt antenna

		Separation distance to the cross border (km)

after mitigation techniques



		D

		2

		0

		0



		G

		8.4

		2.8

		7



		H

		6

		0.4

		1.5







–	required additional isolation >9 dB: disabling sector and/or site antenna depointing to very local low gain value (for the BS): 

	α) when disabling the sector antenna, the 2 other ones (see Figure) are the main interfering components onto the telemetry ground station. The following figure depicts that any BS in the vicinity of the cross-border may face the radar main beam with 
the disabled antenna sector and thus the backlobes of the 2 active sectors facing 
the Telemetry ground receiver lead to 20 dB antenna gain discrimination. 

[bookmark: _Ref375046450]Figure 1

Overview on sector disabling

[image: ]



β) harmful interference is avoided if the IMT-Advanced base station antennas can have nulling in the direction of the radar. Such nulling could be of the order of 20 dB antenna gain discrimination, as depicted by Figure .




[bookmark: _Ref375046606]Figure 2

Nulling in horizontal main lobe of the antenna pattern

[image: cid:image003.png@01CEF5D5.855F5660]

The following pictures Figure, Figure , Figure and Figure display the distribution of the separation distance as a function of the required isolation (dB) for the 4 (B, E, F and I) studied cases in the vicinity of the ground telemetry stations. Color ring-shape highlight required isolation range for 
–50 dB, –20 dB and 0 dB values for all figures. Cross border curve is represented in yellow as well as distances scale (50 km) to give an overall view on the required separation distance from the cross border. 

[bookmark: _Ref374975970]Figure 3

Iso additional required pathloss to protect case B telemetry station

[image: ]

[bookmark: _Ref374975991]Figure 4

Iso additional required pathloss to protect case E telemetry station (Poland cross-border)
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Figure 5

Iso additional required pathloss to protect case E telemetry station (Lituania cross-border)
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[bookmark: _Ref374976004]Figure 6

Iso additional required pathloss to protect case F telemetry station
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[bookmark: _Ref374976016]Figure 7

Iso additional required pathloss to protect case I telemetry station (Estonia & Latvia)

[image: ]

[bookmark: _Ref374976150]The results of the sharing studies when using mitigation techniques are summarized in the following Table7:

Table 7

Separation distance from the cross border with disabling sector

		Case

		Required additional isolation (dB)

		Required addition isolation after disabling antenna sector or antenna pattern nulling (dB)

		Separation distance from the cross border

after mitigation techniques (km)



		B

		39

		19

		23



		E

		68 (Poland)

23 (Lithuania)

		48 (Poland)

3 (Lithuania)

		30 (Poland)

7 (Lithuania)



		F

		53.4

		33.4

		53



		I

		51 (Estonia)

37 (Latvia)

		31 (Estonia)

17 (Latvia)

		28 (Estonia)

17 (Latvia)







Secondary conclusion: When using mitigation techniques:

–	9/14 sites would require separation distances lower than 7km from the cross-border;

–	4/14 sites would require some tens km separation distance from the cross-border. 

These separation distances from the cross-border (when using mitigation techniques) can be converted in separation distances between SDL base station transmitter and Telemetry ground station receiver as depicted in the table below:



		Case

		Separation distance from the cross border (km)

		Separation distance between IMT BS and Telemetry ground receiver (km)



		B

		23

		77



		D

		0

		181



		E

		30 (Poland)

7 (Lithuania)

		75 (Poland)

77 (Lithuania)



		F

		53

		81



		G

		7

		99



		H

		1.5

		106.5



		I

		28 (Estonia)

17 (Latvia)

		65 (Estonia)

67 (Latvia)





This shows that high separation distances between the interferer and the receiver 
(181 km, 106.5 km) does not necessarily imply more stringent constraints on the IMT BS deployment: in these cases, with mitigation techniques usage, the protection only requires few (1.5km) or no separation distances from the cross-border because of the distant location of 
the ground telemetry receiver from the cross-border.

(Note that the missing K case with Finland is due to the lack of STRM data and does not prevent from forecasting that the expected separation distance should not overtake the maximum reached in the other cases (53 km)).

Furthermore, it has to be noted that additional mitigation techniques applied to the ground telemetry receiver such as site shielding (0-20dB) may reduce the separation distances output in the previous table, provided:

–	that operation on aircraft, missiles are not expected to be launched in the vicinity of the cross-border;

–	that administrations operating telemetry have to respect the principle of  equitable access to  spectrum as embedded in the preamble (0.6) of the RR (and which is explicitly described in Resolution 2 (Rev.WRC-03) in the case of satellite systems).

6	Summary

The presented preliminary analysis showing impact of the IMT BS to the aeronautical telemetry stations within 1 427-1 492 MHz frequency band allows to conclude that macro BSs could be deployed in a coordinated manner with bilateral cross-border agreement which may ensure the sharing between both services by defining a suitable separation distance. Such conditions may be obtained by filtering and/or a frequency separation.

This Annex also analyzed the impact of the IMT BS to the ground aeronautical telemetry stations that are notified in the BR IFIC when they share the same band within 1 427-1 492 MHz. It is shown that:

–	42% of the notified ground telemetry stations do not require additional protection to operate properly without suffering harmful interference from IMT BS;

–	The 58% remaining ground telemetry stations may require mitigation techniques 
(sector disabling, antenna pattern nulling, down tilting…) applied to the IMT BS to reduce the geographical distance, which would lead to tens km separation distance from the cross-border. These separation distances could be more reduced when performing mitigation techniques to the ground telemetry stations.






Annex 3

Study #3

Interference effect caused by aeronautical telemetry systems operating in the frequency band 1 429-1 535 MHz on envisioned IMT systems

1	Introduction

This Annex presents study results of interference effect caused by aeronautical telemetry systems operating in the frequency band 1 429-1 535 MHz on envisioned IMT systems.

2	Technical characteristics of air-borne aeronautical mobile telemetry transmitters 

Technical characteristics of air-borne aeronautical mobile telemetry systems are described in Recommendation ITU-R М.1459 "Protection Criteria for Telemetry Systems in the Aeronautical Mobile Service and Mitigation Techniques to Facilitate Sharing with Geostationary Broadcasting‑Satellite and Mobile-Satellite Services in the frequency bands 1 452-1 525 MHz and 2 310-2 360 MHz". Technical characteristics of air-borne aeronautical mobile telemetry transmitter are shown in Table 1 below.

TABLE 1

Technical characteristics of air-borne aeronautical mobile telemetry transmitters

		

		Parameter

		Value



		1

		Air-borne transmitter power, dBW

		25



		2

		Air-borne transmitter antenna gain, dB

		10



		3

		Air-borne transmitter emission bandwidth, MHz 

		1/3/5







Technical characteristics of aeronautical mobile telemetry systems operating in the frequency band 1 429-1 452 MHz in countries listed in Radio Regulations (RR) No. 5.342 are similar to those of aeronautical mobile telemetry systems operating in the frequency band 1 452-1 525 MHz. Therefore technical characteristics reflected in Table 1 were used for conducting the compatibility studies in the whole frequency band 1 429-1 535 MHz.




3	Technical characteristics of possible IMT systems in the frequency band 1 427-1 525 MHz

Table 2 below shows IMT base stations technical characteristics as required for estimating their compatibility with aeronautical telemetry systems 

TABLE 2

Technical characteristics of IMT base stations in the frequency range 1 800 MHz 

		Base station



		Cell type

		macro

		micro

		pico



		Antenna gain in sector, dB

		17

		5

		0



		Acceptable interference level, (dBW in a bandwidth of: 

		5 MHz

		–108 dBm in 5 MHz/-138 dBW in 5 MHz



		

		10 MHz

		–105 dBm in 10 MHz/-135 dBW in 10 MHz



		

		20 MHz

		–102 dBm in 20 MHz/-132 dBW in 20 MHz





Reflected in Table 2 above technical characteristics and protection criteria for IMT systems were used to estimate required protection distances providing for interference-free operation of IMT systems.

4	Estimation of protection distances required for IMT receivers operating in the frequency band 1 427-1 525 МHz

Estimation of required protection distances used free space propagation model. Distance required for protection of IMT system base stations was estimated based on the following equation:



,

where 



	 	separation distance required for protecting IMT system base station receiver, m;



	 - 	air-borne AMT system transmitter power, dBW;



	 - 	air-borne AMT transmitter antenna gain, dB;



	 - 	IMT BS receiver antenna gain, dB;

	λ – 	operation wavelength, m;

	I – 	acceptable interference power threshold for IMT BS receiver (Table 2), dBW.




The estimation results are shown in Table 3.

TABLE 3

Protection distances for IMT systems

		G, dB

ΔF, MHz 

		17

		5

		0



		5

		Exceeds line-of-sight distance of 412 km for a typical flight
altitude of 10 000 m



		10

		



		15

		







Analysis of data presented in Table 3 shows that the protection distance required for IMT systems operating with signals of 5 MHz, 10 MHz and 20 MHz bandwidth would exceed line-of-sight distance for both macro-cell and micro-cell/pico-cell. It means that IMT systems operating in a zone of 412 km width from national boarders of countries listed in RR No. 5.342 would be affected by interference caused by aeronautical mobile telemetry system transmitters.

5	Summary

The above presented estimates provide for conclusions that operation of IMT systems would be impractical (or restricted significantly) in areas at a distance of about 400 km from the borders of countries using aeronautical telemetry systems. 

[bookmark: _Hlk367277936]


Annex 4

Study #4

Sharing study regarding interference between AMT and IMT systems 

1	Introduction

1.1	Aeronautical mobile telemetry systems

Aeronautical mobile telemetry (AMT) describes a particular use of the mobile service (MS) in Region 2 for the transmission from an aircraft station of results of measurements made on board, including those relating to the functioning of the aircraft. Examples of AMT data include engine temperature, fluid pressure, and control surface strain gauges, among many other functions.

AMT data is essential for the safety of pilots and persons on the ground during flight test activities as it is the critical source of real-time measurement and status information transmitted from airborne vehicles during live tests of manned and unmanned aircraft.

The frequency band 1 435-1 525 MHz is a primary band used for aeronautical mobile telemetry by some Region 2 administrations. This noise-limited band is ideal in terms of its propagation characteristics, the maturity of technology for implementing telemetry systems, and the relatively large signal wavelengths. The latter are large enough with respect to the size of aircraft structures to minimize unwanted geometrical effects, such as signal fades and destructive multipath, due to the blockage and/or reflection of the radiated telemetry signals by aircraft structures.

1.2	Sharing with IMT systems

The frequency band 1 435-1 525 MHz is allocated to the mobile services. RR Footnote No. 5.343 in the Radio Regulations specifies that AMT applications have priority over other the mobile service uses in Region 2.

Several administrations have expressed an interest in deploying IMT systems, notably LTE-A broadband wireless “smartphones,” in this band. However, no sharing studies that support such use have yet been submitted to ITU-R by any Region 2 administrations. 

This study, which considered AMT use in this band as implemented by some Region 2 administrations, shows that co-frequency sharing of IMT with AMT systems, in the absence of very large exclusion zones, is not practical. This result is consistent with others studies performed independently for Region 1.[footnoteRef:6]  Despite using Region-specific parameters, the two studies independently arrive at comparable protection distances. [6:  	These studies use propagation models contained in Recommendation ITU-R P.1546, whereas the present study cites propagation models in Recommendations ITU-R P.452 and ITU-R P.528. In its notings, Recommendation ITU-R P.1546 compares the features of each model. Of relevance here, Recommendation ITU-R P.1546 uses values for important technical parameters that are specific to Region 1.] 


1.3	Purpose of this study

AMT systems operate at the limits of their performance.  That is, all available link margin is used to permit aircraft operation at longer range from the AMT ground station, and to permit the telemetry link to be maintained during extreme maneuvers (e.g., flutter dives; spin recovery tests; flight under abnormal conditions, such as at unusual attitudes; etc.).

1.4	Study elements

The study addresses the following study elements:

1	the impact of LTE-A handsets (i.e., user equipment, or “UE”) on AMT ground stations;

2	the impact of LTE-A base stations (i.e., eNodeBs) on AMT ground stations;

3	the impact of AMT transmissions from aircraft on LTE-A handsets;

4	the impact of AMT transmissions on eNodeBs.

In some Administrations in Regions 1 and 2, flight test aircraft receive telemetry transmissions for relay and other purposes. In these circumstances, interference from LTE systems to flight test aircraft must also be considered.[footnoteRef:7] [7:  	At this time it cannot be predicted with certainty whether the frequency band 1435-1525 MHz will be used for LTE user equipment (“UEs”), or for LTE base stations (“eNodeBs”), or for some combination of the two, by all administrations in all Regions. Hence, for the sake of completeness this study addresses both uplink and downlink scenarios.] 


2	Background

Several ITU-R Reports and Recommendations are relevant to the study described herein. Recommendation ITU-R M.1459 derives numerical values for angle-of-arrival dependent power flux densities. These “not-to-exceed” values take into account the statistical properties of the air‑to‑ground propagation channel. Experimental data presented in the Recommendation support the use of a Rayleigh scattering model for predicting and quantifying these effects. The protection levels in the Recommendation stipulate an acceptable aggregate interference level of –4 dB. Since the interference is measured at the aperture of the AMT ground station, it is irrelevant how, from where, or via what propagation channel the interference arrives. The Recommendation makes this clear when apportioning the aggregate interference budget among terrestrial and non-terrestrial interferers.[footnoteRef:8]  Likewise, LTE users have stipulated an aggregate I/N budget of –6 dB, independent of how, from where, or via what propagation channel the interference arrives.   [8:  	Recommendation ITU-R M.1459 has been applied in both terrestrial and satellite cases.  See, e.g., Report ITU-R M. 2118, Compatibility between proposed systems in the aeronautical mobile service and the existing fixed-satellite service in the 5 091-5 250 MHz band (see section 5.2.1: “Impact into AMS for telemetry limited to flight testing, “The compatibility between the FSS ground transmitter and the AMS for telemetry . . . ”); and Report ITU-R M.2238 (Compatibility study to support line of sight control and non-payload communications links for unmanned aircraft system ground tracking antennas in 5 091-5 150 MHz).] 


Other relevant documents include Reports ITU-R M.2118, ITU-R M.2219, and ITU-R M.2238; Recommendations ITU-R SA.1154 and ITU-R M.1828; and CPM text from WRCs 2003, 2007, 
and 2012, also provide relevant data and analyses.

The possible use of the band 1 435-1 525 MHz for terrestrial mobile systems has been addressed, with respect to IMT-2000, in Reports ITU-R M.2023 and ITU-R M.2024.  The latter states with regard to the use of 1 435-1 527 MHz in the United States, “telemetering, telecommand, aeronautical telemetry. Vital and extensive use for aeronautical telemetry supporting U.S. test flight and equipment.  Not suitable or available for IMT-2000.” (id., page 8).




Parameters of LTE-A systems can be found in various working papers.  Details of LTE-A systems are captured in the Third Generation Partnership Process (3GPP) archives, which are found online at www.3GPP.org. However, for the analyses developed here, LTE parameters have been taken from available ITU-R contributions and Recommendations as well as Recommendation ITU-R F.1336 for antenna pattern information with respect to the effects of down-tilt.

For propagation analyses, Recommendation ITU-R P.528 is available for air-to-ground studies, and Recommendations ITU-R P.452 and ITU-R P.1546 for ground-to-ground studies Recommendation ITU-R P.452 has much in common with the Longley-Rice and Irregular Terrain (ITM) models), which are also widely used. The analyses that follow are consistent with Recommendations ITU‑R P.452 and ITU-R P.528. 

3	Technical characteristics

3.1	Introduction

Sharing studies for LTE systems involve two distinguishing characteristics.  The first is the use of dynamic power control by the LTE handsets (UEs). That is, in order to maintain its communication link with a base station (eNodeB) while minimizing co-channel interference to other handsets operating in adjacent cells, a handset can vary its transmitter power (e.i.r.p.), and hence interference to other, non-IMT systems, by two orders of magnitude. 

The propagation characteristics of the channel (the free-space path) between the UE and the eNodeB depend upon terrain and clutter, the latter referring to the effects of foliage, buildings, other man-made structures, and so forth. Short-range clutter effects are captured in empirical models designed to predict coverage. These include the COST-231 HATA products, for example. Long term propagation characteristics that include the effects of terrain are reliably captured in Recommendation ITU-R P. 452 and the Irregular Terrain Model or its predecessor, the Longley‑Rice model. 

Sharing studies that involve AMT systems are complex. The location of the aircraft, its high operating speeds, and its widely varying attitudes (pitch, roll, and yaw) with respect to the ground, introduce considerable dynamics in the computation of link and interference budgets. For example, telemetry signal fades of 15-30 dB are the rule, not the exception.

It is also important to note that even a single ground multipath reflection, as captured in the widely‑used two-ray propagation model, not only introduces deep fades in the received AMT telemetry signal, but changes the path loss dependence on distance r from 1/r2 to 1/r4, thus reducing greatly the strength of the signal received at the AMT ground station.

An abbreviated summary of AMT and LTE system characteristics is provided in the next sections.

3.2	Aeronautical mobile telemetry characteristics

AMT systems operate at the limit of their performance, meaning that all of the available link margin is used to extend the range and/or complexity of aircraft operations. In addition, AMT systems are noise-limited, with noises figures of low noise amplifiers as low as 0.1 dB and end-to-end system noise temperatures of 25-250 Kelvin.

Recommendation ITU-R M.1459, which provides the interference protection criteria for AMT systems, is nonetheless generous in its permissible aggregate I/N budget. An aggregate I/N of –4 dB is permitted, versus the value of –6 dB for I/N commonly used for protection of other systems, and protection levels as high as –10 dB for some systems, like radars.  

The protection levels specified in Recommendation ITU-R M.1459 are strict because AMT antennas typically operate at elevation angles of zero degrees with respect to the horizon. 

This is in contrast to satellite ground stations, which typically operate at a minimum elevation angle of 3-5 degrees. At the outset, this makes approximately a 15 dB difference in protection levels.  Comparison of Recommendations ITU-R M.1459 and ITU-R SA.1154 demonstrates this.

Aircraft testing also involves considerable signal fades (15 – 30 dB) due to aircraft maneuvers, signal blockage by and diffraction around aircraft structures, and ground multipath.

3.2.1	AMT ground station specifications

The protection criteria for AMT ground stations specified in Recommendation ITU-R M.1459 are a set of not-to-exceed power flux density (pfd) levels measured at the aperture of an AMT ground station receive antenna. The pfd levels are a function of the elevation angle of the AMT ground-station parabolic dish tracking antenna with respect to the horizon.

Flight test aircraft also typically operate at speeds from 250 knots to well over the speed of sound (which at sea level is approximately 700 knots). Thus, aircraft do not dwell for long periods of time at high elevation angles with respect to the ground station. Instead, they operate frequently at ranges up to 250 miles, and even 300 miles from the ground station for aircraft and air vehicles that operate at altitudes of over 80,000 feet. The corresponding ground station antenna elevation angles, depending on the location and placement of the AMT ground station antenna with respect to terrain, range from –2 degrees to + 2 degrees with respect to the horizon. (AMT antennas are typically located on towers, at 30 meter height above terrain, and these towers are often located on hilltops or mountains.)  

Thus, an AMT antenna can point for extended periods of time at 0 degrees elevation and at any azimuth angle. And, aircraft cannot instantly and randomly “jump” from one location to another.  In consequence, Monte Carlo techniques for predicting the location of the aircraft are seldom accurate, and Recommendation ITU-R M.1459 makes clear that such stochastic approaches to modelling interference are not appropriate. In addition, even momentary interference can cause the AMT receive antenna tracking control loop to lose lock, or cause bit synchronization within the AMT digital receiver and bit de-commutator circuits to be lost. As a result, interference analyses must contemplate circumstances where the interference may occur even for only a few seconds.

For interfering signals at low elevation angles of arrival at the AMT ground station, the value for protection of telemetry is –181 dBW per meter2 in 4 kHz. This sensitive value is a consequence of a noise-limited system that operates with high gain (30 – 40 dBi) ground station tracking antennas. Furthermore, these are tracking antennas that often use servo-control loops in conjunction with a conical scan antenna feed. If the antenna control unit (ACU) loses lock, recovery of the AMT downlink can take many minutes, if it can even be accomplished without restarting the flight test segment. This is an expensive and time- consuming proposition, and is not without risk to the flight crew and aircraft.

3.2.2	AMT aircraft transmitters and antennas

AMT aircraft typically use two omni-directional antennas, one located on top of, and one located below the fuselage, respectively. The link can be one way or two-way.   

Typical aircraft transmit antenna gains are 2 dBi, and transmitter power levels range from 5‑10 Watts for 1-5 MHz wide channels, and 20 Watts or more for 10-20 MHz channels, with system-to-system variability between these extremes.  Modulation techniques range from PCM‑FM-NRZ to advanced digital modulation techniques. 

In general, the signal to noise ratio at the AMT ground station receiver needs to be a least 12-15 dB in order to maintain bit synchronization.

3.2.3	AMT aircraft to ground propagation characteristics

Modelling of the air-to-ground path of the flight test telemetry signal is taken into account in Recommendation ITU-R M. 1459 via its analysis of channel fading. Thus, the only modelling that need be done is the computation of interference from terrestrial sources.  Recommendation ITU-R P.452, which models such ground-to-ground propagation, is appropriate for IMT to AMT ground station interference analyses. 

However, with respect to interference from AMT aircraft transmitters to, for example, eNodeB LTE base stations, the geometries under which interference occurs, namely from aircraft at a relatively high elevation angle with respect to a victim eNodeB antenna on the ground, make the use of Recommendation ITU-R P.528 more appropriate.

3.3	LTE characteristics

3.3.1	LTE handsets/UEs

The LTE characteristics herein are consistent with the information in Report ITU-R M.2292,   Accordingly, LTE handsets transmit a maximum e.i.r.p. of 100 mW (20 dBm) across a bandwidth of 5 MHz, such that, within a 10 MHz AMT channel, two handsets per eNodeB sector (typically 120 degrees, with 3 sectors per base station tower) are simultaneously operational.  The e.i.r.p. assumption includes 3 dB of antenna loss.

Body absorption, quantified by the JTG and consistent with data published in the 3GPP specifications, is assumed to have a typical value of -4 dB.  However, this is highly variable and can often be zero. And as discussed below, it is the worst-case interference from a small number of broadband transmitters, rather than the average behaviour of a large number of transmitters, that determines the impact of LTE handsets on AMT operations.  Thus, it is not considered in the analyses that follow, but may need to be considered in future analyses.

The height above ground for handsets is typically assumed to be 1.5 meters, although it is common for handsets to be used indoors, near windows and in the upper stories of buildings, well above the local level of terrain. There can be considerable variability with respect to LTE channel bandwidths, and handsets utilize dynamic power control.

LTE UE characteristics from the ITU Report are presented in Table 1, below.




Table 1

User Terminal Characteristics

		User terminal characteristics

		Macro rural

		Macro suburban

		Macro
urban

		Small cell outdoor / Micro urban

		Small cell indoor / Indoor urban



		Indoor user terminal usage

		50 %

		70 %

		70 %

		70 %

		100%



		Indoor user terminal penetration loss

		15 dB

		20 dB

		20 dB

		20 dB

		20 dB



		User terminal density in active mode

		0.17 / 5MHz/km2

		2.16 / 5MHz/km2

		3 / 5MHz/km2

		3 / 5MHz/km2

		Depending on indoor coverage/ capacity demand



		Maximum user terminal output power

		23 dBm

		23 dBm

		23 dBm

		23 dBm

		23 dBm



		Average user terminal output power

		2 dBm

		–9 dBm

		–9 dBm

		–9 dBm

		–9 dBm



		Typical antenna gain for user terminals

		-3 dBi

		–3 dBi

		–3 dBi

		–3 dBi

		–3 dBi



		Body loss (Not considered in the analysis)

		4 dB

		4 dB

		4 dB

		4 dB

		4 dB







The actual e.i.r.ps for a large ensemble of UEs operating with the multiple eNodeBs that, under a sharing scenario, will be visible within the main-beam and side-lobes of an AMT antenna, will vary according to a statistical probability distribution, the CDF, or cumulative distribution function. 

This is a consequence of the use of dynamic power control as well as the peak-to-average signal variations that result from the LTE modulation techniques used in both the handset and eNodeBs. 

Table 2 shows, for the purpose of conducting Monte Carlo analyses, possible interference from UEs to other systems. With respect to interference to AMT systems, it is the worst-case behaviour of an ensemble of interferers that matters, and determination of this worst-case condition does not typically require statistical analysis. This is because short term interference has long-term impact, as discussed in section 3.2.1, above.

For example, Table 2 provides worst-case power levels for UEs under three different power control (PC) scenarios. But, even the conservative estimate of power control setting 2, for which 2.6% of UE’s are transmitting at maximum power at any given instant, describes a situation in which the likelihood of an AMT ground station encountering at least one instance of harmful interference in a multi-hour flight, in which a single device operating co-frequency produces interference that causes a long term telemetry dropout, approaches100%. Thus, the actual distribution of UE power levels in terms of average power, or in terms of a Gaussian distribution having a well-defined standard deviation, is not relevant to most AMT analyses. Nevertheless, Table 2 provides the important statistic, namely the percentage of UEs in a geographically and/or temporally distributed ensemble that transmit at maximum power.[footnoteRef:9] [9:  	Although the percentages in Table 2 refer to spatial, rather than temporal averages, individual LTE handsets cannot be presumed to be actively transmitting 100% of the time on a 24 hour basis.  Thus, a temporal component is implicit in the assumption that 2.6% of all UEs that are active at a particular instant, are transmitting at maximum power under PC1, 2, or 3 limits. This means that the handsets that comprise the 2.6% change over time within a time frame that is neither specified nor material to the analysis.] 


Table 2

Simulation results of different PC settings

		

		PC setting 1

		PC setting 2

		PC setting 3



		PLxile in dB

		115

		122

		130



		

		1

		1

		1



		Portion of UE with maximum tx power

		24.8%

		2.6%

		0.003%



		Average IoT in dB

		14.00

		8.81

		0.89



		Average throughput (b/s/Hz)

		0.522

		0.417

		0.252



		5% CDF throughput

(b/s/Hz)

		0.167

		0.177

		0.141







3.3.2	LTE eNodeB base stations

LTE base stations are assumed to have sectorized antennas with a nominal gain of ~15 dBi, including 3 dB of feeder loss, and a corresponding beamwidth per sector of approximately 120 degrees. These are typically mounted on towers above local terrain.  

Details of cell size, antenna height, and power levels are shown in Table 3. However, taking into account an activity factor (e.g., network loading) of 50%, the average base station e.i.r.p. is given as 55 dBm in 5 MHz.

In dense deployments, antenna down-tilt is used to reduce interference to adjacent LTE cells.  Down-tilt is reduced when coverage, rather than capacity, is the goal. The effects of down-tilt on eNodeB antenna gain are described in Recommendation ITU-R F.1336. Values for down-tilt and average antenna tower height are also provided in Table 3. Note that “activity”, or “activity factor” are referred to, in some administrations, as “load factor” or “network loading”.

Table 3 

Deployment-related parameters for frequency bands between 1 and 3 GHz

		

		Macro rural

		Macro suburban

		Macro
urban

		Small cell outdoor / Micro urban

		Small cell indoor / Indoor urban



		Base station characteristics / Cell structure

		

		

		

		

		



		Cell radius / Deployment density (for bands between 1 and 2 GHz)

		> 3 km
(typical figure to be used in sharing studies 5 km)

		0.5-3 km
(typical figure to be used in sharing studies 1 km)

		0.25-1 km

(typical figure to be used in sharing studies 0.5 km)

		1-3 per urban macro cell<1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Cell radius / Deployment density (for bands between 2 and 3 GHz)

		> 2 km
(typical figure to be used in sharing studies 4 km)

		0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)

		0.2-0.8 km

(typical figure to be used in sharing studies 0.4 km)

		1-3 per urban macro cell4

<1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Antenna height

		30 m

		30 m (1-2 GHz)

25 m (2-3 GHz)

		25 m (1-2 GHz)

20 m 2-3 GHz)

		6 m

		3 m



		Sectorization

		3-sectors

		3-sectors

		3-sectors

		single sector

		single sector



		Down-tilt

		3 degrees

		6 degrees

		10 degrees

		n.a.

		n.a.



		Frequency reuse

		1

		1

		1

		1

		1



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” section)

ka = 0.7

kp = 0.7

kh = 0.7

kv = 0.3



Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336

omni





		Antenna polarization

		linear / +- 45 degrees

		linear / +- 45 degrees

		linear / +- 45 degrees

		linear

		linear



		Indoor base station deployment

		n.a.

		n.a.

		n.a.

		n.a.

		100 %



		Indoor base station penetration loss

		n.a.

		n.a.

		n.a.

		n.a.

		20 dB (horizontal)

Recommendation ITU-R P.1238, Table 3 (vertical)



		Below rooftop base station antenna deployment

		0 %

		0 %

		30 % (1-2 GHz)

50 % (2-3 GHz)

		100 %

		n.a.



		Feeder loss

		3 dB

		3 dB

		3 dB

		n.a

		n.a



		Maximum base station output power (5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm

		43/46/46 dBm

		35 dBm

		24 dBm



		Maximum base station antenna gain

		18 dBi

		16 dBi

		16 dBi

		5 dBi

		0 dBi



		Maximum base station output power (e.i.r.p.)

		58/61/61 dBm

		56/59/59 dBm

		56/59/59 dBm

		40 dBm

		24 dBm



		[bookmark: _Ref370184536]Average base station activity 
(Not considered in the analysis)[footnoteRef:10] [10:  Average base station power factor was not considered in the analyses here. The assumption is made in the analyses that the difference between peak and average power due to a 50% activity factor means that an individual eNodeB transmits at peak power 50% of the time, rather than at average power 100% of the time. Although this distinction might not matter when computing the aggregate interference due to a large number of interfering base stations, it is important in situations where a small number of eNodeBs is responsible for the majority of the interference.  From the AMT perspective, transmission at peak power for an even short period of time is more harmful than transmission at average power for a long period of time. This is because short term interference results in long-term telemetry dropouts. Thus, if the activity factor for a network is 50%, rather than 100%, even during peak broadband service periods, the 50% activity factor does not necessarily yield a 50% reduction in impact to AMT operations.] 


		50 %

		50 %

		50%

		50 %

		50 %



		Average base station power/sector 10

		55/58/58 dBm



		53/56/56 dBm



		53/56/56 dBm



		37 dBm

		21 dBm





3.3.3	Applicability of LTE system characteristics to the problem of co-channel sharing between LTE and AMT 

Although the data in Tables 1-3 provide information that is essential for the completion of many sharing studies, cell size, antenna down-tilt, deployment density, average UE power, assumptions about clutter and propagation, and so forth, have little impact on the final results developed herein.  This is because of two key features that distinguish AMT systems from other systems:

–	AMT ground station tracking antennas operate, by necessity, at elevation angles of two degrees or less. This is an unavoidable consequence of the need to track aircraft at long distances. As a result, interference from terrestrial systems arrives in the main-beam of the high gain (30-40 dBi) AMT ground station antenna, which can point in any azimuth direction for extended periods of time.

–	Since the aircraft are moving at high speed, momentary signal dropouts cause loss of antenna track and bit synchronization, thus turning a short duration (fractions of a second) signal into a long term (several minutes) loss of telemetry.

3.3.3.1	Cell size and down-tilt

Depending on the urban/suburban/rural nature of the deployments, the number of base stations within the main-beam of a 30 dBi AMT ground station antenna, pointing at the horizon at 0 degrees elevation angle, will vary considerably. However, as the number of base stations and UEs in simultaneous view of an AMT ground station increases, the power per base station and the power per handset often decreases by the same factor. Consequently, the aggregate interference at the AMT ground station becomes, to a first approximation, independent of the number of UEs and of the number of eNodeBs in view. 

3.3.3.2	Statistical variation of UE power levels and load factors

As stated above in reference to Table 2, the maximum UE power levels, not the average UE power levels, are of concern. Even if only 2.6% of UEs emit at maximum power, the fact that the maximum power is so large (+20 dBm) compared to the average power (–9 dBm) in the tables reproduced above, and given that even low-duty cycle interference to AMT can be dangerous, the maximum excursions must be considered first. Because of the unique nature and safety-related functions of AMT operations, harmful interference that occurs for 2.6% of time, or for 100% at 2.6% of locations (cf. Table 2) is not mitigated by the 97.4% of time for which a UE transmits at levels below the predicted average. If one chooses to analyze the spatial, rather than temporal case, interference to AMT is likewise not mitigated by the 97.4% of handsets that transmit at average power levels all of the time, versus the 2.6% that always transmit at maximum power.

In the rural case (corresponding to the coverage, rather than capacity limit), the smaller number of handsets is offset by the 26.2% that are operating at full power, presumably under conditions in which clutter and building attenuation are of significantly less importance than are the case for urban and suburban deployments.

3.3.3	LTE ground to ground propagation characteristics

LTE system designers strive to achieve coverage as a first criterion in system design. This is accomplished by using propagation models that ensure real-time LTE signals are powerful enough to close the UE to/from eNodeB link.  

For modelling the effects of terrain in the absence of clutter, Recommendation ITU-R P.452 
(or the Irregular Terrain Model) is appropriate. Most LTE cells will be a few kilometers (urban) to only tens of kilometers (rural), not hundreds of kms, in radius. However, in accordance with Table 3, average LTE cell radii used for simulation purposes should be 5 kilometres, 1 kilometre, and 0.5 kilometre, respectively for rural, suburban, and urban population zones.[footnoteRef:11] The resulting LTE propagation distances are short, in contrast with flight test telemetry link distances, which are several hundred kilometers. [11:  However, the Monte Carlo simulations that yield the percentages shown in Table 2 were derived using inter-cell distances of 3 km.] 


3.3.4	Consideration of clutter

As shown below, the presumption that a small percentage of emitters operating under worst-case conditions dominate the LTE to AMT interference problem, which makes a detailed discussion of clutter unnecessary. This is particularly true when, as discussed above, dynamic power control and antenna down-tilt combine to offset increased numbers of LTE users and eNodeBs.[footnoteRef:12] [12:  	Cf. section 3.3.3.1.] 


A UE might, for example, be on the near side of a suburban cluster of buildings with respect to an AMT ground station. The presumed 20 dB of clutter caused by the buildings with respect to the line of sight path between the UE and its eNodeB will require the UE to use maximum power in order to close the LTE link.

Because of the omni-directional antenna used on the UE, the full brunt of the 100 mW signal will be “felt” by the victim AMT ground station antenna, which can point in the direction of the suburban area for extended periods of time while tracking a flight test aircraft operating at a typical maximum range of 320 km.

The value of path loss for which a single UE transmitting at 100 mW within the 10 MHz bandwidth of a flight test downlink channel will exceed the protection level of –181 dBW/m2 in 4 kHz is 152 dB. This value (152 dB) is approximately the log-normal mean of the predictions of the Recommendation ITU-R P.452 model and the Cost231/HATA model. This compromise number indicates that a single UE transmitting at maximum power, at a distance of 24 kilometres, has a measurable likelihood of exceeding the interference threshold specified in Recommendation ITU-R M.1459.

However, the assumption that only one cell is visible at a time is highly unrealistic, as discussed below. But first, assume that the AMT ground station has a 30 dBi antenna gain and a 7 degree beamwidth. At 24 kilometres only a single 3 kilometres swath of the horizon is in view of the main-lobe at any given instant. This corresponds to the inter-cell spacing assumed in the analyses leading to Table 2. These analyses assume 18 active UEs per cell, such that for a 2.6% maximum power level, each cell contains approximately 0.5 UEs transmitting at full power. 

For a statistical analysis, this means that a flight test aircraft at any azimuth angle and distance from the AMT ground station has a 50% chance (since 2.6% of 18 UEs = 0.47) of being in boresight conjunction with a cell that contains a UE transmitting at maximum power. However, an aircraft that is 320 kilometres from the ground station and flying a path at 400 miles per hour that maintains this distance will cross a cell boundary every 3.7 minutes.  For a 60 minute flight segment, with a 0.5 chance of possibly harmful interference within each of the 16 cells that are traversed, the probability of not encountering this interference is (1 – (.5)16) = 1 in 100,000.

When the assumptions above are expanded to account for multiple cells being in “fore and aft” view of the AMT antenna beam at a given instant, as opposed to just a single cell, there is a linear increase in the amount of interference detected, as each cell will contain a UE transmitting at maximum power. The expected aggregate interference in each “wedge” within the beam of the AMT antenna isn’t 0.5N, where N is the number of cells in simultaneous view. Instead, it is 0.5N.  This is a logical result of the Monte Carlo simulations that produced the data in Table 2.  In particular, the percentage of UEs transmitting at maximum power is a function of location, not time.

Furthermore, as the “range gate” within which fore/aft cells are visible is increased, it may be considered that the path loss increases.  However, to a first approximation, this is offset by the larger number of side-by-side cells that are captured with the beam of the AMT antenna as the distance to the cells increases.

Thus, for a suburban, high clutter example, interference to AMT from UEs transmitting at maximum power will, in statistically significant cases, cause harmful interference to AMT ground stations.

Under the perhaps more likely conditions in which the PC1 power control characteristics from Table 2 are used to model UEs on the rural side of a suburban/rural interface, 26.8% of UE’s in each of the LTE cells that are visible to an AMT ground station without the benefit of clutter will be transmitting at maximum power, and the interference situation becomes even more grave. In this scenario, path loss for rural propagation approaches the free space limit of 130 dB, and there is no chance that an aircraft can fly past adjoining single LTE cell without encountering 268 x 18 x 100 mW of aggregate interference. This is 7 dB more interference per cell than for the suburban case, and with a considerable decrease in path loss between the cell and the AMT ground station. 

And, because of the manner in which AMT links transmit packets and rely on antenna tracking loops, as well as bit synchronizers and de-commutators, intermittent interference is typically as disruptive as continuous interference.

Furthermore, although the above scenarios might account for only a small percentage of UEs and base stations, they will nevertheless be common situations at the boundaries between urban and suburban regions, and the boundaries between suburban and rural areas. As shown below, the interference from these boundary regions, with no regard to the more challenging problems of modelling LTE systems within urban and suburban regions, demonstrates that co-channel sharing between LTE and AMT is problematic.

Finally, it should be noted that Monte Carlo analyses of the scenarios described might purport to show that the likelihood of LTE to AMT antenna main-lobe conjunction is small at any given instant.  However, such analyses presume that flight test aircraft hop randomly, at infinite speed, from one randomly selected point to another in the flight test airspace between each Monte Carlo iteration.  This is never the case.  Flight test aircraft travel at finite speed from one point in the airspace to another, adjacent point. Furthermore, the metric of interference used in Monte Carlo analyses is the probability of instantaneous interference, rather than the percentage of time that the flight test downlink is lost as a result of short term interference, as stated above and in footnotes 27 and 29.  Monte Carlo analyses that do not include these time-dependent effects produce misleading and incorrect results.  These results cannot be used for predicting and quantifying the impact of interference, which is the proper metric that must be considered.  

To elaborate, Monte Carlo analyses that address the probability of interference from LTE equipment operating on adjacent channels within the flight test telemetry band, must first address the high probability that the adjacent channel is itself co-channel to the telemetry downlink from another aircraft operating simultaneously in the flight test airspace.  And, for adjacent channel interference, main-lobe conjunction of the interference source(s) with the AMT ground station must continue to be assumed.  Although the time-duration of interference events might be affected in Monte Carlo analyses by the reduction in magnitude of the adjacent channel interference relative to co-channel interference, any perceived  mitigation for the adjacent-channel case due to reduction in the time duration of an interference event, is likely to be unfounded, and indeed, non-existent. This is because, as noted previously, short term interference to the AMT ground station causes long-term dropouts.  Thus, interference analyses for both co-channel and adjacent channel studies must be developed using the static worst-case coupling scenario, not Monte Carlo based on time duration of interference.  The analyses must account not only for the limits of physics with respect to the motion of aircraft, but for the requirement that AMT ground stations be able to maintain antenna track of the aircraft, and bit synchronization of the ground station receiver with the transmitted telemetry stream, without interruption -- short-term or otherwise.

4	Summary

4.1	LTE protection criteria

In the summary computations below, a range of conditions is determined for which LTE signals, from UEs or eNodeBs, when received an AMT ground station site, will exceed the pfd level of ‑181 dBW per meter2 in 4 kHz specified in Recommendation ITU-R M.1459. An Interference Protection Criterion of I/N = –6 dB from AMT systems to LTE systems is assumed. Further, it is also assumed (from previous, domestic studies in one Administration) that LTE handsets have a typical noise figure of 9 dB, and eNodeBs a noise figure of 5 dB.

Since the propagation path from an aircraft to the ground is modeled by Recommendation 
ITU-R P.528, for which free space propagation dominates, it is straightforward to adjust the results presented below to a different protection level, if appropriate.  For example, a change of 6 dB in protection implies a factor of two change in the protection distance, a consequence of the long range characteristics of air-to-ground propagation.  

The pertinent results, presented below, are the typical distances within which the calculations show that interference will exceed the Recommendation ITU-R M. 1459 levels for AMT ground stations, or the I/N criteria for LTE systems.

4.2	Study element 1: The impact of LTE-A terrestrial systems, namely handsets 
(i.e., user equipment, or “UE”) on AMT ground stations.

Considering only UEs that have a clear propagation path to the victim AMT receiver, protection distances equate to the spherical earth line of sight distance of about 24 kilometres. If idealized line of sight is the only consideration, the protection pfd levels given by Recommendation 
ITU-R M.1459 don’t come into play.

However, terrain effects and refraction must also be considered. The latter increases the effective line of sight distance by a factor of , from 24 to 28 kilometres. 

And, if one performs a full E&M analysis using the pfd levels from M.1459, the aggregation and statistical parameters in Tables 1 - 3 subject to the worst-case UE transmit power conditions outlined above, and a terrain-based propagation model such as Recommendation ITU-R P.452, typical protection distances increase to 47 km and more in the absence of extreme (>20 db) clutter loss. This is because the additional propagation loss for distances greater than 28 kilometres, although significant, must be very large in order to offset the enormous sensitivity of AMT ground stations. Noise-limited AMT systems have large tracking antennas with high values of gain 
(30 – 40 dBi) connected to low noise amplifiers having noise figures as low as 0.1 dB.

4.3	Study element 2: The impact of LTE-A base stations (i.e., eNodeBs) on AMT ground stations

The analysis of interference from eNodeBs to AMT ground stations follows an approach similar to that described above for UEs.  However, the power levels are significantly higher, with average e.i.r.ps of 55 dBm per 10 MHz, per Table 3, including a 3 dB reduction for antenna downtilt and including the 50% activity factor.[footnoteRef:13] Combined with nominal eNodeB tower heights of 30 meters, exclusion zones will be, at a minimum, the line of sight distances required for UEs, as described above, but adjusted for 30 meter average eNodeB tower height. Thus, a line of sight distance of 27 kilometres for a UE becomes 45 kilometres for a single eNodeB tower.  [13:  As stated in section 3.3.2, short-term interference to AMT systems causes long-term dropouts. Hence, 50% activity factor or other time-division factors (e.g., time division multiplexing among sector antennas on a single eNodeB) might not provide mitigation against the inevitable worst-case maximum power situation. The exception is when aggregate effects are significant enough that the use of average power per eNodeB is appropriate. However, in this limit and for AMT systems, the deleterious effects of aggregation will likely outweigh the benefits to sharing that result from the use of average values.] 


However, this is a lower limit. When beyond line of sight distances are included in propagation models, the distance at which an eNodeB needs to be from an AMT ground station in order to comply with Recommendation ITU-R M.1459 exceeds 100 km, even for “typical” terrain.[footnoteRef:14]   [14:  E.g., 90 meter average terrain variation, which is common in Region 2.] 


This does not include aggregation, which can be significant. And, because of the scaling effects described previously, reduction of cell size and the use of larger down-tilt angles for suburban and urban deployments will typically be offset by the increased number of cells, resulting in similar levels of aggregate interference for all three deployment scenarios: rural, suburban, and urban.

This leaves clutter effects as the remaining mitigation factor. These will be of no benefit for rural scenarios. And, the 30 meter tower height stipulated for use in sharing studies places eNodeBs above the height for which attenuation due to clutter will be significant for suburban and urban scenarios. 

4.4	Study element 3: The impact of AMT transmissions from aircraft
on LTE-A handsets

Suppose that UEs are configured to receive (FDD operation), or receive and transmit (TDD operation) in the 1 435-1 525 MHz AMT frequency band.  In these cases, transmission of signals from an aircraft to a UE will cause interference.

Quantitatively, consider a UE with a noise figure of 9 dB and a corresponding noise temperature of 2000 K operating over a bandwidth of 5 MHz. Its noise floor over this bandwidth is -129 dBW.  If an allowable I/N of –6 dB for the handset and an omnidirectional UE receive antenna with a gain of –3 dBi are assumed, then a 10 Watt,10 MHz bandwidth AMT transmission through a 2 dBi gain aircraft antenna will exceed I/N = –6 dB at a distance of 45 km. However, this is the distance from the aircraft to the UE. Since the aircraft may be up to 320 km from the AMT ground station, this yields an exclusion zone of 365 kilometres. 

When body-blocking or loss associated with the handset positioning with respect to its user attenuate the AMT signal, improvement will occur. But this will only be the case when blockage does not also, simultaneously, reduce the desired eNodeB signal. Note then when used as an internet “hotspot,” it is common to deliberately place a UE that is tethered to another device (e.g., laptop or “pad”) so as to minimize body attenuation.

All UEs within this interference distance from the aircraft, which can be a very large number, will be affected.

Even if the interference criterion were to be relaxed from, for example, I/N = -6 dB to I/N = –3 dB, significant interference from AMT transmissions to UEs would remain.

4.5	Study element 4: The impact of AMT transmissions on eNodeBs

The above results become worse when eNodeBs are the victims. Even with down-tilt, their main-lobe gain in the direction of an aircraft can be high (5-15 dBi). And, because of sectorization, at least one-sector, or one third of the capacity of each eNodeB, will be affected by an aircraft telemetry signal when the aircraft is in sight. Furthermore, the noise figure for a base station is 4 dB better than that of a handset. Hence, system performance levels that depend on I/N criteria are correspondingly more difficult to achieve than for the case where a UE is the victim receiver.

In any case, exclusion zones will be considerably larger than the 365 kilometres computed above for interference to UEs. Thus, the interference from AMT aircraft to eNodeBs will also be severe.

The determination of which of the four scenarios above applies to a particular LTE deployment scenario turns on whether the LTE system is operated in Time Division Duplex (TDD) or Frequency Division Duplex (FDD) mode.  Both TDD and FDD implementations of LTE can be used in any band, subject to equipment design and network implementation, as the 3GPP specification supports both TDD and FDD.

For both TDD and FDD, when UEs transmit in the AMT band, the eNodeBs must receive in the AMT band. As a consequence, the large exclusion zones needed to prevent UE signals from interfering with AMT ground station receivers will be eclipsed in size by the larger exclusion zones needed to protect eNodeBs from AMT aircraft transmissions. 

Alternatively, if eNodeBs transmit, rather than receive, in the AMT band, interference to AMT from UEs transmitting in a different FDD band will not occur. However, the exclusion zones needed to protect AMT ground stations from eNodeB transmissions will be prohibitively large, and the distances required for protection of UEs from AMT transmissions will be even larger. 

4.6	Summary

The required separation distances needed in order to meet protection levels of –181 dBW/m2 in 4 kHz (interference from LTE to AMT) and I/N = –6 dB (interference from AMT to LTE), are significant in all cases. For interference to AMT ground stations, peak, rather than average interference levels must be considered.  This is because short-term interference causes long term telemetry signal dropouts. 

And, if clutter in urban and suburban deployments is found to provide significant interference mitigation, the ability of a few interference sources located at the interface between urban/suburban and suburban/rural deployments will still cause harmful interference to AMT ground stations.

Co-channel sharing between IMT and AMT in the band 1 435-1 525 MHz is not practical due to the large exclusion zones required for all of the possible uplink/downlink combinations, whether TDD or FDD is used.




ANNEX 5

Study #5

Compatibility studies of IMT systems with aeronautical telemetry 
systems in the frequency band 1 429-1 518 MHz

1	Introduction

This Annex analyses the compatibility of IMT systems with aeronautical telemetry systems (AMT) in the frequency band 1 429-1 518 MHz. The analysis below mainly addresses the isolation requirement to prevent co-band and adjacent band interference from IMT base station into the ground station and the airborne station of AMT.

2	Technical parameters

2.1	Aeronautical Telemetry System (AMT)

The typical AMT system consists of the ground station and the airborne station. Some airborne stations in the AMT system transmit signals to the ground station while others do not. This study addresses the former situation. The technical parameters of AMT systems operating in the frequency band 1 429-1 518 MHz can be found in Recommendation ITU-R M.1459, as shown in Table 1. The antenna of AMT ground station is assumed to be pointed toward the aircraft at all the time.

TABLE 1

Technical parameters of AMT system in the frequency band 1 429-1 518 MHz

		Parameters

		Values



		Antenna gain (dBi)

		20~41 (ground station)

0 (airborne station)



		Transmission path length (km)

		Up to 320



		Typical emission bandwidth (MHz)

		1/3/5







2.2	Base station of IMT system

The technical parameters of the IMT base station can be found in Table 2. Considering the AMT systems generally could not be deployed in urban areas, this study just addresses the rural and the suburban deployment type.




TABLE 2

Technical parameters of IMT base station for bands between 1 and 3 GHz

		Parameters

		Values



		Deployment type

		Macro rural

		Macro suburban



		Bandwidth (MHz)

		5

		10

		20

		5

		10

		20



		Maximum output power (dBm)

		43

		46

		46

		43

		46

		46



		Maximum antenna gain (dBi)

		18

		16



		Feeder loss (dB)

		3

		3



		Antenna height (m)

		30

		30



		Downtilt (°)

		3

		6



		Antenna pattern

		Recommendation ITU-R F.1336 Annex10



		Horizontal 3 dB beamwidth (°)

		65



		Vertical 3 dB beamwidth (°)

		Determined from the horizontal beamwidth by equations in 
Recommendation ITU-R F.1336



		Unwanted emissions

		See 3GPP Document TS 36.104 V11.2.0, § 6.6.3 and § 6.6.4





2.3	Protection criteria for the AMT system

2.3.1	Ground station

According to Recommendation ITU-R M.1459, the received interference power flux density (pfd) in the reference bandwidth of 4 kHz should not exceed –181 dB(W/m2) when the interference’s angle of arrival is between 0 to 4. By applying the transforming equations in Recommendation ITU-R P.525, this criterion can be converted to that the received interference power should not exceed –155 dBW, assuming that the ground station’s antenna gain is 20 dBi and the receiver’s bandwidth is 5 MHz. 

2.3.2	Airborne station

According to section 2.8.1.1.1 of WRC-03 CPM Report, the received interference power flux density (pfd) into the airborne station in the reference bandwidth of 4 kHz should not exceed 
–140 dB(W/m2). This criterion also can be converted to that the received interference power should not exceed -134 dBW, assuming that the airborne station’s antenna gain is 0 dBi and the receiver’s bandwidth is 5 MHz.

3	Analysis

3.1	Interference scenarios

According to Recommendation ITU-R M.1459, The maximum air space for a telemetry receiving site is defined as a cylinder with a horizontal radius of 320 km around the site, with the lower bound determined by visibility and the upper bound determined by an altitude of 20 km. The minimum air space for a particular mission is defined as a vertical cylinder with a radius of 20 kilometres within the maximum air space with the same lower and upper bounds as for the maximum air space, as depicted in Figure 1.

FIGURE 1

 Maximum and minimum air space of AMT system







It is indicated from Figure 1 that, the interference from the mainlobe of the IMT base station may enter into the airborne receivers when the AMT aircrafts fly at low altitude. Furthermore, when the AMT aircrafts fly at low altitude or at far distance, the elevation of the AMT ground station antenna will become very low and the mainlobe of the AMT ground station may point toward the mainlobe of the IMT base station.

Considering that the AMT systems are related to flight safety, as the worst case, the mainlobe to mainlobe scenarios are mainly focused on in the following studies.

3.2	Methodology of analyses

The study methods are based on the deterministic link budget analysis, including the co-channel and adjacent channel analysis.

3.2.1	Co-channel interference

The following equation can be used to calculate the co-channel interference power from IMT base station to the aeronautical telemetry ground station.



Where:

	PRX = 	Interference power at the AMT ground receiver;

	PTX = 	Transmitter power of the IMT base station;

	FLTX = 	Feeder loss of the IMT base station;

	GTX = 	Transmitter antenna gain in the direction of the receiver;

	PL = 	Path loss;

	GRX = 	Receiver antenna gain in the direction of the transmitter;

	FLRX = 	Feeder loss of the AMT ground station;

	FDR = 	Frequency dependent rejection.

The following equation can be used to calculate the co-channel interference power from IMT base station to the AMT airborne station.






Where:

	PRX = 	Interference power at the AMT airborne receiver;

	PTX = 	Transmitter power of the IMT base station;

	FLTX = 	Feeder loss of the IMT base station;

	GTX = 	Transmitter antenna gain in the direction of the receiver;

	PL = 	Path loss; 

	GRX = 	Receiver antenna gain in the direction of the transmitter;

	FLRX = 	Feeder loss of the AMT airborne station;

	FDR = 	Frequency dependent rejection.

3.2.2 	Adjacent channel interference

The following equation can be used to calculate the adjacent channel interference power from IMT base station to the AMT ground station.



Where:

	SPRX = 	Adjacent channel interference power at the AMT ground receiver;

	SPTX = 	Out-of-band emission power of the IMT base station;

	FLTX = 	Feeder loss of the IMT base station; 

	GTX = 	Transmitter antenna gain in the direction of the receiver;

	PL = 	Path loss; 

	GRX = 	Receiver antenna gain in the direction of the transmitter;

	FLRX = 	Feeder loss of the AMT ground station.

The following equation can be used to calculate the adjacent channel interference power from IMT base station to the AMT airborne station.





Where:

	SPRX = 	Adjacent channel interference power at the AMT airborne receiver;

	SPTX = 	Out-of-band emission power of the IMT base station;

	FLTX = 	Feeder loss of the IMT base station;

	GTX = 	Transmitter antenna gain in the direction of the receiver;

	PL = 	Path loss; 

	GRX = 	Receiver antenna gain in the direction of the transmitter;

	FLRX = 	Feeder loss of the AMT airborne station.

3.3	Calculations

3.3.1	Co-channel interference

Table 3 and Table 4 contain the results of co-frequency compatibility analysis between IMT systems and AMT systems in both interference scenarios from IMT base station to AMT ground station and to AMT airborne station.

TABLE 3

Results of co-frequency compatibility analysis from IMT base station to AMT ground station

		[bookmark: _Hlk368225698]Deployment type

		Macro rural

		Macro suburban



		IMT bandwidth (MHz)

		5

		10

		20

		5

		10

		20



		IMT maximum base station 
output power (dBm)

		43

		46

		46

		43

		46

		46



		IMT base station 
antenna gain of mainlobe (dBi)

		15-18

		13-16



		IMT feeder loss (dB)

		3

		3



		IMT base station 
antenna height(m)

		30

		30



		AMT ground receiver 
feeder loss (dB)

		3

		3



		AMT ground receiver
 antenna gain (dB)

		20

		20



		AMT bandwidth (MHz)

		5

		5



		FDR (dB)

		0

		3

		6

		0

		3

		6



		Maximum permissible 
interference power (dBW)

		–155



		Isolation requirement (dB)

		197-200

		197-200

		194-197

		195-198

		195-198

		192-195





TABLE 4

Results of co-frequency compatibility analysis from IMT base station to AMT airborne station

		Deployment type

		Macro rural

		Macro suburban



		IMT Bandwidth (MHz)

		5

		10

		20

		5

		10

		20



		IMT maximum base station 

output power (dBm)

		43

		46

		46

		43

		46

		46



		IMT base station 

antenna gain of mainlobe (dBi)

		15-18

		13-16



		IMT feeder loss (dB)

		3

		3



		AMT airborne receiver 

feeder loss (dB)

		3

		3



		AMT airborne receiver

 antenna gain (dB)

		0

		0



		AMT Bandwidth (MHz)

		5

		5



		FDR (dB)

		0

		3

		6

		0

		3

		6



		Maximum permissible 

interference power (dBW)

		–134



		Isolation requirement (dB)

		156-159

		156-159

		153-156

		154-157

		154-157

		151-154





3.3.2	Adjacent channel interference

Report ITU-R M.2292 indicates that unwanted emission limits of IMT base station are defined in 3GPP document TS 36.104. According to 3GPP document TS 36.104 v11.2.0 § 6.6.3.1-6 and § 6.6.4.1.1, the unwanted emission limits of IMT base station for 5, 10 and 20 MHz channel bandwidth (E‑UTRA bands >1 GHz) are shown in Fig. 2.

FIGURE 2

IMT base station unwanted emission limits
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Based on the OoB and spurious emission limits of IMT base station shown in Fig. 2, the adjacent channel interference power in the AMT receiver from the IMT base station can be calculated, as shown in Fig. 3. Accordingly, the isolation requirement from the IMT base station to AMT receiver can be calculated based on the above adjacent channel interference power.

FIGURE 3

Out-of-Band interference from IMT base station to AMT receiver







The isolation requirement from IMT base station to AMT ground station and airborne station on the adjacent channel are shown in Table 5 and Table 6. 

TABLE 5

Results of adjacent frequency compatibility analysis from IMT base station to AMT ground station

		Deployment type

		Macro rural

		Macro suburban



		Out-of-Band 

frequency offset* (MHz)

		5

		≥10

		5

		≥10



		IMT base station OoB

 emission limits (dBm/100 kHz)

		–14

		–23

		–14

		–23



		IMT base station OoB

emission power in 5 MHz (dBm)

		3

		-6

		3

		–6



		IMT base station 

antenna gain of mainlobe (dBi)

		15-18

		13-16



		IMT feeder loss (dB)

		3

		3



		AMT ground receiver 

feeder loss (dB)

		3

		3



		AMT ground receiver

 antenna gain (dB)

		20

		20



		AMT bandwidth (MHz)

		5

		5



		Maximum permissible 

interference power (dBW)

		–155



		Isolation requirement (dB)

		157-160

		148-151

		155-158

		146-149



		*	Frequency offset between the edge of AMT operating band and the edge of  IMT operating band as shown in Fig. 3.





TABLE 6

Results of adjacent frequency compatibility analysis from IMT base station to AMT airborne station

		Deployment type

		Macro rural

		Macro suburban



		Out-of-Band 

frequency offset* (MHz)

		5

		≥10

		5

		≥10



		IMT base station OoB

 emission limits (dBm/100 kHz)

		–14

		–23

		–14

		–23



		IMT base station OoB

emission power in 5 MHz (dBm)

		3

		–6

		3

		–6



		IMT base station 

antenna gain of mainlobe (dBi)

		15-18

		13-16



		IMT feeder loss (dB)

		3

		3



		AMT airborne receiver 

feeder loss (dB)

		3

		3



		AMT airborne receiver

 antenna gain (dB)

		0

		0



		AMT bandwidth (MHz)

		5

		5



		Maximum permissible 

interference power (dBW)

		–134



		Isolation requirement (dB)

		116-119

		107-110

		114-117

		105-108



		*	Frequency offset between the edge of AMT operating band and the edge of  IMT operating band as shown in Fig. 3.





3.4	Summary

Based on the evaluations above, the following results can be concluded:

For macro rural deployment type:

–	the isolation requirement from the IMT base station for co-channel operation in the worst case is 200 dB to prevent the harmful interference to AMT ground station and 159 dB to prevent the harmful interference to AMT airborne station;

–	the isolation requirement from the IMT base station for adjacent channel operation in the worst case is 160 dB at 5 MHz OoB frequency offset and 151 dB at 10 MHz OoB frequency offset to prevent the harmful interference to AMT ground station, and 119 dB at 5 MHz OoB frequency offset and 110 dB at 10 MHz OoB frequency offset to prevent the harmful interference to AMT airborne station.

For macro suburban deployment type:

–	the isolation requirement from the IMT base station for co-channel operation in the worst case is 198 dB to prevent the harmful interference to AMT ground station and 157 dB to prevent the harmful interference to AMT airborne station;

–	the isolation requirement from the IMT base station for adjacent channel operation in the worst case is 158 dB at 5 MHz OoB frequency offset and 149 dB at 10 MHz OoB frequency offset to prevent the harmful interference to AMT ground station, and 117 dB at 5 MHz OoB frequency offset and 108 dB at 10 MHz OoB frequency offset to prevent the harmful interference to AMT airborne station.




ANNEX 6

Study #6

Spectrum Sharing between Aeronautical Mobile Telemetry and Broadband Wireless System using IMT in the band 1 452-1 472 MHz

[Editor’s Note: Further clarifications of the assumptions made in Study #6 will be provided to the next JTG meeting, such as the propagation model, antenna gains/elevation angles, EIRPoobe max value, and details of Monte-Carlo method.]

1	Introduction

This Annex presents sharing studies on adjacent channel operation between IMT and AMT systems operating in the band 1 452-1 472 MHz, with an aim to support the identification of one or more portions of bands in the 1 350-1 525 MHz frequency range to be used by IMT systems. .The sharing possibilities between AMT and IMS systems are analysed for the following scenarios shown in Figures 1 to 3. 

Figure 1

IMT Frequency band for suplemental downlink
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Figure 2

IMT FDD Frequency band L1
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Figure 3

IMT FDD Frequency band L2
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2	Background

The study considers technical characteristics and procedures of interference calculation from Recommendations of ITU-R.

For the IMT the equipment characteristics of the LTE-Advanced radio access technology were selected. The documents used for IMT service are:

–	LTE-Advanced system characteristics are described in detail in Report ITU-R M.2292, “Characteristics of terrestrial IMT Advanced systems for frequency sharing/interference analyses”.

–	Recommendation ITU-R F.1336-2 “Reference radiation patterns of omnidirectional, sectorial and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz” provides antenna pattern information with respect to the effects of base station antenna down-tilt.

–	Report ITU-R M.2039-2 – Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses.

–	The unwanted emission masks were obtained from the 3gpp standards TS 36.101 v12.2.0 and TS 36.104 v12.2.0 for IMT Mobile Stations and IMT Base Stations respectively. 

For the AMT service the following Recommendations were used:

–	Recommendation ITU-R M.1459 “Protection criteria for telemetry systems in the aeronautical mobile service and mitigation techniques to facilitate sharing with geostationary broadcasting-satellite and mobile-satellite services in the frequency bands 1 452-1 525 MHz and 2 310-2 360 MHz”, which provides the protection characteristics for AMT ground stations and the technical characteristics of AMT systems.

For the propagation models and methodology the following Recommendations were used:

–	For free space loss calculation the Recommendation ITU-R P.525-2 “Calculation of free-space attenuation”.

–	Okumura-Hata model.

[bookmark: Pre_title]For out of band emission mask, the Recommendation ITU-R SM. 1541 “Unwanted emissions in the out-of-band domain”, Annex 11 were used for Aeronautical Telemetry.

For the simulation of interference, the worst cases will be considered with the IMT carriers adjacent with AMT systems. The results of the study will show the necessary guard band or distance of protection to IMT system coexists with actual operating telecommunication systems.

3	Technical characteristics

The systems considered for this Annex are the AMT and IMT based on LTE-Advanced system characteristics. 

3.1	IMT – LTE Advanced

The IMT system to be considered on the study will be the LTE-Advanced base station (eNodeB) for a rural area with the followings technical specifications:

Table 1

LTE-Advanced base station characteristics used for simulations

		Parameter

		Unit

		Value



		Bandwidth

		MHz

		20



		Antenna Gain

		dBi

		18



		Transceiver Transmission Power

		dBm

		46



		Interference Criterium

		dB

		–3



		Antenna Height

		m

		15 – 25 







For the worst case, no activity factor was considered, and the total power was assumed as continuous in time.

The emission mask for the base station is:



[image: ]



For the simulation purpose of the study, we can see that out-of-band emissions are the same for channel bandwidths above 5 MHz. The study use 20 MHz and 5 MHz of channel bandwidth.




The LTE-Advanced mobile station (UE) has the following technical parameters:

Table 2

LTE-Advanced characteristics used for simulations

		Parameter

		Unit

		Value



		Bandwidth

		MHz

		20



		Antenna Gain

		dBi

		0



		Transmission Power

		dBm

		23



		Interference Criterium

		dB

		-3



		Antenna Height

		m

		1.5 





The emission mask for the UE is:

Table 3

LTE-Advanced UE emission mask

[image: ]



3.2	Aeronautical Mobile Telemetry Systems

Aeronautical mobile telemetry (AMT) is a subset of the mobile service (MS) and is used for the real-time transmission of critical performance data measured on board a flight test aircraft. The data include important system parameters such as altitude, air speed, engine temperature, fluid pressure and control surface strain gauges among many other functions. Up to ten thousand parameters can be monitored during flight tests.

Although used in other ITU Regions as well, the 1 435-1 525 MHz band is the primary band used for flight test telemetry in certain Region 2 Administrations. Footnote 5.343 in the Radio Regulations specifies that AMT applications have priority over other mobile service in Region 2. In Brazil the AMT service is used by channels of data and images allocated between 1 452‑1 472 MHz. 




The technical characteristics of the AMT system are shown on Table 4.

Table 4

Technical parameters of the AMT system used on simulations

		AMT

		Unit

		Value



		Frequency range

		MHz

		1 432 -1 537



		Receiver Bandwidth

		MHz

		5



		Reference Noise Temperature

		K

		290



		Interference Criterium

		dB

		–3



		Antenna Height

		m

		30



		AMT antenna gain

		dBi

		30



		AMT antenna   azimuth (auto track)

		Degrees

		0  to 360



		Elevation (auto track)

		Degrees

		0  to 90



		Power of Aircraft

		watt

		10







Emission mask is – (55+10 log P) relative to the mean power of the AMT transmitter.

4	Analysis

4.1	Adjacent channel operations between AMT and IMT FDD 

The methodology used establishes some scenarios of interference for adjacent channel operation.

For SDL frequency band of IMT FDD – AMT fixed on channel 1 469.5 MHz with 5 MHz of Bandwidth:

–	LTE-Advanced eNodeB (20 MHz) interfering on AMT;

–	LTE-Advanced UE(20 MHz) interfered by AMT .

For IMT FDD LTE Frequency band L1 and L2 (from table I) – AMT fixed on channel 
1 454.5 MHz with 5 MHz of Bandwidth:

–	LTE-Advanced eNodeB (5 MHz) interfering on AMT; 

–	LTE-Advanced eNodeB (5 MHz) interfered by AMT; 

–	LTE-Advanced UE (5 MHz) interfering on AMT;

–	LTE-Advanced UE (5 MHz) interfered by AMT.

The methodology used includes two kind of analyses, the first one based on link budget and path loss calculations based on free space loss and Okumura Hata propagation models, the main equipment characteristics are the I/N protection criteria and OOB emission masks of the interferers. The results considers the worst-case scenario with beam-to-beam interferer and interfered systems antenna configurations. The second part of the analyses corresponds to the Monte Carlo simulations to evaluate the possible combinations of distance and antenna pointing between interferer and interfered system. The resulting values are compared with the maximum OOB value permitted by the interfered receiver.




All the results are summarized in the following table:

Table 5

Simulation results

		Scenario

		e.i.r.p. max_OOB

Free Space Loss (1 km)

		e.i.r.p. max_OOB

Okumura-Hata (1 km)

		e.i.r.p. max_OOB

Monte Carlo Simulation

		e.i.r.p. interferer

		Coordination conditions for interference suppression



		SDL Band

		

		

		

		

		



		LTE-Advanced eNodeB (20 MHz) interfering on AMT

		22.74 dBm/5MHz

		38.38 dBm/5MHz

		72 dBm/5MHz

		21.02 dBm/5MHz

		No interference for Okumura-Hata model. For free space the coordination distance is 820 meters.



		LTE-Advanced UE(20 MHz) interfered by AMT

		67.92 dBm/20MHz

		106.245 dBm/20MHz

		Without interference

		-10.47 dBm/20 MHz

		



		IMT FDD Frequency band L1

		

		

		

		

		



		LTE-Advanced eNodeB (5 MHz) interfering on AMT 

		11.54 dBm/5MHz

		27.18 dBm/5MHz

		21.3 dBm/5MHz

		25.98 dBm/5MHz

		For the no interference condition, for the Okumura-Hata model, a distance of 1 km is needed to no interfere AMT on adjacent band



		LTE-Advanced eNodeB (5 MHz) interfered by AMT 

		55.55 dBm/5MHz

		71.22 dBm/5MHz

		Without interference

		-16.5 dBm/5MHz

		



		LTE-Advanced UE (5 MHz) interfering on AMT

		11.42 dBm/5MHz

		27.11 dBm/5MHz

		34 dBm/5MHz

		4.17 dBm/5MHz

		Interference for distance below 1 km for free space loss



		LTE-Advanced UE (5 MHz) interfered by AMT

		52.18 dBm/5MHz

		87.15 dBm/5MHz

		Without interference

		-16.5 dBm/5MHz

		



		IMT FDD Frequency band L2

		

		

		

		

		



		LTE-Advanced eNodeB (5 MHz) interfering on AMT 

		22.66 dBm/5MHz

		34.79 dBm/5MHz

		24.5 dBm/5MHz

		10.99 dBm/5MHz



		Interference for distance below 1 km for free space loss



		LTE-Advanced eNodeB (5 MHz) interfered by AMT 

		55.89 dBm/5MHz

		71.51 dBm/5MHz

		Without interference

		-18.01 dBm/5MHz

		



		LTE-Advanced UE (5 MHz) interfering on AMT

		11.42 dBm/5MHz

		27.11 dBm/5MHz

		34 dBm/5MHz

		4.17 dBm/5MHz

		Interference for distance below 1 km for free space loss



		LTE-Advanced UE (5 MHz) interfered by AMT

		52.18 dBm/5MHz

		87.15 dBm/5MHz

		Without interference

		-16.5 dBm/5MHz

		





5	Summary

A deterministic analysis (Okumura-Hata propagation model) and Monte Carlo simulations were performed in order to model in a more realistic way the impact of interference between IMT systems and AMT.

Results were obtained in order to find a method to mitigate effects of interference on the three proposed bands for the IMT system (SDL, L1 and L2) as can be seen on Figures 1, 2 and 3. 

Parameters of the systems were used form ITU-R recommendations and adapted from local use in a country in Region 2(height of antenna and bandwidth).

Based upon the premises adopted in this study and the use of the Okumura-Hata model for the worst case distance calculation, the following results can be summarized concerning the sharing possibilities between AMT on adjacent channel coexistence with IMT FDD systems.

For the AMT systems, it was found the followings results for adjacent channel operation:

–	for SDL band, L1 band and L2 band, adjacent channel interference was found to AMT receivers from the eNodeB for distances around 1 km. The propagation model used for this result was Okumura-Hata;

–	there is no adjacent channel interference from UE to AMT receiver. Height differences and spectrum mask of the AMT system for the out-of-band emission results on good conditions for the UE;

–	no adjacent channel interference was found from AMT to the LTE-Advanced eNodeB receivers.









______________
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Table 6.6.2.1.1-1: General E-UTRA spectrum emission mask

Spectrum emission limit (dBm)/ Channel bandwidth
Afoos 14 3.0 5 10 15 20 | Measurement
(MHz) | MHz | MHz | MHz | MHz | MHz | MHz | bandwidth

+0-1 0 | 13 -15 18 20 21 30 kHz
1125 | 40 | -0 10 E 10 10 TMHz
32528 | 25 | 0 10 -0 10 10 TMHz
+285 10 10 10 10 10 TMHz
+56 25 3 13 3 3 TMHz
+6-10 25 3 3 13 TMHz
+10-15 25 3 3 TMHz
+15-20 25 3 TMHz
+20-25 25 TMHz

As a general rule, the resolution bandwidth of the measuring equipment should be equal to the
measurement bandwidth. However, to improve measurement accuracy, sensitivity and efficiency, the
resolution bandwidth may be smaller than the measurement bandwidth. When the resolution bandwidth is
smaller than the measurement bandwidth, the result should be integrated over the measurement
bandwidth in order to obtain the equivalent noise bandwidth of the measurement bandwidth.
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[bookmark: dbreak]1	Overall consideration of results of studies

The attachments to this report represent submissions to JTG, and have not been reviewed in detail or agreed.

Several studies have been carried out with respect to the frequency band 2 700-2 900 MHz.  All of the studies show, based on the parameters provided by the relevant working parties, that within the same geographical area co-frequency operation of mobile broadband systems and radar is not feasible. As a result, globally harmonised usage of the 2 700-2 900 MHz frequency band or a portion thereof by mobile services for the implementation of IMT may not be possible.

Local circumstances, such as; ubiquity of radar deployments and additional mitigation are, when taken together, the single most critical factor as to whether IMT can operate in particular geographic areas.  This report makes no conclusion as to the complexity, practicability or achievability of the applied mitigations as discussed. Those decisions would have to be made at a national level under the current regulatory framework.

Based on the same parameters provided by the relevant working parties, compatibility also cannot be achieved in the same geographic area when operations including frequency offset are considered (i.e., when the occupied bandwidth of the IMT signal and the occupied bandwidth of the radar do not overlap).  However several studies presented showed that compatibility may be achievable subject to a frequency offset and geographic separation if certain mitigation techniques can be implemented including the modification of mobile and radar parameters from those provided by the relevant expert groups within the ITU. This might offer possibilities for the introduction mobile services into the 2 700-2 900 MHz frequency band, with due consideration of the future deployment of radar. It should be noted that those mitigation techniques have not at this point been determined as practical by the expert working parties.  The size of the frequency offset and geographical separation depends on the mitigation technique assumptions made in the studies and the acceptability of those assumptions to an administration and its neighbouring administrations (i.e., those within 800 kilometers, where no mitigation whatsoever, is employed).

It should also be noted that all of the studies which concluded it is feasible to introduce IMT systems in the 2 700-2 900 MHz frequency band require modification of the IMT and radar equipment.  Such studies also suggest segmentation in accordance with ITU-R SM.1132 which may involve replanning radar systems as necessary to remove radars from a portion of the band to provide sufficient spectrum to accommodate the IMT channel plus the frequency offset. Any consideration of radar replanning must take into account that some administrations make use of radars that operate across the band between 2 700-2 900 MHz.
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ATTACHMENT 10: “STUDIES ON THE IMPACT OF IMT INTERFERENCE ON RADAR SYSTEMS WITH PULSE COMPRESSION OPERATING IN THE FREQUENCY RANGE 2 700-3 100 MHz”








ATTACHMENT 1

Co-existence of mobile broadband systems and radars
in the frequency band 2 700-2 900 MHz

It should be noted that some of the studies in the attachments also reflect the inclusion of a notional safety margin.  Due to the function performed by aeronautical safety-of-life systems, an additional safety margin added to the protection criteria for theoretical studies may be necessary as a means to maintain the high reliability requirements of this application.  The level of the safety margin, if any, to be applied to aeronautical radars operating in the band 2 700-2 900 MHz is to be established on the basis of further study within the ITU-R.  As a result, conclusions based on the inclusion of a safety margin should be reviewed to determine if the same conclusion applies without that factor.







ATTACHMENT 2

Sharing between IMT systems and radars
in the 2 700-2 900 MHz band

1	Assumptions

Required separation distances were calculated for radars which technical characteristics and protection criteria were extracted from Recommendations ITU-R M.1460 and ITU-R M.1464. 
They were defined for the case of interference from single IMT base station and IMT base stations network. The protection distances for the radars were estimated in relation to IMT systems operating with signals of 5 MHz, 10 MHz and 20 MHz bandwidth. Estimation of interference to ground-based radar receivers used a radiowave propagation model reflected in Recommendation ITU-R Р.1546. The required protection distances were estimated for 10% of time and for 50% of locations for land and sea radio paths. Influence of the tropospheric scattering to the separation distances were taken into account. The estimation assumed that ground radar antenna altitude was 10 metres and IMT base station antenna altitude was 30 metres. The results were obtained assuming a cold sea radio path.

The following interference scenarios were considered in relation to aggregate interference. They were:

–	Scenario 1 as shown in Figure 1. The scenario assumes that the IMT system transmitters are deployed behind the line located at a distance R from the ground-based radar. The radar receiver is deployed in the immediate vicinity to a town surrounded with a suburban area and a rural one. The IMT transmitters are deployed in those areas with station density and antenna heights corresponding to the data shown in Table 1. The radar receiver antenna height assumed to be 10 m. The estimation also assumed an urban area of 30 km2 surrounded with suburban (30 km2) and rural (90=120-30 km2) areas;

–	Scenario 2 as shown in Figure 2. The scenario also assumes that the IMT system transmitters are deployed behind the line located at a distance R from the ground-based radar. However contrary to Scenario 1 they are deployed in a rural area with density corresponding to the data for the cell radius as shown in Table 1. Assumed height of the IMT BS antenna suspension is 30 m and that of AMT ground-based receiver antenna is 10 m.

FIGURE 1

Scenario 1 of interference effect on the ground-based radar





FIGURE 2

Scenario 2 of interference effect on the ground-based radar





2	Methodology

The acceptable interference level was calculated using the following equation: 



		,

where:



 - acceptable level of noise at receiver front end, dBW;



	 - acceptable interference-to-noise ratio, dB; 



	 - Boltzmann constant;



	 - receiver noise temperature, К;

	NF – receiver noise figure, dB;



	 - receiver passband, Hz.

The obtained value of acceptable noise level was used for estimating acceptable interference field strength based on the following equation: 



		,

where 



	 - acceptable level of interference field strength, dB(µV/m);



	 - radar antenna gain in a receiving mode, dB; 

	 - operation wavelength, m. 

It was taken into consideration that in most cases operational receiver passband of considered radars was narrower as compared with IMT base station frequency band. Therefore interference estimation used an effective IMT station e.i.r.p. value calculated on the basis of the following equation:



		,

where:



	 - effective interference e.i.r.p., dBW;



	 - IMT transmitter output power, dBW;



	 - IMT transmitter gain, dB;



	 - radar receiver operational passband, MHz;



	 - IMT transmitter operational bandwidth, MHz.

Necessary separation distances were defined for estimated values of Eacc and EIRPeff using propagation model from Recommendation ITU-R P.1546-4.

3	Results

The required protection distances for the radars were estimated for all above mentioned radar types considering interference from IMT transmitters using signals of 5 MHz bandwidth. The considered estimations took into consideration directional radar performances discussed in Recommendation ITU-R M.1464.

Figure 3 below reflects interference-to-noise ratio for the radars under consideration as a function of distances to the area where the IMT transmitters are deployed assuming a land radio path. Herein and hereafter curve A corresponds to radar A; curve B – to radar B; curve C – to radar C; curve E – to radar E; curve F – to radar F; curve G – to radar G; curve H – to radar H; curve I – to radar I and curve J – to radar J. Figure 4 presents interference-to-noise ratio for the radars concerned as a function of a distance to the deployment area for IMT transmitters as gained in relation to Scenario 2 for a land radio path. 

FIGURE 3

Interference-to-noise ratio as a function of a distance between the radar and the
IMT network deployment area for Scenario 1 and for a land radio path



FIGURE 4

Interference-to-noise ratio as a function of a distance between the radar and the
IMT network deployment area for Scenario 2 and for a land radio path





Figure 5 shows interference-to-noise ratio for the radars concerned as a function of a distance to the deployment area for IMT transmitters as gained in relation to Scenario 1 for a mixed radio path. Figure 6 reflects interference-to-noise ratio for the radars concerned as a function of a distance to the deployment area for IMT transmitters as gained in relation to Scenario 2 for a mixed radio path.

FIGURE 5

Interference-to-noise ratio as a function of a distance between the radar and the
IMT network deployment area for Scenario 1 and for a mixed radio path



FIGURE 6

Interference-to-noise ratio as a function of a distance between the radar and the
IMT network deployment area for Scenario 2 and for a mixed radio path

           



The curves reflected in Figures 3 – 6 were used for estimating the protection distances shown in Table 4.




TABLE 4

Protection distances for radiodetermination radars in the frequency band 2 700-2 900 MHz

		

		Land path 

		Mixed path



		

		Scenario 1

		Scenario 2

		Scenario 1

		Scenario 2



		Radar А

		420

		350

		480

		370



		Radar В

		420

		350

		486

		378



		Radar С

		380

		310

		450

		340



		Radar E

		480

		410

		540

		440



		Radar F

		470

		410

		530

		430



		Radar G

		600

		540

		670

		580



		Radar H

		400

		350

		460

		370



		Radar I

		410

		360

		420

		380



		Radar J

		480

		440

		540

		460







Analysis of the gained results shows that accounting for aggregate interference would result in significant increasing the required protection distances ensuring interference-free operation of the radars in the frequency band 2 700-2 900 MHz. Based on that a conclusion may be drawn that it would be extremely difficult to provide for compatibility of the IMT systems and the radars in the band concerned.

The conducted studies showed that to provide for sharing between the IMT networks and Radiodetermination radars with regards to aggregate interference could require protection distances exceeding 600 km for land radio paths and 670 km for mixed radio paths. Based on that a conclusion may be drawn that the IMT networks can not operate effectively in the frequency band 2 700-2 900 MHz.

______________



Detailed Calculations of single interference source.

A2.1	Introduction

The sphere of JTG 4-5-6-7 activity includes consideration of potential frequency bands appropriate for compatibility studies with IMT systems. The frequency band 2 700-2 900 MHz is one of the proposed candidate bands (Annex 8 to Doc. 4-5-6-7/113). In addition some Administrations suggested that feasibility of implementing the IMT systems both in parts of the frequency band 2 700-2 900 MHz and in parts of the frequency band 2 900-3 100 MHz should be analyzed.

At the latest JTG 4-5-6-7 meeting Russian Federation (RF) presented Document 4-5-6-7/158, which proposed to avoid consideration of the frequency band 2700-3100 MHz as a candidate one for IMT systems. The proposal was based on the results of previous studies which concluded that sharing between IMT systems and radars operating in the frequency band 2700-3100 MHz would be extremely difficult.

To confirm the above proposal RF conducted additional studies in feasibility of sharing between IMT systems and radiolocation systems in the frequency band 2 700-3 100 MHz. The results of those studies are described below.

A2.2	Technical characteristics and protection criteria for radars in the frequency band 2 700-3 100 MHz

The frequency band 2 700-3 100 MHz is used by different types of radars evenly accommodated in the whole band. Characteristics of those radars may be found in Recommendations 
ITU-R M.1460 and ITU-R M.1464. Table 1 below shows extracted from those Recommendations technical characteristics of aeronautical radionavigation radars and meteorological radars. Table 2 presents technical characteristics of Government radiolocation radars reflected in the above Recommendations ITU-R. Table 3 contains technical characteristics of ship-borne and land-based radiolocation radars as extracted from Recommendation 
ITU-R M.1460. The above mentioned technical characteristics were used for calculations. 

TABLE 1

Technical characteristic of aeronautical radionavigation radars and meteorological
radars operating in the frequency band 2 700-3 100 MHz (as described in Recommendation ITU-R М.1464)

		

		Aeronautical radionavigation radars 

		Meteorological radars 



		Type

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar G

		Radar H



		Operation frequency range, MHz

		2 700- 3 100

		2 700-3 000

		2 700-2 900



		Receiver gain, Grec, dBi

		33.5

		33.5

		34

		34.3

		33.5

		45.7

		38.0



		Receiver noise figure, NF, dB

		4

		4

		3.3

		2.1

		2.0

		630

		500



		Receiver pass band, F, kHz

		5 000

		653

		15 000

		1 200

		4 000

		2.1

		9.0



		Protection criterion, I/N, dB

		-10





TABLE 2

Technical characteristic of generic Government radiolocation radars 
operating in the frequency band 2 700-3 400 MHz
 (as described in Recommendation ITU-R М.1464) 

		Type

		Radar I

		Radar J



		Operation frequency range, MHz

		2 700-3 100

		2 700-3 100



		Receiver gain, Grec, dBi

		33.5

		40



		Receiver noise figure, NF, dB

		2

		1.5



		Receiver pass band, F, kHz

		3 500

		10 000



		Protection criterion, I/N, dB

		-6





TABLE 3

Technical characteristics of ship-borne radiolocation radars and land-based radiolocation radars
operating in the frequency band 2 900-3 100 MHz
 (as described in Recommendation ITU-R M.1460)

		

		Ship-borne
radiolocation radars

		Land-based radiolocation radars 



		Type

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Operation frequency range, MHz

		2 910–3 100.5

		2 905–3 080

		2 901.5–3 098.4

		2 900–3 100



		Receiver gain, Grec, dBi

		37

		41

		38

		36.7



		Receiver noise figure, NF, dB

		–

		–

		–

		–



		Receiver noise temperature, Tn, К

		–

		–

		–

		–



		Receiver pass band F, kHz

		500

		350

		1 600

		1 100



		Noise level, dBm

		–109

		–116

		–105

		–105



		Protection criterion, I/N, дБ

		-6





A2.3	Potential technical characteristics of mobile stations in the frequency band 2 700-3 100 MHz

The third JTG 4-5-6-7 meeting discussed technical characteristics of IMT systems in different frequency bands. Those characteristics compiled by WP 5D were presented in Document 4‑5‑6‑7/236. The document was used for preparing Annex 2 to JTG 4-5-6-7 Chairman’s Report (Document 4-5-6-7/242) which contained technical and operational characteristics presented by relevant ITU-R Working Parties for using in studies related to feasibility of compatibility and frequency sharing. Table 4 below shows IMT system technical characteristics which were used in the studies concerned. 

TABLE 4

Technical characteristics of IMT base stations between 1 GHz and 3 GHz 

		Cell type 

		Rural macro cell



		Characteristics of base stations 

		



		Antenna height 

		30 m



		Number of sectors

		3 sectors



		Tilt

		3 degrees



		Feeder losses

		3 dB



		Maximum base station (BS) output power (BW*=5/10/20 MHz)

		43/46/46 dBm



		Maximum BS antenna gain

		18 dBi



		Maximum e.i.r.p.

		58/61/61 dBm



		Mean BS/sector e.i.r.p. 

		55/58/58 dBm



		*	BW – frequency bandwidth.





A2.4	Estimation of protection distances required for radar receivers operating in the frequency band 2 700-3 100 MHz

Shown in Tables 1 – 3 characteristics of radar receivers were used for estimating an acceptable interference level at radar receiver front end. The acceptable interference level was calculated using the following equation: 



		,

where:



 	 - acceptable level of noise at receiver front end, dBW;



	 – acceptable interference-to-noise ratio, dB; 



	 – Boltzmann constant;



	 - receiver noise temperature, К;

	NF – receiver noise figure, dB;



	– receiver passband, Hz.

The obtained value of acceptable noise level was used for estimating acceptable interference field strength based on the following equation: 



		,

where:



 	 - acceptable level of interference field strength, dB(µV/m);



	 - radar antenna gain in a receiving mode, dB; 

	 - operation wavelength, m. 

Estimated values of acceptable interference power and associated values of maximum admitted interference field strength for the radar types under consideration are shown in Tables 5 - 7.

TABLE 5

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz 
without accounting tropospheric scattering 

		

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar G

		Radar H



		Receiver noise temperature, Tn, К

		438

		438

		330

		180

		170

		180

		2014



		Receiver thermal noise, dBW 

		–135

		–144

		–132

		–145

		–140

		–148

		
–139



		Acceptable interference power, dBW 

		–145

		–154

		–142

		–155

		–150

		–158

		–149



		Acceptable interference field strength, dB(µV/m) 

		–5.9

		–14.7

		–2.8

		–16.7

		–11.0

		–30.9

		–13.7



		

		Protection distances



		Interference bandwidth, MHz

		5; 10



		

, dBW

		25.0

		16.2

		25.0

		18.8

		24.0

		16.0

		15.0



		Land path, km

		193

		193

		165

		231

		227

		>324

		172



		Sea path, km

		572

		572

		534

		631

		624

		>773

		545



		Interference bandwidth, MHz

		20



		

, dBW

		22.0

		13.1

		22.0

		15.8

		21.0

		13.0

		12.0



		Land path, km

		165

		165

		139

		204

		203

		>299

		144



		Sea path, km

		526

		523

		506

		589

		586

		>728

		509







TABLE 6

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
without accounting tropospheric scattering

		

		Radar I

		Radar J



		Receiver noise temperature, Tn, К

		170

		120



		Receiver thermal noise, dBW 

		–141

		–138



		Acceptable interference power, dBW 

		–147

		–144



		Acceptable interference field strength, dB(µV/m) 

		–7.5

		–11.0



		

		Protection distances



		Interference bandwidth, MHz

		5



		

, dBW

		23.5

		25.0



		Land path, km

		194

		236



		Sea path, km

		572

		637



		Interference bandwidth, MHz

		10



		

, dBW

		23.4

		28.0



		Land path, km

		193

		262



		Sea path, km

		572

		678



		Interference bandwidth, MHz

		20



		

, dBW

		20.4

		25.0



		Land path, km

		165

		236



		Sea path, km

		534

		637





TABLE 7

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
without accounting tropospheric scattering

		

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Receiver thermal noise, dBW 

		–139

		–140

		–135

		–135



		Acceptable interference power, dBW 

		–145

		–146

		–141

		–141



		Acceptable interference field strength, dB(µV/m) 

		–9.2

		–14.2

		–6.2

		–4.9



		

		Protection distances



		Interference bandwidth, MHz 

		5; 10



		

, dBW

		15.0

		13.5

		20.1

		18.4



		Land path, km

		168

		164

		151

		123



		

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Sea path, km

		500

		532

		513

		478



		Interference bandwidth, MHz 

		20



		

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		

, dBW

		12.0

		10.4

		17.0

		15.4



		Land path, km

		108

		135

		122

		99



		Sea path, km

		454

		493

		480

		435





The technical characteristics of IMT stations presented in Table 4 were used for estimating the minimum separation distances for protection of radar receivers from interference caused by base stations of potential IMT systems. The protection distances for the radars were estimated in relation to IMT systems operating with signals of 5 MHz, 10 MHz and 20 MHz bandwidth.

Therewith it was taken into consideration that in most cases operational receiver passband of considered radars was narrower as compared with IMT base station frequency band. Therefore interference estimation used an effective IMT station e.i.r.p. value calculated on the basis of the following equation:



	,

where:



	 - effective interference EIRP, dBW;



	 - IMT transmitter output power, dBW;



	 - IMT transmitter gain, dB;



	 - radar receiver operational passband, MHz;



	 - IMT transmitter operational bandwidth, MHz.

Estimated values for effective interference e.i.r.p. in the bandwidth of 5 MHz, 10 MHz and 
20 MHz are shown in Tables 5 - 7.

Estimation of interference to ground-based radar receivers used a radiowave propagation model reflected in Recommendation ITU-R Р.1546. The required protection distances were estimated for 10% of time and for 50% of locations for land and sea radio paths. The estimation assumed that ground radar antenna altitude was 10 metres. The results of protection distance estimation are shown in Tables 5 - 7.

The results obtained show that the required protection distance related to interference of 5 MHz and 10 MHz bandwidth would vary from 123 to 324 kilometres for a land path and from 478 to 773 kilometres for a sea path. The values for interference of 20 MHz bandwidth would be less but even in that case the minimum protection distance would be 99 kilometres for a land path and 435 kilometres for a sea path.

It is worth mentioning that the protection distances shown in Tables 5 - 7 were estimated without accounting for tropospheric scattering therefore they would not provide a complete protection for radar systems from the interference concerned. Tables 8 - 10 below reflect the protection distance estimates accounting the tropospheric scattering.

TABLE 8

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
accounting tropospheric scattering

		

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar G

		Radar H



		Receiver noise temperature, Tn, К

		438

		438

		330

		180

		170

		180

		2014



		Receiver thermal noise, dBW 

		–135

		–144

		–132

		–145

		–140

		–148

		–139



		Acceptable interference power, dBW 

		–145

		–154

		–142

		–155

		–150

		–158

		–149



		Acceptable interference field strength, dB(µV/m) 

		–5.9

		–14.7

		–2.8

		–16.7

		–11.0

		–30.9

		–13.7



		

		Protection distances



		Interference bandwidth, MHz

		5; 10



		

, dBW

		25.0

		16.2

		25.0

		18.8

		24.0

		16.0

		15.0



		Land path, km

		257

		256

		227

		303

		298

		415

		234



		Sea path, km

		582

		582

		542

		642

		635

		783

		550



		Interference bandwidth, MHz

		20



		

, dBW

		22.0

		13.1

		22.0

		15.8

		21.0

		13.0

		12.0



		Land path, km

		228

		228

		200

		273

		268

		385

		209



		Sea path, km

		544

		535

		508

		604

		596

		754

		518





TABLE 9

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
accounting tropospheric scattering

		

		Radar I

		Radar J



		Receiver thermal noise, dBW 

		170

		120



		Acceptable interference power, dBW 

		–141

		–138



		Acceptable interference field strength, dB(µV/m) 

		–147

		–144



		Receiver thermal noise, dBW 

		–7.5

		–11.0



		

		Protection distances



		Interference band width, MHz

		5



		

, dBW

		23.5

		25.0



		Land path, km

		258

		308



		Sea path, km

		583

		648



		Interference band width, MHz

		10



		

, dBW

		23.4

		28.0



		Land path, km

		257

		339



		

		Radar I

		Radar J



		Sea path, km

		582

		687



		Interference band width, MHz

		20



		

, dBW

		20.4

		25.0



		Land path, km

		228

		308



		Sea path, km

		544

		648





TABLE 10

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
accounting tropospheric scattering

		

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Receiver thermal noise, dBW 

		–139

		–140

		–135

		–135



		Acceptable interference power, dBW 

		–145

		–146

		–141

		–141



		Acceptable interference field strength, dB(µV/m) 

		–9.2

		–14.2

		–6.2

		–4.9



		

		Protection distances



		Interference bandwidth, MHz 

		5; 10



		

, dBW

		15.0

		13.5

		20.1

		18.4



		Land path, km

		195

		227

		214

		187



		Sea path, km

		500

		542

		524

		488



		Interference bandwidth, MHz

		20



		

, dBW

		12.0

		10.4

		17.0

		15.4



		Land path, km

		169

		198

		186

		162



		Sea path, km

		464

		504

		488

		454







Analysis of data presented in Tables 8 – 10 shows that accounting for the tropospheric scattering results in significant increasing of the required protection distances. As for interference of 
5 MHz and 10 MHz bandwidth the required protection distance would be from 187 km to 415 km for a land radio path and from 488 km to 783 km for a sea path. For interference of 20 MHz bandwidth the values of protection distances would be reduced. However in that case the required protection distance would be of 162 km for a land radio path and of 754 km for a sea path.

The results shown in Tables 8 - 10 were obtained assuming a cold sea radio path. Consideration of a warm sea radio path would result in ever increased protection distances.

The above presented results were obtained assuming single-source interference effect on a radar receiver. But since the beam width of radar antenna patterns features a finite value the pattern main lobe could be affected by emissions from several IMT interferers located at different distances from the radar receiver considered. In that case the effect of aggregate interference from IMT base stations would be defined by density of their deployment and would result in increasing the required protection distances.

The results obtained without taken into account tropospheric scattering show that the required protection distance related to interference of 5 MHz and 10 MHz bandwidth would vary from 123 to 324 kilometres for a land path and from 478 kilometres to 773 kilometres for a sea path. The values for interference of 20 MHz bandwidth would be less but even in that case the minimum protection distance would be 99 kilometres for a land path and 435 kilometres for a sea path.

Accounting for the tropospheric scattering leads to significant increase of the required protection distances. As for interference of 5 MHz and 10 MHz bandwidth the required protection distance would be from 187 to 415 kilometres for a land radio path and from 488 to 783 kilometres for a sea path. For interference of 20 MHz bandwidth the values of protection distances would be reduced. However in that case the required protection distance would be of 162 kilometres for a land radio path and of 754 kilometres for a sea path.

The above presented results were obtained assuming single-source interference effect on a radar receiver. But since the beam width of radar antenna patterns features a finite value the pattern main lobe could be affected by emissions from several IMT interferers located at different distances from the radar receiver considered. In that case the effect of aggregate interference from IMT base stations would be defined by density of their deployment and would result in increasing the required protection distances.

The required protection distances for the radars were estimated for all above mentioned radar types accounting for interference from IMT transmitters using signals of 5 MHz bandwidth. The considered estimations took into consideration directional radar performances discussed in Recommendation ITU-R M.1464. Assessment of the results showed that accounting for aggregate interference would result in increasing the required protection distance up to 600 km for a land radio path.

Analysis of the obtained results shows that providing protection for radars operating in the frequency bands 2 700-2 900 MHz and 2 900-3 100 MHz would require separation distances exceeding 780 kilometres. Considering a global nature of radiolocation service allocations a conclusion could be drawn that sharing between IMT stations and the mentioned radars in the frequency bands 2 700‑2 900 MHz and 2 900-3 100 MHz would be extremely hard to implement.

A2.5	Conclusions and Proposals

Analysis of the obtained results shows that providing protection for radars operating in the frequency bands 2 700-2 900 MHz and 2 900-3 100 MHz would require separation distances exceeding 780 km. Considering a global nature of radiolocation service allocations a conclusion could be drawn that sharing between IMT stations and the mentioned radars in the frequency bands 2 700-2 900 MHz and 2 900-3 100 MHz would be extremely hard to implement and would prevent from providing effective operation of IMT systems.

Based on the above it is proposed to exclude the frequency bands 2 700-2 900 MHz and 
2 900-3 100 MHz from consideration as a candidate for satisfying WRC-15 agenda item 1.1. 







ATTACHMENT 3

Sharing between IMT systems and radars 
in the 2 700-2 900 MHz band

1	Introduction

WRC-15 agenda item 1.1 is considering additional spectrum allocations to the mobile service and the identification of additional frequency bands for IMT, and JTG 4-5-6-7 is performing studies in relation to this, as well as for WRC-15 agenda item 1.2. Sweden has proposed a number of potential candidate bands for IMT, including frequencies between 2.7 and 2.9 GHz.

Currently, the band 2 700-2 900 MHz is allocated to aeronautical radionavigation service (ARNS) on a primary basis and radiolocation service on a secondary basis; and the systems operating in this band include air traffic control (ATC) radars and meteorological radars. 

This contribution contains a study of adjacent channel coexistence between IMT and radars operating in the 2 700-2 900 MHz band; and investigates the necessary isolation or separation between IMT station and a radar system.

2	Discussion

Previous sharing studies for the 2.7-2.9 GHz band in ITU‑R (e.g. those in Report ITU‑R M.2112 that were undertaken prior to WRC-07) have concentrated on co-channel sharing between mobile (IMT) and radars, and indicate that co-channel sharing in the same geographic area is extremely difficult. More recent contributions to JTG-4-5-6-7 have indicated that adjacent channel coexistence may be possible. In this study the methodology is based on the radar equation and hopefully this can be used as an argument into the PDNR on the matter.

3	Proposal

The material in Annex 1 is proposed to supplement the analysis in the Working Document towards a preliminary draft new ITU-R Report M.[AERO-IMT]

Annex: 1



ANNEX 1

Coexistence study between IMT systems and radars in 
the 2 700-2 900 MHz frequency band

1	Introduction

This document investigates the necessary separation between IMT networks and radar in the 2 700‑2 900 MHz frequency range. The study can be included in the working document towards a PDNR M.[IMT.AERO]. The methodology in this investigation is based on the radar range equation and encompasses a number of different mitigation methods that, depending on local or specific circumstances, might be utilised in order to facilitate co-existence. 

Interference from radars to IMT systems is not addressed in this contribution.

2	Background

The 2 700-2 900 MHz band has been proposed as a candidate band for WRC-15 agenda item 1.1. Previous studies of the band, for example Report ITU‑R M.2112, suggest that co-channel sharing between IMT and the incumbent radar service in the same geographic area requires a large amount of reduction of the radiated energy from the IMT network and is probably not feasible. For frequency adjacent operation co-existence is more likely to be successful. This document contains a deterministic adjacent channel coexistence analysis based on the radar range equation, and discusses some possible mitigation techniques and provides an analysis based on the mitigated performances. Mitigation and scenario assumptions are taken from Document 4-5-6-7/353 together with text describing the technical characteristics and mitigation methods.

3	Technical characteristics

3.1	Baseline

The technical characteristics of the IMT and radar systems are described in this section. Firstly in Section 3.1.1 the ‘baseline’ characteristics are described. 

3.1.1	Radar system

The following radar system characteristics in Table 1 are based on those contained in Working Document towards a preliminary draft new Report ITU-R M.[AERO-IMT]. 




Table 1

Radar characteristics

		Use

		Units

		Air Traffic Control

		Defence

		Meteorological



		Transmitter 

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Power to the antenna

		dBW

		47.8

		44.8

		44

		48

		53

		59

		57



		

		dBm/MHz

		73.8

		75.8

		71.2

		74

		73

		89

		89.2



		3 dB emission bandwidth

		MHz

		2.5

		0.8

		1.9

		2.5

		10

		1

		0.6



		Rec. ITU‑R SM.329/1541 spurious emission limits 

		dBc

		60

		60

		60

		60

		60

		100

		100



		

		dBm

		17.8

		14.8

		14

		18

		23

		−11

		−13



		

		dBm/MHz

		13.8

		15.8

		11.2

		14

		13

		−11

		−10.8



		Receiver

		

		

		

		

		

		

		

		



		Noise Figure

		dB

		2

		1.4

		3.3

		2

		1.5

		2

		2.1



		3 dB bandwidth

		MHz

		1.5

		0.8

		15

		1.5

		10

		1

		0.63



		Receiver thermal noise floor 

		dBm

		−110.2

		−113.6

		−98.9

		−110.2

		−102.5

		−112.0

		−113.9



		

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N 

		dB

		−10

		−10

		−10



		1 dB compression point

		dBm

		−10

		10

		10

		−16.8

		−10.3

		10

		−17



		Antenna

		

		

		

		

		



		Pattern

		

		Cosecant squared

		Cosecant squared

		Pencil



		Polarization

		

		Mixed

		Mixed

		Circular



		Gain

		dBi

		33.5

		35

		34

		33.5

		40

		43

		45.7



		Antenna aperture

		m2

		2.2

		3.1

		2.5

		2.2

		9.8

		19.6

		36.5



		Feeder loss

		dB

		2

		2

		2



		Azimuthal beamwidth

		degrees

		1.5

		1.4

		1.45

		1.5

		1.1

		0.92

		0.92



		Elevation beamwidth

		degrees

		4.8

		4.5

		4.8

		4.8

		

		0.92

		0.92



		Rotation

		Rpm

		15

		15

		15

		

		60

		3

		3



		Location

		

		Ground

		Ground

		Shipborne

		Ground



		Nominal height

		M

		15

		15

		30

		15



		Aeronautical safety factor

		dB

		6

		0

		0



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		90.7

		111.5

		25.6

		90.7

		35.0

		104.1

		119.6



		

		20 MHz

		dB

		110.9

		132.2

		39.7

		110.9

		50.8

		124.6

		140.4



		

		30 MHz

		dB

		123.2

		144.7

		49.5

		123.2

		61.4

		137.1

		152.9







Note that Radars 3, 4, 5 and 7 appear to correspond to Radars C, I, J and G in Recommendation ITU‑R M.1464-1, respectively.

A number of changes and additions have been made to the parameters in the table including:

•	Modification of the 1 dB compression point for Radars 4 and 5 (and related antenna aperture calculation).

•	Radar intermediate frequency (IF) selectivity characteristics.

For Radars 4 and 5 (corresponding to Recommendation ITU‑R M.1464-1 Radars I and J), the 1 dB compression point is given in terms of the power density at the antenna in W/m2. For these radars, the 1 dB compression point at the front end receiver input is calculated by multiplying the power density by the antenna aperture in square metres. However, the power density values provided in Recommendation ITU‑R M.1464-1 do not seem reasonable as they give rise to 1 dB compression point values of in excess of 80 dBm (100 kW) for the receiver. In the last WP5B meeting in Annex 19 of 5B/304 the following note is made, "[Chairman’s note: Are the receiver 1 dB compression points and on tune saturation levels correct as they appear a little high. Should they be raise to the power (‑)?]". If we assume a typographical error here, as suggested by the Chairman’s note, and assume that the power density at the antenna for Radar I, J (or 4 and 5), K and L is 1.5 × 10−5, 5 × 10−5 W/m2 rather than 1.5 × 10+5, 5 × 10+5 W/m2, then we obtain more reasonable values of −16.8 and −10.3 dBm for the 1 dB compression points, respectively.

The antenna aperture is calculated for each radar assuming a frequency of 2 700 MHz. This is required to convert the 1 dB compression point power density at the antenna provided in Recommendation ITU‑R M.1464-1 for Radar 4 and 5 to the 1 dB compression point at the receiver input.

The radar IF selectivity parameters have been added to the above table. A selectivity roll-off of 80 dB per decade from the radar 3 dB bandwidth has been assumed as suggested by Recommendation ITU‑R M.1461-1. Also a guardband of between 10 and 30 MHz has been assumed between the radar and IMT system channel edges, and an IMT system bandwidth of 10 MHz.

3.1.2	IMT system

The baseline technical characteristics of the IMT system are described in this section beginning with the base station characteristics, and finishing with the user equipment (UE) characteristics.

3.1.2.1	Base station

The base station characteristics shown in Table 2 are based on the suburban macrocell characteristics for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document 4‑5‑6‑7/242, Annex 2. A bandwidth of 10 MHz has been used.

Table 2

IMT base station characteristics

		Base station

		Units

		LTE



		Downlink frequency

		MHz

		2 800



		Bandwidth

		MHz

		10



		Maximum transmitter power  

		BW=5 MHz

		dBm


dBm/MHz

		43



		

		BW = 10 MHz

		

		46



		

		Power density

		

		36



		Spurious emission limits

		limit

		dBm/MHz

		−30



		Max antenna gain (3-sector sites assumed for macro)

		dBi

		16



		Feeder loss

		dB

		3



		Antenna height 

		m

		30



		Antenna down tilt

		Degrees

		6



		Antenna type

		

		Sectoral (3 sectors)



		Antenna pattern

		

		Rec. ITU‑R F.1336-3



		Polarization 

		

		±45° cross-polarized



		3 dB antenna aperture in elevation 

		Degrees

		12



		3 dB antenna aperture in azimuth 

		Degrees

		65



		Receiver noise figure (worst case)

		dB

		5



		Receiver thermal noise level

		BW = 5 MHz

		dBm





dBm/MHz

		−102



		

		BW = 10 MHz

		

		−99



		

		Power density

		

		−109



		Required I/N

		dB

		−6





3.1.2.2	User equipment (UE)

The UE characteristics shown in Table 3 are based on the characteristics agreed for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document 4-5-6-7/242, Annex 2. A bandwidth of 10 MHz has been used for the IMT system.

Table 3

IMT UE characteristics

		Base station

		Units

		LTE



		Downlink frequency

		MHz

		2 800



		Bandwidth

		MHz

		10



		Maximum transmitter power

		dBm

		23



		

		dBm/MHz

		13



		Antenna gain

		dBi

		−3



		Antenna height 

		m

		1.5



		Antenna type

		

		Omnidirectional



		Polarization 

		

		Linear



		Body loss

		dB

		4



		Spurious emission limits 

		dBm/MHz

		−30



		Receiver noise figure (worst case)

		dB

		9



		Receiver thermal noise level

		BW = 10 MHz

		dBm

dBm/MHz

		−95



		

		Power density

		

		−105



		Required I/N

		dB

		−6





3.2.1	Combined characteristics

The technical characteristics that are dependent on the parameters assumed for both the IMT and radar systems are described in this section.

The antenna gains of the radar developed toward the UE and base station, and the base station antenna gain developed toward the radar are a function of the relative heights and separations. In this study, the suburban macrocell base station height is assumed to be 30 m, the microcell base station height is assumed to be 6 m, the UE height is assumed to be 1.5 m and the radar antenna height is assumed to be 15 m for Radars 1-4, 6-7 and 30 m for Radar 5. Table 4 shows the elevation angles measured at the radar receiver for the IMT macro- and microcell base station.

Table 4

Elevation angles of IMT base station antennas determined at radar antenna 

		

		

		

		Radars 1-4, 6-7

		Radar 5



		IMT Terminal

		Separation

		Height

		15 m

		30 m



		Suburban macrocell base station

		1 km

		25 m

		0.6°

		−0.3°



		Microcell base station

		1 km

		6 m

		−0.5°

		−1.4°







The antenna gains of the radar in the direction of the UE and base stations are summarized in Table 5.

The working document towards a preliminary draft new Report ITU-R M.[AERO-IMT] provides the relative gain (-10 dB) for the cosecant characteristic that applies to Radars 1-5. The relative antenna gains toward the base stations are estimated using the vertical antenna pattern for the radar given in Figure 1 in the Working Document towards a preliminary draft new Report ITU‑R M.[AERO‑IMT]. 

In the case of Radars 6 and 7, in line with Report ITU-R M.2112, it is assumed that the pencil beam has the characteristics defined in the Federal Meteorological Handbook No. 11, Part B, § 3.28, replicated below:

–	Antenna sidelobe levels of the WSR-88D are described as follows:

–	In any plane, the first sidelobe level is less than or equal to -27 dB relative to the peak of the main lobe. In the region between +2 and +10 degrees from the axis of the main lobe, the sidelobe level shall lie below a straight line connecting -29 dB at +2 degrees and -34 dB at +10 degrees. Between +10 degrees and +180 degrees the sidelobe envelope is less than or equal to -40 dB relative to peak of the main lobe. Generally, the actual pattern is about 5 dB below the prescribed envelope in the region beyond +2 degrees. Other characteristics of interest that are frequency dependent and vary across the operational band include:

•	first sidelobe maximum is at about +1.5 degrees from the main lobe axis.

•	first null is at about +1.2 degrees.

In the absence of more detailed information; for the meteorological radars (Radars 6 and 7) a relative gain of -27 dB is developed toward the UEs (on the basis that 1.5 degrees below horizontal corresponds to the first sidelobe). Note that the main beam of Radars 6 and 7 can be directed at any elevation angle above the horizontal. As the elevation angle to the suburban macrocell base station is above the horizontal, and therefore may lie within the main beam, then no reduction in radar antenna gain is assumed for Radars 6 and 7. In the case of the microcell base station, which lies 0.5 degrees below the horizontal, a relative gain of 3.8 dB may be assumed, on the basis that the main lobe will be of the form −12 × (θ/θ3)2 dB, where θ3 is the 3 dB beamwidth of the antenna.

Table 5

Radar antenna gain toward IMT receiver 

		IMT Terminal

		Radars 1-4

		Radar 5

		Radars 6-7



		UE (in this study a gain of 0 dBi has been used)

		−10 dB

		−10 dB

		−27 dB



		Suburban macrocell base station

		−1.4 dB

		−2.4 dB

		0 dB



		Microcell base station

		−2.8 dB

		−3.8 dB

		−3.8 dB







The UE and base station antenna gains in the direction of the radar are summarized in Table 6. In the case of the UEs, then no variation of gain with elevation angle is modelled. For base stations, the base station parameters together with the patterns described in Recommendation ITU‑R F.1336‑4 are used, in conjunction with the elevation angles calculated above, to calculate the effective antenna gain for each path.

Table 6

Gain of IMT antennas relative to maximum in direction of radar antenna 

		IMT Terminal

		Gain

		Vertical Beamwidth

		Radars 1-4, 6-7

		Radar 5



		UE

		−3 dBi

		N/A

		0 dB

		0 dB



		Suburban Macrocell Base Station (6° downtilt)

		16 dBi

		12°

		−2.4 dB

		−3.3 dB



		Microcell Base Station

		5 dBi

		34°

		−0.003 dB

		−0.02 dB







The gains of the IMT and radar antennas in each path in Tables 5 and 6 are additive. Note that the reduction in gain for the microcell base station is negligible and will therefore be ignored.

Furthermore, radars and IMT systems use different polarizations. IMT systems use linear polarization. Radars 1-5 use mixed polarization with an average polarization loss of 3 dB, however radars 6 and 7 use circular polarization, so the loss will be 3 dB, this is not used in this study which overestimates the necessary separation or necessary isolation between the IMT station and the radar station.

4	Methodology

A radar receiver is not able to decode an IMT-signal and because of the nature of the IMT-signal, the radiated energy from the IMT transmitters can be, from the radar point of view, treated as Gaussian noise, although the signal is modulated. This will somewhat overestimate the interference as the amplifier in the IMT base station does not have sufficient amplification compared to the output signal to generate Gaussian noise, this can be modelled by an “Gaussian quality factor”, Q in the following equations but in this investigation this factor is set to 1 and omitted. In other words, the radar experiences an interference that can be seen as noise-jamming with an effective jamming spectral density Pj.

Normally a radar jammer is airborne and the received jamming power in the radar (right after the antenna) is due to free space condition between the jamming transmitter and the radar receiver.

 	(1)

where 

	Ptj is the jamming power into the jamming antenna

	Gj(θ) is the jamming antenna gain in the direction towards the radar receiver antenna

	Gr(θ-180º) is the radar receiver antenna gain in the direction towards the jamming antenna

	 is the transmitted wavelength of the jammer (mean value of), valid approximation for the purpose of the ensuing calculations

	RI is the distance between the jammer antenna and the radar receiver antenna.



One form of the radar equation for a 2-way monostatic radar in absence of jamming (or external interference) is

			(2)

where:

	Pt is the transmitted power into the antenna

	G is the radar transmit and receive antenna

	 is the transmitted wavelength of the jammer (mean value of), valid approximation for the purpose of the ensuing calculations

	RI is the distance between the jammer antenna and the radar receiver antenna.

	T0 is 290o K

	K is Boltzmanns constant

	B is the effective bandwidth of the radar

	Fn is the radar noise factor

	L is various losses

	σ is the radar cross section of the radar target

When a radar is submitted to external interference S/(I+N) is used instead of S/N in order to include the external interference in the calculations.

Since the wanted signal increases with decreasing target distance an external interference will result in a reduction of the maximal radar detection range (with all other operational and hardware related parameters unchanged) as below

		

The range scaling factor can be calculated by setting the S/N in the non-interfered case equal to the S/(N+I) in the interfered case and solving equation (2) for range.

			(3)

The signal part, S, of equation (2) is  and the noise part, N, is  together with the protection criteria I/N=-10 dB or I/N=0.1 the maximal allowed (external) interference is 

The loss term L is hereafter neglected.

Hence, with Rj as the reduced radar range when the radar is submitted to interference of amplitude I/N=-10 dB.

			(4)

If the jammer is airborne as in equation (1) and the loss between the radar and the jammer is based on free space this would result in

			(5)

Which simplifies to:

			(6)

Where Bj is the jamming bandwidth and Br is the effective radar bandwidth (due to pulse compression) this bandwidth is equal to  where  is the width of the transmitted pulse. In this study the bandwidth factor is set to 1. 

A worst case scenario is co-channel when the jamming antenna main lobe is pointing into the radar receiver antenna main lobe. In this case the radar range degradation is

The figure below is an example of the expected result from equation (6).

[image: ]

However since the transmit antenna of the base station, here acting as the jammer, is not floating in free space the propagation model Recommendation ITU-R P.1546 makes a better prediction of the received interfering power in the radar.

If the attenuation between the base station and the radar antenna is based on Recommendation ITU‑R P.1546 and by setting SNR=SNJR as in equation (3) the radar range scaling factor can be calculated.

			(7)

Where lt is the loss between the base station and the radar antenna according to ITU-R P.1546 

This equation equation (7) will be used in order to calculate the necessary separation between a base station and a radar antenna in section 6. Where different mitigation both in the radar and in the base station in taken into account. 

5	Mitigation of adjacent band interference

Depending on the local circumstances one or more of the ensuing mitigation methods might be used in order to facilitate operation of both radar and IMT services at closer distances than what is indicated in the figure above. A number of candidate improvements are described in this section. 

5.1	Improving radar selectivity

The radar selectivity can be improved by adding RF filtering before the low noise amplifier (LNA) or by improving the IF filtering.

5.1.1	Adding RF filtering before the LNA

The main problems relate to gain compression or intermodulation product generation in the LNA, and downstream components. For fixed frequency allocations, the most effective means of suppressing such problems is RF filtering prior to the LNA. The disadvantage is the insertion loss of the filter, which adds to the noise figure of the LNA, reducing detection range. In the UK, the remediation approach involves replacing the LNA of the radars, with a LNA with a lower noise figure that offsets the insertion loss of the filter, leaving the performance unchanged. In this case, the lowest radar frequency was given as 2 750 MHz, so the separation from the lowest radar frequency to the edge of the IMT band was 60 MHz. 

According to Document 4-5-6-7/353 considered what filtering might be practical to separate these bands. The study was based on combine filter designs, and concluded that 60 MHz offset (as used in the remediation programme) would enable >60 dB rejection to be attained, with a variety of wide pass bands, with insertion losses in the region of 0.15 dB. Reducing the offset to 30 MHz resulted in rejection of only 35 dB with similar insertion losses. Further reduction to 10 MHz resulted in increased insertion losses (0.27-0.3 dB) but rejection of 22-23 dB and unacceptable phase distortion (corresponding to 0.4 degrees deviation from linear phase across the pass band).

In this work, a 10 MHz passband filter which could operate at an offset of 10 MHz was proposed for fixed frequency operation. In this case the loss was increased to 0.94 dB and the rejection 35 dB.

Much greater rejections can be achieved with combline filters if the phase variation requirements can be relaxed; in principle, the variation may be compensated elsewhere in the receiver. In this case rejections of around 60 dB can be achieved with 10 MHz separation.

In the mitigation sensitivity analysis presented later, the RF filter rejection is assumed to be 22 dB, 28.5 dB and 35 dB for frequency offsets of 10, 20 and 30 MHz, respectively. Note that the value of 28.5 dB for a 20 MHz offset is simply a geometric mean of the 10 and 30 MHz values.

28.5 dB and 35 dB for frequency offsets of 10, 20 and 30 MHz, respectively. Note that the value of 28.5 dB for a 20 MHz offset is simply a geometric mean of the 10 and 30 MHz values.

5.1.2	Improving IF filtering

The receiver IF-rolloff, of 80 dB/decade from the 3 dB bandwidth of the IF filters should be sufficient to provide adequate protection for the narrower bandwidth filters. Replacement of the IF filter will not have as significant effect on receiver sensitivity as the insertion of an RF filter prior to the LNA; however it cannot protect the LNA from compression, although it can protect the IF amplifiers.

For the mitigation sensitivity analysis presented later where improved IF filtering is assumed, a receiver IF-rolloff of 100 dB/decade is assumed yielding the rejection values shown in Table 7. 

Table 7

Radar IF selectivity assuming an IF-rolloff of 100 dB/decade and guardbands of 10, 20 and 30 MHz

		

		Units

		Air Traffic Control

		Defence

		Meteorological



		Parameter

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		114.9

		140.9

		34.0

		114.9

		45.5

		131.6

		150.9



		

		20 MHz

		dB

		140.7

		167.3

		51.9

		140.7

		65.7

		157.8

		177.5



		

		30 MHz

		dB

		156.3

		183.1

		64.3

		156.3

		79.1

		173.6

		193.4





5.2	Improvments to IMT base station emission

Possible options for improving emissions from IMT base stations are to apply antenna downtilt, assume more typical spurious emissions levels and include an RF filter in the transmit chain.

5.2.1	Base station downtilt

Typical base station installations use downtilt to reduce inter-cell interference. The same technique can be used to afford some protection to the radar receiver, especially if its location and height is known. Although nulls exist in the vertical polar diagram, the full depth may not be achieved, thanks to pointing inaccuracy; however, antennas may be designed to suppress the upper sidelobe, and such antennas can achieve relative gains of ‑25 dB over 8 degrees above the main beam, as shown in a 2.6 GHz antenna pattern given in Figure 26(b) of Report ITU‑R F.1336.

Base station downtilt reduces the power of both the wanted and the unwanted emissions of the base station in the direction of the radar.

For the mitigation sensitivity analysis presented later, a relative antenna gain of −25 dB is assumed due to base station downtilt with upper sidelobe suppression. 

5.2.2	Base station out-of-band and spurious emission

Base station unwanted emissions are given in 3GPP 36.104 for IMT-Advanced. At 10 MHz outside the downlink transmit band, the spurious emissions levels apply. For Category B, wide area base stations these are −30 dBm/MHz. However, typical performances can be −55 dBm/MHz at 10 MHz offset falling to around −65 dBm/MHz by 20 MHz offset. 

For the mitigation sensitivity analysis presented later, the base station unwanted emissions are assumed to be −55 dBm/MHz for a frequency offset of 10 MHz.

5.2.3	Additional RF filtering

Base station unwanted emissions can be improved further by the addition of an RF filter to the transmit chain. Such an approach can yield up to 60 dB reduction in emissions with guardbands of 10 MHz and above, with standard filter design techniques, as described in Appendix 2 to Annex 2 of Report ITU‑R M.2112, the appendix being entitled, “IMT base station front-end filters”. 

For the mitigation sensitivity analysis presented later, the inclusion of an RF filter in the transmit chain is considered, yielding 60 dB reduction in unwanted emissions for a guardband of 10 MHz or more.

5.3	IMT UE unwanted emissions

There are considerably less flexibility in improving UE unwanted emissions. It should be noted that in general macrocell networks are designed to serve UEs located in buildings, and therefore maximum power UE transmissions outside are fairly unlikely due to the planning margins employed. 

Unwanted emissions of IMT UEs are generally considerably better than the specification. In our mitigated analysis, the unwanted emissions in the radar receive band is assumed to be −50 dBm/MHz. 

Collocation of the base station with the radar may also be a possibility, in order that the UEs will be power controlled to deliver a low power level to the base station, and therefore also to the radar. 

In the mitigation sensitivity analysis presented later we assume that UE emissions can be reduced to −50 dBm/MHz in the radar receiver bandwidth. 

Also, when the UE loses the contact with the base station UE transmission stops and the UE is in receive mode only, depending on the distance between the radar and the base station (dependant on, among other things, on the above mitigation measures) this can completely remove interference from the UE to the radar.

6	Analysis

In this section the assumptions, methodology, calculations and results are described for the deterministic analysis of adjacent channel compatibility of IMT base stations and UEs with radar systems both for the ‘baseline’ case based on the technical characteristic outlined in Section 3.1 and for the case where the improvements in Section 3.2 are assumed. 

The attenuation for distances 1 to 100 km is calculated and used in equation (7) together with radar parameters for radar 1-7 and various mitigation methods. From these calculations the necessary separation distances for each mitigation method is clear; the result from combined mitigation is also depicted.

The adjacent channel analysis considers the impact of both the unwanted emissions from the IMT system and the radar receiver adjacent channel/band rejection of the wanted signal of the IMT system.

6.1	IMT suburban base station impact on radar (no mitigation)

The calculation of the required additional attenuation when considering the impact of IMT base station unwanted emissions on the radar receiver is shown in Table 8. A guardband of 10 MHz is assumed for the Category B −30 dBm/MHz base station spurious emissions limit to apply. 




Table 8

IMT suburban base station spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emission limit

		dBm/MHz

		−30.0

		−30.0

		−30.0



		Base station maximum antenna gain

		dBi

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−3.3

		−2.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar receiver noise figure

		dBm/MHz

		2

		1.4

		3.3

		2

		1.5

		2

		2.1



		Radar receiver bandwidth

		MHz

		1.5

		0.8

		15

		1.5

		10

		1

		0.63



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0







The above  parameters results in a relative range (compared to the non-interfered case) as depicted in the figure below.

 [image: ]

6.2	Adjacent channel with mitigation

The calculations in Section 6.1 are repeated in this section, but with the assumption that various adjacent channel mitigation techniques are applied, as described in Section 5.

6.2.1	IMT suburban macrocell base station impact on radar (with mitigation)

The calculation of the required additional attenuation when considering the impact of IMT base station spurious emissions on the pass-band of a radar receiver when various mitigation techniques are adopted. The mitigation measures include typical base station spurious emissions of −55 dBm/MHz for a guard band of 10 MHz.

[image: ]




If base station downtilt with upper sidelobe suppression (−25 dB relative antenna gain in the direction of the radar) is included the above picture changes into

[image: ]

If an RF transmit chain filter (of 60 dB rejection) is included the above picture changes into

[image: ]

6.3	UE impact on radar (no mitigation)

For the UE the unwanted emission (10 MHz offset) is assumed to be -53 dBm, with no mitigation the range reduction situation is

[image: ]

7	Conclusion

As can be seen in the above figures, that originates from the radar range equation and the protection criteria I/N=-10 dB it is obvious that adjacent channel operation of IMT and radar is possible with a separation of 10 MHz. Depending on local circumstances on or several mitigation methods can be applied in order to meet the protection criteria of I/N=-10 dB, which corresponds to a range scaling factor of 0.976, however even without mitigation measures (under the above operational scenarios) operation is possible with a geographical separation of about 70 km even for the most restrictive radar, given a frequency separation of 10 MHz.  







ATTACHMENT 4

Sharing between IMT systems and radars 
In the 2 700-2 900 MHz band

1	Introduction

WRC-15 agenda item 1.1 is considering additional spectrum allocations to the mobile service and the identification of additional frequency bands for IMT, and JTG 4-5-6-7 is performing studies in relation to this, as well as for WRC-15 agenda item 1.2. The GSMA has proposed a number of potential candidate bands for IMT (see Document 4-5-6-7/88), including frequencies between 2.7 and 2.9 GHz.

Currently, the band 2 700-2 900 MHz is allocated to aeronautical radionavigation service (ARNS) on a primary basis and radiolocation service on a secondary basis; and the systems operating in this band include air traffic control (ATC) radars and meteorological radars. 

This contribution contains a study of adjacent channel coexistence between IMT and radars operating in the 2 700-2 900 MHz band; and evaluates the sensitivity to some mitigation techniques and how these might ease coexistence.

2	Discussion

Previous sharing studies for the 2.7-2.9 GHz band in ITU‑R (e.g. those in Report ITU‑R M.2112 that were undertaken prior to WRC-07) have concentrated on co-channel sharing between mobile (IMT) and radars, and indicate that co-channel sharing in the same geographic area is extremely difficult. More recent contributions to JTG-4-5-6-7 have indicated that adjacent channel coexistence may be possible. 

JTG 4-5-6-7 has begun a working document towards a Preliminary Draft New Report based on contribution JTG 4-5-6-7/219. Although the analyses suggest that adjacent channel interference to the incumbent service would be unacceptable based on standard parameters, there are a range of possible mitigation approaches to address this. In this contribution, the sensitivity to a range of mitigation approaches for compatibility between IMT systems and radars are analysed, assuming that some or all of these mitigation approaches are adopted. Document JTG 4-5-6-7/193 has indicated that the economic benefits of making this spectrum available to IMT would more than offset the costs of mitigating interference to radars.

3	Proposal

The material in Annex 1 is proposed to supplement the analysis in the Working Document towards a preliminary draft new Report M.[AERO-IMT] contained in Attachment 4 of Annex 6 to the Chairman’s Report of the 3rd meeting of JTG 4-5-6-7 (Document 4-5-6-7/242).











ANNEX 1

Coexistence between IMT systems and radars in 
the 2 700-2 900 MHz frequency band

1	Introduction

In this contribution, the deterministic study of adjacent channel coexistence in the Working Document toward a PDNR M.[IMT.AERO] (Document JTG-4-5-6-7/242 Annex 6 Attachment 4) is extended to include estimated coupling between base station antennas for the separations considered. During the third JTG 4-5-6-7 meeting the parameters for IMT were revised, and these are contained in Document JTG-4-5-6-7/242 Annex 2. The adjacent channel analysis has been updated to take account of these parameters.

A number of mitigation techniques are discussed, and incorporated into the sensitivity analysis, with the aim of showing how interference to radar receivers may be reduced to acceptable levels. 

Interference from radars to IMT systems is not addressed in this contribution.

2	Background

The 2 700-2 900 MHz band has been proposed as a candidate band for WRC-15 agenda item 1.1. Previous studies of the band, for example Report ITU‑R M.2112, suggest that co-channel sharing between IMT and the incumbent radar service in the same geographic area is not feasible; however more recent studies suggest that adjacent channel coexistence may be possible. This document contains a deterministic adjacent channel coexistence analysis, discusses some possible mitigation techniques and provides an analysis based on the mitigated performances.

3	Technical characteristics

The technical characteristics of the IMT and radar systems are described in this section. Firstly in Section 3.1 the ‘baseline’ characteristics are described. Secondly in Section 3.2, various potential mitigation techniques are described, and revised technical characteristics of the IMT and radar systems presented that include the sensitivity to these techniques.  

3.1	Baseline

The baseline technical characteristics of radar and IMT systems are described in this section, without any mitigation assumed. Also characteristics are described that are based on the combined assumptions of both radar and IMT systems. 

3.1.1	Radar system

The following radar system characteristics in Table 1 are based on those contained in Working Document towards a preliminary draft new Report M.[AERO-IMT]. 




Table 1

Radar characteristics

		Use

		Units

		Air Traffic Control

		Defence

		Meteorological



		Transmitter 

		 

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Power to the antenna

		dBW

		47.8

		44.8

		44

		48

		53

		59

		57



		

		dBm/MHz

		73.8

		75.8

		71.2

		74

		73

		89

		89.2



		3 dB emission bandwidth

		MHz 

		2.5

		0.8

		1.9

		2.5

		10

		1

		0.6



		Rec. ITU‑R SM.329/1541 spurious emission limits 

		dBc

		60

		60

		60

		60

		60

		100

		100



		

		dBm

		17.8

		14.8

		14

		18

		23

		−11

		−13



		

		dBm/MHz

		13.8

		15.8

		11.2

		14

		13

		−11

		−10.8



		Receiver

		

		

		

		

		

		

		

		



		Noise Figure

		dB

		2

		1.4

		3.3

		2

		1.5

		2

		2.1



		3 dB bandwidth

		MHz

		1.5

		0.8

		15

		1.5

		10

		1

		0.63



		Receiver thermal noise floor 

		dBm

		−110.2

		−113.6

		−98.9

		−110.2

		−102.5

		−112.0

		−113.9



		

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N 

		dB

		−10

		−10

		−10



		1 dB compression point

		dBm

		−10

		10

		10

		−16.8

		−10.3

		10

		−17



		Antenna

		 

		 

		 

		 

		 



		Pattern

		

		Cosecant squared

		Cosecant squared

		Pencil



		Polarization

		

		Mixed

		Mixed

		Circular



		Gain

		dBi

		33.5

		35

		34

		33.5

		40

		43

		45.7



		Antenna aperture

		m2

		2.2

		3.1

		2.5

		2.2

		9.8

		19.6

		36.5



		Feeder loss

		dB

		2

		2

		2



		Azimuthal beamwidth

		degrees

		1.5

		1.4

		1.45

		1.5

		1.1

		0.92

		0.92



		Elevation beamwidth

		degrees

		4.8

		4.5

		4.8

		4.8

		 

		0.92

		0.92



		Rotation

		Rpm

		15

		15

		15

		 

		60

		3

		3



		Location

		 

		Ground

		Ground

		Shipborne

		Ground 



		Nominal height

		 M

		15

		15

		30

		15



		Aeronautical safety factor

		dB

		6

		0

		0



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		90.7

		111.5

		25.6

		90.7

		35.0

		104.1

		119.6



		

		20 MHz

		dB

		110.9

		132.2

		39.7

		110.9

		50.8

		124.6

		140.4



		

		30 MHz

		dB

		123.2

		144.7

		49.5

		123.2

		61.4

		137.1

		152.9





Note that Radars 3, 4, 5 and 7 appear to correspond to Radars C, I, J and G in Recommendation ITU‑R M.1464-1, respectively.

A number of changes and additions have been made to the parameters in the table including:

•	Modification of the 1 dB compression point for Radars 4 and 5 (and related antenna aperture calculation).

•	Radar intermediate frequency (IF) selectivity characteristics.

For Radars 4 and 5 (corresponding to Recommendation ITU‑R M.1464-1 radars I and J), the 1 dB compression point is given in terms of the power density at the antenna in W/m2. For these radars, the 1 dB compression point at the front end receiver input is calculated by multiplying the power density by the antenna aperture in square metres. However, the power density values provided in Recommendation ITU‑R M.1464-1 do not seem reasonable as they give rise to 1 dB compression point values of in excess of 80 dBm (100 kW) for the receiver. In the last WP5B meeting in Annex 19 of 5B/304 the following note is made, "[Chairman’s note: Are the receiver 1 dB compression points and on tune saturation levels correct as they appear a little high. Should they be raise to the power (‑)?]". If we assume a typographical error here, as suggested by the Chairman’s note, and assume that the power density at the antenna for Radar I, J (or 4 and 5), K and L is 1.5 × 10−5, 5 × 10−5 W/m2 rather than 1.5 × 10+5, 5 × 10+5 W/m2, then we obtain more reasonable values of −16.8 and −10.3 dBm for the 1 dB compression points, respectively.

The antenna aperture is calculated for each radar assuming a frequency of 2 700 MHz. This is required to convert the 1 dB compression point power density at the antenna provided in Recommendation ITU‑R M.1464-1 for Radar 4 and 5 to the 1 dB compression point at the receiver input.

The radar IF selectivity parameters have been added to the above table. A selectivity roll-off of 80 dB per decade from the radar 3 dB bandwidth has been assumed as suggested by Recommendation ITU‑R M.1461-1 (end of Section 3.2). Also a guardband of between 10 and 30 MHz has been assumed between the radar and IMT system channel edges, and an IMT system bandwidth of 10 MHz.

3.1.2	IMT system

The baseline technical characteristics of the IMT system are described in this section beginning with the base station characteristics, and finishing with the user equipment (UE) characteristics.

3.1.2.1	Base station

The base station characteristics shown in Table 2 are based on the suburban macrocell characteristics for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document JTG-4-5-6-7/242 Annex 2. A bandwidth of 10 MHz has been used.

TABLE 2

IMT base station characteristics

		Base station

		Units

		LTE



		Downlink frequency

		MHz

		2 800 



		Bandwidth

		MHz

		10



		Maximum transmitter power  

		BW=5 MHz

		dBm


dBm/MHz

		43



		

		BW = 10 MHz

		

		46



		

		Power density

		

		36



		Spurious emission limits

		limit

		dBm/MHz

		−30



		Max antenna gain (3-sector sites assumed for macro)

		dBi

		16



		Feeder loss

		dB

		3



		Antenna height 

		m

		−25



		Antenna down tilt

		Degrees

		6



		Antenna type

		 

		Sectoral (3 sectors)



		Antenna pattern

		 

		Rec. ITU‑R F.1336-3



		Polarization 

		 

		±45° cross-polarized



		3 dB antenna aperture in elevation 

		Degrees

		12



		3 dB antenna aperture in azimuth 

		Degrees

		65



		Receiver noise figure (worst case)

		dB

		5



		Receiver thermal noise level

		BW = 5 MHz

		dBm





dBm/MHz

		−102



		

		BW = 10 MHz

		

		−99



		

		Power density

		

		−109



		Required I/N

		dB

		−6





3.1.2.2	User equipment (UE)

The UE characteristics shown in Table 3 are based on the characteristics agreed for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document JTG-4-5-6-7/242 Annex 2. A bandwidth of 10 MHz has been used for the IMT system.

Table 3

IMT UE characteristics

		Base station

		Units

		LTE



		Downlink frequency

		MHz

		2 800



		Bandwidth

		MHz

		10



		Maximum transmitter power

		dBm

		23



		

		dBm/MHz

		13



		Antenna gain

		dBi

		−3



		Antenna height 

		m

		1.5



		Antenna type

		 

		Omnidirectional



		Polarization 

		 

		Linear



		Body loss

		dB

		4



		Spurious emission limits 

		dBm/MHz

		−30



		Receiver noise figure (worst case)

		dB

		9



		Receiver thermal noise level

		BW = 10 MHz

		dBm

dBm/MHz

		−95



		

		Power density

		

		−105



		Required I/N

		dB

		−6





3.1.3	Combined characteristics

The technical characteristics that are dependent on the parameters assumed for both the IMT and radar systems are described in this section.

The antenna gains of the radar developed toward the UE and base station, and the base station antenna gain developed toward the radar are a function of the relative heights and separations. In this study, the suburban macrocell base station height is assumed to be 25 m, the microcell base station height is assumed to be 6 m, the UE height is assumed to be 1.5 m and the radar antenna height is assumed to be 15 m for Radars 1-4, 6-7 and 30 m for Radar 5. Table 4 shows the elevation angles measured at the radar receiver for the IMT macro- and microcell base station.

Table 4

Elevation angles of IMT base station antennas determined at radar antenna 

		

		

		

		Radars 1-4, 6-7

		Radar 5



		IMT Terminal

		Separation

		Height

		15 m

		30 m



		Suburban macrocell base station

		1 km

		25 m

		0.6°

		−0.3°



		Microcell base station

		1 km

		6 m

		−0.5°

		−1.4°







The antenna gains of the radar in the direction of the UE and base stations are summarized in Table 5.

The Working Document towards a preliminary draft new Report M.[AERO-IMT] provides the relative gain (-10 dB) for the cosecant characteristic that applies to Radars 1-5. The relative antenna gains toward the base stations are estimated using the vertical antenna pattern for the radar given in Figure 1 in the Working Document towards a preliminary draft new Report M.[AERO-IMT]. 

In the case of Radars 6 and 7, in line with Report M.2112, it is assumed that the pencil beam has the characteristics defined in the Federal Meteorological Handbook No. 11, Part B, § 3.28, replicated below:

–	Antenna sidelobe levels of the WSR-88D are described as follows:

–	In any plane, the first sidelobe level is less than or equal to -27 dB relative to the peak of the main lobe. In the region between +2 and +10 degrees from the axis of the main lobe, the sidelobe level shall lie below a straight line connecting -29 dB at +2 degrees and -34 dB at +10 degrees. Between +10 degrees and +180 degrees the sidelobe envelope is less than or equal to -40 dB relative to peak of the main lobe. Generally, the actual pattern is about 5 dB below the prescribed envelope in the region beyond +2 degrees. Other characteristics of interest that are frequency dependent and vary across the operational band include:

•	first sidelobe maximum is at about +1.5 degrees from the main lobe axis.

•	first null is at about +1.2 degrees.

In the absence of more detailed information; for the meteorological radars (Radars 6 and 7) a relative gain of -27 dB is developed toward the UEs (on the basis that 1.5 degrees below horizontal corresponds to the first sidelobe). Note that the main beam of Radars 6 and 7 can be directed at any elevation angle above the horizontal. As the elevation angle to the suburban macrocell base station is above the horizontal, and therefore may lie within the main beam, then no reduction in radar antenna gain is assumed for Radars 6 and 7. In the case of the microcell base station, which lies 0.5 degrees below the horizontal, a relative gain of 3.8 dB may be assumed, on the basis that the main lobe will be of the form −12 × (θ/θ3)2 dB, where θ3 is the 3 dB beamwidth of the antenna.

Table 5

Radar antenna gain toward IMT receiver 

		IMT Terminal

		Radars 1-4

		Radar 5

		Radars 6-7



		UE

		−10 dB

		−10 dB

		−27 dB



		Suburban macrocell base station

		−1.4 dB

		−2.4 dB

		0 dB



		Microcell base station

		−2.8 dB

		−3.8 dB

		−3.8 dB





The UE and base station antenna gains in the direction of the radar are summarized in Table 6. In the case of the UEs, then no variation of gain with elevation angle is modelled. For base stations, the base station parameters together with the patterns described in Recommendation ITU‑R F.1336‑4 are used, in conjunction with the elevation angles calculated above, to calculate the effective antenna gain for each path.

Table 6

Gain of IMT antennas relative to maximum in direction of radar antenna 

		IMT Terminal

		Gain

		Vertical Beamwidth

		Radars 1-4, 6-7

		Radar 5



		UE

		−3 dBi

		N/A

		0 dB

		0 dB



		Suburban Macrocell Base Station (6° downtilt)

		16 dBi

		12°

		−2.4 dB

		−3.3 dB



		Microcell Base Station

		5 dBi

		34°

		−0.003 dB

		−0.02 dB





The gains of the IMT and radar antennas in each path in Tables 5 and 6 are additive. Note that the reduction in gain for the microcell base station is negligible and will therefore be ignored.

Furthermore, radars and IMT systems use different polarizations. IMT systems use linear polarization. Radars 1-5 use mixed polarization with an average polarization loss of 3 dB, however radars 6 and 7 use circular polarization, so the loss will be 3 dB.

3.2	Mitigation of adjacent band interference

Coexistence between Radar systems in the 2 700-2 900 MHz band with IMT in the 2 500-2 690 MHz band have been extensively studied, and indeed in the United Kingdom, coexistence is being ensured through a remediation program to improve radar receiver selectivity. Similar techniques may be used to enable coexistence between IMT and Radars in adjacent segments of the 2 700-2 900 MHz band. 

In order to be able to utilize the band for IMT systems improvements will be necessary at some of the radar receivers and to the IMT system emissions to ensure coexistence. A number of candidate improvements are described in this section. 

3.2.1 	Improving radar selectivity

The radar selectivity can be improved by adding RF filtering before the low noise amplifier (LNA) or by improving the IF filtering.

3.2.1.1	Adding RF filtering before the LNA

The main problems relate to gain compression or intermodulation product generation in the LNA, and downstream components. For fixed frequency allocations, the most effective means of suppressing such problems is RF filtering prior to the LNA. The disadvantage is the insertion loss of the filter, which adds to the noise figure of the LNA, reducing detection range. In the UK, the remediation approach involves replacing the LNA of the radars, with a LNA with a lower noise figure that offsets the insertion loss of the filter, leaving the performance unchanged [[footnoteRef:1]]. In this case, the lowest radar frequency was given as 2 750 MHz, so the separation from the lowest radar frequency to the edge of the IMT band was 60 MHz.  [1: 	Selex System Integration, “Watchman Radar: Receiver Selectivity Improvements in the 2700-3100 MHz band”, Final Report, Ref SSI-PS0305-ENG-405, 1 December 2009 downloaded from http://stakeholders.ofcom.org.uk/binaries/spectrum/spectrum-awards/awards-in-preparation/757738/592_Watchman_Radar_Receiver1.pdf on 9 September 2013. ] 


A report by Isotek, commissioned by Ofcom [[footnoteRef:2]] considered what filtering might be practical to separate these bands. The study was based on combline filter designs, and concluded that 60 MHz offset (as used in the remediation programme) would enable >60 dB rejection to be attained, with a variety of wide pass bands, with insertion losses in the region of 0.15 dB. Reducing the offset to 30 MHz resulted in rejection of only 35 dB with similar insertion losses. Further reduction to 10 MHz resulted in increased insertion losses (0.27-0.3 dB) but rejection of 22-23 dB and unacceptable phase distortion (corresponding to 0.4 degrees deviation from linear phase across the pass band). [2: .	Isotek Electronics Ltd, “High Q Filter Feasibility Study for Base-Station and Radar Receiver Applications”, Ref IF26, 15 October 2009 downloaded from http://stakeholders.ofcom.org.uk/binaries/consultations/872_876_mhz/annexes/highq.pdf on 9 September 2013. ] 


In this work, a 10 MHz passband filter which could operate at an offset of 10 MHz was proposed for fixed frequency operation. In this case the loss was increased to 0.94 dB and the rejection 35 dB.

Much greater rejections can be achieved with combline filters if the phase variation requirements can be relaxed; in principle, the variation may be compensated elsewhere in the receiver. In this case rejections of around 60 dB can be achieved with 10 MHz separation.

In the mitigation sensitivity analysis presented later, the RF filter rejection is assumed to be 22 dB, 28.5 dB and 35 dB for frequency offsets of 10, 20 and 30 MHz, respectively. Note that the value of 28.5 dB for a 20 MHz offset is simply a geometric mean of the 10 and 30 MHz values.

3.2.1.2	Improving IF filtering

The receiver IF-rolloff, of 80 dB/decade from the 3 dB bandwidth of the IF filters, should be sufficient to provide adequate protection for the narrower bandwidth filters; however, with small guardbands and wide IF bandwidths (particularly for Radar 3), the IF selectivity is likely to be insufficient. Replacement of the IF filter will not have as significant effect on receiver sensitivity as the insertion of an RF filter prior to the LNA; however it cannot protect the LNA from compression, although it can protect the IF amplifiers.

For the mitigation sensitivity analysis presented later where improved IF filtering is assumed, a receiver IF-rolloff of 100 dB/decade is assumed yielding the rejection values shown in Table 7. This rejection is additional to the rejection offered by RF filtering summarized at the end of Section 3.2.1.1. 

Table 7

Radar IF selectivity assuming an IF-rolloff of 100 dB/decade and guardbands of 10, 20 and 30 MHz

		

		Units

		Air Traffic Control

		Defence

		Meteorological



		Parameter

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		114.9

		140.9

		34.0

		114.9

		45.5

		131.6

		150.9



		

		20 MHz

		dB

		140.7

		167.3

		51.9

		140.7

		65.7

		157.8

		177.5



		

		30 MHz

		dB

		156.3

		183.1

		64.3

		156.3

		79.1

		173.6

		193.4







3.2.2	Improvements to IMT base station emissions

Possible options for improving emissions from IMT base stations are to apply antenna downtilt, assume more typical spurious emissions levels and include an RF filter in the transmit chain.

3.2.2.1	Base station downtilt

Typical base station installations use downtilt to reduce inter-cell interference. The same technique can be used to afford some protection to the radar receiver, especially if its location and height is known. Although nulls exist in the vertical polar diagram, the full depth may not be achieved, thanks to pointing inaccuracy; however, antennas may be designed to suppress the upper sidelobe, and such antennas can achieve relative gains of ‑25 dB over 8 degrees above the main beam, as shown in a 2.6 GHz antenna pattern given in Figure 26(b) of Report ITU‑R F.1336 [[footnoteRef:3]].  [3: .	ITU‑R, Recommendation F.1336-3, “Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz”, March 2012. ] 


Base station downtilt reduces the power of both the wanted and the unwanted emissions of the base station in the direction of the radar.

For the mitigation sensitivity analysis presented later, a relative antenna gain of −25 dB is assumed due to base station downtilt with upper sidelobe suppression. 

3.2.2.2	Base station out-of-band and spurious emissions

Base station unwanted emissions are given in 3GPP 36.104 for IMT-Advanced[footnoteRef:4]. At 10 MHz outside the downlink transmit band, the spurious emissions levels apply. For Category B, wide area base stations these are −30 dBm/MHz. However, typical performances can be −55 dBm/MHz at 10 MHz offset falling to around −65 dBm/MHz by 20 MHz offset.  [4: 	3GPP, TS 36.104 v11.5.0 (2013-07): 3rd Generation Partnership Project; “LTE; Evolved Universal Terrestrial Radio Access (E-UTRA)”, (Release 11), July 2013.] 


For the mitigation sensitivity analysis presented later, the base station unwanted emissions are assumed to be −55 dBm/MHz for a frequency offset of 10 MHz.

3.2.2.3	Additional RF filtering

Base station unwanted emissions can be improved further by the addition of an RF filter to the transmit chain. Such an approach can yield up to 60 dB reduction in emissions with guardbands of 10 MHz and above, with standard filter design techniques, as described in Appendix 2 to Annex 2 of Report ITU‑R M.2112, the appendix being entitled, “IMT base station front-end filters”. 

For the mitigation sensitivity analysis presented later, the inclusion of an RF filter in the transmit chain is considered, yielding 60 dB reduction in unwanted emissions for a guardband of 10 MHz or more.

3.2.3 	IMT UE unwanted emissions

There is considerably less flexibility in improving UE unwanted emissions. It should be noted that in general macrocell networks are designed to serve UEs located in buildings, and therefore maximum power UE transmissions outside are fairly unlikely due to the planning margins employed. 

Unwanted emissions of IMT UEs are generally considerably better than the specification. In our mitigated analysis, the unwanted emissions in the radar receive band is assumed to be −50 dBm/MHz. 

Collocation of the base station with the radar may also be a possibility, in order that the UEs will be power controlled to deliver a low power level to the base station, and therefore also to the radar. 

In the mitigation sensitivity analysis presented later we assume that UE emissions can be reduced to −50 dBm/MHz in the radar receiver bandwidth. 

3.2.4 	Microcells in areas around radars as a mitigation option

The microcell base station characteristics shown in Table 8 are based on the characteristics agreed for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document JTG-4-5-6-7/242 Annex 2. A bandwidth of 10 MHz has been used for this analysis.

Table 8

Base station characteristics

		Base Station

		Units

		LTE



		Downlink frequency

		MHz

		2 800 



		Bandwidth

		MHz

		10



		Maximum transmitter power

		BW = 10 MHz

		dBm

		35



		

		Power density

		dBm/MHz

		25



		Spurious emission limits

		limit

		dBm/MHz

		−30



		Max antenna gain 

		dBi

		5



		Feeder loss

		dB

		N/A



		Antenna height 

		m

		6



		Antenna down tilt

		Degrees

		N/A



		Antenna type

		

		Omni



		Antenna pattern

		

		Rec. ITU‑R F.1336-3



		Polarization

		

		Linear



		3 dB antenna aperture in elevation 

		Degrees

		34



		3 dB antenna aperture in azimuth 

		Degrees

		360



		Receiver noise figure (worst case)

		dB

		5



		Receiver thermal noise level

		BW = 5 MHz

		dBm





dBm/MHz

		−102



		

		BW = 10 MHz

		

		−99



		

		Power density

		

		−109



		Required I/N

		dB

		−6





Potentially, the area around the radar could be provided with microcell coverage outdoor and picocell coverage indoor. The benefit is that because the path losses are considerably lower, as microcell base stations have reduced transmit power, the UEs will have proportionately reduced power. Consequently, the 11 dB difference in base station transmit power will result in a similar 11 dB reduction in the UE transmit power distribution, and therefore it will be possible to limit the UE maximum transmit power in a microcell to only 12 dBm. Careful siting of microcell base station antennas, out of line-of-sight could allow the path loss to the radar antennas to be substantially increased over the free space values included in the analyses. These potential benefits have not been included in our analyses. 

When the option of using microcells is assumed in the mitigation sensitivity analysis presented later, the parameter values in Table 8 are assumed.

4	Analysis

In this section the assumptions, methodology, calculations and results are described for the deterministic analysis of adjacent channel compatibility of IMT base stations and UEs with radar systems both for the ‘baseline’ case based on the technical characteristic outlined in Section 3.1 and for the case where the improvements in Section 3.2 are assumed. 

4.1	Assumptions

In addition to the assumptions described in Section 3, the following assumptions apply.

•	 The studies are based on the impact of a single interferer on a single victim.

•	The following minimum separations are assumed and the required additional attenuation for compatibility is evaluated. 

–	Base station	= 1 km

–	UE		= 500 m

•	Maximum transmission power is assumed.

4.2	Methodology

The following analysis is based on determining the additional attenuation required for a reference minimum separation distance using free space path loss to ensure compatibility between IMT systems and radar in the frequency band 2 700-2 900 MHz. The studies address IMT systems in the adjacent channel to radar systems, and consider compatibility with and without the application of various mitigation techniques. The methodology is the same regardless of whether mitigation is considered or not; instead some of the parameter values differ as described in Section 3.

The adjacent channel analysis considers the impact of both the unwanted emissions from the IMT system and the radar receiver adjacent channel/band rejection of the wanted signal of the IMT system.

4.2.1	Potential interferer spurious emissions in the victim passband

This analysis calculates the power spectral density (PSD) at the radar receiver from the unwanted emissions of the IMT system for a given separation distance (1 km for a base station and 500 m for a UE) assuming free space path loss and compares it against the acceptable receiver interference PSD level. The difference between the PSD of the IMT system at the radar receiver and the acceptable receiver interference PSD level represents the additional attenuation required. A positive number represents the additional suppression required to achieve compatibility whilst a negative number represents the degree of compatibility.

Spurious PSD of the potential interferer at the victim receiver:



where:

	SPSDRX	= spurious PSD of the potential interferer at the victim receiver

	SPSDTX	= spurious PSD of the potential interfering transmitter

	FLTX	= transmit feeder loss for base stations or body loss for UE 

	GTX	= transmit maximum antenna gain

	GTX,REL	= transmit antenna gain relative to maximum in direction of victim

	PL	= free space path loss 

	GRX	= receive antenna gain

	GRX,REL	= receive antenna gain relative to maximum in direction of interferer

	FLRX	= receive feeder loss

	POLRX	= polarization loss

Acceptable receiver interference PSD level:



where:

	ILPSD	= acceptable receiver interference PSD level 

	TN	= receiver thermal noise PSD level

	I/N	= required interference to noise protection level 

	SM	= safety margin (only applicable for aeronautical services)

Required additional attenuation:



where:

	ATT	= required additional attenuation

	SPSDRX	= spurious PSD of the potential interferer at the victim receiver

	ILPSD	= acceptable receiver interference PSD level

In this analysis, the guardband between the radar and IMT systems is assumed to be sufficient to ensure that the interference at the victim receiver is dominated by spurious emissions rather than out of band emissions (OOBEs). 

4.2.2	Victim receiver rejection of the potential interferer fundamental signal

This analysis calculates:

	the PSD at the radar receiver from the wanted signal PSD of the IMT system as attenuated by the adjacent channel rejection of the radar receiver for a given separation distance (1 km for a base station and 500 m for a UE) assuming free space path loss and compares it against the acceptable receiver interference PSD level;

	and

	the power at the radar receiver from the wanted signal of the IMT system for a given separation distance (1 km for a base station and 500 m for a UE) assuming free space path loss and compares it with the 1 dB compression point (radar).

The difference between the PSD/power of the IMT system at the radar receiver and the acceptable receiver interference PSD/power level represents the additional attenuation required. A positive number represents the additional suppression required to achieve compatibility whilst a negative number represents the degree of compatibility. 

4.2.2.1	Adjacent channel rejection

PSD of the potential interferer at the victim receiver:



where:

	PSDRX	= PSD of the potential interferer at the victim receiver front end

	PSDTX	= PSD of the potential interfering transmitter

	FLTX	= transmit feeder loss for base stations or body loss for a UE

	GTX	= transmit maximum antenna gain

	GTX,REL	= transmit antenna gain relative to maximum in direction of victim

	PL	= free space path loss 

	GRX	= receive antenna gain

	GRX,REL	= receive antenna gain relative to maximum in direction of interferer

	FLRX	= receive feeder loss

	POLRX	= polarization loss

Acceptable receiver interference PSD level:



where:

	ILPSD	= acceptable receiver interference PSD level

	TNPSD	= receiver thermal noise PSD level

	I/N	= required interference to noise protection level 

	SM	= safety margin (only applicable for aeronautical services)

	ACRRX 	= maximum adjacent channel rejection of the receiver

Required additional attenuation:



where:

	ATT	= required additional attenuation

	PSDRX	= PSD of the potential interferer at the victim receiver

	IL	= acceptable receiver interference PSD level

4.2.2.2	1 dB compression point

Power of the potential interferer at the victim receiver:



where:

	PRX	= power of the potential interferer at the victim receiver

	PTX	= power of the potential interfering transmitter

	FLTX	= transmit feeder loss 

	GTX	= transmit maximum antenna gain

	GTX,REL	= transmit antenna gain relative to maximum in direction of victim

	PL	= free space path loss 

	GRX	= receive antenna gain

	GRX,REL	= receive antenna gain relative to maximum in direction of interferer

	FLRX	= receive feeder loss

	POLRX	= polarization loss

Acceptable receiver interference level:



where:

	ILCP	= acceptable receiver interference level for 1 dB compression point

	CPRX	= receiver 1 dB compression point

	SM	= safety margin (only applicable for aeronautical services)

Required additional attenuation:



where:

	ATT	= required additional attenuation

	PRX	= power of the potential interferer at the victim receiver

	ILCP	= acceptable receiver interference level for 1 dB compression point

4.3	Calculations

The calculations of adjacent channel interference between IMT systems and radar systems are described in this section. These include ‘baseline’ calculations in which no mitigation is assumed, and calculations that do consider the application of adjacent channel mitigation techniques. Refer to Sections 3.1 and Section 3.2 for details of the technical characteristics assumed for the ‘baseline’ and ‘mitigation’ cases, respectively.

4.3.2	Baseline adjacent channel (no mitigation)

First the baseline calculations are considered.

4.3.2.1	IMT suburban base station impact on radar (no mitigation)

The calculation of the required additional attenuation when considering the impact of IMT base station unwanted emissions on the radar receiver is shown in Table 9. A guardband of 10 MHz is assumed for the Category B −30 dBm/MHz base station spurious emissions limit to apply. 

Table 9

IMT suburban base station spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emission limit

		dBm/MHz

		−30.0

		−30.0

		−30.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0



		Base station maximum antenna gain

		dBi

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−3.3

		−2.4



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−93.7

		−92.2

		−93.2

		−93.7

		−89.1

		−82.8

		−80.1



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		34.3

		36.4

		33.5

		28.3

		33.4

		39.2

		41.8





The calculation of the required additional attenuation when considering the suppression of the IMT base station wanted signal by the radar IF selectivity is shown in Table 10. The required additional attenuation is calculated for guardbands of between 10 MHz and 30 MHz.

Table 10

IMT suburban base station wanted signal suppressed by radar IF selectivity

		

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/

MHz

		36

		36

		36

		36

		36

		36

		36



		Base station feeder loss

		dB

		3

		3

		3

		3

		3

		3

		3



		Base station maximum antenna gain

		dB

		16

		16

		16

		16

		16

		16

		16



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−2.4

		−2.4

		−3.3

		−2.4

		−2.4



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/ MHz

		−27.7

		−26.2

		−27.2

		−27.7

		−23.1

		−16.8

		−14.1



		

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/
MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10



		Safety factor

		dB

		6

		6

		6

		0

		0

		0

		0



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		90.7

		111.5

		25.6

		90.7

		35.0

		104.1

		119.6



		

		20 MHz

		dB

		110.9

		132.2

		39.7

		110.9

		50.8

		124.6

		140.4



		

		30 MHz

		dB

		123.2

		144.7

		49.5

		123.2

		61.4

		137.1

		152.9



		Acceptable interference level assuming guardband of

		10 MHz

		dBm/
MHz

		−37.3

		−17.1

		−101.1

		−31.3

		−87.5

		−17.9

		−2.3



		

		20 MHz

		dBm/
MHz

		−17.1

		3.6

		−87.0

		−11.1

		−71.7

		2.6

		18.5



		

		30 MHz

		dBm/
MHz

		−4.8

		16.1

		−77.2

		1.2

		−61.1

		15.1

		31.0



		

		

		

		

		

		

		

		

		



		Required additional attenuation assuming guardband of

		10 MHz

		dB

		9.6

		−9.1

		73.9

		3.6

		64.4

		1.2

		−11.8



		

		20 MHz

		dB

		−10.6

		−29.8

		59.8

		−16.6

		48.6

		−19.4

		−32.6



		

		30 MHz

		dB

		−22.9

		−42.3

		50.0

		−28.9

		38.0

		−31.9

		−45.1







The calculation of the required additional attenuation when considering the impact of the IMT base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 11. 

Table 11

IMT suburban base station wanted signal on the 1 dB compression point of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm

		46.0

		46.0

		46.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0



		Base station maximum antenna gain

		dB

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−3.3

		−2.4



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		−17.7

		−16.2

		−17.2

		−17.7

		−13.1

		−6.8

		−4.1



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar 1 dB compression point

		dBm

		−10.0

		10.0

		10.0

		−16.8

		−10.3

		10.0

		−17.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm

		−16.0

		4.0

		4.0

		−16.8

		−10.3

		10.0

		−17.0



		 

		 

		 

		

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−1.7

		−20.2

		−21.2

		−0.9

		−2.8

		−16.8

		12.9





4.3.2.2	IMT UE impact on radar (no mitigation)

The calculation of the required additional attenuation when considering the impact of IMT UE spurious emissions on the pass-band of a radar receiver is shown in Table 12. A guardband of 15 MHz is assumed for the −30 dBm/MHz UE spurious emissions limit to apply for a channel bandwidth of 10 MHz.

Table 12

IMT UE spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE spurious emission limit

		dBm/MHz

		−30.0

		−30.0

		−30.0



		UE body loss

		dB

		4.0

		4.0

		4.0



		UE maximum antenna gain

		dBi

		−3.0

		−3.0

		−3.0



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		dB 

		−10.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−113.9

		−112.4

		−113.4

		−113.9

		−107.4

		−121.4

		−118.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		14.1

		16.2

		13.3

		8.1

		15.1

		0.6

		3.2





The calculation of the required additional attenuation when considering the suppression of the IMT UE wanted signal by the radar IF selectivity is shown in Table 13. The required additional attenuation is calculated for guardbands of between 10 MHz and 30 MHz. 

Table 13

IMT UE wanted signal suppressed by radar IF selectivity

		

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm/ MHz

		13

		13

		13

		13

		13

		13

		13



		UE body loss

		dB

		4

		4

		4

		4

		4

		4

		4



		UE maximum antenna gain

		dB

		−3

		−3

		−3

		−3

		−3

		−3

		−3



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4

		95.4

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		dB

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0

		−27.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/ MHz

		−70.9

		−69.4

		−70.4

		−70.9

		−64.4

		−78.4

		−75.7



		

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/
MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		90.7

		111.5

		25.6

		90.7

		35.0

		104.1

		119.6



		

		20 MHz

		dB

		110.9

		132.2

		39.7

		110.9

		50.8

		124.6

		140.4



		

		30 MHz

		dB

		123.2

		144.7

		49.5

		123.2

		61.4

		137.1

		152.9



		Acceptable interference level assuming guardband of

		10 MHz

		dBm/
MHz

		−37

		−17

		−101

		−31

		−88

		−18

		−2



		

		20 MHz

		dBm/
MHz

		−17

		4

		−87

		−11

		−72

		3

		19



		

		30 MHz

		dBm/
MHz

		−5

		16

		−77

		1

		−61

		15

		31



		

		

		

		

		

		

		

		

		



		Required additional attenuation assuming guardband of

		10 MHz

		dB

		−33.6

		−52.3

		30.7

		−39.6

		23.2

		−60.4

		−73.3



		

		20 MHz

		dB

		−53.8

		−73.0

		16.6

		−59.8

		7.3

		−81.0

		−94.2



		

		30 MHz

		dB

		−66.1

		−85.5

		6.8

		−72.1

		−3.3

		−93.4

		−106.7





The calculation of the required additional attenuation when considering the impact of the IMT UE wanted signal on the 1 dB compression point of a radar receiver is shown in Table 14. 

Table 14

IMT UE wanted signal on the 1 dB compression point of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm

		23.0

		23.0

		23.0



		UE body loss

		dB

		4.0

		4.0

		4.0



		UE maximum antenna gain

		dB

		−3.0

		−3.0

		−3.0



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		dB

		−10.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		−60.9

		−59.4

		−60.4

		−60.9

		−54.4

		−68.4

		−65.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar 1 dB compression point

		dBm

		−10.0

		10.0

		10.0

		−16.8

		−10.3

		10.0

		−17.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm

		−16.0

		4.0

		4.0

		−16.8

		−10.3

		10.0

		−17.0



		 

		 

		 

		

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−44.9

		−63.4

		−64.4

		−44.0

		−44.0

		−78.4

		−48.7







4.3.2	Adjacent channel with mitigation

The calculations in Section 4.3.1 are repeated in this section, but with the assumption that various adjacent channel mitigation techniques are applied, as described in Section 3.2.

4.3.2.1	IMT suburban macrocell base station impact on radar (with mitigation)

The calculation of the required additional attenuation when considering the impact of IMT base station spurious emissions on the pass-band of a radar receiver is shown in Table 15 when various mitigation techniques are adopted. The mitigation measures include 

•	Typical base station spurious emissions of −55 dBm/MHz for a guardband of 10 MHz.

•	Inclusion of an RF transmit chain filter (of 60 dB rejection).

•	Base station downtilt with upper sidelobe suppression (−25 dB relative antenna gain in the direction of the radar).

Table 15

IMT suburban macrocell base station spurious emissions falling in the pass-band of a radar receiver 
(with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emissions

		dBm/MHz

		−55.0

		−55.0

		−55.0



		RF transmit chain filter rejection

		dB

		60

		60

		60



		Base station feeder loss

		dB

		3.0

		3.0

		3.0



		Base station maximum antenna gain

		dBi

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−25

		−25

		−25



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−201.3

		−199.8

		−200.8

		−201.3

		−195.8

		−190.4

		−187.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−73.3

		−71.2

		−74.1

		−79.3

		−73.3

		−68.4

		−65.8





The calculation of the required additional attenuation when considering the rejection of the IMT base station wanted signal by the radar selectivity is shown in Table 16 assuming various mitigation measures. The mitigation measures include 

•	Base station downtilt with upper sidelobe suppression (−25 dB relative antenna gain in the direction of the radar).

•	A radar IF selectivity rolloff of 100 dB/decade rather than 80 dB/decade.

•	Also the radar selectivity includes the rejection due to an RF filter before the LNA (as described in Section 3.2.1.1).

The required additional attenuation is calculated for guardbands of between 10 MHz and 30 MHz.

Table 16

IMT suburban macrocell base station wanted signal suppressed by radar selectivity
 (with mitigation)

		

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/ MHz

		36

		36

		36

		36

		36

		36

		36



		Base station feeder loss

		dB

		3

		3

		3

		3

		3

		3

		3



		Base station maximum antenna gain

		dB

		16

		16

		16

		16

		16

		16

		16



		Relative base station antenna gain in direction of the radar

		dB

		−25

		−25

		−25

		−25

		−25

		−25

		−25



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/ MHz

		−50.3

		−48.8

		−49.8

		−50.3

		−44.8

		−39.4

		−36.7



		

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/
MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10



		Safety factor

		dB

		6

		6

		6

		0

		0

		0

		0



		Attenuation of interfering signal by radar selectivity assuming guardband of

		10 MHz

		dB

		136.9

		162.9

		56.0

		136.9

		67.5

		153.6

		172.9



		

		20 MHz

		dB

		169.2

		195.8

		80.4

		169.2

		94.2

		186.3

		206.0



		

		30 MHz

		dB

		191.3

		218.1

		99.3

		191.3

		114.1

		208.6

		228.4



		Acceptable interference level assuming guardband of

		10 MHz

		dBm/
MHz

		8.9

		34.3

		−70.7

		14.9

		−55.0

		31.6

		51.0



		

		20 MHz

		dBm/
MHz

		41.2

		67.2

		−46.3

		47.2

		−28.3

		64.3

		84.1



		

		30 MHz

		dBm/
MHz

		63.3

		89.5

		−27.4

		69.3

		−8.4

		86.6

		106.5



		

		

		

		

		

		

		

		

		



		Required additional attenuation assuming guardband of

		10 MHz

		dB

		−59.2

		−83.1

		20.9

		−65.2

		10.2

		−70.9

		−87.7



		

		20 MHz

		dB

		−91.5

		−116.0

		−3.4

		−97.5

		−16.5

		−103.7

		−120.8



		

		30 MHz

		dB

		−113.6

		−138.3

		−22.3

		−119.6

		−36.4

		−126.0

		−143.2





The calculation of the required additional attenuation when considering the impact of the IMT base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 17 assuming the following mitigation measures are adopted. 

•	Base station downtilt with upper sidelobe suppression (-25 dB relative antenna gain).

•	Inclusion of an RF filter before the radar LNA (as described in Section 3.2.1.1) yielding 22 dB rejection for a guardband of 10 MHz.

Table 17

IMT suburban macrocell base station wanted signal on the 1 dB compression point of a radar receiver
 (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm

		46.0

		46.0

		46.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0



		Base station maximum antenna gain

		dB

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−25

		−25

		−25

		−25



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		−40.3

		−38.8

		−39.8

		−40.3

		−34.8

		−29.4

		−26.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar 1 dB compression point

		dBm

		−10.0

		10.0

		10.0

		−16.8

		−10.3

		10.0

		−17.0



		RF filter rejection

		dB

		22.0

		22.0

		22.0

		22.0

		22.0

		22.0

		22.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm

		6.0

		26.0

		26.0

		5.2

		11.7

		32.0

		5.0



		 

		 

		 

		

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−46.3

		−64.8

		−65.8

		−45.5

		−46.5

		−61.4

		−31.7





4.3.2.2	IMT microcell base station impact on radar (with mitigation)

One method of easing the coexistence between IMT services and radar is to deploy microcells rather than macrocells in the surrounding area of the radar installation as described in Section 3.2.4. 

The calculation of the required additional attenuation when considering the impact of IMT microcell base station spurious emissions on the pass-band of a radar receiver is shown in Table 18. Also some of the mitigation measures assumed for macrocells are applied for the microcell scenario including

•	Typical base station spurious emissions of −55 dBm/MHz for a guardband of 10 MHz.

•	Inclusion of an RF transmit chain filter (of 60 dB rejection).

Table 18

IMT microcell base station spurious emissions falling in the pass-band of a radar receiver
 (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emissions

		dBm/MHz

		−55.0

		−55.0

		−55.0



		RF transmit chain filter rejection

		dB

		60

		60

		60



		Base station feeder loss

		dB

		0.0

		0.0

		0.0



		Base station maximum antenna gain

		dBi

		5.0

		5.0

		5.0



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of base station

		dB

		−2.8

		−2.8

		−2.8

		−2.8

		−3.8

		−3.8

		−3.8



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−185.7

		−184.2

		−185.2

		−185.7

		−180.2

		−177.2

		−174.5



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−57.7

		−55.6

		−58.5

		−63.7

		−57.7

		−55.2

		−52.6





The calculation of the required additional attenuation when considering the suppression of an IMT microcell base station wanted signal by the selectivity of a radar is shown in Table 19. Also some of the mitigation measures assumed for macrocells are applied for the microcell scenario including

•	A radar IF selectivity rolloff of 100 dB/decade rather than 80 dB/decade.

•	Also the radar selectivity includes the rejection due to an RF filter before the LNA (as described in Section 3.2.1.1).

The required additional attenuation is calculated for guardbands of between 10 MHz and 30 MHz.




Table 19

IMT microcell base station wanted signal rejected by radar selectivity
 (with mitigation)

		

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/ MHz

		25

		25

		25

		25

		25

		25

		25



		Base station feeder loss

		dB

		0

		0

		0

		0

		0

		0

		0



		Base station maximum antenna gain

		dB

		5

		5

		5

		5

		5

		5

		5



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of base station

		dB

		−2.8

		−2.8

		−2.8

		−2.8

		−3.8

		−3.8

		−3.8



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/ MHz

		−45.7

		−44.2

		−45.2

		−45.7

		−40.2

		−37.2

		−34.5



		

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/
MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10



		Safety factor

		dB

		6

		6

		6

		0

		0

		0

		0



		Attenuation of interfering signal by radar selectivity assuming guardband of

		10 MHz

		dB

		136.9

		162.9

		56.0

		136.9

		67.5

		153.6

		172.9



		

		20 MHz

		dB

		169.2

		195.8

		80.4

		169.2

		94.2

		186.3

		206.0



		

		30 MHz

		dB

		191.3

		218.1

		99.3

		191.3

		114.1

		208.6

		228.4



		Acceptable interference level assuming guardband of

		10 MHz

		dBm/
MHz

		8.9

		34.3

		−70.7

		14.9

		−55.0

		31.6

		51.0



		

		20 MHz

		dBm/
MHz

		41.2

		67.2

		−46.3

		47.2

		−28.3

		64.3

		84.1



		

		30 MHz

		dBm/
MHz

		63.3

		89.5

		−27.4

		69.3

		−8.4

		86.6

		106.5



		

		

		

		

		

		

		

		

		



		Required additional attenuation assuming guardband of

		10 MHz

		dB

		−54.6

		−78.5

		25.5

		−60.6

		14.8

		−68.7

		−85.5



		

		20 MHz

		dB

		−86.9

		−111.4

		1.2

		−92.9

		−11.9

		−101.5

		−118.6



		

		30 MHz

		dB

		−109.0

		−133.7

		−17.7

		−115.0

		−31.8

		−123.8

		−141.0





The calculation of the required additional attenuation when considering the impact of an IMT microcell base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 20. Also as for the macrocells case, the inclusion of an RF filter before the radar LNA (as described in Section 3.2.1.1) is assumed. This is assumed to yield 22 dB rejection for a guardband of 10 MHz.




Table 20

IMT microcell base station wanted signal on the 1 dB compression point of a radar receiver 
(with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm

		35.0

		35.0

		35.0



		Base station feeder loss

		dB

		0.0

		0.0

		0.0



		Base station maximum antenna gain

		dB

		5.0

		5.0

		5.0



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of base station

		dB

		−2.8

		−2.8

		−2.8

		−2.8

		−3.8

		−3.8

		−3.8



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		−35.7

		−34.2

		−35.2

		−35.7

		−30.2

		−27.2

		−24.5



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar 1 dB compression point

		dBm

		−10.0

		10.0

		10.0

		−16.8

		−10.3

		10.0

		−17.0



		RF filter rejection

		dB

		22.0

		22.0

		22.0

		22.0

		22.0

		22.0

		22.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm

		6.0

		26.0

		26.0

		5.2

		11.7

		32.0

		5.0



		 

		 

		 

		

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−41.7

		−60.2

		−61.2

		−40.9

		−41.9

		−59.2

		−29.5





4.3.2.3	IMT UE impact on radar (with mitigation)

Calculation of the required additional attenuation for the scenario of IMT UEs coexisting with radars when mitigation measures are applied is considered in this section.

The calculation of the required additional attenuation when considering the impact of UE unwanted emissions on the radar receiver is shown in Table 21 assuming UE unwanted emissions of −50 dBm/MHz.

Table 21

IMT UE unwanted emissions falling in the pass-band of a radar receiver
 (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE spurious emissions

		dBm/MHz

		−50.0

		−50.0

		−50.0



		UE body loss

		dB

		4.0

		4.0

		4.0



		UE maximum antenna gain

		dBi

		−3.0

		−3.0

		−3.0



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		dB 

		−10.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−133.9

		−132.4

		−133.4

		−133.9

		−127.4

		−141.4

		−138.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−5.9

		−3.8

		−6.7

		−11.9

		−4.9

		−19.4

		−16.8





The calculation of the required additional attenuation when considering the rejection of the UE wanted signal by the radar selectivity is shown in Table 22 assuming various mitigation measures. The mitigation measures include: 

•	A radar IF selectivity rolloff of 100 dB/decade rather than 80 dB/decade.

•	Also the radar selectivity includes the rejection due to an RF filter before the LNA (as described in Section 3.2.1.1).

The required additional attenuation is calculated for guardbands of between 10 MHz and 30 MHz. 

Table 22

IMT UE wanted signal rejected by radar selectivity
 (with mitigation)

		

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm/ MHz

		13

		13

		13

		13

		13

		13

		13



		UE body loss

		dB

		4

		4

		4

		4

		4

		4

		4



		UE maximum antenna gain

		dB

		−3

		−3

		−3

		−3

		−3

		−3

		−3



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4

		95.4

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		dB

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0

		−27.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/ MHz

		−70.9

		−69.4

		−70.4

		−70.9

		−64.4

		−78.4

		−75.7



		

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/
MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		6.0

		6.0

		0.0

		0.0

		0.0

		0.0



		Attenuation of interfering signal by radar selectivity assuming guardband of

		10 MHz

		dB

		136.9

		162.9

		56.0

		136.9

		67.5

		153.6

		172.9



		

		20 MHz

		dB

		169.2

		195.8

		80.4

		169.2

		94.2

		186.3

		206.0



		

		30 MHz

		dB

		191.3

		218.1

		99.3

		191.3

		114.1

		208.6

		228.4



		Acceptable interference level assuming guardband of

		10 MHz

		dBm/
MHz

		8.9

		34.3

		−70.7

		14.9

		−55.0

		31.6

		51.0



		

		20 MHz

		dBm/
MHz

		41.2

		67.2

		−46.3

		47.2

		−28.3

		64.3

		84.1



		

		30 MHz

		dBm/
MHz

		63.3

		89.5

		−27.4

		69.3

		−8.4

		86.6

		106.5



		

		

		

		

		

		

		

		

		



		Required additional attenuation assuming guardband of

		10 MHz

		dB

		−79.7

		−103.6

		0.4

		−85.7

		−9.4

		−109.9

		−126.7



		

		20 MHz

		dB

		−112.1

		−136.6

		−24.0

		−118.1

		−36.0

		−142.7

		−159.8



		

		30 MHz

		dB

		−134.2

		−158.9

		−42.9

		−140.2

		−56.0

		−164.9

		−182.2







The calculation of the required additional attenuation when considering the impact of the UE wanted signal on the 1 dB compression point of a radar receiver is shown in Table 23 assuming the inclusion of an RF filter before the radar LNA (as described in Section 3.2.1.1) yielding 22 dB rejection for a guardband of 10 MHz. 

Table 23

IMT UE wanted signal on the 1 dB compression point of a radar receiver
 (with mitigation)

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE transmit power

		dBm

		23.0

		23.0

		23.0



		UE body loss

		dB

		4.0

		4.0

		4.0



		UE maximum antenna gain

		dB

		−3.0

		−3.0

		−3.0



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		 dB

		−10.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		−60.9

		−59.4

		−60.4

		−60.9

		−54.4

		−68.4

		−65.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar 1 dB compression point

		dBm

		−10.0

		10.0

		10.0

		−16.8

		−10.3

		10.0

		−17.0



		RF filter rejection

		dB

		22.0

		22.0

		22.0

		22.0

		22.0

		22.0

		22.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm

		6.0

		26.0

		26.0

		5.2

		11.7

		32.0

		5.0



		 

		 

		 

		

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−66.9

		−85.4

		−86.4

		−66.0

		−66.0

		−100.4

		−70.7







4.4	Results

A summary is presented in this section of the ‘baseline’ results and results where the application of various mitigation techniques is assumed. 

4.4.1	Baseline adjacent channel case (no mitigation)

The additional attenuation required to enable coexistence for each of the interference mechanisms studied with the baseline characteristics are given in Table 24; where the values are negative (green), then this indicates compatibility. Unwanted emissions from the IMT transmitters in the radar band need some improvements, and radar selectivity is a problem for the wider bandwidth Radars 3 and 5. 

Table 24

Required additional attenuation for IMT systems into radar measured in dB

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		IMT system

		Suburban macrocell base station

		Unwanted emissions (assuming 10 MHz guardband)

		34.3

		36.4

		33.5

		28.3

		33.4

		39.2

		41.8



		

		

		Effect of wanted signal on radar 1 dB compression point

		−1.7

		−20.2

		−21.2

		−0.9

		−2.8

		−16.8

		12.9



		

		

		Wanted signal rejection by radar IF selectivity assuming guardband of 

		10 MHz

		9.6

		−9.1

		73.9

		3.6

		64.4

		1.2

		−11.8



		

		

		

		20 MHz

		−10.6

		−29.8

		59.8

		−16.6

		48.6

		−19.4

		−32.6



		

		

		

		30 MHz

		−22.9

		−42.3

		50.0

		−28.9

		38.0

		−31.9

		−45.1



		

		UE

		Unwanted emissions (assuming 15 MHz guardband)

		14.1

		16.2

		13.3

		8.1

		15.1

		0.6

		3.2



		

		

		Effect of wanted signal on radar 1 dB compression point

		−44.9

		−63.4

		−64.4

		−44.0

		−44.0

		−78.4

		−48.7



		

		

		Wanted signal rejection by radar IF selectivity assuming guardband of

		10 MHz

		−33.6

		−52.3

		30.7

		−39.6

		23.2

		−60.4

		−73.3



		

		

		

		20 MHz

		−53.8

		−73.0

		16.6

		−59.8

		7.3

		−81.0

		−94.2



		

		

		

		30 MHz

		−66.1

		−85.5

		6.8

		−72.1

		−3.3

		−93.4

		−106.7





4.4.2	Adjacent channel with mitigation

The results are presented in this section assuming that all of the mitigation measures described in Section 3.2 are adopted, namely improved unwanted emissions of the IMT base stations and UEs, RF filtering at the base stations and at the radars, improved radar IF selectivity, downtilt with upper sidelobe suppression for the macrocell base stations, exclusion zone around the radar from a UE at 500 m separation or a base station at 1 km, and sufficient guardband. Also the deployment of microcells in the vicinity of radars is considered as a mitigation option. Clearly there are many intermediate cases where some but not all of these mitigation measures are applied, however calculation of detailed results for these is beyond the scope of this initial study.

The additional attenuation required to enable coexistence for each of the interference mechanisms studied with the improved characteristics are given in Table 25; where the values are negative (green), then this indicates compatibility. The unwanted emissions from IMT into the radar band that are assumed here are now acceptable, and the selectivity of the wider bandwidth Radars 3 and 5 requires a guardband between 10 and 20 MHz in order to achieve coexistence with macrocells and UEs, and such a guardband is also likely to be adequate for microcells if the path loss is increased through site shielding. 

Table 25

Required additional attenuation for IMT systems into radar measured in dB (with mitigation)

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		IMT systems

		Suburban macrocell base station

		Unwanted emissions (assuming 10 MHz guardband)

		−73.3

		−71.2

		−74.1

		−79.3

		−73.3

		−68.4

		−65.8



		

		

		Effect of wanted signal on radar 1 dB compression point (assuming 10 MHz guardband)

		−46.3

		−64.8

		−65.8

		−45.5

		−46.5

		−61.4

		−31.7



		

		

		Wanted signal rejected by radar IF selectivity assuming guardband of 

		10 MHz

		−59.2

		−83.1

		20.9

		−65.2

		10.2

		−70.9

		−87.7



		

		

		

		20 MHz

		−91.5

		−116.0

		−3.4

		−97.5

		−16.5

		−103.7

		−120.8



		

		

		

		30 MHz

		−113.6

		−138.3

		−22.3

		−119.6

		−36.4

		−126.0

		−143.2



		

		Microcell base station

		Unwanted emissions (assuming 10 MHz guardband)

		−57.7

		−55.6

		−58.5

		−63.7

		−57.7

		−55.2

		−52.6



		

		

		Effect of wanted signal on radar 1 dB compression point (assuming 10 MHz guardband)

		−41.7

		−60.2

		−61.2

		−40.9

		−41.9

		−59.2

		−29.5



		

		

		Wanted signal rejection by radar IF selectivity assuming guardband of

		10 MHz

		−54.6

		−78.5

		25.5

		−60.6

		14.8

		−68.7

		−85.5



		

		

		

		20 MHz

		−86.9

		−111.4

		1.2

		−92.9

		−11.9

		−101.5

		−118.6



		

		

		

		30 MHz

		−109.0

		−133.7

		−17.7

		−115.0

		−31.8

		−123.8

		−141.0



		

		UE

		Unwanted emissions

		−5.9

		−3.8

		−6.7

		−11.9

		−4.9

		−19.4

		−16.8



		

		

		Effect of Wanted signal on radar 1 dB compression point (assuming 10 MHz guardband)

		−66.9

		−85.4

		−86.4

		−66.0

		−66.0

		−100.4

		−70.7



		

		

		Wanted signal rejection by radar IF selectivity assuming guardband of

		10 MHz

		−79.7

		−103.6

		0.4

		−85.7

		−9.4

		−109.9

		−126.7



		

		

		

		20 MHz

		−112.1

		−136.6

		−24.0

		−118.1

		−36.0

		−142.7

		−159.8



		

		

		

		30 MHz

		−134.2

		−158.9

		−42.9

		−140.2

		−56.0

		−164.9

		−182.2





5	Summary/Conclusions

In this contribution a deterministic study has been presented supplementing that in the Working Document toward a PDNR M.[IMT.AERO], which extends the analysis of operation in adjacent spectrum, focusing on the impact of IMT transmissions on the radar. Performing the analysis using baseline assumptions with a base station to radar separation of 1 km and a UE to radar separation of 500 m and free space path loss indicates that additional attenuation is required.

To enable coexistence, a number of possible mitigation techniques are considered, including improved emissions performance of the IMT transmitters, downtilt of base station antennas to avoid main lobe coupling with the radar, RF filtering at radars and base stations, and improved IF filtering for the wider bandwidth radars. Applying all of these techniques would enable the radar receivers to coexist with IMT systems with a guardband of less than 20 MHz. It is important to note that coexistence may be achieved with a subset of the techniques outlined, and also that these are not the only possible approaches to achieve this. For a frequency division duplex (FDD) system, the guardbands for uplink and downlink need not be the same size.

This deterministic study assumes worst-case conditions for a single IMT base station or UE. Monte Carlo modelling may be used to examine any aggregate effects, and to calculate probabilities of unacceptable interference occurring. Follow-on studies may also be used to determine geographic separation distances where different mitigation measures are required, and the degree of mitigation that is required / can be provided by different measures.







ATTACHMENT 5

Analysis of required mitigation for IMT systems and radars 
to share the 2 700-2 900 MHZ band

1	Introduction

This contribution is supplementary to the deterministic study submitted for the 4th JTG 4-5-6-7 meeting, however for completeness and to make this contribution useful in it’s own right the relevant technical data and calculations from the deterministic study are included. This study is analysing the effect of; aggregate power, random location of IMT User Equipment (UEs), mitigation required, for UEs and base stations to protect radar. This is achieved by emulating an IMT system operating under normal conditions using Monte Carlo modelling and analyse the result of this either deterministic or probabilistic as appropriate. 

Interference from radars to IMT systems is not addressed in this contribution.

2	Background

The 2 700-2 900 MHz band has been proposed as a candidate band for WRC-15 agenda item 1.1. Several of the studies received at the 4th JTG 4-5-6-7 meeting suggest that adjacent channel coexistence may be possible. This document contains a probabilistic and deterministic adjacent channel/band coexistence analysis, and provides an analysis based on the mitigated performances.

3	Technical characteristics

The technical characteristics of the IMT and radar systems are described in this section. Firstly in Section 3.1 the ‘baseline’ characteristics are described. Secondly in Section 3.2, various potential mitigation techniques are described.  

3.1	Baseline

The baseline technical characteristics of radar and IMT systems are described in this section, without any mitigation assumed. Also characteristics are described that are based on the combined assumptions of both radar and IMT systems. 

3.1.1	Radar system

The following radar system characteristics in Table 1 are those provided by WP 5B. 

Table 1

Radar characteristics

		Use

		Units

		Air Traffic Control

		Defence

		Meteorological



		Transmitter 

		 

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Power to the antenna

		dBW

		47.8

		44.8

		44

		48

		53

		59

		57



		

		dBm/MHz

		73.8

		75.8

		71.2

		74

		73

		89

		89.2



		3 dB emission bandwidth

		MHz 

		2.5

		0.8

		1.9

		2.5

		10

		1

		0.6



		Rec. ITU‑R SM.329/1541 spurious emission limits 

		dBc

		60

		60

		60

		60

		60

		100

		100



		

		dBm

		17.8

		14.8

		14

		18

		23

		−11

		−13



		

		dBm/MHz

		13.8

		15.8

		11.2

		14

		13

		−11

		−10.8



		Receiver

		

		

		

		

		

		

		

		



		Noise Figure

		dB

		2

		1.4

		3.3

		2

		1.5

		2

		2.1



		3 dB bandwidth

		MHz

		1.5

		0.8

		15

		1.5

		10

		1

		0.63



		Receiver thermal noise floor 

		dBm

		−110.2

		−113.6

		−98.9

		−110.2

		−102.5

		−112.0

		−113.9



		

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N 

		dB

		−10

		−10

		−10



		1 dB compression point

		dBm

		−10

		10

		10

		−16.8

		−10.3

		10

		−17



		Antenna

		 

		 

		 

		 

		 



		Pattern

		

		Cosecant squared

		Cosecant squared

		Pencil



		Polarization

		

		Mixed

		Mixed

		Circular



		Gain

		dBi

		33.5

		35

		34

		33.5

		40

		43

		45.7



		Antenna aperture

		m2

		2.2

		3.1

		2.5

		2.2

		9.8

		19.6

		36.5



		Feeder loss

		dB

		2

		2

		2



		Azimuthal beamwidth

		Degrees

		1.5

		1.4

		1.45

		1.5

		1.1

		0.92

		0.92



		Elevation beamwidth

		Degrees

		4.8

		4.5

		4.8

		4.8

		 

		0.92

		0.92



		Rotation

		Rpm

		15

		15

		15

		 

		60

		3

		3



		Location

		 

		Ground

		Ground

		Shipborne

		Ground 



		Nominal height

		 M

		15

		15

		30

		15



		Aeronautical safety factor

		dB

		6

		0

		0



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		90.7

		111.5

		25.6

		90.7

		35.0

		104.1

		119.6



		

		20 MHz

		dB

		110.9

		132.2

		39.7

		110.9

		50.8

		124.6

		140.4



		

		30 MHz

		dB

		123.2

		144.7

		49.5

		123.2

		61.4

		137.1

		152.9







Note that Radars 3, 4, 5 and 7 appear to correspond to Radars C, I, J and G in Recommendation ITU‑R M.1464-1, respectively.

A number of changes and additions have been made to the parameters in the table including:

•	Modification of the 1 dB compression point for Radars 4 and 5 (and related antenna aperture calculation).

•	Radar intermediate frequency (IF) selectivity characteristics.

For Radars 4 and 5 (corresponding to Recommendation ITU‑R M.1464-1 radars I and J), the 1 dB compression point is given in terms of the power density at the antenna in W/m2. For these radars, the 1 dB compression point at the front end receiver input is calculated by multiplying the power density by the antenna aperture in square metres. However, the power density values provided in Recommendation ITU‑R M.1464-1 do not seem reasonable as they give rise to 1 dB compression point values of in excess of 80 dBm (100 kW) for the receiver. In the last WP 5B meeting in Annex 19 of Doc. 5B/304 the following note is made, "[Chairman’s note: Are the receiver 1 dB compression points and on tune saturation levels correct as they appear a little high. Should they be raise to the power (‑)?]". If we assume a typographical error here, as suggested by the Chairman’s note, and assume that the power density at the antenna for Radar I, J (or 4 and 5), K and L is 1.5 × 10−5, 5 × 10−5 W/m2 rather than 1.5 × 10+5, 5 × 10+5 W/m2, then we obtain more reasonable values of −16.8 and −10.3 dBm for the 1 dB compression points, respectively.

The antenna aperture is calculated for each radar assuming a frequency of 2 700 MHz. This is required to convert the 1 dB compression point power density at the antenna provided in Recommendation ITU‑R M.1464-1 for Radar 4 and 5 to the 1 dB compression point at the receiver input.

The radar IF selectivity parameters have been added to the above table. A selectivity roll-off of 80 dB per decade from the radar 3 dB bandwidth has been assumed as suggested by Recommendation ITU‑R M.1461-1 (end of Section 3.2). Also a guard band of between 10 and 
30 MHz has been assumed between the radar and IMT system channel edges, and an IMT system bandwidth of 10 MHz.

Representative air traffic control antenna polar diagram

Figure 1

Vertical pattern

		[image: ]





Figure 2

Horizontal Pattern
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Table 3

Percentage of radar antenna relative gains falling within the following limits
(dB below the peak of beam)

		0 to –30 dB

		1.42%



		–30 to –50dB

		45.8%



		Greater than –50 dB

		52.8%





3.1.2	IMT system

The baseline technical characteristics of the IMT system are described in this section beginning with the base station characteristics, and finishing with the user equipment (UE) characteristics.

3.1.2.1	Base station

The base station characteristics shown in Table 2 are based on the suburban/rural macrocell characteristics for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, 
Document 4-5-6-7/242 Annex 2. A bandwidth of 10 MHz has been used.

Table 2

IMT base station characteristics

		Base station

		Units

		IMT



		Downlink frequency

		MHz

		2 800 



		Bandwidth used

		MHz

		10



		Maximum transmitter power  

		BW=5 MHz

		dBm


dBm/MHz

		43



		

		BW = 10 MHz

		

		46



		

		Power density

		

		36



		Spurious emission limits

		Limit

		dBm/MHz

		−30



		Max antenna gain (3-sector sites assumed for macro) suburban/rural

		dBi

		16/18



		Feeder loss

		dB

		3



		Antenna height suburban/rural

		m

		25/30



		Antenna down tilt suburban/rural

		Degrees

		6/3



		Antenna type

		 

		Sectoral (3 sectors)



		Antenna pattern

		 

		Rec. ITU‑R F.1336-3



		Polarization 

		 

		±45° cross-polarized



		3 dB antenna aperture in elevation 

		Degrees

		12



		3 dB antenna aperture in azimuth 

		Degrees

		65



		Receiver noise figure (worst case)

		dB

		5



		Receiver thermal noise level

		BW = 5 MHz

		dBm





dBm/MHz

		−102



		

		BW = 10 MHz

		

		−99



		

		Power density

		

		−109



		Required I/N

		dB

		−6





3.1.2.2	User equipment (UE)

The UE characteristics shown in Table 3 are based on the characteristics agreed for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document 4-5-6-7/242 Annex 2. A bandwidth of 10 MHz has been used for the IMT system.

Table 3

IMT UE characteristics

		User Equipment (UE)

		Units

		IMT



		Uplink frequency

		MHz

		2 800



		Bandwidth

		MHz

		10



		Maximum transmitter power

		dBm

		23



		

		dBm/MHz

		13



		Antenna gain

		dBi

		−3



		Antenna height 

		m

		1.5



		Antenna type

		 

		Omnidirectional



		Polarization 

		 

		Linear



		Body loss

		dB

		4



		Spurious emission limits 

		dBm/MHz

		−30



		Receiver noise figure (worst case)

		dB

		9



		Receiver thermal noise level

		BW = 10 MHz

		dBm

dBm/MHz

		−95



		

		Power density

		

		−105



		Required I/N

		dB

		−6





3.1.3	Combined characteristics

The technical characteristics that are dependent on the parameters assumed for both the IMT and radar systems are described in this section.

The antenna gains of the radar developed toward the UE and base station, and the base station antenna gain developed toward the radar are a function of the relative heights and separations. In this study, the suburban macrocell base station height is assumed to be 25 m, The rural macrocell height is assumed to be 30 m, the microcell base station height is assumed to be 6 m, the UE height is assumed to be 1.5 m and the radar antenna height is assumed to be 15 m for Radars 1-4, 6-7 and 30 m for Radar 5. Table 4 shows the elevation angles measured at the radar receiver for the IMT macro- and microcell base station.

Table 4

Elevation angles of IMT base station antennas determined at radar antenna 

		

		

		

		Radars 1-4, 6-7

		Radar 5



		IMT Terminal

		Separation

		Height

		15 m

		30 m



		Suburban macrocell base station

		1 km

		25 m

		0.6°

		−0.3°



		Microcell base station

		1 km

		6 m

		−0.5°

		−1.4°







The antenna gains of the radar in the direction of the UE and base stations are summarized in Table 5.

The Working Document towards a preliminary draft new Report ITU-R M.[AERO-IMT] provides the relative gain (-10 dB) for the cosecant characteristic that applies to Radars 1-5. The relative antenna gains toward the base stations are estimated using the vertical antenna pattern for the radar given in Figure 1 in the Working Document towards a preliminary draft new Report 
ITU-R M.[AERO-IMT]. 

In the case of Radars 6 and 7, in line with Report ITU-R M.2112, it is assumed that the pencil beam has the characteristics defined in the Federal Meteorological Handbook No. 11, Part B, § 3.28, replicated below:

	Antenna sidelobe levels of the WSR-88D are described as follows:

	In any plane, the first sidelobe level is less than or equal to -27 dB relative to the peak of the main lobe. In the region between +2 and +10 degrees from the axis of the main lobe, the sidelobe level shall lie below a straight line connecting -29 dB at +2 degrees and -34 dB at +10 degrees. Between +10 degrees and +180 degrees the sidelobe envelope is less than or equal to -40 dB relative to peak of the main lobe. Generally, the actual pattern is about 5 dB below the prescribed envelope in the region beyond +2 degrees. Other characteristics of interest that are frequency dependent and vary across the operational band include:

• 	first sidelobe maximum is at about +1.5 degrees from the main lobe axis.

• 	first null is at about +1.2 degrees.

In the absence of more detailed information; for the meteorological radars (Radars 6 and 7) a relative gain of -27 dB is developed toward the UEs (on the basis that 1.5 degrees below horizontal corresponds to the first sidelobe). Note that the main beam of Radars 6 and 7 can be directed at any elevation angle above the horizontal. As the elevation angle to the suburban macrocell base station is above the horizontal, and therefore may lie within the main beam, then no reduction in radar antenna gain is assumed for Radars 6 and 7. In the case of the microcell base station, which lies 0.5 degrees below the horizontal, a relative gain of 3.8 dB may be assumed, on the basis that the main lobe will be of the form −12 × (θ/θ3)2 dB, where θ3 is the 3 dB beamwidth of the antenna.

Table 5

Radar antenna gain toward IMT receiver 

		IMT Terminal

		Radars 1-4

		Radar 5

		Radars 6-7



		UE

		−10 dB

		−10 dB

		−27 dB



		Suburban macrocell base station

		−1.4 dB

		−2.4 dB

		0 dB



		Microcell base station

		−2.8 dB

		−3.8 dB

		−3.8 dB





The UE and base station antenna gains in the direction of the radar are summarized in Table 6. In the case of the UEs, then no variation of gain with elevation angle is modelled. For base stations, the base station parameters together with the patterns described in Recommendation
 ITU‑R F.1336‑4 are used, in conjunction with the elevation angles calculated above, to calculate the effective antenna gain for each path.

Table 6

Gain of IMT antennas relative to maximum in direction of radar antenna 

		IMT Terminal

		Gain

		Vertical Beamwidth

		Radars 1-4, 6-7

		Radar 5



		UE

		−3 dBi

		N/A

		0 dB

		0 dB



		Suburban Macrocell Base Station (6° downtilt)

		16 dBi

		12°

		−2.4 dB

		−3.3 dB



		Microcell Base Station

		5 dBi

		34°

		−0.003 dB

		−0.02 dB





The gains of the IMT and radar antennas in each path in Tables 5 and 6 are additive. Note that the reduction in gain for the microcell base station is negligible and will therefore be ignored.

Furthermore, radars and IMT systems use different polarizations. IMT systems use linear polarization. Radars 1-5 use mixed polarization with an average polarization loss of 3 dB, however Radars 6 and 7 use circular polarization, so the loss will be 3 dB.

3.2 	Mitigation of adjacent band interference

Coexistence between Radar systems in the 2 700-2 900 MHz band with IMT in the 2 500-2 690 MHz band has been extensively studied, and indeed in the United Kingdom, coexistence is being ensured through a remediation program to improve radar receiver selectivity. Similar techniques may be used, if required, to enable coexistence between IMT and Radars in adjacent segments of the 2 700-2 900 MHz band. 

In order to be able to utilize the band for IMT systems improvements are likely to be necessary at some of the radar receivers and to the IMT system emissions to ensure coexistence. A number of candidate improvements are described in this section. 

3.2.1 	Improving radar selectivity

The radar selectivity can be improved by adding RF filtering before the low noise amplifier (LNA) or by improving the IF filtering.

3.2.1.1	Adding RF filtering before the LNA

The main problems relate to gain compression or intermodulation product generation in the LNA, and downstream components. For fixed frequency allocations, the most effective means of suppressing such problems is RF filtering prior to the LNA. The disadvantage is the insertion loss of the filter, which adds to the noise figure of the LNA, reducing detection range. In the UK, the remediation approach involves replacing the LNA of the radars, with a LNA with a lower noise figure that offsets the insertion loss of the filter, leaving the performance unchanged [[footnoteRef:5]]. In this case, the lowest radar frequency was given as 2 750 MHz, so the separation from the lowest radar frequency to the edge of the IMT band was 60 MHz.  [5: 	Selex System Integration, “Watchman Radar: Receiver Selectivity Improvements in the 2 700-3 100 MHz band”, Final Report, Ref SSI-PS0305-ENG-405, 1 December 2009 downloaded from http://stakeholders.ofcom.org.uk/binaries/spectrum/spectrum-awards/awards-in-preparation/757738/592_Watchman_Radar_Receiver1.pdf on 9 September 2013. ] 


A report by Isotek, commissioned by Ofcom [[footnoteRef:6]] considered what filtering might be practical to separate these bands. The study was based on combline filter designs, and concluded that 60 MHz offset (as used in the remediation programme) would enable >60 dB rejection to be attained, with a variety of wide pass bands, with insertion losses in the region of 0.15 dB. Reducing the offset to 30 MHz resulted in rejection of only 35 dB with similar insertion losses. Further reduction to 10 MHz resulted in increased insertion losses (0.27-0.3 dB) but rejection of 22-23 dB and unacceptable phase distortion (corresponding to 0.4 degrees deviation from linear phase across the pass band). [6: 	Isotek Electronics Ltd, “High Q Filter Feasibility Study for Base-Station and Radar Receiver Applications”, Ref IF26, 15 October 2009 downloaded from http://stakeholders.ofcom.org.uk/binaries/consultations/872_876_mhz/annexes/highq.pdf on 9 September 2013. ] 


In this work, a 10 MHz passband filter which could operate at an offset of 10 MHz was proposed for fixed frequency operation. In this case the loss was increased to 0.94 dB and the rejection 35 dB.

Much greater rejections can be achieved with combline filters if the phase variation requirements can be relaxed; in principle, the variation may be compensated elsewhere in the receiver. In this case rejections of around 60 dB can be achieved with 10 MHz separation.

In the mitigation analysis presented later, the RF filter rejection is assumed to be 22 dB, 28.5 dB and 35 dB for frequency offsets of 10, 20 and 30 MHz, respectively. 

3.2.1.2	Improving IF filtering

The receiver IF-rolloff, of 80 dB/decade from the 3 dB bandwidth of the IF filters, should be sufficient to provide adequate protection for the narrower bandwidth filters; however, with small guardbands and wide IF bandwidths (particularly for Radar 3), the IF selectivity is likely to be insufficient. Replacement of the IF filter will not have as significant effect on receiver sensitivity as the insertion of an RF filter prior to the LNA; however it cannot protect the LNA from compression, although it can protect the IF amplifiers.

For the mitigation sensitivity analysis presented later where improved IF filtering is assumed, a receiver IF-rolloff of 100 dB/decade is assumed yielding the rejection values shown in Table 7. This rejection is additional to the rejection offered by RF filtering summarized at the end of Section 3.2.1.1. 

Table 7

Radar IF selectivity assuming an IF-rolloff of 100 dB/decade and guardbands of 10, 20 and 30 MHz

		

		Units

		Air Traffic Control

		Defence

		Meteorological



		Parameter

		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Attenuation of interfering signal by radar IF selectivity assuming frequency separation of

		10 MHz

		dB

		114.9

		140.9

		34.0

		114.9

		45.5

		131.6

		150.9



		

		20 MHz

		dB

		140.7

		167.3

		51.9

		140.7

		65.7

		157.8

		177.5



		

		30 MHz

		dB

		156.3

		183.1

		64.3

		156.3

		79.1

		173.6

		193.4





3.2.2 	Improvements to IMT base station emissions

Possible options for improving emissions from IMT base stations are to apply antenna downtilt, assume more typical spurious emissions levels and include an RF filter in the transmit chain.

3.2.2.1	Base station downtilt

Typical base station installations use downtilt to reduce inter-cell interference. The same technique can be used to afford some protection to the radar receiver, especially if its location and height is known. Although nulls exist in the vertical polar diagram, the full depth may not be achieved, due to pointing inaccuracy; however, antennas may be designed to suppress the upper sidelobe, and such antennas can achieve relative gains of ‑25 dB over 8 degrees above the main beam, as shown in a 2.6 GHz antenna pattern given in Figure 26(b) of Report ITU‑R F.1336 [[footnoteRef:7]].  [7: 	Recommendation ITU‑R  F.1336-3, “Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz”, March 2012. ] 


Base station downtilt reduces the power of both the wanted and the unwanted emissions of the base station in the direction of the radar.

3.2.2.2	Base station out-of-band and spurious emissions

Base station unwanted emissions are given in 3GPP 36.104 for IMT-Advanced[footnoteRef:8]. At ≥10 MHz outside the downlink transmit band, the spurious emissions levels apply. For Category B, wide area base stations these are −30 dBm/MHz. However, typical performances can be around −55 dBm/MHz at 10 MHz offset falling to around −65 dBm/MHz by 20 MHz offset.  [8: 	3GPP, TS 36.104 v11.5.0 (2013-07): 3rd Generation Partnership Project; “LTE; Evolved Universal Terrestrial Radio Access (E-UTRA)”, (Release 11), July 2013.
] 


3.2.2.3	Additional RF filtering

Base station unwanted emissions can be improved further by the addition of an RF filter to the transmit chain. Such an approach can yield up to 60 dB reduction in emissions with guardbands of 10 MHz and above, with standard filter design techniques, as described in Appendix 2 to Annex 2 of Report ITU‑R M.2112, the appendix being entitled, “IMT base station front-end filters”. 

3.2.3 	IMT UE unwanted emissions

There is considerably less flexibility in improving UE unwanted emissions. It should be noted that in general IMT networks, including macrocell networks are designed to serve UEs located in buildings, and therefore maximum power UE transmissions outside are fairly unlikely due to the planning margins employed. 

Unwanted emissions of IMT UEs are generally considerably better than the specification. Collocation of the base station with the radar may also be a possibility, in order that the UEs will be power controlled to deliver a low power level to the base station, and therefore also to the radar. 

3.2.4 	Microcells in areas around radars as a mitigation option

The microcell base station characteristics shown in Table 8 are based on the characteristics agreed for JTG 4-5-6-7 sharing studies contained in the Chairman’s report, Document 4-5-6-7/242 
Annex 2. A bandwidth of 10 MHz has been used for this analysis.

Table 8

Base station characteristics

		Base Station

		Units

		IMT



		Downlink frequency

		MHz

		2 800 



		Bandwidth

		MHz

		10



		Maximum transmitter power

		BW = 10 MHz

		dBm

		35



		

		Power density

		dBm/MHz

		25



		Spurious emission limits

		Limit

		dBm/MHz

		−30



		Max antenna gain 

		dBi

		5



		Feeder loss

		dB

		N/A



		Antenna height 

		m

		6



		Antenna down tilt

		Degrees

		N/A



		Antenna type

		

		Omni



		Antenna pattern

		

		Rec. ITU‑R F.1336-3



		Polarization

		

		Linear



		3 dB antenna aperture in elevation 

		Degrees

		34



		3 dB antenna aperture in azimuth 

		Degrees

		360



		Receiver noise figure (worst case)

		dB

		5



		Receiver thermal noise level

		BW = 5 MHz

		dBm





dBm/MHz

		−102



		

		BW = 10 MHz

		

		−99



		

		Power density

		

		−109



		Required I/N

		dB

		−6





Potentially, where required, the area around the radar could be provided with microcell coverage outdoor and picocell coverage indoor. The benefit is that because the path losses are considerably lower, as microcell base stations have reduced transmit power, the UEs will have proportionately reduced power. Consequently, the 11 dB difference in base station transmit power will result in a similar 11 dB reduction in the UE transmit power distribution, and therefore it will be possible to limit the UE maximum transmit power in a microcell to only 12 dBm. Careful siting of microcell base station antennas, out of line-of-sight could allow the path loss to the radar antennas to be substantially increased over the free space values included in the analyses. These potential benefits have not been included in our analyses. 

When the option of using microcells is assumed in the mitigation sensitivity analysis presented later, the parameter values in Table 8 are assumed.

4	Analysis

In this section the results of the deterministic analysis of adjacent channel compatibility of IMT base stations and UEs with radar systems for the ‘baseline’ case are used as a starting point to determine which interference mechanisms should be investigated further. 

4.1	Assumptions

In addition to the assumptions described in Section 3, the following assumptions apply.

· The studies are based on the impact of multiple IMT transmitters on a single radar receiver.

· The following minimum separation distances to radar are assumed. 

· –	Base station	=  ≥ 5.5 km 

· –	UE			=  ≥ 500 m

· 	Maximum transmission power is assumed for IMT base stations and the powers from a ‘real life’ IMT system are emulated for the UEs by Seamcat’s built-in OFDMA module

· 	Suburban for base stations (reference Document 4-5-6-7/353) and rural environment for the analysis of mitigation, to increase the power to maximum and to avoid discussions about what type of environment an airport constitutes when the propagation model Recommendation ITU-R P.452-14 is used

· 	Base station antenna down tilt of 3º for rural and 6º for suburban

· 	The assumption of a 1 dB compression point of –10 dBm for the radars has been made in the absence of parameters from WP5B or ITU recommendations.

4.2	IMT cell structure for the analysis

The IMT parameters in Tables 2 and 3 (as provided to JTG 4-5-6-7 from WP 5D) are used to set up the Seamcat OFDMA module for the IMT network for this frequency range. Below in figure 3 are shown the IMT network base station positions in relation to the radar receiver (yellow diamond). The IMT system is a rural macro network with 5 km cell radius, hence the distance between the closest base station and the radar receiver of 5.5 km as this provides a 500 m exclusion zone for the UEs. The IMT parameters from WP 5D also specify the active user density as 0.17 / 5MHz/km2. For this frequency band and the 10 MHz IMT system specified this translates into around 420 active users, we have however implemented a more conservative 570 active users with 50/50 split between indoor and outdoor use. 

Figure 3
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4.3	Baseline adjacent channel case results (no mitigation) obtained from the deterministic study

In the following the critical interference mechanisms identified in the MCL study are presented. The attenuation required to enable coexistence for each of the interference mechanisms studied with the baseline characteristics are given in Table 6; where the values are negative (green), then this indicates compatibility and where the values are red this indicates that some sort of mitigation is required to achieve compatibility. 

It is clear that the unwanted emissions from the IMT transmitters in the radar band need some improvements, and radar RF selectivity needs improvement for most of the radars in the case where an IMT base station is operating in the adjacent channel/band to a radar. 

Table 6

Required additional attenuation for IMT systems into radar measured in dB

		

		Victim



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		IMT system

		Suburban macrocell base station

		Unwanted emissions (assuming 10 MHz guardband)

		34.3

		36.4

		33.5

		28.3

		33.4

		39.2

		41.8



		

		

		Effect of wanted signal on radar 1 dB compression point

		−1.7

		−20.2

		−21.2

		−0.9

		−2.8

		−16.8

		12.9



		

		

		Wanted signal rejection by radar IF selectivity assuming guardband of 

		10 MHz

		9.6

		−9.1

		73.9

		3.6

		64.4

		1.2

		−11.8



		

		

		

		20 MHz

		−10.6

		−29.8

		59.8

		−16.6

		48.6

		−19.4

		−32.6



		

		

		

		30 MHz

		−22.9

		−42.3

		50.0

		−28.9

		38.0

		−31.9

		−45.1



		

		UE

		Unwanted emissions (assuming 15 MHz guardband)

		14.1

		16.2

		13.3

		8.1

		15.1

		0.6

		3.2



		

		

		Effect of wanted signal on radar 1 dB compression point

		−44.9

		−63.4

		−64.4

		−44.0

		−44.0

		−78.4

		−48.7



		

		

		Wanted signal rejection by radar IF selectivity assuming guardband of

		10 MHz

		−33.6

		−52.3

		30.7

		−39.6

		23.2

		−60.4

		−73.3



		

		

		

		20 MHz

		−53.8

		−73.0

		16.6

		−59.8

		7.3

		−81.0

		−94.2



		

		

		

		30 MHz

		−66.1

		−85.5

		6.8

		−72.1

		−3.3

		−93.4

		−106.7





4.4	Calculations

In the following calculations the parameters from WP 5B and WP 5D have been used together with the additional assumptions mentioned in 4.1. The calculations have been performed firstly for the base stations followed by the UEs. The cellular structure set-up used in Seamcat is the same for both base stations and UEs. Seamcat’s built-in IMT module has been used to randomly position the 570 active UEs and provide the link power required for the terminals to operate in a real environment for both the indoor and outdoor UEs. The position of each UE, for each event, is then used to calculate the interference path loss to the radar with the interference power from those UEs being within the antenna beam of the radar receiver being aggregated. Similarly for the base stations and whilst not changing position, the interference power from those falling within the radar receiver’s main beam is aggregated.

For each of the identified interference mechanisms, for the base station to radar case, firstly the deterministic calculation is shown for the case where a suburban macrocell base station is located 1 km from a radar. Then this is recalculated for a rural macrocell to take account of the increased power and antenna height using the cellular structure shown above where the closest base station is located at 5.5 km from the radar and where the interference powers from further base stations in the radar receiver antenna main beam are also taken into account.

A further calculation has been performed using a more appropriate propagation model than free space. It was found that at the distances up to 40 km the free space model is really not meaningful and that Recommendation ITU-R P.452-14 is a better choice. This has been used at a time percentage of 0.001%  even though this would appear a rather conservative or strict requirement when compared to the variations in the returned power from a target. Unsurprisingly the resulting aggregate interference power increased allowing to calculate a more accurate/conservative mitigation requirement. Where relevant the impact of the required mitigation has also been calculated.

Also for the identified interference mechanisms for the UE to radar, firstly the deterministic calculation is shown for the case where a single UE is located 500 m from the radar.

Then this is recalculated using the cellular structure shown above where the closest UE may be located 500 m from the radar and where the interference powers from the randomly distributed UEs in the radar main beam are taken into account up to a distance of 40 km. The calculation uses the requirement identified in the deterministic study to establish a ‘bench mark’. 

The calculations also consider the likelihood of the UEs transmitting a data burst at the time a radar beam sweeps past and takes this into account as a correlation factor.

Further the calculations are performed using Recommendation ITU-R P.452-14 propagation model at a time percentage of 0.001% instead of free space, and finally the impact of the mitigation is calculated.

4.4.1	Base station adjacent channel calculations

In the following the base station calculations are considered. 

4.4.1.1	Single IMT suburban base station spurious emissions impact on radar (no mitigation) at 1 km separation distance, obtained from the deterministic study.

The calculation of the required additional attenuation when considering the impact of IMT base station unwanted emissions on the radar receiver is shown in Table 7. A guard band of 10 MHz is assumed for the Category B −30 dBm/MHz base station spurious emissions limit to apply. 

Table 7

IMT suburban base station spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station spurious emission limit

		dBm/MHz

		−30.0

		−30.0

		−30.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0



		Base station maximum antenna gain

		dBi

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−3.3

		−2.4



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−93.7

		−92.2

		−93.2

		−93.7

		−89.1

		−82.8

		−80.1



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		34.3

		36.4

		33.5

		28.3

		33.4

		39.2

		41.8





The above results from a single base station into a radar receiver at 1 km is recalculated for a rural environment using the cellular structure and aggregate power from the base stations at distances from 5.5 km to 40 km. The calculations have been performed for radar 2 as this is the most critical. 

For radar 2 the calculation of the spurious emissions using free space propagation provides aggregate interference power at the radar receiver of –102.53 dBm which is 26.07 dB above the threshold of -128.6 dBm (-10 dB I/N -6 dB safety factor). 

This value is different to the required attenuation of –43.5 dB of the deterministic study because in the deterministic study there is no aggregation of power and the base station (suburban macro) is fixed at 1 km. In this environment there is no requirement to have a base station this close to the radar, in fact it is unwanted. The closest base station is positioned at 5.5 km distance to the radar to provide coverage for the UEs up to a distance of 500 m from the radar.

At distances between 5.5 and 40 km free space propagation clearly is not a valid model even for base stations and the more suitable propagation model in Rec. ITU-R P.452-14 is used. The model is producing propagation losses very close to Free Space propagation for the first 5 km and only a slow roll off thereafter so a very pessimistic model compared to other propagation models.  

Recalculating the spurious emissions using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power provides -96.35 dBm at the radar receiver or 32.25 dB above the threshold of -128.6 dBm (-10 dB I/N, -6 dB safety factor).

Taking the above into consideration and under the above assumptions all base stations would need to have spurious emissions 20 dB better than the generic specification in the radar frequency range and the base stations within 65 km of a radar would need to be coordinated and be required to have further improved spurious emissions specification or an additional transmitter chain filter installed, or both, according to the distance to the radar; this however is a relatively trivial matter that can be part of normal site engineering.

4.4.1.2	Single IMT suburban macro base station impact on radar IF selectivity (no mitigation) at 1 km separation distance, obtained from the deterministic study.

The calculation of the required additional attenuation when considering the suppression of the IMT base station wanted signal by the radar IF selectivity is shown in Table 8. The required additional attenuation is calculated for a guard band of 10 MHz.

Table 8

IMT suburban base station wanted signal suppressed by radar IF selectivity

		

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm/

MHz

		36

		36

		36

		36

		36

		36

		36



		Base station feeder loss

		dB

		3

		3

		3

		3

		3

		3

		3



		Base station maximum antenna gain

		dB

		16

		16

		16

		16

		16

		16

		16



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−2.4

		−2.4

		−3.3

		−2.4

		−2.4



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/ MHz

		−27.7

		−26.2

		−27.2

		−27.7

		−23.1

		−16.8

		−14.1



		

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/
MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10

		−10

		−10

		−10

		−10

		−10

		−10



		Safety factor

		dB

		6

		6

		6

		0

		0

		0

		0



		Attenuation of interfering signal by radar IF selectivity assuming guardband of

		10 MHz

		dB

		90.7

		111.5

		25.6

		90.7

		35.0

		104.1

		119.6



		Acceptable interference level assuming guardband of

		10 MHz

		dBm/
MHz

		−37.3

		−17.1

		−101.1

		−31.3

		−87.5

		−17.9

		−2.3



		

		

		

		

		

		

		

		

		



		Required additional attenuation assuming guardband of

		10 MHz

		dB

		9.6

		−9.1

		73.9

		3.6

		64.4

		1.2

		−11.8





Recalculating the IF selectivity for radar 1 using free space propagation and aggregate interference power for a rural environment provides -124.71 dBm at the radar receiver, 3.29 dB above the threshold of -128.0 dBm (-10 dB I/N -6 dB safety factor). Again, the variation in the result to the deterministic study is due to distances and aggregation of interference power.

Using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power for a rural environment provides -118.54 dBm, 9.46 dB above the threshold of -128.0 dBm (-10 dB I/N -6 dB safety factor).

Where required the selectivity may be enhanced by an improved roll-off of the IF filter but as the radar receiver may also need improved 1 dB compression point characteristic a RF front end filter may be required. This filter will also provide the additional selectivity required. Assuming an RF front end filter with 20 dB attenuation at ≥10 MHz frequency separation will using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power for a rural environment provide – 144.27 dBm at the radar receiver or 16.27 dB below the threshold of -128.0 dBm (-10 dB I/N -6 dB safety factor).

Radar 3 will in addition to the RF front end filter also require a 100 dB/decade IF filter, calculating this will using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power for a rural environment provide -102.35 dBm at the radar receiver threshold of -126.7 dBm
 (-10 dB I/N -6 dB safety factor) or 24.35 dB above the threshold. This can be mitigated by either replacing the radar by a modern more frequency efficient radar or ensuring a frequency separation between radar and the IMT base stations for this type of radar of ≥ 30 MHz which will also provide -129.2 dBm or 2.5 dB below the radar receiver threshold of -126.7 dBm (-10 dB I/N -6 dB safety factor).

Radar 5 will also need a RF front end filter and a 100 dB/decade IF filter and this will using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power for a rural environment provide – 105.42 dBm at the radar receiver or 17.08 dB above the radar receiver threshold of -122.5 dBm (-10 dB I/N). This can be mitigated by either replacing the radar by a modern more frequency efficient radar or ensuring a frequency separation between radar and the IMT base stations for this type of radar of  ≥ 20 MHz which will also provide -125.32 dBm 
or 2.82 dB below the radar receiver threshold of -122.5 dBm (-10 dB I/N). 

4.4.1.3	Single IMT rural base station impact on radar 1 dB compression point (no mitigation) at 1 km separation distance, obtained from the deterministic study.

The calculation of the required additional attenuation when considering the impact of the IMT base station wanted signal on the 1 dB compression point of a radar receiver is shown in Table 9. 

Table 9

IMT suburban base station wanted signal on the 1 dB compression point of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Base station transmit power

		dBm

		46.0

		46.0

		46.0



		Base station feeder loss

		dB

		3.0

		3.0

		3.0



		Base station maximum antenna gain

		dB

		16.0

		16.0

		16.0



		Relative base station antenna gain in direction of the radar

		dB

		−2.4

		−2.4

		−3.3

		−2.4



		Free space path loss for 1 km separation

		dB

		101.4

		101.4

		101.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar gain in direction of the base station

		dB

		−1.4

		−1.4

		−1.4

		−1.4

		−2.4

		0.0

		0.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm

		−17.7

		−16.2

		−17.2

		−17.7

		−13.1

		−6.8

		−4.1



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar 1 dB compression point

		dBm

		−10.0

		10.0

		10.0

		−16.8

		−10.3

		10.0

		−17.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm

		−16.0

		4.0

		4.0

		−16.8

		−10.3

		10.0

		−17.0



		 

		 

		 

		

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		−1.7

		−20.2

		−21.2

		−0.9

		−2.8

		−16.8

		12.9





Recalculating the 1 dB compression point for radar 1 using free space propagation and aggregate interference power for a rural environment provides -23.9 dBm at the radar receiver, 7.9 dB below the threshold of -16 dBm (1 dB compression point -6 dB safety factor). Again, the variation in the result to the deterministic study is due to distances and aggregation of interference power.

Using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power for a rural environment provides -17.72dBm, 1.72 dB below the threshold of -16 dBm (1 dB compression point -6 dB safety factor).

Mitigation may be required for radars with a 1 dB compression point below – 10 dBm. This requires the installation of a RF front end filter in the radar receiver and assuming the filter outlined in 3.2.1.1 the calculation now using Recommendation ITU-R P.452-14 propagation model at 0.001% time and aggregate power for a rural environment provides -43.46 dBm, 27.46 dB below the threshold of  -16 dBm (1 dB compression point -6 dB safety factor).

4.4.2	IMT UE calculations 

4.4.2.1	IMT UE MCL calculations for spurious emissions from a single UE at 500 m separation distance of the radar, obtained from the deterministic study.

The calculation of the required additional attenuation when considering the impact of IMT UE spurious emissions on the pass-band of a radar receiver is shown in Table 10.

Table 10

IMT UE spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		UE spurious emission limit

		dBm/MHz

		−30.0

		−30.0

		−30.0



		UE body loss

		dB

		4.0

		4.0

		4.0



		UE maximum antenna gain

		dBi

		−3.0

		−3.0

		−3.0



		Free space path loss for 500 m separation

		dB

		95.4

		95.4

		95.4



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative radar antenna gain in direction of UE

		dB 

		−10.0

		−27.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Polarization loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		−113.9

		−112.4

		−113.4

		−113.9

		−107.4

		−121.4

		−118.7



		 

		 

		 

		

		 

		 

		 

		 

		 



		Radar thermal noise floor

		dBm/MHz

		−112.0

		−112.6

		−110.7

		−112.0

		−112.5

		−112.0

		−111.9



		Required I/N

		dB

		−10.0

		−10.0

		−10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Acceptable interference level

		dBm/MHz

		−128.0

		−128.6

		−126.7

		−122.0

		−122.5

		−122.0

		−121.9



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Required additional attenuation

		dB

		14.1

		16.2

		13.3

		8.1

		15.1

		0.6

		3.2





4.4.2.2	IMT UE MC calculations for spurious emissions of multiple UEs in the IMT system.

The above results from a single UE into a radar receiver at 500 m is recalculated using the cellular structure from above and aggregate power from randomly located UEs at distances from 500 m to 40 km (the size of the simulated IMT system). The calculations have been performed for Radar 2 as this is the most critical ATC radar.

In the deterministic study shown above the required attenuation of spurious emissions at 500 m distance between an UE and the Radar is 14.1 dB for Radar 1. 

The simple but costly solution would be just to ‘tighten’ the spurious emissions requirements of the UEs by the required 14.1 dB. The result of this is shown below in figure 4 as a ‘bench mark’.

Figure 4

UEs with -44.1 dBm/MHz spurious emissions, free space propagation and aggregate power of UEs in the radar beam pointing into the IMT system

 [image: ]

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of -128.6 dBm (-10 dB I/N and 6 dB ATC safety factor) is 1.3 % with 0.2 % of events exceeding the I/N threshold by around 2.5 dB (the maximum value).

The scenario above assumes free space propagation to be valid model at distances of up to 40 km and that all 570 active UEs are transmitting continuously, of course, neither of those two requirements are realistic or possible.

So if we first look at the activity of the UE e.g. in a voice over IP call. The data rate in uplink is more than ten times what is required to support a VoIP call and of course there are also no transmissions of data during any silence or listening which accounts for more than half the time so even with overhead for the link maintenance this easily justifies a one in twenty probability of the UE transmitting during the very short period of time when the main radar beam sweeps past. Also for data applications, any particular UE will only be transmitting on the uplink for a small percentage of the time. Transmissions over IMT for data applications will generally be comprised of a number of relatively short bursts, most data applications require transmission of significantly more data on the downlink than on the uplink, and even when a UE is engaged in an active data session it will not be transmitting continuously. 10% is a highly conservative figure for the probability that an UE will be transmitting at any particular time. For practical reasons we have used this more conservative one in ten probability (correlation factor) in the following scenarios below, figure 5 shows the impact of this on the ‘unmitigated’ baseline scenario.

Figure 5

UEs with standard  -30 dBm/MHz spurious, free space propagation, correlation factor and aggregate 
of UEs in the radar beam pointing into the IMT system

[image: ]

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of -128.6 dBm (-10 dB I/N and 6 dB ATC safety factor) is 3.4 % with 0.4 % exceeding the I/N threshold.

Next we look at the propagation to include the aggregate powers from terminals at up to 40 km distance. Clearly, free space propagation is not a valid model at these distances and a more appropriate propagation model to deal with this is Recommendation ITU-R P.452-14. The result of this is shown below in figure 6.

Figure 6

UEs with standard  -30 dBm/MHz spurious, Recommendation ITU-R P.452-14 propagation model at 0.001% time, correlation factor and aggregate of UEs in the radar beam pointing into the IMT system

 [image: ]

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of -128.6 dBm (-10 dB I/N and 6 dB ATC safety factor) is 2.7 % with 1.2 % exceeding the I/N threshold

With the more realistic conditions interference is still exceeding the bench mark and it is clear that under these assumptions the spurious emissions from the UE would need to be reduced to an acceptable level.

In the following two scenarios the spurious emissions are reduced by 5 dB (figure 7) and 10 dB (figure 8) respectively.




Figure 7

UEs with  -35 dBm/MHz spurious, correlation factor, with propagation model Recommendation ITU-R P.452-14 at 0.001 % time and aggregate of UEs in the radar beam pointing into the IMT system

 [image: ]

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of -128.6 dBm (-10 dB I/N and 6 dB ATC safety factor) is 0.8 % with 0.3 % exceeding the I/N threshold, mean value -147.91 dBm

Figure 8

UEs with  -40 dBm/MHz spurious, correlation factor, propagation model Recommendation ITU-R P.452-14 at 0.001 % time and aggregate of UEs in the radar beam pointing into the IMT system

 [image: ]

The amount of events where the aggregate interference power in this scenario is exceeding the threshold of -128.6 dBm (-10 dB I/N and 6 dB ATC safety factor) is 0.2 % with 0 % exceeding the I/N threshold, mean value -152.39 dBm

4.4	Results

A summary for radar 1 is presented in this section for the ‘baseline’ results and results where the application of various mitigation techniques is assumed. 




Table 12 below is the results for IMT base stations .

Table 12

		MCL, BS to Radar
at 10 MHz guard band
Required attenuation

		1 km single, free space

		Aggregate interference power

P452-14

		Mitigation assumed

		Result



		Spurious emissions



		Radar 1 ATC

		36.4

		32.25

		20 dB improved spurious emissions on all BS, coordination within 65 km of radar, site engineering of these (extra TX filter)

		



		



		Selectivity



		Radar 1

		9.6

		9.46

		Radar RF front end filter

		-16.27



		Radar 3

		73.9

		

		Radar RF front end filter, a 100 dB/dec IF filter and 20 MHz additional guard band or replace radar to be more spectrum efficient

		-2.5



		Radar 5

		64.4

		

		Radar RF front end filter, a 100 dB/dec IF filter and 10 MHz additional guard band or replace radar to be more spectrum efficient

		-2.82



		



		1 dB Compression point



		Radar 1 ATC

		-1.7

		-1.72

		Radar RF front end filter

Assuming that the actual 1 dB compression point figures might be lower than specified also Radars 2, 4, 6 and 7 may require a similar filter

		-27.46





Whilst microcell base stations have not been calculated in the above it is clear from the technical data given that these could form a valuable mitigation for coverage in areas where it would be difficult to deploy macrocell base stations. The microcell base stations would only have compatibility issues with the older less frequency efficient Radars 3 and 5.

Table 13 below is the results for IMT user equipment 

Table 13

		UE uplink



		Spurious emissions
(Green signifies compatibility)



		MCL at 500 m distance, single UE, free space propagation (required attenuation)

		17.5 dB



		Radar interference criteria for Monte Carlo simulations (Radar 2, ATC, worst case)

(The figures below give % of events exceeding the interference criteria)

		-128.6 dBm

(-10dB I/N and 6dB ATC safety factor)

		-122.6 dBm

(-10 dB I/N)



		Aggregate interference power, free space propagation, spurious
 -47.5 dBm ‘bench mark’ scenario

		1.3 %

		0.2 %



		Aggregate interference power, correlation factor,  Recommendation ITU-R P.452-14 propagation model at 0.001% time, ‘generic’ spurious emissions – -30 dBm/MHz

		3.4 %

		0.4 %



		Aggregate interference power, correlation factor, Recommendation ITU-R P.452-14 propagation model at 0.001% time.  

Mitigation applied; UE spurious emissions – -35 dBm/MHz

		0.8%

		0.3%



		Aggregate interference power, correlation factor, Recommendation ITU-R P.452-14 propagation model at 0.001% time.  

Mitigation applied; UE spurious emissions – -40 dBm/MHz

		0.2 %

		0 %





Discussion of the results.

A way of relating to the 0.2 % of events exceeding the 6 dB safety factor and 0 % of events exceeding the I/N value is; for any given direction of the radar antenna, out of 1 000 rotations of the radar antenna sweeping past this direction there are 2 instances where an interfering signal is present which will exceed the safety factor threshold of 6 dB, it will however have no impact on the radar performance because the I/N threshold is not exceeded.

5	Summary/Conclusions

This contribution has been produced as a supplement to the deterministic studies already presented. The study provides an analysis of what and how much mitigation is likely to be required for an IMT system and radar to coexist with a 10 MHz guard band under normal operating conditions.

From the simulations performed it is likely that the use of the band for uplink will require UEs with improved spurious emissions of around 10 dB lower than the generic specification. For uplink there are no requirements for any mitigation to the radars even if these have significantly worse specifications than assumed in this study. 

For downlink operation all base stations are likely to require spurious emissions in the radar band around 20 dB below the generic specification. There is also likely to be a need for coordination of the base stations within a distance of around 65 km of the radar and within this range to have further improved spurious emissions, a transmitter chain filter added or both. Some radars may require a RF front end filter to improve the 1 dB compression point; this filter will also provide the additional attenuation needed for the IF selectivity, apart from radar 3 and 5 which in addition will require an IF filter with a roll-off of around 100 dB/decade. Radars 3 and 5 will also require a guard band of around 20 MHz. For the few cases where a base station is close to the radar, there are many more potential mitigating techniques available as can be seen in Section 3.2.

In summary: The results of this study indicate that it is possible to operate IMT uplink in the adjacent band provided a 10 MHz guard band is implemented and the UEs have spurious emissions in the radar band around 10 dB lower than the generic spurious emissions specification.

It is also possible to operate IMT downlink in the band; in this case however a RF front end filter may be required for the radars and around 20 dB improved spurious emissions for all base stations compared with the generic specification. Coordination of the IMT base stations within around 
65 km of radar is also likely to be required because these may need further improved spurious emissions, transmitter chain filter or both. Also, Radars 3 and 5 are likely to require an improved IF filter and a minimum guard band of 20 MHz. 

In principle, it would be possible to operate IMT uplink in the adjacent channel with a guard band smaller than 10 MHz. This however would require use of much more of the mitigation techniques mentioned in 3.2, filtering of most radars, and the UEs to have further reduced spurious emissions which may not be commercially viable.







ATTACHMENT 6

Sharing between IMT-Advanced and radiodetermination systems in the
 band 2 700‑2 900 MHz

1	Introduction

The World Radio Conference 2015 agenda item 1.1 seeks to identify additional spectrum for the mobile service to meet the forecast increase in capacity demand for mobile broadband systems to 2020 and beyond.  One of the frequency bands of interest is the 2 700‑3 100 MHz band, which is currently allocated to radionavigation and radiolocation services.

In some countries, there is minimal or inefficient usage of the band 2 700‑3 100 MHz by radiodetermination services - prompting administrations to explore opportunities for other services such as wireless broadband systems to exploit the band (or some portion of it) toward further facilitating national economic growth and development.

A contribution (Document 4-5-6-7/130) to a previous meeting of JTG 4-5-6-7 illustrated the opportunities for segmentation of the band 2 700‑3 100 MHz, based on studies submitted to ITU-R Working Party 5B and included in the Chairman’s Report (see Document 5B/167, Annex 29) that demonstrated the potential for improved usage efficiency throughout this band.

This contribution builds on preliminary studies submitted (Document 4-5-6-7/277) to the last meeting of JTG 4-5-6-7 and presents more detailed technical sharing studies that investigate the minimum necessary frequency and geographic separation necessary to protect systems in the aeronautical radionavigation service (including meteorological radars) from unacceptable interference caused by emissions of IMT-Advanced fixed and mobile stations.

The more detailed studies reported in this contribution have focused on modelling adjacent-channel operating scenarios to illustrate the potential of alternative approaches:

i)	Local segmentation of the band (per Recommendation ITU-R SM.1132) to accommodate IMT‑Advanced systems in one segment and incumbent systems in an adjacent segment; or

ii)	co-ordinated sharing of the band by IMT-Advanced systems and existing incumbent systems, through a combination of frequency and geographic separation.

The results of these studies also suggest a possible basis for initiating cross-border co-ordination discussions enabling administrations to ensure both sufficient protection of incumbent systems and efficient usage of the radiofrequency spectrum resources.

2	Background

In Article 5 of the International Radio Regulations (RRs), the frequency band 2 700‑2 900 MHz is currently allocated to the aeronautical radionavigation service (RNS) on a primary basis, and restricted to ground-based radar and associated transponders through RR No. 5.337, and the radiolocation service (RLS) on a secondary basis.  Additionally, RR No. 5.423 permits the use of ground-based meteorological radars on an equal basis to the aeronautical RNS.  Similarly, the band 2 900‑3 100 MHz is currently allocated to the radiolocation and radionavigation services for maritime radar applications, as well as ground-based aeronautical radars under RR No. 5.426.

The technical characteristics for the RNS and IMT systems were derived from the Compilation of material maintained by the Joint Task Group 4-5-6-7 Working Groups, Annex 2 to the JTG 4‑5‑6‑7 Chairman’s Report of the 3rd Meeting (Document 4-5-6-7/242).

In addition, reference was also made to relevant ITU-R Recommendations, including:

•	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

•	Recommendation ITU-R M.1461-1 – Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services.

•	Recommendation ITU-R M.1464-1 – Characteristics of radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700-2 900 MHz.

•	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

•	Recommendation ITU-R M.1849, – Technical and operational aspects of ground-based meteorological radars.

•	Recommendation ITU-R M.1851, – Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

Where parameter values were not available in the above reference sources, supplementary references highlighted by previous contributions were also consulted, including:

•	NTIA Report 13-490 – Analysis and Resolution of RF Interference to Radars Operating in the Band 2 700‑2 900 MHz from Broadband Communication Transmitters (October 2012)

•	ECC Report 174 – Compatibility between the mobile service in the band 2 500‑2 690 MHz and the radiodetermination service in the band 2 700-2 900 MHz.

•	Ofcom Report AY4051, – The Report of an Investigation into the Characteristics, Operation and Protection Requirements of Civil Aeronautical and Civil Maritime Radar Systems.

Similar to other studies, and to explore the sensitivity of results to potential performance improvement of certain parameters, further simulations were undertaken using selectively adjusted parameter values as noted in the results.

The radio propagation environments were modelled in accordance with the recent liaison advice from Working Parties 3K and 3M (document 4567/141) along with relevant ITU-R documents and Recommendations:

•	Revision 1 to Document 3/39 – concerning recent modifications to Recommendation ITU-R P.1546.

•	Recommendation ITU-R P.452-12 – Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above about 0.7 GHz.

•	Recommendation ITU-R P.525-2 – Calculation of free-space attenuation.

3	Technical characteristics

Recommendation ITU-R M.1464 identifies Radar type G as representative of modern meteorological radars, and Radar type C as representative of next-generation aeronautical radars already being deployed in many countries.  It was noted in Recommendation ITU-R M.1464 that Radar type C should augment and/or replace Radar types A, B and F after 2010.

Therefore, the following technical characteristics (based on Radar C and Radar G, respectively, of Recommendation ITU-R M.1464-1) have been assumed for radar systems in these studies:

Table 1

Radar systems technical characteristics

		Parameter

		Units

		Aeronautical

		Meteorological



		Transmitter

		

		

		



		RF Output Type

		-

		Solid state

		Klystron



		Peak Power into Antenna

		dBW

		43.9

		57



		3dB emission bandwidth

		MHz

		1.9

		0.6



		Receiver

		

		

		



		Noise Figure

		dB

		3.3

		2.1



		RF bandwidth

		MHz

		280.6

		1.6



		IF bandwidth

		MHz

		15

		0.63



		IF Selectivity roll-off[footnoteRef:9] [9:  	Consistent with suggested value in Recommendation ITU-R M.1461  Procedures for determining the potential for interference between radars operating in the radiodetermination service and other services.] 


		dB/decade

		80

		80



		Target I/N

		dB

		-10

		-10



		Additional safety margin

		dB

		-6

		0



		Min sensitivity

		dBm

		-110

		-115



		RF 1 dB Compression

		dBm

		-20

		-17



		Antenna

		

		

		



		Pattern type

		-

		Cosec-squared

		Pencil*
(volume scanning)



		Polarisation

		-

		Mixed

		Horizontal



		Boresight Gain

		dBi

		34

		45.7



		Azimuth beamwidth

		degrees

		1.45

		0.92



		Nominal height

		m (AGL)

		8

		30





* NOTE: For low-elevation (<3° above horizon) beam pointing, the vertical illumination pattern is assumed to be similar to recommended patterns defined in Recommendation ITU-R M.1851 

Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

The following technical characteristics have been assumed for IMT-Advanced systems:

Table 2

IMT-Advanced systems technical characteristics

		Parameter

		Units

		Base station

		User device



		Antenna Type

		-

		65° sector

		Compact omni



		Antenna Gain

		dBi

		Rural: 18

Suburban: 16

Urban: 16

		-3



		Feeder Loss

		dB

		3

		-



		Antenna elevation

		m (AGL)

		Rural: 30

Suburban: 25

Urban: 20

		1.5



		Cell radius

		km

		Rural: 4

Suburban: 0.8

Urban: 0.4

		-



		Antenna down-tilt

		degrees

		Rural: 3

Suburban: 6

Urban: 10

		-



		Typical body loss

		dB

		-

		4



		User terminal density (in active mode)

		Users/5 MHz/km2

		-

		Rural: 0.17

Suburban: 2.16

Urban: 3



		Transmitter*

		

		

		



		Maximum Tx Power

		dBm

		43

		23



		Dynamic Power Control

		-

		No

		Yes



		Max Tx e.i.r.p.

		dBm

		58

		20



		Channel bandwidth

		MHz

		10

		10



		Average activity factor

		%

		50

		-



		Receiver*

		

		

		



		Ref sensitivity

		dBm

		-101.5

		-95



		Noise Figure

		dB

		5

		9



		Blocking

		dBm

		-15

		+6



		Adjacent Channel Selectivity

		dB

		[-58 dB @ 2.5 MHz offset]

		33



		* Applicable to the case of 10 MHz IMT-Advanced channel.





The out-of-band (OOB) and spurious emission characteristics of IMT base-stations and user equipment (UEs) are based on maximum mask specified in the 3GPP technical specification series 36 (TS 36).  Commercial IMT products typically offer significantly better performance[footnoteRef:10] than 3GPP requirements – noting that earliest practical date of launch of IMT services in this band is unlikely before end-2017.  However, for the purposes of studies reported in this contribution, the following out-of-band (OOB) and spurious emission mask for IMT user devices is assumed: [10:  	Recent (2012) vendor contributions to CEPT have already indicated considerably better OOB and spurious emissions performance by UEs than is currently specified by 3GPP TS 36.101.] 


Table 3

IMT OOB and spurious emission limits

		Parameter

		Units

		Value

		Notes



		IMT Base-stations – for 5, 10, 15 and 20 MHz channel bandwidths (3GPP TS 36.104)



		OOB emissions

		dBm/MHz

		-15

		Category B - for frequency separation of up to 10 MHz from channel edge above and below operating band



		Spurious emissions

		dBm/MHz

		-30

		Category B – except for OOB emission region noted above, in the range 1-12.75 GHz



		IMT User devices – for 10 MHz channel bandwidth (3GPP TS 36.101)



		OOB emissions

		dBm/30kHz

dBm/MHz

dBm/MHz

dBm/MHz

		-18

-10

-13

-25

		0-1 MHz separation from channel edge

1-5 MHz

5-10 MHz

10-15 MHz



		Spurious emissions

		dBm/MHz

		-30

		except for OOB emission region noted above, in the range 1-12.75 GHz





Note: In accordance with WP 5D advice[footnoteRef:11] to the JTG 4-5-6-7: these unwanted emission limits are the upper limits defined in 3GPP specifications for laboratory testing while the user device is operating at maximum power (+23 dBm).  When the in-band transmitting power of the device is reduced as a consequence of uplink power control function, the unwanted emission levels will also be reduced by an equivalent value (dB). [11:  	Refer Note 17 in Section 2 of Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses, 4-5-6-7/393 Annex 2, Attachment 2, Appendix 1.] 


4	Analysis

As noted above, the studies reported in this contribution have focused on adjacent channel sharing, in support of those administrations reviewing the efficiency of current usage of the band 2 700‑3 100 MHz by aeronautical, meteorological and maritime radars in their own country.  While the deployment of these systems may be widespread in some countries, other countries have deployed few such systems (or none, in some cases) in this band – and, in the latter case, administrations are exploring the possibility for greater utilisation of the band 2 700‑3 100 MHz (in particular, by IMT-Advanced systems) in an effort to facilitate further national economic growth and development.

4.1	Approach

4.1.1	Implications of IMT uplink

To evaluate the implications of IMT emissions (both uplink and downlink) on a nearby radar system, a cluster of nineteen 3-sector cells is taken to represent the IMT network in accordance with the agreement already established by a previous meeting of JTG 4-5-6-7.  To evaluate the impact of multiple user-devices (UEs), each sector in the cluster hosts a specific number of active UEs in accordance with its area, based on the applicable user-density and cell-radius for the relevant geographic environment (urban, suburban, or rural):

Figure 1

Network model for sharing analysis























The active UEs are randomly located within each sector, reflecting the random mobility of users with the network coverage area.  The emissions of active UEs are variable subject to uplink power control, and the emissions from all UEs incident on the radar antenna are aggregated to derive the effective interference level to the radar.

A nominal radar station is located at a fixed distance from the centre of the 19-cell cluster, and this distance is varied to determine the minimum separation required, for each frequency offset (guard‑band) value, to ensure satisfactory I/N performance at the radar receiver.  The radar antenna is oriented in azimuth directly toward the centre of the 19-cell cluster, and is not rotating, to reflect the worst-case interference scenario. Consideration of the impact of radar emissions on IMT base-station receivers is also included in this study.

The terrain profile is assumed to be smooth-earth.  To reflect the low-elevation of IMT UEs (1.5 m AGL), and likelihood of surrounding pedestrians, vehicles, buildings and trees, clutter-loss appropriate to the particular geographic environment (urban, suburban, rural) should also be included.

4.1.2	Implications of IMT Downlink

Since IMT base stations are immobile, evaluation of the downlink scenario is achieved using a minimum coupling loss approach.  The emission levels of all base stations in the 19-cell cluster, in the direction of the radar system, taking account of base-station separation distance, antenna downtilt and azimuth orientation, are aggregated to derive the effective interference level to the radar.

The terrain profile is assumed to be smooth earth.  However, to reflect the typical situation of an IMT base-station being sufficiently elevated above ground to be reasonably clear of clutter and meet IMT network coverage objectives, two alternative radio propagation models are considered:

•	Recommendation ITU-R P.1546-5 (09/2013) - a point-to-area propagation model, as recommended by WP 3K and WP 3M, which provides an estimate of field strength – and including relevant adjustments for:  operating frequency of around 2 800 MHz; land path; field strength exceeded for 1%, 10% and 50% of time; transmitter height above ground; radar height above ground; and smooth earth scenario.  It is noted that for distances of less than about ; and

•	Recommendation ITU-R P.452-15 (09/2013) – for evaluating interference between stations on the surface of the earth at frequencies above about 0.1 GHz, which provides an estimate for the propagation loss not exceeded for time percentages over the range 0.001 ≤ p ≤ 50%. It is noted that for distances less than about 5 km, propagation losses determined using Recommendation ITU-R P.452 are approaching that of the free-space model.

4.2	Assumptions

As highlighted in several previous contributions[footnoteRef:12], in some countries there may be scope to rationalise and consolidate the use of the band 2 700‑3 100 MHz by radiolocation and radionavigation systems, resulting in some spectrum being released to satisfy the growing spectrum needs of mobile broadband systems including IMT.  As noted in these previous contributions, there are several alternative ways of arranging the spectrum blocks to more efficiently utilise this band – refer to the diagram in Annex 1.  Several interference scenarios should therefore be evaluated: [12:  	Refer to Documents 5B/101, 4-5-6-7/130 and 4-5-6-7/277.] 


•	IMT UE uplink emissions impacting on aeronautical radars

•	IMT base-station downlink emissions impacting on aeronautical radars

•	Aeronautical radar emissions impacting on IMT base-station receivers

•	IMT base-station downlink emissions impacting on meteorological radars

To accommodate other possible arrangements, two additional interference scenarios may also be relevant:

•	IMT UE uplink emissions impacting on meteorological radars

•	Meteorological radar emissions impacting on IMT base-station receivers.

This contribution focuses on:

i)	Monte Carlo analysis of IMT UE uplink emissions impacting on aeronautical and meteorological radars; and the associated reverse case

ii)	Aeronautical and meteorological radar emissions impacting on IMT base station receivers.

Other contributions address the cases of IMT base-station downlink emissions impacting on aeronautical and meteorological radars.

4.2.1	Radio propagation model

As noted above, and due to the very low elevation of IMT UEs above ground (1.5m), the propagation model of Recommendation ITU-R P.1546 is used to derive interference impact on radar receivers.  Notably, reflecting the advice received from the Chairmen of WP 3K and 3M, and noted in 4-5-6-7/393 Annex 2, ‘for short distance scenarios, particularly with low antenna heights, the time variability of path loss is unlikely to be an important factor in interference estimation, so mean path loss values might also be used’.  Further, for path lengths less than about 5 km, Recommendation ITU-R P.1546 exhibits negligible difference between the field strength data for 1%, 10% or 50% time probability.  In these studies, however, the 1% curves have been used.

4.2.2	Guard-band

The guard-band is taken to be the frequency separation between the respective 3dB-bandwidth boundaries of the radar and IMT carrier:

Figure 2

Illustration of assumed guard-band scenarios
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4.2.3	Localised clutter

For the case of interference by IMT UEs into a radar receiver, Recommendation ITU-R P.1546 provides for an additional correction for clutter (refer Annex 5 §10).  As a consequence of their low elevation above ground, UEs are typically surrounded by clutter such as buildings, motor vehicles, pedestrians, and shrubs/tress when used outdoors in urban and suburban scenarios.  In such scenarios, the clutter correction factor defined by Recommendation ITU-R P.1546 can vary over a wide range (3-25 dB or more) depending on the relative height and proximity of the clutter to the UE.

Since it is rare for UEs in urban or suburban scenarios to be free of surrounding clutter, the clutter correction factor is included in field strength estimates derived using Recommendation ITU‑R P.1546.  Recommendation ITU-R P.1546 also provides a non-urban clutter correction factor applicable to low-elevation devices in rural areas.

4.2.4	Indoor versus Outdoor UEs

This study has assumed that all UEs are located in outdoor locations.

Normal IMT network planning typically recognises that the UE ‘uplink’ signal budget effectively determines the nominal cell-radius – and a power-limited UE located indoors will suffer additional propagation loss due to building penetration attenuation.  Consequently, if indoor operations are intended, normal IMT network planning procedures will include penetration losses when determining nominal cell-radius, to derive inter-site distance for base-station deployments.  This study assumes that the urban/suburban/rural cell-radii values recommended by WP 5D for use in sharing studies already account for indoor power-limited uplink emission constraints and building penetration loss. 

4.2.5	IMT UE signal characteristics

These studies have assumed that emissions of each UE occupy the full 10 MHz channel bandwidth – that is, each active UE is assigned all available channel resources (PRBs).  This scenario is considered to be worst-case, because: although resource assignment is dependent on the particular scheduler algorithm implemented, such a large resource assignment to UEs is generally considered unlikely within a moderately-loaded IMT network.

Furthermore, in this study the UE emissions are assumed to be aligned to band-edge, nearest to the radar channel.  In a moderately-loaded network, not only will UEs typically be assigned some lesser portion of the available bandwidth, but the assigned resources may be only infrequently aligned to at band-edge, and often will be spectrally positioned further away from the radar.

Noting that 3GPP specifications of minimum OOB and spurious emissions performance also represent a maximum mask for UE emissions, the following figure illustrates how real interference situations will likely be considerably improved over the case modelled in these studies:

Figure 3

Example of real UE emissions
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Therefore, the results presented in this study are considered to represent a worst-case scenario that overstates the likelihood of interference to radar receivers.

4.2.6	Radar interference threshold

The results of this study have been presented in graphical form to show a range of radar receiver I/N exceedence probability values, and the distribution of receiver I/N values versus associated exceedence probability.  Two particular exceedence thresholds are observed:

•	0.1% I/N exceedence probability – since previous meetings have suggested this value as more appropriate (than 1%) for radiolocation systems in this band, and aligned with recent review by others of relevant ICAO flight safety and systems reliability recommendations[footnoteRef:13]. [13:  ICAO Document 9859 Safety Management Manual is the key reference for regional/national air traffic safety procedures – for example, the 4th part of Eurocontrol Safety Regulatory Requirement (ESARR4), and UKCAA Publication CAP760 which provides a useful matrix of risk classification/tolerability.] 


•	0.01% I/N exceedence probability – to illustrate the rapid reduction of probability with only small change in I/N, and to provide an additional 10 dB ‘safety margin’ to the study results.

Noting contributions by others, these studies thus assume that a 0.1% I/N exceedence threshold represents the minimum level of protection for radar systems operating in this band.

4.3	Results

4.3.1	IMT UE Interference to radar receivers

To establish a baseline scenario for subsequent sensitivity analyses, the Monte Carlo simulation adopted the following initial values:

•	Minimum separation between radar station and nearest IMT user device (UE) = 1 km

•	Minimum guard-band between radar system (lower -3dB channel edge set at 2 820 MHz) and IMT user device emissions (upper -3dB emission mask edge, per 3GPP) = 10 MHz

Analysis of the sensitivity of I/N exceedence probability to variations in these parameter values is also explored in subsequent stages of the studies.

As noted, two representative radar systems taken from Table 1 of Recommendation ITU-R M.1464 are evaluated:

•	Aeronautical radar – System C – solid state

•	Meteorological radar – System G – klystron

4.3.1.1	Baseline I/N exceedence probability

The baseline results for each of the urban, suburban and rural geographic scenarios are shown in the following plots[footnoteRef:14], and key values in Table 4 - see Annex 2 for more detail of 0.1% and 0.01% threshold crossing values: [14:  Note that the Cumulative Distribution for each simulation case was derived via the aggregation of 50,000 randomised runs, to achieve the necessary resolution.] 


Figure 4.1.1

System C – urban environment – 1 km separation – 10 MHz guard-band

[image: ]

These results show that at 1 km separation and by use of a 10 MHz guard-band, the maximum interference objective consisting of I/N = -10 dB plus a -6 dB safety margin as recommended by ICAO can be met for around 0.02% of time.

Figure 4.1.2

System C – suburban environment – 1 km & 1.2 km separation – 10 MHz guard-band

[image: ][image: ]

Figure 4.1.3

System C – rural environment – 1 km separation – 10 MHz guard-band

[image: ]

Both the suburban and rural cases, for 1 km separation and 10 MHz guard-band, can also comfortably meet the maximum interference objective of I/N = -16 dB (including ICAO safety margin) for at least 0.04% and less than 0.002% of time respectively.

Similar baseline urban/suburban/rural Monte Carlo sharing studies for Radar System G were also undertaken.  

A summary of baseline results showing the radar I/N with 0.1% and 0.01% probability of exceedence levels:

Table 4

Summary of baseline I/N results – 1 km separation – 10 MHz guard-band

		Prexceedence

		Radar System C

		Radar System G



		

		Urban

		Suburban

		Rural

		Urban

		Suburban

		Rural



		0.1%

		-16.3

		-16.4

		-19.0

		-4.5

		-4.9

		-8.5



		0.01%

		-15.7

		-15.4

		-17.0

		-3.8

		-3.9

		-5.9





On the assumption of 0.1% probability of exceedence, the aeronautical radar (System C) appears to be sufficiently protected (including the 6 dB safety margin recommended by ICAO) by implementing a 1 km separation to the nearest IMT user-device and a 10 MHz guard-band.

However, a larger geographic/spectral separation is clearly required to protect Radar System G.  Physical separation values greater than 1 km were thus explored – as well as the trade-off between separation distance and guard-band – and presented in the following sensitivity analysis.

4.3.1.2	Sensitivity analysis

To evaluate the sensitivity of radar I/N to variations in geographic separation and size of the guard-band, additional analysis was undertaken of the urban case for the wider-bandwidth Radar System C:

Table 5.1

Sensitivity analysis – urban scenario – Radar System C

		I/N (dB) for 0.1% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.5



		Frequency separation (MHz)

		8

		-12.8

		-15.4

		-18.5



		

		10

		-16.3

		-19.0

		-22.0





Table 5.2

Sensitivity analysis – urban scenario – Radar System C

		I/N (dB) for 0.01% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.5



		Frequency separation (MHz)

		8

		-12.3

		-14.8

		-17.8



		

		10

		-15.7

		-18.5

		-21.4





These results suggest that, for the aeronautical Radar System C, a guard-band of 8 MHz could potentially be offset by a larger separation distance of about 1.4 km.  However, larger separation distances may be difficult to enforce for aerodromes (radars) located on the fringe of major urban centres.  A separation distance of 1.2 km (with 10 MHz guard-band) may be more readily implemented by virtue of the aerodrome perimeter fence, for example.  

For the case of Radar System G, evaluation of separation distances of 1.5km and 1.6 km was undertaken – and results illustrated in the following plots:

Figure 4.2.1

System G – urban environment – 1.5 km separation – 10 MHz guard-band

[image: ]

Figure 4.2.2

System G – urban environment – 1.6 km separation – 10 MHz guard-band

[image: ]




The urban and suburban scenarios again consistently showed higher interference impact on radar receivers than is the case for a rural environment – due to the higher-density of UEs, collectively located closer to the radar station.   However, to meet the maximum interference objective I/N = ‑10 dB applicable to meteorological radar systems, the minimum separation distance was found to be around 1.5 km, for a 10 MHz guard-band – with a 0.03% time probability of exceedence.

A summary of results for System G sensitivity analysis is provided in following tables:

Table 5.3

Sensitivity analysis – urban scenario – Radar System G

		I/N (dB) for 0.1% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.6



		Frequency separation (MHz)

		8

		+4

		+1.4

		-



		

		10

		-4.5

		-7.2

		-11.2





Table 5.4

Sensitivity Analysis – Urban scenario – Radar System G

		I/N (dB) for 0.01% time exceedence

		Urban – geographic separation (km)



		

		1.0

		1.2

		1.6



		Frequency separation (MHz)

		8

		+4.8

		+2.1

		-



		

		10

		-3.8

		-6.5

		-10.5





These results suggest that Radar System G would need a minimum guard-band of 10 MHz and a minimum geographic separation of 1.6 km.  

Therefore, suggested minimum values to avoid interference by IMT user-devices into solid-state radar receivers in the 2 700‑2 900 MHz band are therefore:

•	Minimum guard-band 		= 10 MHz

•	Minimum geographic separation[footnoteRef:15] 	= 1.2 km – for aeronautical radars; and [15:  	Minimum geographic separation is defined as the distance between the radar site and the nearest IMT cell edge (or nearest possible location of an active IMT user device).] 


							= 1.6 km - for meteorological radars.

4.3.2	Radar interference to IMT base-station receivers

To properly accommodate IMT ‘uplink’ systems within the band 2 700‑2 900 MHz via segmentation, it is also prudent to consider the impact of radar emissions on IMT base-station receivers.

4.3.2.1	IMT base-station blocking

The physical space available at IMT base-station sites generally easily accommodates additional filtering (to address routine issues such as inter-modulation with other co-sited systems, blocking by adjacent channel systems, and other matters).  Therefore, combating out-of-band interference into IMT base-station receivers is usually resolved by filtering, to improve receiver selectivity:

Table 6

Aeronautical radar blocking of IMT base-station receiver

		Parameter

		Values

		Units



		

		Urban

		Suburban

		Rural

		



		Radar Tx power

		+73.9

		dBm



		Radar antenna max gain

		+34

		dBi



		Radar signal EIRP

		+107.9

		dBm



		IMT base-station antenna gain

		16

		16

		18

		dBi



		IMT Rx blocking limit[footnoteRef:16] [16:  	See 3GPP TS 36.104 V10, Table 7.6.2.1-1 for bands 11 and 21.] 


		-15

		dBm



		Worst-case IMT Rx protection requirement

		138.9

		138.9

		140.9

		dB



		Path loss ( 1 km free-space)

		101.4

		dB



		Minimum additional filter OOB rejection

		37.5

		37.5

		39.5

		dB





According to 3GPP[footnoteRef:17], minimum IMT base-station receiver selectivity performance offers at least 57.9 dB of protection (for ≤ 1 dB receiver degradation) from an adjacent channel wide-band (5 MHz) carrier (at 2.5075 MHz offset).  With contemporary filtering systems readily able to provide at least 60-80 dB of protection at 10 MHz offset, achieving an additional 37-40 dB of protection at 10 MHz offset using external filtering equipment is not considered a particularly challenging objective. [17:  	See 3GPP TS 36.104 V10, Table 7.5.1-3.] 


In the case of meteorological radars, it can be similarly shown that minimum addition filter rejection required is about 62-65 dB at 10 MHz offset – still not a particularly challenging out-of-band filtering objective, given typical site filtering performance and the space availability at IMT base-station sites.

4.3.2.2	IMT base-station in-band interference

In-band interference to IMT receivers due to excessive levels of unwanted out-of-band emissions from an adjacent transmitter are sometimes more challenging, and may determine the potential for co-existence.

Radar systems operating in the S-band can generally meet an out-of-band emissions limit[footnoteRef:18] of at least -60 dBc.  Solid-state radars seem able to achieve this limit within 12 MHz of the main carrier[footnoteRef:19].  Assuming that the radar antenna is directed at the victim IMT base-station site (for a portion of each rotation, at least), analysis of the in-band noise degradation of IMT base-station receivers can be estimated via a simple minimum coupling loss analysis: [18:  	Reference source: ECC Report 174 – out-of-band emissions limit for radar types 1-4 = -60 dBc, and for modern type 4 the limit is -75 to -90 dBc.]  [19:  	Legacy vacuum-tube radars may not meet these emissions limits – so future IMT co-existence in the 2 700‑2 900 MHz band may be subject to retirement of spectrally less-efficient klystron & magnetron systems, and systematic replacement by sold-state systems.] 


Table 7

IMT base-station in-band interference from Aero radar

		Parameter

		Values

		Units



		

		Urban

		Suburban

		Rural

		



		Radar Tx power

		+73.9

		dBm



		Radar emission bandwidth

		1.9

		MHz



		Radar antenna max gain

		+34

		dBi



		OOB emissions

		-60.0

		dBc



		Radar OOB emissions

		+45.1

		dBm/MHz



		IMT base-station antenna gain

		16

		16

		18

		dBi



		IMT base-station Rx noise figure

		5

		dB



		IMT Rx Interference threshold (≤1dB Rx sensitivity degradation)

		-104.9

		dBm



		Worst-case IMT Rx protection requirement

		166.0

		166.0

		168.0

		dB





While the required protection may seem a somewhat challenging objective, there are several mitigation measures that are readily implemented to resolve the unwanted radar emissions:

i)	Co-ordinated placement of the IMT base-station, to take advantage of natural or man-made obstructions – potentially offering at least 20 dB of isolation;

ii)	Orienting the IMT base-station antenna to face directly away from the radar site – and use of a solid reflector to shield the IMT antenna – providing at least 20-40 dB of additional isolation; and

iii)	Further filtering of the radar OOB emissions – noting that filter attenuations of 40-50 dB are noted in Recommendation ITU-R F.1097-1 as a possible mitigation option (refer section 2.1 RF filters).

Including free-space path-loss for a separation of 1 km, the following interference mitigation budget is therefore highlighted:




Table 8

IMT base-station in-band interference mitigation

		Parameter

		Values

		Units



		

		Urban

		Suburban

		Rural

		



		Path loss – free space – 1 km

		101

		dB



		Use of obstructions

		15-20

		dB



		Antenna orientation

		20-40

		dB



		Radar OOB filtering[footnoteRef:20] [20:  There have been some observations at prior ITU-R meetings that contemporary radar systems exhibit considerably lower out-of-band emissions that reported in ITU-R Recommendations.  Thus, the need for additional filtering may be subject to verification of actual radar performance.] 


		45

		dB



		Nett additional protection requirement

		-15 ~ 10

		-15 ~ 10

		-13 ~ 12

		dB





Therefore, identification of practical mitigation measures would not seem to be not quite so challenging – although this aspect may be location-specific, and therefore subject to site-by-site co-ordination with nearby radar stations.

5	Conclusions

Results of Monte Carlo studies of the co-existence of IMT user-devices with aeronautical and meteorological radar systems in the band 2 700‑2 900 MHz suggest that sharing is possible with at least a 1.2 km geographic separation and 10 MHz guard-band.  Furthermore, while the peak power of radar signals may appear to be a risk to IMT base-station receivers, minimum coupling loss analysis illustrates that mitigation is feasible if IMT antennas are pointed away from the radar, along with appropriate filtering and judicious co-ordination/location of IMT base-stations.  Depending on actual radar characteristics, there may be need for local verification/remediation of radar out-of-band emissions performance.

The working document on sharing/compatibility studies of IMT systems and radiolocation systems in the frequency band 2 700‑2 900 MHz (Attachment 4 to Annex 6 of Document 4-5-6-7/393) contains relevant studies contributed to JTG 4-5-6-7.  Telstra proposes that the above updated study report and conclusions replace the preliminary text (drawn from Document 4-5-6-7/278) currently included in section 4.2.1 of Attachment 4 of the Working Document in Annex 6 of Document 4‑5‑6‑7/393.



ANNEX 1

Possible alternate arrangements for rationalising and consolidating use of the band 2 700-3 100 MHz
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ANNEX 2

Radar I/N exceedence thresholds – higher resolution plots



Case 1.1 – Urban scenario – 1 km separation – 10 MHz guard-band – System C
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Case 1.2 – Suburban scenario- 1 km separation – 10 MHz guard-band – System C
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Case 1.3 – Suburban scenario – 1.2 km separation – 10 MHz guard-band – System C
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Case 1.4 – Rural scenario – 1 km separation – 10 MHz guard-band – System C
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Case 2.1 – Urban scenario – 1.5 km separation – 10 MHz guard-band – System G
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Case 2.2 – Urban scenario – 1.6 km separation – 10 MHz guard-band – System G
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ATTACHMENT 7

Necessary guard band for compatibility between radiolocation systems and mobile broadbandsystems in the 2 700‑2 900 MHz band

1	Background

Under agenda item 1.1 of the WRC-15 additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions are considered, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12).

The associated Resolution 233 (WRC-12) invites ITU-R to study potential candidate frequency bands. This includes sharing and compatibility studies with services that already have allocations in the potential candidate bands and in adjacent bands, taking into account the current and planned use of these bands by the existing services, as well as the applicable studies already performed in ITU‑R.

Within the Joint Task Group (JTG 4-5-6-7), the responsible group for the WRC-15 agenda item 1.1, the frequency bands 2 700‑2 900 MHz is considered as potential candidate bands for IMT. 

The working document in Attachment 4 to Annex 6 of Document 4-5-6-7/393 (issued 24 October 2013) collects a lot of background for radars operating in S-band and for IMT advanced systems working at different cell sizes and at uplink or downlink: mainly LTE base station (BS) and user equipment (UE).

This contribution proposes a method to evaluate the necessary guard band for compatibility between radiolocation systems and mobile broadband systems in the 2 700‑2 900 MHz band.

2	Determination of the guard band

When LTE systems and radar operate with low separation distances, adequate guard band is to be considered depending on the radar filtering roll-off[footnoteRef:21]. From experience and from on-going remediation programs, the guard band[footnoteRef:22] should be about 50‑60 MHz. Lesser values down to 10‑20 MHz are mentioned when more efficient and neater filtering models are assumed. [21:  	The roll-off is the steepness of the transmission function of the filter.]  [22:  	The guard band is the frequency separation between the edges of the two necessary bandwidths.] 


This paragraph presents an approach to preserve overall radar performance in any situation. Rejection calculation is done in terms of the frequency offset between the centre of radar channel and the centre of the closest LTE channel. 

Radar and Communication systems’ performance come from adjustment of different hardware components and depend on the operating scenario. e.i.r.p. and Rx filtering are designed to satisfy a one-way or two way power budget at a given distance. In presence of noticeable interferer, the loss at victim could be partially compensated. Equilibrium must be recovered by reducing power or by tuning radiating beam or by reinforcing filtering (at interfering Tx or at victim Rx).

Figure 1

Radar budget components
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3	Co-existence scenario

LTE network is deployed where existing radar operates (one says one radar with typical ATC design).  It is considered that distance from the closer LTE base station to the radar could fall down to 1 km. The LTE BS is assumed operating just below the radar band, so the frequency offset is negative, typically between -100 MHz and minus the half sum of their bandwidths.

Radar emission (power, EIPR, beams) and also the separation distance from the BS being given, the key point becomes the balance between extra rejection added to the radar and the tolerance to continue detection at long range. 

4	Admissible RF insertion loss

Addition of new device in existing radar RF subset must be monitored under reasonable degradation.

Firstly, the insertion equivalent loss resulting into the radar budget must be less than a threshold T, one says a fraction of decibel. The threshold is determined according with the acceptable degradation driven by usual protection criteria I/N. Figure 2 shows the relation between the equivalent loss and this well-known I/N criteria. It is about 1dB for usual I/N<=-6 and 0.5 dB for I/N=-10 in ATC context or less than 0.3dB for more exigent radar application. Roughly the threshold T could be aimed at the half of equivalent loss associated to a given I/N, so in ATC context it could be at about 0.2dB to 0.3dB. Then this threshold T can be appreciated as reasonable permanent reduction (<2%) of detection range. 

Secondly, VSWR (return loss in the band) must be also taken in account. The usual constraint is VSWR less than 1.25:1.

Thirdly, constraints for designing new device should  consider dispersion on signal quality over the radar agility band or over its instantaneous bandwidth. Filters with linear phase response are desirable, due to their flat group delay. Such filters maximally preserve the wave shape of the passing signal, since they delay all frequency components of the signal by the same amount (i.e. do not cause phase distortion). The relevant parameter is expressed as the deviation from linear phase. The maximum deviation is about a few tenths of degree per MHz.

Figure 2

I/N criteria versus insertion loss
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5	RF filters

There are many types of filtering technology. The choice depends on several factors:  central frequency and bandwidth under consideration, maximum insertion loss and minimum attenuation required, power of signals and size limitation. In addition to these electrical requirements it is also influenced by the operating temperature range, and also by cost considerations.

For RF filtering in radar domain, cavity filters allow low insertion and sharp selectivity. Since a very low insertion loss or high power is a requirement, waveguide filters are generally chosen. The vast majority of these filters can be synthesized from an addition of many band-pass filtering elementary cells. 

This paragraph is a tentative to address the performance of RF filters facing the need to reduce as much as possible the guard band between LTE and radar, despite severe insertion loss constraint. 

Based on theoretical Chebyshev band-pass pattern, illustrative responses of filters are calculated for 200 MHz band-pass, and then compared in Figure 3.

Figure 3

Typical passband responses (based on theoretical low-pass prototype)





The insertion loss depends on the slope of the filter:  the insertion loss IL in mid band can be expressed[footnoteRef:23] as K*Qui*gi) where Qui is the unloaded Q factor of i-th resonator and gi are the g-parameters of band-pass prototype.  [23: 	 “Dissipation Loss in multiple-coupled resonator filters”, S.B Cohn. Proc IRE vol47, pp1342‑1358 Aug 1959] 


Assuming the same attenuation curve on both sides, 300 MHz between the two stop bounds at ‑70 dB level and that Qui is about the same Qu for all resonators and for any number of resonators, Figure 4 shows the IL multiplicative (in dB) dependence on the roll-off slope. For a given technology, reducing the transition from 53MHz down to 10 MHz will probably increase the loss insertion by 3. 

More than 0.6 dB loss will lead to exceed the level related to I/N=-10 dB.  

Figure 4

Typical insertion loss factor M (theoretical estimation).
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6	Frequency Dependent Rejection

This paragraph deals  a bit more precisely with the filtering impact on curves FDR(d) where d is the offset in MHz. Radar operates at 5 MHz from its lower bandpass bound.

7	Radar model

Three models of  radar’s RF stages will be considered: no filter, achievable filter with 11 cavity-sections, or an ideal filter with 25 cavity-sections.

8	LTE model 

Three BS configurations are considered. The spectra have been built using masks described in ETSI document[footnoteRef:24] (3GPP) for 10 MHz, 15 MHz and 20 MHz channels. The three corresponding responses in dBc are plotted in Figure 5: [24: 	3GPP ETSI TS 36.141 version 11.3.0 Release 11  (2013-02)] 


•	LTE 20 MHz at spectrum mask level (in black colour), 

•	Cumulative spectrum for LTE spectrum (in red colour). 70 MHz FDD and 70 MHz TDD are shared by four operators (FDD=2*20 MHz+2+15 MHz and TDD=7*10 MHz). It is considered that emitters operate at mask level from the same locus,

•	LTE 20 MHz with enhanced spurious level (-30dB below the mask).

Figure 5

Typical Interfering BS LTE (spectrum)
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9	FDR-RF calculation 

The frequency dependent rejection FDR is calculated using data from Figure 5 and following usual procedure described in Annex.

FDR-RF taking into account RF selectivity is plotted in Figure 7 versus frequency offset on the x‑axis: 

•	LTE 20 MHz case is in black colour and cumulative FDD+TDD case is in red colour and LTE 20 MHz with enhanced spurious is in blue,

•	RF filtering level is associated to dash-dot line for the ideal filter, to dashed line when no-filter and to solid line for the achievable filter (present state of the art).

Rejection of about 55 dB is asymptotically obtained at -65 MHz offset (i.e. 50 MHz guard) in the case of LTE 20 MHz (point A1). The slope in adjacent band starting at -15 MHz depends mainly on the shape of receiver selectivity to reach the floor (here -60dBc). The difference between FDR-RF (-60) and FDR-RF(0) is reduced by about 10 dB when cumulative case is evaluated. Rejection is bounded to 55 dB when spurious LTE level is at limit mask (LTE 20 MHz and cumulative case). 

For example, if the interference study required an additional 70dB rejection with a RF achievable filter (solid line in blue), enhanced LTE 20 MHz and -62 MHz offset (i.e. 47 MHz guard)  have to be jointly considered (point A2).

Moreover, if the interference study required another additional rejection, the same method could be applied.

It is also verified that an ideal filter could asymptotically induce typical 20 MHz guard band at 90 dB rejection (point A3). 

Figure 6

Typical resulting FDR-RF

[image: ]

10	Parameters to be also considered

Previous paragraph illustrates how to reach sufficient additional rejection at radar receiver with an additional filter and sufficient guard band. Other parameters of variability have to be considered to define a reasonable and realistic value for the guard band.

This paragraph is a tentative to select more useful parameters and to summarize the constraints to be introduced in future reasoning for remediation and in rejection calculations. Table 1 gives a set of parameters entering the trade-off between better selectivity, radar budget performance and signal quality degradation.

Table 1

Additional RF filtering

		Item

		Prescribed value

		Remark



		Insertion loss IL

		<0.2 dB

		Over operating radar band



		VSWR

		<1.25:1

		Over operating radar band



		Phase deviation from linearity

		<0.4°/MHz

over any 10 MHz interval





		The time relationships between signal components at different frequencies of the instantaneous band could be critical depending on radar design. 



		Size

		--

		Depending on the radar design



		Temperature range

		about idem for the antenna feeder

		Temperature variation will modify the lower limit of the radar bandpass. This incertitude must be added to guard band.





Figure 7

Comparison of deviations for RF achievable and ideal filters.
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Similarly to a previous study[footnoteRef:25], the phase deviation inserted by the RF filter has to be taken into account. Figure 7 shows phase deviations for the two filters presented in figure 3: one ideal RF filter with 25 sections & 10 MHz roll-off, and one achievable RF filter with 11 sections & 60 MHz roll‑off. Dramatically, it appears that the useful bandwidth defined by the 0.4°/MHz maximum criteria is reduced when using the stronger roll-off filter.  [25:  	High Q filter Feasability Study for OFCOM,  ISOTEK IF26, 15/10/09 ] 


In order to take into account all these parameters, it is proposed to correct the raw value of guard band obtained by the FDR method with an additional estimated value of 10 MHz.  

Moreover, some margin need to be added to take into account that computations of FDR in previous paragraph have been done with smooth shapes of filters and spectrum, and that intermodulation products in the radar receiver have not been modelled.

11	Magnitude of extra rejection

The proposed method for determining the guard band between LTE emission and Radar reception   leads to the following table[footnoteRef:26] which could be useful for interference studies: [26:  	Values determined with figure 6 and conclusion of paragraph “other parameters to be also considered”] 




		Additional RF rejection

		Estimated Guard band



		60 dB

		50 MHz



		70 dB

		60 MHz



		80 dB

		75 MHz





12	Conclusion

When LTE systems and radar operate with short separation distances, adequate guard band should be considered depending on radar filtering roll-off to occur. From experience and from on-going remediation programs at 2 700 MHz, it is verified that a 60 MHz guard band (2 690‑2 750 MHz) allows mobile and radionavigation services in adjacent band.  Lesser values down to 10 ‑20 MHz are mentioned in interferences studies, but feasibility of filters need to be considered. 

State of the art in filter design, integrating lot of parameters such as roll-off FDR, phase linearity, temperature stability, VSWR,  need to be taken into account to determine the necessary guard band without excessive degradation of the desired radar coverage. 

Most compatibility studies performed for adjacent band and short distance separation required an additional rejection obtained by insertion of an additional RF filter. This study proposes a method which demonstrates for example that in order to obtain an extra 70 dB rejection, a necessary guard band greater than 60 MHz is required for compatibility between mobile systems and radiolocation systems in the 2 700‑2 900 MHz band.  





ANNEX

FDR

When Radar is jammed by noise-like interferer, Recommendation ITU-R M.1461 procedure could be applied to monitor the impact to the victim receiver. Two relevant figures are calculated: 

The interfering power P collected to the input of IF stage receiver (LNA). 

The rejection FDR due to receiver selectivity R(f): this effect depends on the shift Δf between central frequencies finterferer and fvictim .

Then, in order to decide if a scenario is prone to interference, P is compared to the admissible threshold power before compression at 1dB (P1dB_in). If there is any specific RF filtering ahead, the rejection enters the calculation. I (=P-FDR) is compared with a fraction of the total noise N within IF band. Extras or margins M can be also added to improve the assessment: shielding offered by terrain or man-made obstructions, main lobe(s) mismatch and polarisation loss factor (PLF), when interferer and victim antennas are polarized differently.

The interfering power P collected to the input of IF stage receiver is calculated as 

		P = Pt – Ld – La + G –L+M



	P	: interfering power (dBW)

	Pt	: interferer power (dBW)

	Ld	: distance dispersion loss (dB)

	La	: atmospheric attenuation (dB)

	G	: receiver antenna gain in the direction of the interferer 	(dB)

	L	: insertion loss between antenna and the input of IF stage receiver (dB)

	M	: margin (dB).

Frequency-dependent rejection (FDR) is calculated as



		FDR (f) = 10 log10 



where PSDi(f) is the power spectral density of the interferer (dBW/Hz),  and R(f) is the normalised selectivity of the radar victim receiver, and Δf is frequency offset. FDR allows taking into account in-band and out-of-band situations, and spurious interference when precise data exist. FDR ranges from 0 dB up to 80dB, depending on systems characteristics and frequency offset. Stronger rejection (85dB-100dB) can be obtained when the systems are very well designed: spectrum and selectivity having strong slopes and as close as possible to the necessary band and having very low spurious level outside.






ATTACHMENT 8

Study into the co-existence of mobile broadband systems
and radars in the frequency band 2 700–2 900 MHz

1	Introduction

At the last meeting of JTG 4-5-6-7 the UK submitted a study into the co-existence of mobile broadband systems and radars in the frequency band 2 700‑2 900 MHz (Document 4-5-6-7/350).  This study was carried forward as an attachment to the Chairman’s Report as Study 1 to Attachment 4 to Document 4-5-6-7/393.  It was agreed that this study needed to be updated with the mobile parameters contained in Annex to the Chairman’s report.  

The updated study can be found in Attachment 1. This includes updated results using the agreed mobile parameters and updates the interference maps using a time percentage for the  propagation models of 0.1 % of the time for Radar case.  The update can be found in Attachment 1.  

The overall conclusions of the study have not changed.

2	Proposal

That the study below should be used as the basis for a working document towards a preliminary draft new Report ITU-R M.[AERO-RADAR][MARITIME-RADAR][METEOROLOGICAL-RADAR] replacing the current working document contained in Study 1 to Attachment 4 to Document 4-5-6-7/393.
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Attachment 9

Working document towardS preliminary draft new
report iTU-R m.[aero-radar][MARITIME-RADAR][METEoROLOGICAL-RADAR]

Co-existence of mobile broadband systems and radars in
the frequency band 2 700‑2 900 MHz

1	Introduction

World Radiocommunication Conference 2015, agenda item 1.1 seeks to identify additional spectrum that can be assigned to the mobile service in order to meet the expected increased demand for mobile broadband.  One of the areas identified for study is the frequency band 2 700‑2 900 MHz.  

Currently, the frequency band 2 700‑2 900 MHz is used by air traffic control (ATC), defence and meteorological radars. ATC radars are mainly, but not exclusively, deployed close to airports with defence and meteorological radars deployed in more rural areas. Additionally defence radars are also deployed on board vessels. The band 2 900‑3 100 MHz, which is used by maritime radars, would be adjacent to any new communications usage up to 2 900 MHz.

This initial study investigates, based on the relevant ITU-R Recommendations where necessary supplemented by other freely available data, the potential for introducing mobile broadband systems into the frequency band 2 700‑2 900 MHz. It draws on extensive experience from the recent UK radar remediation programme that studied and implemented the necessary modifications to ATC radars in such a way that they could co-exist with the mobile broadband systems (e.g. LTE and WiMAX) being introduced below 2 690 MHz. This coexistence also relied on practical experience that the emissions from these systems above 2 700MHz was substantially below the limits defined in the product specifications. As such, the primary focus in this study presented here is the effect of proposed new communications services on ATC radar. It should also be noted that very similar impacts would be expected for other users such as defence and meteorological radar.

The following single interferer/victim scenarios for both co and adjacent channel situations are studied:

•	Mobile base station impact on radar

•	Mobile user equipment impact on radar

•	Radar impact on mobile base station

•	Radar impact on mobile user equipment

This study only considers aggregate interference for mobile picocell deployment, however this issue may need to be considered for all scenarios in subsequent studies. All the assessments are high level and would require further consideration to provide detailed results.

2	Background

The frequency band 2 700‑2 900 MHz is allocated on a primary basis to the aeronautical radionavigation service, restricted to ground based radar and associated transponders through footnote RR No. 5.337, and the radiolocation service on a secondary basis.  Footnote RR No. 5.423 permits the use of ground based radars for meteorological purposes on an equal basis to radars operating in the aeronautical radionavigation service. The technical characteristics for these systems are taken from ITU-R Recommendations:-

•	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

•	Recommendation ITU-R M.1461-1 – Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services.

•	Recommendation ITU-R M.1464-1 – Characteristics of radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700‑2 900 MHz.

•	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

•	Recommendation ITU-R M.1849 – Technical and operational aspects of ground-based meteorological radars.

•	Recommendation ITU-R M.1851 – Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

This information was supplemented, where parameters were missing with information from the following sources:

•	ECC Report 174 – Compatibility between the mobile service in the band 2 500‑2 690 MHz and the radiodetermination service in the band 2 700‑2 900 MHz.

•	Ofcom Report AY4051 – The Report of an Investigation into the Characteristics, Operation and Protection Requirements of Civil Aeronautical and Civil Maritime Radar Systems.

•	ICAO Doc. 9718 - Handbook on Radio Frequency Spectrum Requirements for Civil Aviation.

Characteristics of the mobile broadband systems are based on those for IMT systems operating in the frequency range 2 500–2 690 MHz as contained in:

•	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

•	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

•	Recommendation ITU-R F.1336-2 – Reference radiation patterns of omnidirectional, sectorial and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz.

•	Report ITU-R M.2039-2 – Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses.

•	Propagation is modelled using:

–	Recommendation ITU-R P.452-12 – Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above about 0.7 GHz.

–	Recommendation ITU-R P.525-2 – Calculation of free-space attenuation.

Previous studies within the ITU

–	Report ITU-R M.2112 - Compatibility/sharing of airport surveillance radars and meteorological radar with IMT systems within the 2 700‑2 900 MHz band 

Information on the radar remediation programme in the UK can be found on the Ofcom website at: http://stakeholders.ofcom.org.uk/spectrum/clearance-coexistence/800MHz_2_6_clearance/. 

This includes a notice requiring mobile broadband licensees operating in the bands 2 500‑2 690 MHz to coordinate their base station deployments with aeronautical radionavigation radar operating in the band above 2 700 MHz.

3	Technical characteristics

3.1	Radar systems

The following radar system characteristics are based on those contained in Recommendations ITU‑R SM.329, ITU-R M.1461, ITU-R M.1464, ITU-R M.1849 and ITU-R M.1851.

Table 1

Radar characteristics

		Use

		Units

		Air Traffic Control

		Defence

		Meteorological



		Transmitter 

		 

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Output Device

		

		TWT

		Solid State

		TWT

		Solid State

		Klystron

		Klystron



		Power to the Antenna

		dBW

		47.8

		44.8

		44

		48

		53

		59

		57



		

		dBm/MHz

		73.8

		75.8

		71.2

		74

		73

		89

		89.2



		Modulation

		

		Non-Linear FM

		Non-Linear FM

		Non-Linear FM



		Duty Cycle

		%

		2

		8.25

		9.34

		2.5

		20

		

		0.21



		Pulse rise time

		us

		0.015

		0.169

		0.32

		10

		0.05

		0.08

		0.12



		Pulse width

		us

		0.4 to 40

		1 & 100

		1

		0.4

		0.1

		0.8

		1.6



		Emission Bandwidth

		3 dB

		

		2.5

		0.8

		1.9

		2.5

		10

		1

		0.6



		

		20 dB

		

		16.8

		2

		5.6

		3.5

		

		

		



		

		40 dB

		

		55

		4

		4.75

		6.25

		25

		25

		4.6



		Rec. ITU-R SM.329/1541 Spurious emission limits 

		Roll off

		dB/decade

		30

		30

		30

		30

		30

		40

		30



		

		Limit 

		dBc

		60

		60

		60

		60

		60

		100

		100



		

		

		dBm

		17.8

		13.8

		14

		18

		23

		-11

		-13



		

		

		dBm/MHz

		13.8

		14.8

		11.7

		14

		13

		-11

		-10.8



		Receiver

		

		

		

		

		

		

		

		



		Noise Figure

		dB

		2

		1.4

		3.3

		2

		1.5

		2

		2.1



		3 dB Bandwidth

		MHz

		1.5

		0.8

		15

		1.5

		10

		1

		0.63



		Receiver thermal noise figure 

		dBm

		-110

		-114

		-99

		-110

		-102

		-112

		-114



		

		dBm/MHz

		-112

		-113

		-111

		-112

		-112

		-112

		-112



		Required I/N 

		dB

		-10

		-10

		-10



		1 dB Compression Point[footnoteRef:27],[footnoteRef:28] [27: 	The 1 dB compression point specifies the output power of an amplifier at which the output signal lags behind the nominal output signal by 1 dB and is regarded as the point at which interference occurs.]  [28: 	Measurements made within Europe indicate that the 1 dB compression points taken from the existing Recommendation may be over optimistic and that the true values are much lower, e.g. for radar 1 they were measured at -48 dBm (see http://www.itu.int/md/R07-WP5B-C-0389/en), i.e. the systems may be more susceptible than is indicated in the table 1.  ] 


		dBm

		-10

		10

		10

		51.4

		56.6

		10

		-17



		

		dBm/MHz

		-8.2

		9

		22

		53.2

		66.6

		10

		-19



		Antenna

		

		

		

		

		



		Pattern

		

		Cosecant squared

		Cosecant squared

		Pencil



		Polarisation

		

		Mixed

		Mixed

		Circular



		Gain

		dBi

		33.5

		35

		34

		33.5

		40

		43

		45.7



		Feeder loss

		dB

		2

		2

		2



		Azimuthal Beamwidth

		degrees

		1.5

		1.4

		1.45

		1.5

		1.1

		0.92

		0.92



		Elevation Beamwidth

		degrees

		4.8

		4.5

		4.8

		4.8

		

		0.92

		0.92



		Rotation

		rpm

		15

		15

		15

		

		60

		3

		3



		Location

		

		Ground

		Ground

		Shipborne

		Ground



		Nominal Height

		

		15

		15

		30

		15



		Aeronautical Safety Factor[footnoteRef:29] [29:  	The addition of a minimum 6 dB safety factor in theoretical studies is recommended by ICAO Doc. 9718.] 


		dB

		6

		0

		0





3.1.1	Solid State ATC radar RF emissions

Figure 1

Solid state ATC radar emissions
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3.1.2	Representative air traffic control antenna polar diagrams

Figure 2

Vertical pattern
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Figure 3

Horizontal pattern
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Table 2

Percentage of radar antenna relative gains falling within the following limits

		Percentage of radar antenna relative gains falling within the following limits (dB below the peak of beam)



		0 to -30 dB

		1.42%



		-30 to -50dB

		45.8%



		Greater than -50 dB

		52.8%





3.2	Assumed mobile broadband system parameters

3.2.1	Base station characteristics

Table 3

Macrocell characteristics

		Parameter

		Units

		LTE



		Downlink frequency  FDD

		MHz

		2800[footnoteRef:30] [30: 	Assumed as the centre frequency for this study.] 




		Bandwidth

		MHz

		5, 10 or 20



		Maximum transmitter power

		BW=5 MHz

		dBm


dBm/MHz

		43



		

		BW = 10 MHz

		

		46



		

		Power density

		

		36



		Spurious emission limits

		limit

		dBm/MHz

		-30



		Max Antenna gain  

		dBi

		18 (Rural)/16 (Urban/Suburban)



		

		

		



		Feeder loss

		dB

		3



		Typical antenna height 

		m

		30 (Rural),25(Suburban), 20 (Urban)



		Antenna down tilt

		degrees

		3 (Rural), 6 (Suburban),10 (urban)



		Antenna type

		

		Sectorial (3 sectors)



		Antenna Pattern

		

		Rec. ITU-R F.1336
 - 2



		Polarization 

		

		± 45° cross-polarized



		Typical feeder loss

		dB

		3



		3 dB antenna aperture in elevation

		degrees

		1.57



		3 dB antenna aperture in azimuth

		degrees

		65



		Receiver Noise Figure (worst case)

		dB

		5



		Receiver thermal noise level in 5 MHz

		dBm

		-102



		Receiver thermal noise level in 5 MHz

		dBm

		-99



		Receiver thermal noise power density (level in 1 MHz)

		dBm/MHz

		-109



		Required I/N ratio

		dB

		-6



		Receiver adjacent channel selectivity (5 MHz)

		dB

		-52



		Receiver adjacent channel selectivity (10 MHz)

		dB

		-52





We note that Recommendation ITU-R M.1580-4 and 3GPP TS 36.104 contain emission limits for certain frequency ranges that are substantially below the generic spurious emissions limit of ‑30dBm/MHz. It is likely that a similar reduction would be feasible for the 2 700‑2 900 MHz band, which would improve coexistence.

3.2.2	Pico base station characteristics

Table 4

Picocell characteristics

		Parameter

		Units

		LTE



		Downlink frequency  FDD

		MHz

		2800 (Note 1)



		Bandwidth

		MHz

		5



		Maximum transmitter power 

		dBm

		24



		

		dBm/MHz

		17



		Antenna gain

		dBi

		0



		Antenna height 

		m

		3



		Building penetration loss

		dB

		20



		Antenna type

		

		Omnidirectional



		Polarization 

		

		Linear



		Picocells assumed in in propagation modelling, figure 

		

		10,100





3.2.3	User equipment characteristics

Table 5

User equipment characteristics

		Parameter

		Units

		LTE



		Downlink frequency  FDD

		MHz

		2800 (Note 1)



		Bandwidth

		MHz

		5, 10 or 20



		Access technique

		 

		SC-FDMA



		Modulation type

		 

		QPSK/16-QAM/64-QAM



		Maximum transmitter power 

		dBm

		23



		Antenna gain

		dBi

		-3.0



		Antenna height 

		m

		1.5



		Antenna type

		 

		Omnidirectional



		Polarization 

		 

		Linear



		Spectral mask 

		+10 to 20 MHz

		dBm/MHz

		-13



		

		+20 to 25 MHz

		dBm/MHz

		-25



		Spurious emission limits 

		dBm/MHz

		-30



		Receiver Noise Figure (worst case)

		dB

		9



		Receiver thermal noise level

		BW = 5 MHz

		dBm



dBm/MHz

		-98



		

		BW = 10 MHz

		

		-95



		

		Power density

		

		-105



		Required I/N

		dB

		-6



		Maximum relative adjacent channel selectivity[footnoteRef:31] for a 20 MHz channel [31: 	Based on blocking level commensurate with a noise figure of 9 dB.] 


		20 MHz 

		dB

		27





3.3	Maritime radar considerations

As the 2 700‑2 900 MHz band becomes increasingly occupied by communications signals an interference risk to maritime radar emerges.

The current UK position is that measurements indicate maritime radars operating in the 2 900‑3 100 MHz band have low susceptibility to the new communications signals in the 2 500‑2 690 MHz band. The low susceptibility is related to the selectivity of the radar receiver as shown in (Fig. 4), showing a modest but noticeable increase in the loss in probability of detection performance of the radar receiver, as the interferer increases in frequency from 2 700‑2 900 MHz.

In (Fig. 5), which shows a measured maritime radar antenna, significant increased gain in the frequency range from 2 700‑2 900 MHz compared with 2 500‑2690 MHz is indicated. This raises the risk of communications in the 2 700‑2 900 MHz band causing interference to the maritime radar. 

Figure 4

Measured maritime magnetron radar receiver susceptibility signals in the band 2 700‑2 900 MHz (interference power required to reduce radar detection Pd by 5%)

		[image: ]



		





Figure 5

Measured maritime magnetron radar antenna gain to signals in the band 2 700‑2 900 MHz 

		[image: ]





3.6	Meteorological radar

Some S-band meteorological radars have similar characteristics to civil ATC radar and similar impacts may be expected to the ATC analysis.

4	Analysis

4.1	Assumptions

•	Studies based on the impact of a single interferer on a single victim.

•	Minimum separation

–	Base station		= 1 km

–	User equipment	= 500 m

•	That peak transmission power is used

•	That the mobile base station and radar will be in the main beam of the other

•	That typical mobile user equipment will be 3.5 degrees[footnoteRef:32] below the main beam of the radar reducing the antenna gain by 10 dB in accordance with Fig. 1 [32: 	Based on the user equipment at 1.5 m the radar at 15 m and a separation of 500 m] 


•	That cumulative effects can be ignored in all cases except when considering spurious emissions from mobile base stations on a single mast or picocells into the radar receiver[footnoteRef:33] [33:  	The rationale being:-
	For a radar, given its directive antenna  with good sidelobe suppression (>30dB), the probability that more than  one mobile macro base station is operating within the radar beamwidth on the same single frequency is not worth considering
	For the mobile base station the probability that it will be illuminated by more than one radar at a time is also so low that it is not worth considering ] 


The cumulative interference from mobile base stations fitted to a single mask can be accounted on a case by case basis when determining, if any, the additional suppression required on the mobile signal in order to avoid interference into a radar.

To provide sensitivity analysis section 4.4 considers variations in some parameters. These are chosen as a result of the UK radar remediation program, they are the:

•	1 dB compression point

•	level at which the communications signal will cause increase in noise level in the radar due to IMPs at the input to the LNA

4.2	Methodology

The following analysis is based on determining the required additional attenuation required for a reference minimum separation distance using free space path loss to ensure compatibility between mobile broadband systems and radar in the frequency band 2 700‑2 900 MHz. The studies address both co-channel and adjacent channel issues.

Co-channel analysis

This analysis calculates the power at the victim receiver from the potential interference source for a given separation distance (1 km for a base station and 500 m for user equipment) assuming free space path loss and compares it against the receiver interference level. The difference between the receiver interference level and the power of the potential interferer at the victim receiver represents the interference margin with a negative number represents the additional suppression required to achieve compatibility.

Receiver interference level:



where:

	IL	= Receiver interference level

	TN	= Receiver thermal noise level

	I/N	= Required interference to noise protection level 

	SM	= Safety margin (only applicable for aeronautical services)

Power of the potential interferer at the victim receiver:



Where:

	PRX	= Power of the potential interferer at the victim receiver

	PTX	= Power of the potential interfering transmitter

	FLTX	= Transmit feeder loss 

	GTX	= Transmit antenna gain

	PL	= Path loss 

	GRX	= Receive antenna gain

	FLRX	= Receive feeder loss

Interference margin:



where:

	IM	= Interference margin

	IL	= Receiver interference level

	PRX	= Power of the potential interferer at the victim receiver

Adjacent channel Analysis

The adjacent channel analysis considers the impact of both the spurious emissions from the potential interference source that fall within the passband of the victim receiver and the victim receiver adjacent band rejection of the fundamental signal of the interferer are analysed.

Potential interferer spurious emissions in the victim passband

This analysis calculates the power at the victim receiver from the spurious emissions of the potential interference source for a given separation distance (1 km for a base station and 500 m for user equipment) assuming free space path loss and compares it against the receiver interference level. The difference between the receiver interference level and the power of the potential interferer at the victim receiver represents the interference margin where a negative number represents the additional suppression required to achieve compatibility.

Receiver interference level:



Where:

	IL	= Receiver interference level

	TN	= Receiver thermal noise level

	I/N	= Required interference to noise protection level 

	SM	= Safety margin (only applicable for aeronautical services)

Spurious Power of the potential interferer at the victim receiver:



Where:

	SPRX	= Spurious power of the potential interferer at the victim receiver

	SPTX	= Spurious power of the potential interfering transmitter

	FLTX	= Transmit feeder loss 

	GTX	= Transmit antenna gain

	PL	= Path loss 

	GRX	= Receive antenna gain

	FLRX	= Receive feeder loss

Interference margin:



Where:

	IM	= Interference margin

	IL	= Receiver interference level

	SPRX	= Spurious power of the potential interferer at the victim receiver

Victim receiver rejection of the potential interferer spurious emissions

This analysis calculates either:

–	the power at the victim receiver from the potential interference source as attenuated by the adjacent channel rejection of the victim receiver for a given separation distance (1 km for a base station and 500 m for  user equipment)assuming free space path loss (mobile equipment) and compares it against the receiver interference level;

–	or

–	the power at the victim receiver from the potential interference source for a given separation distance (1 km for a base station and 500 m for  user equipment) assuming free space path loss and compares it with the 1 dB compression point (radar).

The difference between the receiver interference level and the power of the potential interferer at the victim receiver represents the interference margin where a negative number represents the additional suppression required to achieve compatibility.

Adjacent channel rejection

Receiver interference level:



Where:

	IL	= Receiver interference level

	TN	= Receiver thermal noise level

	I/N	= Required interference to noise protection level 

	SM	= Safety margin (only applicable for aeronautical services)

Power of the potential interferer at the victim receiver:



Where:

	PRX	= Power of the potential interferer at the victim receiver

	PTX	= Power of the potential interfering transmitter

	FLTX	= Transmit feeder loss 

	GTX	= Transmit antenna gain

	PL	= Path loss 

	GRX	= Receive antenna gain

	FLRX	= Receive feeder loss

	ACRRX 	= Maximum adjacent channel rejection of the receiver

Interference margin:



Where:

	IM	= Interference margin

	IL	= Receiver interference level

	PRX	= Power of the potential interferer at the victim receiver

1 dB Compression point

Receiver interference level:



Where:

	ILCP	= Receiver interference level for 1 dB compression point

	CPRX	= Receiver 1dB compression point

	SM	= Safety margin (only applicable for aeronautical services)

Power of the potential interferer at the victim receiver:



Where:

	PRX	= Power of the potential interferer at the victim receiver

	PTX	= Power of the potential interfering transmitter

	FLTX	= Transmit feeder loss 

	GTX	= Transmit antenna gain

	PL	= Path loss 

	GRX	= Receive antenna gain

	FLRX	= Receive feeder loss

Interference margin:



Where:

	IM	= Interference margin

	ILCP	= Receiver interference level for 1 dB compression point

	PRX	= Power of the potential interferer at the victim receiver

4.3	Results 

Details of the calculations undertaken are contained in the Annex1 to this report, the summaries are shown below.

4.3.1	Co-channel

Table 6

Interference margin for mobile systems into radar systems measured in dB

		

		Victim 



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Interferer

		Macro base station

		-109.5/

-107.5

		-112.0/

-110.0

		-109.0/

-107.0

		-103.5/

-101.5

		-110.0/

-108.0

		-113.0/

-111.0

		-115.7/

-113.7



		

		Pico cell base station

		-55.5

		-58.0

		-55.0

		-49.5

		-56.0

		-59.0

		-61.7



		

		User equipment

		

-74.5

		

-77.0

		

-74.0

		

-68.5

		

-75.0

		

-78.0

		

-80.7





In the worst case this would theoretically equate to a free space separation distance of more than 500,000 km for macro base station 1000 km for a picocell and 15000 km for user equipment, i.e. the radio frequency horizon and propagation effects will dominate.

Table 7

Interference margin for radar systems into mobile systems measured in dB

		

		Victim



		

		Mobile base station

		Mobile user equipment



		Interferer

		Radar 1

		-134.3/-132.3

		-108.3



		

		Radar 2

		-137.8/-135.8

		-111.8



		

		Radar 3

		-132.2/-130.2

		-106.2



		

		Radar 4

		-134.5/-132.5

		-108.5



		

		Radar 5

		-140.0/-138.0

		-114.0



		

		Radar 6

		-159.0/-157.0

		-133.0



		

		Radar 7

		-161.9/-159.9

		-135.9







In the worst case this would theoretically equate to a free space separation distance of more than 100,000,000 km.  However, if the statistics of the radar signal including the antenna pattern are taken into account, then these levels will only be experienced for the following periods of time then these levels of interference margin may not be an issue, however the ability of the communications receivers to operate correctly in the presence of the levels of peak power delivered by radar systems has yet to be established.

Thus the effects of pulsed interference, if successfully managed by the communications device will result in relatively short periods of loss of performance assuming no other detrimental effects have occurred subject to the peak power consideration above.

Table 8

Percentage time radar signal can be received at communications site in the radar main beam and sidelobes

		

		Solid state radar

		TWT or magnetron radar 



		The duty cycle of the radar

		9.34%

		2% or less



		Antenna gain and waveform 

		Peak radar transmission pmax to pmax -30 dB



		Percentage of time

		0.14%

		0.03%



		

		Sidelobe level wrt main beam gain-30 dB to -50 dB



		Percentage of time

		4.58%

		0.981%



		

		Sidelobe level wrt main beam gain Less than -50 dB



		Percentage of time

		5.28%

		1.131%



		

		Radar not transmitting
(note, radar receiver is open for target returns)



		Percentage of time

		90.66%

		98%





4.3.2	Adjacent Channel 

Table 9

Interference margin for mobile systems into radar measured in dB

		

		Victim 



		

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Interferer

		Macro base station

		Spurious

		-41.5

		-44.0

		-41.0

		-35.5

		-42.0

		-45.0

		-47.7



		

		

		Fundamental

		2.5/4.5

		21.0/23.0

		22.0/24.0

		69.9/71.9

		86.6/88.6

		19.0/21.0

		-10.7/-8.7



		

		Pico cell base station

		Spurious

		10.5

		8.0

		11

		16.5

		10

		7

		4.3



		

		

		Fundamental

		56.5

		75.0

		65.0

		70.5

		64

		61

		43.3



		

		User equipment

		Spurious

		-21.5

		-24.0

		-21.0

		-15.5

		-22.0

		-25.0

		-27.7



		

		

		Fundamental

		37.5

		56.0

		57.0

		104.9

		103.6

		54.0

		24.3





In the worst case this would theoretically equate to a free space separation distance of more than 250 km for a macro base station 0.5 km for a pico cell and 32 km for user equipment.



Table 10

Interference margin for radar systems into mobile systems measured in dB

		

		Victim 



		

		Mobile base station

		Mobile user equipment



		Interferer

		Radar 1

		Spurious

		-74.3/-71.3

		 -48.3



		

		

		Fundamental

		-51.6/-48.6

		 -35.6



		

		Radar 2

		Spurious

		-76.8/-73.8

		 -50.8



		

		

		Fundamental

		-55.1/-52.1

		 -39.1



		

		Radar 3

		Spurious

		-72.7/-69.7

		 -46.7



		

		

		Fundamental

		-54.1/-51.1

		 -38.1



		

		Radar 4

		Spurious

		-74.5/-71.5

		 -48.5



		

		

		Fundamental

		-51.8/-48.8

		 -35.8



		

		Radar 5 

		Spurious

		-80.0/-77.0

		 -54.0



		

		

		Fundamental

		-57.3/-54.3

		 -41.3



		

		Radar 6

		Spurious

		-59.0/-56.0

		 -33.0



		

		

		Fundamental

		-76.3/-73.3

		 -60.3



		

		Radar 7 

		Spurious

		-61.9/-58.9

		 -35.9



		

		

		Fundamental

		-79.2/-76.2

		 -63.2





In the worst case this would theoretically equate to a free space separation distance of more than 8,000 km.  However if the time percentages for which the radar signals are present, as indicated above, can be taken into account then these levels of interference margin may not be an issue

4.3.3	Inter device interference map

In (Fig. 6 to Fig. 9) the blue shading indicates areas where interference would be received using the 0.1% and 0.5% propagation model assumption for Rural mobile base station interference into a solid state radar and solid state radar interference to a mobile base station respectively (these are not necessarily indicative of them being an appropriate value to use in this compatibility situation). For the radar the period when the radar is transmitting peak power with the main beam gain is noted.

 [Note:  the following figures 6-9 provide updated diagrams for this study] 



		Figure 6



		Figure 7





		Area where an solid state radar (radar 2) 
would receive interference from a co-frequency 
mobile base station, 0.1% propagation model 

		Area where a mobile base station would receive interference from a co-frequency solid state radar (radar 2), 5% propagation model 
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		_____ <0.14% of the time 

_____ <4.72% of the time

_____ <9.34% of the time



		Figure 8

Area where an solid state radar (radar 2) 
would receive interference from a co-frequency 
mobile base station, 0.1% propagation model

		Figure 9

Area where a mobile base station would receive interference from a co-frequency solid state radar (radar 2), 5% propagation model
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		_____ <0.14% of the time 

_____ <4.72% of the time

_____ <9.34% of the time



		

		





4.4	Results using experience from 2.6 GHz radar remediation program

4.4.1 	Introduction

This section uses the methodology as in the ITU calculations in section 4.2 but supplements the analysis by using parameters similar to those that were found appropriate for the 2.6 GHz radar remediation program which enhanced the UK knowledge base. As in the previous calculations, the interference margin is shown.

To provide sensitivity analysis some parameters will be varied, the range is closely related to the parameters used in the remediation program. The ITU parameters for Radar 1 are used as a baseline.

In practice, as in the previous calculations, when the ranges would be extended, there will be effects of clutter and RF horizon that will reduce the signal level and ranges significantly and cumulative effects should be used to have higher fidelity results as in the figures above.

Table 11

Variations in input levels to the LNA to cause 1 dB compression or 3rd order product effects

		Parameter

		

		Variation (dBm)



		1 dB compression point (pre LNA reference point)

		1DB1

		-20



		

		1DB2

		-30



		Signal level for 3rd order IMPs threshold pre filter modification (pre LNA reference point)

		IMP1

		-50



		

		IMP2

		-60





4.4.2	Radar requirement for Base Station communications signal in adjacent band - without additional filtering

Table 12

Mobile base station fundamental signal on the 1 dB compression point and IMP thresholds
of a radar receiver - without additional filtering

		 

		Units

		Radar 1 ITU 1 dB compression point

		Radar 1DB1

		Radar 1DB2

		Radar IMP1

		Radar IMP2



		Mobile base station transmit power

		dBm/MHz

		36.0



		Mobile base station feeder loss

		dB

		3.0



		Mobile base station antenna gain

		dB

		18.0/16.0



		Free space path loss for 1km

		dB

		101.0



		Radar maximum antenna gain

		dBi

		33.5



		Radar feeder loss

		dB

		2.0



		Power at the receiver front-end

		dBm/MHz

		-18.5/-20.5



		Radar compression point

		dBm

		-10.0

		-20

		-30

		-50

		-60



		Safety factor

		dBm

		6.0



		Interference point

		dBm

		-16.0

		-26

		-36

		-56

		-66



		Interference margin
negative number indicates the amount of additional attenuation required

		dB

		2.5/4.5

		-7.5/-5.5

		-17.5/
-15.5

		-37.5/
-25.5

		-47.5/
-45.6





The values indicate that for one base station at 1 km the shortfall for the:

•	1 dB compression point at -20 dBm is 7.5 dB

•	1 dB compression point at -30 dBm is 17.5 dB

•	IMP1 generation level requirement at -50 dBm the shortfall is 37.5 dB

•	IMP2 generation level requirement at -60 dBm the shortfall is 47.5 dB

Thus, there is a requirement to have RF selectivity to operate with this specification of communications equipment at 1 km and significant ranges beyond.

Note: in practical deployments the EIRP may be larger and there has been no multiple signal effects considered.

4.4.3	Radar requirement for Base Station communications signal in adjacent band - with additional filtering

Table 13

Mobile base station fundamental signal on the 1 dB compression point and IMP thresholds
of a radar receiver - with additional filtering

		 

		Units

		Radar 1
ITU 1 dB compression point

		Radar 1DB1

		Radar 1DB2

		Radar IMP1

		Radar IMP2



		Radar compression point

		dBm

		-10.0

		-20

		-30

		-50

		-60



		Interference margin from table 12 (no filtering)

		dB

		2.5

		-7.5

		-17.5

		-37.5

		-47.5



		With 60 dB additional filtering

		dB

		57.5

		52.5

		42.5

		22.5

		12.5





The values indicate that for a mobile base station at 1 km, the margin for:

•	1 dB compression point at -20 dBm is 52.5 dB

•	1 dB compression point at -30 dBm is 42.5 dB

•	IMP generation level requirement at -50 dBm is 22.5 dB, thus

•	IMP generation level requirement at -60 dBm is 12.5 dB

This suggests that filtering in the region of 60 dB or more should be considered to avoid IMP issues with typical ATC radar so that adjacent band operation is achievable as per the UK 2.6 program. This was for one base station.

4.4.3	Communication noise/spurious margin for ATC radar with threshold level of ‑128 dBm/MHz

Table 14

Mobile base station spurious emissions falling in the radar pass band

		 

		Units

		ITU level

		ITU - 20

		ITU - 30

		ITU - 40

		ITU - 50



		Mobile base station spurious emission limit

		dBm/MHz

		-30.0

		-50

		-60

		-70

		-80



		Mobile base station feeder loss

		dB

		3.0



		Mobile base station antenna gain

		dBi

		18.0/16.0



		Free space path loss for 1km

		dB

		101.0



		Radar maximum antenna gain

		dBi

		33.5



		Radar feeder loss

		dB

		2.0



		Power at the receiver front-end

		dBm/MHz

		-84.5/-86.5

		-104.5/-102.5

		-114.5/-112.5

		-124.5/-122.5

		-134.5/-132.5



		Radar thermal noise floor

		dBm/MHz

		-112.0



		Required I/N

		dB

		-10.0



		Safety factor

		dB

		6.0



		Interference level

		dBm/MHz

		-128.0



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-43.5/-41.5

		-23.5/-21.5

		-13.5/-11.5

		-3.5/-1.5

		7.5/9.5





The results indicate that the communications OOB /spurious emissions need to be of the order of 40 to 50 dB below the ITU spurious level to be below the radar threshold.

Fig. 10 shows an example of a measured 2.6 GHz Base Station conducted emissions in the radar band. The majority of the band has noise/spurious emissions are < 80 dBm/MHz (conducted).

Fig. 11 shows an example of a measured 2.6 GHz User Equipment conducted emissions in the radar band. The majority of the band has noise/spurious emissions are < 80 dBm/MHz (conducted).

In Annex 7, there are some order of magnitude calculations, indicating the extent of interference on radar using picocells. For the arbitrary number of picocells used to illustrate the issue, there are substantial interference effects.

4.5	UK technical coordination at 2 500‑2 690 MHz

Work carried out in the UK reported in (ECC Report 174) to enable the implementation of LTE and WiMAX below 2 690 MHz has indicated that radars operating above 2 700 MHz could be protected from mobile service signals below 2 690 MHz. This has been achieved by:

•	specifying a cumulative mobile base station noise spectral power flux density threshold in the frequency band 2 720‑3 100 MHz equal to the value shown below:
where BW is the total 2.6 GHz bandwidth assigned to the licensee for downlink transmissions; this may require additional filtering;

•	taking into account real mobile equipment performance that can achieve spurious emission levels significantly lower than the -30 dBm/MHz regulatory limit.  

•	Modifying the radar front ends to increase the adjacent band rejection of the radar receiver by at least 60 dB whilst ensuring that the total loss was less than 0.4 dB in the presence of the new communications signals

•	Introduction of an effective guard band of 30 MHz[footnoteRef:34] to allow the radar filter roll off to occur [34: 	In a number of cases the modified radar receiver designs required a minimum separation of 50‑60 MHz in order to achieve the required roll-off.] 


Additionally, taking into account the radar emission mask, an example of which is given in (Fig. 1) may assist in achieving protection of the mobile systems. 

In line with the findings of ECC Report 174, the UK has initiated a programme of upgrades to existing radar deployed in the frequency band 2 700‑2 900 MHz (the radar remediation programme). These upgrades are designed to improve the ability of radar receivers to reject signals from transmitters in the band below 2 690 MHz. Together with certain constraints placed on the deployment of mobile broadband systems, these upgrades allow radar systems to coexist with mobile broadband systems deployed below 2 690 MHz. Similar upgrades and deployment constraints may be feasible for the case of mobile broadband systems deployed within the 2 700‑2 900 MHz frequency band but would require re-engineering of the radar systems where these have been previously upgraded to take account of the mobile transmissions below 2 690 MHz.

The specification of the radar upgrades was to ensure that radar performance was not degraded when the equivalent of a total power flux density of 5 dBm/m2 from signal transmissions in the adjacent band is incident on the face of the radar antenna in its main beam. This figure was derived on the basis that 14 mobile broadband transmitters each transmitting at 61 dBm EIRP in the adjacent band at a distance of 1 km all simultaneously falling within the radar main beam.

As mentioned above, the UK has constrained base station deployment by imposing a coordination requirement which is triggered if the following radar protection thresholds are breached:

Table 15

The example of the UK 2.6 GHz coordination requirements

		

		Power flux density threshold for mobile broadband signals in the adjacent band

(dBm/m2)

		Spectral power flux density threshold for mobile broadband signals in radar band

(dBm/MHz/m2)



		Radar protection thresholds

		5 + 10*log10(BW/120)

		-131 + 10*log10(BW/120)



		Where: BW is the total bandwidth (MHz) assigned to the base station transmissions in the adjacent band.

For the case of this example (based on the UK 2.6 GHz coordination requirements), the total bandwidth assigned is 120 MHz.





5	Summary

5.1	Discussion of the findings

The results of the studies based purely on high power communications transmissions indicate that there is a significant missing interference margin for both the co and adjacent channel scenarios using the current radar parameters and assumed communications emissions associated with high power base stations.

For compression effects, analysis using the typical radar 1 dB compression point (which will be optimistic when there are communications signals that will generate IMPs) suggests a shortfall.

In the case of lower threshold values of -50 to -60 dBm, associated with UK radar remediation program IMP control, the shortfall is more substantial.

In relation to noise and spurious emissions, the parameters contained in ITU‑R Recommendations result in a significant shortfall in the radar requirements.

Referring to a small sample of measured 2.6 GHz communications equipment noise and spurious emissions in the radar band, if these values are representative of production equipment, the levels, with some communications / radar co-ordination applied, would be suitable for deployment adjacent to the radar.

If there is sufficient filtering fitted to radars such that their roll off is similar to that achieved as part of the  UK radar remediation program for 2.5 to 2.69 GHz communications band use, the possibility of co-existence in adjacent bands (i.e. not in the radar allocated frequencies) is high. This would however also require constraints on the communication system in order to achieve the required level of protection in terms of  the total communications signal field strength at the radar face and also the noise and spurious emissions from the communications equipment similar to the 2.6 GHz coordination requirements.

Radar band sharing is not a technically simple option, however it may be considered for low power systems but there are significant spectrum management issues that would need resolving.

Furthermore, the studies have not covered;

•	The possibility of low power co-channel deployments in detail using clutter and propagation aspects

•	The possibility of translation of the ATC / Meteorological / Defence radar band higher in frequency towards the maritime band, 

•	The detailed effects of the communications signals on maritime radar, ATC , Meteorological  and Defence radar signals

•	The coexistence of all radar types which may be operating in the 2 900‑3 100 MHz band

•	Peak to average power ratios of the possible communications deployments, which would be dependent on the waveforms being used

5.2	Conclusions

Based on this study, the following provisional conclusions can be drawn: 

•	That co-channel sharing does not appear practical within the same geographical area

•	That the conclusions of M.2112 are still valid, including when taking into account the new technologies such as LTE or WiMAX

•	Adjacent frequency band operation assuming band segmentation within the same geographical area may be practical provided:

–	certain constraints are placed on the deployment of mobile broadband systems (e.g. coordination of base station deployment in the vicinity of radar and control of base station and/or user equipment spurious emissions);

–	the ability of mobile broadband receivers to reject signals in adjacent bands is improved relative to the characteristics provided for studies;

–	the ability of radar receivers to reject signals in adjacent bands is improved.

•	To implement mobile broadband services in a portion of the frequency band 2 700‑2 900 MHz, radars would have to be re-planned in such a way as to release a useable amount of contiguous spectrum and the radar receivers suitably modified to improve their rejection capability. 

•	In order to estimate the amount of contiguous spectrum that could be released the following work would be necessary:

•	assess the amount of spectrum required in order to accommodate radar requirements;

•	determine the improvements that could be made to both mobile broadband and radar equipment in terms of adjacent channel rejection and spurious emissions performance and hence the size of the required guard band. Where these reduced noise and emission levels are an essential element of achieving compatibility with radar systems then it may be necessary for the mobile equipment standards to be tightened accordingly in order to provide a regulatory baseline.

6	Recommendations





ANNEX 1

Detailed Calculations

A1.1		Co-channel

A1.1.1		Mobile base station impact on radar

Table 16

Co-frequency mobile base station on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0



		Mobile base station antenna gain

		dBi

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Free space path loss for 1km

		dB

		101.0

		101.0

		101.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-18.5/

-20.5

		-17.0/

-19.0

		-18.0/

-20.0

		-18.5/

-20.5

		-12.0/

-14.0

		-9.0/

-11.0

		-6.3/

-8.3



		 

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/MHz

		-112.0

		-113.0

		-111.0

		-112.0

		-112.0

		-112.0

		-112.0



		Required I/N

		dB

		-10.0

		-10.0

		-10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Interference level

		dBm/MHz

		-128.0

		-129.0

		-127.0

		-122.0

		-122.0

		-122.0

		-122.0



		 

		

		

		

		

		

		

		

		



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-109.5/

-107.5

		-112.0/

-110.0

		-109.0/

-107.0

		-103.5/

-101.5

		-110.0/

-108.0

		-113.0/

-111.0

		-115.7/

-113.7







A1.1.2	Mobile user equipment impact on radar

Table 17

Co-frequency mobile user equipment on a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile user equipment transmit power

		dBm/MHz

		23.0

		23.0

		23.0



		Mobile user equipment feeder loss

		dB

		0.0

		0.0

		0.0



		Mobile user equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0



		Free space path loss for 500m

		dB

		95.0

		95.0

		95.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative gain (3° below max)

		

		-10.0

		-10.0

		-10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-50.5/

-53.5

		-49.0/

-52.0

		-50.0/

-53.0

		-50.5/

-53.5

		-44.0/

-47.0

		-41.0/

-44.0

		-38.3/

-41.3



		 

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/MHz

		-112.0

		-113.0

		-111.0

		-112.0

		-112.0

		-112.0

		-112.0



		Required I/N

		dB

		-10.0

		-10.0

		-10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Interference level

		dBm/MHz

		-128.0

		-129.0

		-127.0

		-122.0

		-122.0

		-122.0

		-122.0



		 

		

		

		

		

		

		

		

		



		Interference margin
negative number indicates the amount of additional attenuation required 

		dB

		

-74.5

		

-77.0

		

-74.0

		

-68.5

		

-75.0

		

-78.0

		

-80.7





A1.1.3	Radar impact on mobile base station

Table 18

Co-frequency radar on a mobile base station receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar power to the antenna

		dBm/MHz

		73.8

		75.8

		71.2

		74.0

		73.0

		89.0

		89.2



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Free space path loss for 1km

		dB

		101.0

		101.0

		101.0



		Mobile base station antenna gain

		dBi

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		19.3/
17.3

		22.8/
20.8

		17.2/
15.2

		19.5/
17.5

		25.0
/23.0

		44.0/
42.0

		46.9/
44.9



		Base station thermal noise floor

		dBm/MHz

		-109.0

		-109.0

		-109.0



		Required I/N

		dB

		-6.0

		-6.0

		-6.0



		Interference level

		dBm/MHz

		-115.0

		-115.0

		-115.0



		Interference margin
negative number indicates the amount of additional attenuation required

		dB

		-134.3/
-132.3

		-137.8/
-135.8

		-132.2/
-130.2

		-134.5/
-132.5

		-140.0/
-138.0

		-159.0/
-157.0

		-161.9/
-159.9





A1.1.4	Radar impact on mobile user equipment

Table 19

Co-frequency radar on a mobile user equipment receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar power to the antenna

		dBm/MHz

		73.8

		75.8

		71.2

		74.0

		73.0

		89.0

		89.2



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative gain (3° below max)

		

		-10.0

		-10.0

		-10.0



		Free space path loss for 500m

		dB

		95.0

		95.0

		95.0



		User equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0



		User equipment feeder loss

		dB

		0.0

		0.0

		0.0



		Power at the receiver front-end

		dBm/MHz

		-3.3 

		-/8

		-4.8

		-2.5

		3.0

		23.0

		24.9



		User equipment thermal noise floor

		dBm/MHz

		-105.0

		-105.0

		-105.0



		Required I/N

		dB

		-6.0

		-6.0

		-6.0



		Interference level

		dBm/MHz

		-111.0

		-111.0

		-111.0



		Interference margin
negative number indicates the amount of additional attenuation required

		dB

		-108.3

		-111.8

		-106.2

		-108.5

		-114.0

		-133.0

		-135.9





A1.2	Adjacent Channel

A1.2.1	Mobile base station impact on radar

Table 20

Mobile base station spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile base station spurious emission limit

		dBm/MHz

		-30.0

		-30.0

		-30.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0



		Mobile base station antenna gain

		dBi

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Free space path loss for 1km

		dB

		101.0

		101.0

		101.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-86.5

		-85.0

		-86.0

		-86.5

		-80.0

		-77.0

		-74.3



		Radar thermal noise floor

		dBm/MHz

		-112.0

		-113.0

		-111.0

		-112.0

		-112.0

		-112.0

		-112.0



		Required I/N

		dB

		-10.0

		-10.0

		-10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Interference level

		dBm/MHz

		-128.0

		-129.0

		-127.0

		-122.0

		-122.0

		-122.0

		-122.0



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-41.5

		-44.0

		-41.0

		-35.5

		-42.0

		-45.0

		-47.7





Table 21

Mobile base station fundamental signal on the 1 dB compression point of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile base station transmit power

		dBm/MHz

		36.0

		36.0

		36.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0



		Mobile base station antenna gain

		dB

		18.0/16.0

		18.0/16.0

		18.0/16.0



		Free space path loss for 1km

		dB

		101.0

		101.0

		101.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-18.5/-20.5

		-17/-19.0

		-18.0/-20.0

		-18.5/-20.5

		-30.0/-32.0

		-9.0/-11.0

		-6.3/-8.3



		 

		

		

		

		

		

		

		

		



		Radar 1 dB compression point

		dBm

		-10.0

		10.0

		10.0

		51.4

		56.6

		10.0

		-17.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Interference point

		dBm

		-16.0

		4.0

		4.0

		51.4

		56.6

		10.0

		-17.0



		 

		

		

		

		

		

		

		

		



		Interference margin
negative number indicates the amount of additional attenuation required

		dB

		2.5/4.5

		21.0/23.0

		22.0/24.0

		69.9/71.9

		86.6/88.6

		19.0/21.0

		-10.7/

-8.7





A1.2.2	Mobile user equipment impact on radar

Table 22

Mobile user equipment spurious emissions falling in the pass-band of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile user equipment spurious emission limit

		dBm/MHz

		-30.0

		-30.0

		-30.0



		Mobile user equipment feeder loss

		dB

		0.0

		0.0

		0.0



		Mobile user equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0



		Free space path loss for 500m

		dB

		95.0

		95.0

		95.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative gain (3° below max)

		

		-10.0

		-10.0

		-10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-106.5

		-105.0

		-106.0

		-106.5

		-100.0

		-97.0

		-94.3



		 

		

		

		

		

		

		

		

		



		Radar thermal noise floor

		dBm/MHz

		-112.0

		-113.0

		-111.0

		-112.0

		-112.0

		-112.0

		-112.0



		Required I/N

		dB

		-10.0

		-10.0

		-10.0



		Safety factor

		dB

		6.0

		0.0

		0.0



		Interference level

		dBm/MHz

		-128.0

		-129.0

		-127.0

		-122.0

		-122.0

		-122.0

		-122.0



		 

		

		

		

		

		

		

		

		



		Interference margin
negative number indicates the amount of additional attenuation required

		dB

		-21.5

		-24.0

		-21.0

		-15.5

		-22.0

		-25.0

		-27.7





Table 23

Mobile user equipment fundamental signal on the 1 dB compression point of a radar receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Mobile user equipment transmit power

		dBm/MHz

		23.0

		23.0

		23.0



		Mobile user equipment feeder loss

		dB

		0.0

		0.0

		0.0



		Mobile user equipment antenna gain

		dB

		-3.0

		-3.0

		-3.0



		Free space path loss for 500m

		dB

		95.0

		95.0

		95.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative gain (3° below max)

		

		-10.0

		-10.0

		-10.0



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Power at the receiver front-end

		dBm/MHz

		-53.5

		-52.0

		-53.0

		-53.5

		-47.0

		-44.0

		-41.3



		 

		

		

		

		

		

		

		

		



		Radar 1 dB compression point

		dBm

		-10.0

		10.0

		10.0

		51.4

		56.6

		10.0

		-17.0



		Safety factor

		dBm

		6.0

		0.0

		0.0



		Interference point

		dBm

		-16.0

		4.0

		4.0

		51.4

		56.6

		10.0

		-17.0



		 

		

		

		

		

		

		

		

		



		Interference margin
negative number indicates the amount of additional attenuation required

		dB

		37.5

		56.0

		57.0

		104.9

		103.6

		54.0

		24.3





[bookmark: _GoBack]A1.2.3	Radar impact on mobile base station

Table 24

Radar spurious emissions falling in the pass-band of a mobile base station receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar suprious level

		dBm/MHz

		13.8

		14.8

		11.7

		14.0

		13.0

		-11.0

		-10.8



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Free space path loss for 1km

		dB

		101.0

		101.0

		101.0



		Mobile base station antenna gain

		dBi

		18.0/15.0

		18.0/15.0

		18.0/15.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		-43.7

		-41.2

		-45.3

		-43.5

		-38.0

		-59.0

		-56.1



		 

		

		

		

		

		

		

		

		



		Base station thermal noise floor

		dBm/MHz

		-109.0

		-109.0

		-109.0



		Required I/N

		dB

		-6.0

		-6.0

		-6.0



		Inteference level

		dBm/MHz

		-115.0

		-115.0

		-115.0



		 

		

		

		

		

		

		

		

		



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-74.3/
-71.3

		-76.8/
-73.8

		-72.7/
-69.7

		-74.5/
-71.5

		-80.0/
-77.0

		-59.0/
-56.0

		-61.9/
-58.9





Table 25

Radar fundamental signal suppressed by the mobile base station filtering

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar power to the antenna

		dBm/MHz

		73.8

		75.8

		71.2

		74.0

		73.0

		89.0

		89.2



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Free space path loss for 1km

		dB

		101.0

		101.0

		101.0



		Mobile base station antenna gain

		dBi

		18.0/15.0

		18.0/15.0

		18.0/15.0



		Mobile base station feeder loss

		dB

		3.0

		3.0

		3.0



		Power at the receiver front-end

		dBm/MHz

		16.3

		19.8

		18.8

		16.5

		22.0

		41.0

		43.9



		 

		

		

		

		

		

		

		

		



		Base station thermal noise floor

		dBm/MHz

		-109.0

		-109.0

		-109.0



		Required I/N

		dB

		-6.0

		-6.0

		-6.0



		Maximum adjacent channel rejection

		dB

		82.7

		82.7

		82.7



		Interference level

		dBm/MHz

		-32.3

		-32.3

		-32.3



		 

		

		

		

		

		

		

		

		



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-51.6/
-48.6

		-55.1/
-52.1

		-54.1/
-51.1

		-51.8/
-48.8

		-57.3/
-54.3

		-76.3/
-73.3

		-79.2/
-76.2





A1.2.4	Radar impact on mobile user equipment

Table 26

Radar spurious emissions falling in the pass-band of a mobile user equipment receiver

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar spurious level

		dBm/MHz

		13.8

		14.8

		11.7

		14.0

		13.0

		-11.0

		-10.8



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative gain (3° below max)

		 

		-10.0

		-10.0

		-10.0



		Free space path loss for 500m

		dB

		95.0

		95.0

		95.0



		User equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0



		User equipment feeder loss

		dB

		0.0

		0.0

		0.0



		Power at the receiver front-end

		dBm/MHz

		-62.7

		-60.2

		-64.3

		-62.5

		-57.0

		-78.0

		-75.1



		 

		 

		 

		

		 

		 

		 

		 

		 



		User equipment thermal noise floor

		dBm/MHz

		-105.0

		-105.0

		-105.0



		Required I/N

		dB

		-6.0

		-6.0

		-6.0



		Interference level

		dBm/MHz

		-111.0

		-111.0

		-111.0



		 

		 

		 

		 

		 

		 

		 

		 

		 



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-48.3

		-50.8

		-46.7

		-48.5

		-54.0

		-33.0

		-35.9





Table 27

Radar fundamental signal suppressed by the mobile user equipment filtering

		 

		Units

		Radar 1

		Radar 2

		Radar 3

		Radar 4

		Radar 5

		Radar 6

		Radar 7



		Radar power to the antenna

		dBm/MHz

		73.8

		75.8

		71.2

		74.0

		73.0

		89.0

		89.2



		Radar feeder loss

		dB

		2.0

		2.0

		2.0



		Radar maximum antenna gain

		dBi

		33.5

		35.0

		34.0

		33.5

		40.0

		43.0

		45.7



		Relative gain (3° below max)

		

		-10.0

		-10.0

		-10.0



		Free space path loss for 500m

		dB

		95.0

		95.0

		95.0



		User equipment antenna gain

		dBi

		-3.0

		-3.0

		-3.0



		User equipment feeder loss

		dB

		0.0

		0.0

		0.0



		Power at the receiver front-end

		dBm/MHz

		-2.7

		0.8

		-0.2

		-2.5

		3.0

		22.0

		24.9



		 

		

		

		

		

		

		

		

		



		User equipment thermal noise floor

		dBm/MHz

		-105.0

		-105.0

		-105.0



		Required I/N

		dB

		-6.0

		-6.0

		-6.0



		Maximum adjacent channel rejection

		dB

		72.7

		72.7

		72.7



		Interference level

		dBm/MHz

		-38.3

		-38.3

		-38.3



		 

		

		

		

		

		

		

		

		



		Interference margin

negative number indicates the amount of additional attenuation required

		dB

		-35.6

		-39.1

		-38.1

		-35.8

		-41.3

		-60.3

		-63.2










ANNEX 2

A2.1	Communications to radar power flux density calculation

The power flux density (field strength) path loss for communications to radar equipment should be calculated using Recommendation ITU-R P.452 “Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above 0.7 GHz”.

It predicts signal levels exceeded for a given percentage of time, the assessment will use a time percentage of 1% as included in the table above. It is used to model propagation mechanisms that are dependent on a range of variable parameters (such as atmospheric conditions/weather).

It describes the proportion of time during which the estimated field strength may be exceeded e.g. a value of 1% means that on average the field strength exceeds the value estimated by the model 1% of the time.

Predictions are based on the terrain profile and clutter along the path.

Table 28

Parameters used in ITU-R P.452 for figures

		Time percentage

		1.00%



		Sea level surface refractivity N0

		325



		deltaN = [N(0m) - N(1000m)]

		45



		Dry air pressure (hPa)

		1013



		Temperature (°C)

		15.0



		Path centre latitude (°)

		51.0



		Clear-air propagation attenuation components included:

		‑	Line of sight/Diffraction
‑	Diffraction
‑	Multipath and focussing effects
‑	Gaseous absorption

‑	Tropospheric scatter
‑	Gaseous absorption

‑	Ducting/Layer reflection
‑	Gaseous absorption



		The path centre latitude must be selected on a case by case basis, i.e. the evaluation of the propagation based on location based parameters should use the mid distance of the propagation path under consideration.









ANNEX 3

A3.1	2.6 GHz base station and user equipment OOB emissions

A3.1.1	2.6 GHz base station OOB emissions

Figure 10

Measured 2.6 GHz base station OOB noise and spurious measurement with a 20 MHz bandwidth

		[image: ]







A3.1.2	2.6 GHz user equipment OOB emissions

Figure 11

Measured 2.6 GHz user equipment OOB noise and spurious measurement with a 20 MHz bandwidth

		[image: ]












ANNEX 4

A4	Radar receiver detrimental effects, RF scenarios 1 to 5

In the analysis of interference from mobile into radar it is necessary to distinguish between the use of co-channel and adjacent channel in respect of radar RF and IF bandwidths (a similar argument would apply to radar to mobile interference). Below are a number of radar interference situations that could arise depending on the interfering communications signal and the radar RF and IF bandwidth and radar and communication frequencies (Figs. 12 to 16).

Whilst the radar RF bandwidth is identified schematically, that bandwidth may or may not cover the adjacent communications band.

In the scenarios represented diagrammatically the radar RF bandwidth is represented in the blue line, the communications signal by red, the radar final bandwidth set at the radar operation frequency in black and then radar generated IMPs caused by the communications signal is in green dashed lines. There is no significance of the levels of the lines other than to describe general effects and regions.

•	Scenario 1: is regarded as adjacent band operation, similar in analysis to scenarios 2,4,5 but where the introduction of a high performance RF filter reduced the communications signal to a level where any intermodulation effects induced in the radar are lower than the radar noise threshold. The dynamic range and particularly the receiver linearity is required to assess the permitted communications signal level where the IMPs would not affect the radar performance. This typically results in a noise and spurious limit on the performance, indicated by (a) in scenario 1 after the filter has reduced the interfering signal

•	Scenario 2: is regarded as adjacent band. In this example, the least stressing sharing scenario, the single communications signal will be seen by the LNA but the 3rd order will not be seen in the radar final bandwidth. In this case the limit is noise at (b) or the dynamic range compression causing target reduction or clutter effects. This are causes 1(a) and 1(b)

•	Scenario 3: is regarded as co-band/co-channel operation. In this case the extreme sharing case the communications signal is co-channel with the radar operating frequency. This will be the most difficult RF scenario and is simply calculated by the communications power flux density at the radar face and the radar losses and thresholds

•	Scenario 4: is regarded as adjacent band. In this case the 3rd order IMP generated in the radar falls in the radar final bandwidth at the radar frequency. The dynamic range and particularly the receiver linearity is required to assess the permitted communications signal level where the IMPs would not affect the radar performance

•	Scenario 5: is regarded as adjacent band. In this case the 3rd order IMP generated by the radar non-linearity combined with multiple communications signals fall in the falls in the radar final bandwidth at the radar frequency. The dynamic range and particularly the receiver linearity is required to assess the permitted communications signal level where the IMPs would not affect the radar performance

The analysis, whilst being fundamentally the same calculation requires different parameter values depending on the scenario.

The UK radar remediation program postulated communications scenarios that allowed the manufacturers to design filters with high level of communications signal suppression.



Figures 12 to 16

		Communications to radar interference scenarios considered







		Figure 12

Single communications transmission outside radar RF bandwidth - noise effects - Scenario 1

		Figure 13

Single communications transmission inside radar RF bandwidth - noise effects - Scenario 2
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		Figure 14

Single communication transmission at the radar frequency - co-channel/co-frequency noise effect - Scenario 3

		Figure 15

Single communications BS transmission adjacent to radar frequency - IMP effects - Scenario 4
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Figure 16

Multiple communications transmission in radar RF bandwidth - IMP effects - Scenario 5
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ANNEX 5

A5.1	ATC radar summary of options considerations

This option summary represents an initial consideration of possible issues, further work is progressing in the UK in this area.

Table 29

Band options - Issues summary

		Option

		Description

		Issues to be resolved

		Advantages accrued



		1a.

		Partitioning the 2 700‑2 900 MHz band and allocating some fraction to communications devices solely and compress the radar band 

		Due to UK high density of radar deployment the ATC radar frequency allocation would need to be ‘compressed’ by improved frequency management for high power radar systems and the communications would require coordination and management. This may be difficult to generate significant communications bandwidth

The fraction allocated to new communication services may be relatively small

The radar would need to be modified with new filters to replace the previous design

The roll off of the filter would be a significant percentage of the total band, particularly when referred to the new frequency span of the communications systems and radar allocation

		Previous experience in this type of radar modification.

Some new communications spectrum made available





		1b

		Partitioning the 2 700‑2 900 MHz band and allocating some fraction to communications devices solely and compress the radar band 

AND allowing/encouraging ATC radar to operate more in the 2 900‑3 100 MHz band

		Due to UK high density of radar deployment the ATC radar frequency allocation would need to be ‘compressed’ by improved frequency management for high power radar systems and the communications would require coordination and management.

The bandwidth allocated to new communication services may greater than in 1a

Modern solid state ATC radar transmitters do not operate in the 2 900‑3 100 MHz band

There would need to be a receiver modifications including new filters to replace the previous design and for some radars, to deal with the new frequency range, there would need to be transmitter, stalo, diplexer modifications

The program cost would be higher for the radar re-engineering than 1a

There would need to be consideration of maritime radar vulnerability to frequencies shared with land based radar

		This may allow an increased communication bandwidth to become available.

The roll off of the filter would be a smaller percentage of the total band, particularly when referred to the new frequency span of the communications systems and radar allocation





		1c

		Moving the ATC radar frequencies to the upper part of the 2 700‑3 100 MHz radionavigation band, i.e. the 2 900‑3 100 MHz radionavigation band typically used for ship borne radars and share the radar frequencies between the land based and maritime based operations

		There would need to be significant modifications of some ATC radar

Modern solid state ATC radar transmitters do not operate in the 2 900‑3 100 MHz band

There would need to be a receiver modifications including a new radar re-engineering programme with new filters to replace the previous design and for some radars to deal with the new frequency range

For some radars there would need to be transmitter, stalo, diplexer modifications. The program cost would be higher for the radar modification than 1a and 1b

There would need to be consideration of maritime radar vulnerability to frequencies shared with land based radar and vice versa

ATC radar close to the coast would need managing for interference both to and from maritime radars

		This may allow an increased communication bandwidth to become available. The bandwidth allocated to new communication services may greater than 1a and 1b

The roll off of the filter would be a smaller percentage of the total band, particularly when referred to the new frequency span of the communications systems and radar allocation

Some radars would require modest modifications





		2

		Total band sharing of both services

		Communications power very restricted thus the use would be restricted

Blocking, IMPs, noise all of concern and would need managing

Difficult to manage with a high degree of certainty especially due to risk of co-frequency usage.

 It may not be possible to justify safe operation of the radar systems

There would be an implied freezing of radar frequency allocations and restrictions on further deployments

		Maximum use of spectrum







A5.2	UK work program

An initial assessment of some of the issue with these options can be found in table 29. Further work is progressing in the UK to fully understand the full range of issues and the implications. This work will cover:

Allocate a portion of the frequency band 2.7-2.9 GHz to the mobile service:

•	Re-plan radar assignments in to the remainder of the frequency band

•	Determine the optimal radar planning criteria

•	Determine the minimum amount of spectrum needed to support radar requirements taking into account a reasonable level of planning flexibility

•	Determine the optimal additional radar filter design and the guard band required

•	Cross-border co-ordination issues 

•	How to indicate the split in the Radio Regulations

•	Determine regulatory implications for mobile mask (e.g. out of band limits)

•	Potential guard band requirements to protect maritime radar

Re-plan radar assignments in the remainder of the frequency band and above 2.9 GHz:

•	As above

•	Frequency planning requirements between maritime and land based radar

•	Potential need for WRC action to include an allocation to the aeronautical radionavigation service in the frequency band 2.9-3.1 GHz

•	Redesign of solid state radar to operate above 2.9 GHz

Allocate the Frequency Band 2.7-2.9 GHz to the Mobile Service:

•	Band-sharing

–	Required mobile to radar planning criteria and co-ordination procedures 

–	Determine the optimal additional radar filter design and the guard band required

–	Spectral capacity released to mobile systems

–	Ensuring continued flexibility for designing and planning radar systems

–	Impact of co-frequency radar emissions on mobile receivers

–	Required additional regulatory limitation on mobile transmitters/receivers

•	Band release

–	Determine alternative technology that offers equivalent or better performance to existing radar

–	Potential guard band requirements to protect maritime radar

–	Cost and timescale implications

–	Radio Regulatory action to support the implementation of the alternative technology








ANNEX 6

A6	Causes of interference and potential frequency plan options

A6.1	Causes of communications to radar interference

The high duty cycle of a communication transmitter results in a RF signal that is generally present, should the interference level cause detrimental effects at the radar, the detrimental effects would be on-going. In the case that front end RF filter has significant pass band in the adjacent communications band, (or the band is shared) communications signals can enter into the radar receiver chain. The level of RF energy impinging on the front end radar components, particularly (but not exclusively) the LNA, can cause a risk of detrimental performance effects in the radar.

These performance effects can be divided into two broad categories;

A.	Radar generated effects associated with the level of the communications signal in the communications band in the radar

B.	Communications RF emissions (noise and spurious) outside the communications band but in the radar final bandwidth at the radar operating frequency

Category (A) may cause:

1)	Dynamic range compression of radar components resulting in;

a)	loss of target signal amplitude which can cause a reduction in signal to noise performance of the radar.

b)	modification of the radar clutter characteristics which can cause increased clutter component in the detection process.

2)	Dynamic range compression of radar components generating communications signal intermodulation power in the radars final band width. The radar LNA will, under compression, generate the 3rd (and higher) order intermodulation products which are in the frequency band around the communications signals frequencies.

3)	RF mixing of the communication signal with the radar local oscillator via some nth order product that appears in the radar final bandwidth. Whilst being an infrequent occurrence, this can cause unexpected effects unless accounted for in the radar selectivity design. 

All are associated with insufficient selectivity of the radar at either RF or IF frequencies.

Category (B) may cause the reduction of radar performance due to the communication noise and spurious appearing in the radar final bandwidth.

In summary, the requirement for the radar is to avoid the conditions where the:

•	Signal level from the broadband communications signals in the radar cause IMPs to occur at a level that would cause detrimental noise like effects. This is a radar selectivity and communications signal power management issue

•	Noise and spurious emissions from the communications systems in the radar is high enough to be above the radar noise detection threshold requirement

A6.2	Causes of radar to communications interference

There are several possible reasons for degradation of communication performance; however blocking may be regarded as a primary performance effect in this circumstance which depends on the transmission characteristics of the radar.

For radar to communications interference, the high peak power of radar transmission combined with the high gain of the radar antenna produces high power flux densities compared with many RF transmissions, however;

1)	The low duty cycle of the radar waveforms result in interference that is usually not present as the radar is usually not transmitting

2)	The radar antenna gain is highly directional

The radar power can only be observable when the radar is transmitting, 9.34% of the time for solid state radar or 2% of the time for TWT or less for magnetron radar.

It can be noted the narrow ATC radar beam (of the order of 1.5o) results in beam selectivity in regards to the reception of multiple base stations if they are diverse in deployment. The radar ‑30 dB beamwidth is in the direction of a victim communications receiver, approximately 1.42% of the time, where the gain is between 0 dB and -30 dB with respect to the main beam peak gain.

In relation to the sidelobes, the radar gain in any one direction will be between 30 dB and 50 dB below the peak gain for 45.8% of the time and over 50 dB below the peak gain for 52.8% of time

This is then combined with the duty cycle information on the radar in (table 8) with respect to what would be received for a continuous wave transmitting signal with the peak antenna gain. For any particular radar these figures can be established with appropriate waveform and antenna information.

A6.3	2 700‑2 900 MHz ATC and communications options

In this section some theoretical options are considered at high level. The frequencies are illustrative and would require further detailed study to refine. The current frequency usage is shown diagrammatically in (Fig. 17).

Figure 17

Current frequency allocations and typical ATC radar filter roll-off
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If communications services are allocated into the 2 700‑2 900 MHz band, there are potentially high levels of interference that can be caused in the radar receivers due to the radars high gain antennas, low RF selectivity and low noise receivers.

For the purpose of this report, step change new technologies, such as multi-static radar are not considered, however there is work progressing in this area. Thus immediate options considered at this stage for the 2 700‑2 900 MHz band for communications revolves around the following possibilities:




1_	Adjacent band options:

a.	Splitting the band and allocating some fraction to communications devices solely and compress the radar band. In this case, the radar filtering is allocated notionally to be below 2 800 MHz

b.	Splitting the band and allocating some fraction to communications devices solely and compress the radar band. In this case, the radar filtering is allocated notionally to be above 2 800 MHz

c.	Moving all the ATC radar to the upper part of the 2 700‑3 100 MHz radionavigation band, i.e. the radionavigation band, 2 850‑3 100 MHz, mostly used for ship borne radars and share the radar frequencies between the land and maritime based operations. In this postulated option, the allocation of (in effect) a guard band, 2 850 MHz to 2 900 MHz, allows radar filter roll-off yet retain current radar frequency diversity options

d.	Moving all the ATC radar to the upper part of the 2 700‑3 100 MHz radionavigation band, i.e. the radionavigation band (2 900‑3 100 MHz) used for ship borne radars and share the radar frequencies between the land based and maritime based operations. There is the allocation of (in effect) a guard band, 2 900 MHz to 2 950 MHz, to allow filter roll-off with reduced radar frequency diversity options

2)	The full band sharing option of the radar and communications equipment

A6.3.1	Option 1 - Adjacent band options

Figure 18

Option 1(a) - allocations and typical ATC radar filter roll-off
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The adjacent band communications operation in 2 700‑2 900 MHz with the radar band translating to 2 800‑2 900 MHz or some other fraction of the band would require radar re-planning and modifications to the radar receiver, such as a new RF filter.

In (Fig. 18), the radar has moved to occupy the frequencies 2 800‑2 900 MHz. The required new filter roll-off is allocated to a guard band in the radar 2 750‑2 800 or 2 770‑2 800 depending on the exact filter designs used. This would leave approximately 50 MHz available for high power communications use. The 100 MHz for the radar allocation is relatively low as the use of frequency diversity in the radar may cause a modest restriction as to the frequency plan that is permitted for radar performance needs however this would need further planning assessment.

Figure 19

Option 1(b) -allocations and typical ATC radar filter roll-off
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In (Fig. 19) the radar has moved to occupy 2 800 to 2 900 MHz. The required new filter roll-off is allocated to a guard band in the radar 2 800 to 2 830 MHz or 2 800 to 2 850 MHz depending on the exact filter designs used. This would leave approximately 100 MHz available for high power communications use. The 50 MHz for the radar allocation is extremely low as the use of frequency diversity in the radar will cause a restriction as to the frequency plan that is permitted for radar performance needs.

A6.3.2	Option 2 - Full band sharing of the radar and communications equipment

Figure 20

Full band sharing - allocations and typical ATC radar filter roll-off
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Band sharing, such as indicated in (Fig. 20) would require consideration of low power transmitters (such as picocells), frequency and geography frequency planning. This would require little or no radar modifications. However, the use of low power communications transmitters in the radar final bandwidth would require significant geographical spacing to be considered for co-band operation. Even for ‘adjacent band operation’ very significant geographical, frequency and possibly onerous licence management would be required and the close to carrier OOB emissions would be of risk to the radar. 

The use of the 2 700 to 2 900 MHz band for communications may be enhanced by consideration of the adjacent maritime radar spectrum. The maritime band is already partially used by certain ATC radar designs, is adjacent and it may be possible to be used. Possible usage is envisaged below.

A6.3.2	Use of the Maritime Band 

Figure 21

Option 1(c) - allocations and typical ATC radar filter roll-off
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In (Fig. 21) the radar has moved to occupy 2 850‑3 100 MHz. The required new filter roll-off is allocated to a guard band in the radar 2 850‑2 900 or 2 870‑2 900 depending on the exact filter designs used. This would leave approximately 150 MHz available for high power communications use. The 250 MHz for the radar allocation, after the typical selectivity filters are installed, results in a usable bandwidth of 200 MHz and frequency diversity bandwidth could be retained. Some radars would need to modify transmitters as well as the receiver for  all optionsother than the full sharing option 2. There is the potential for significant maritime interference from both compression and OOB emissions from the communications systems. Measurements of maritime radar would be required to establish the magnitude of this risk.

Figure 22

Option 1 (d) - allocations and typical ATC radar filter roll-off
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In (Fig. 22) the radar has moved to occupy 2 900‑3 100 MHz. The required new filter roll-off is allocated to a guard band in the radar 2 900‑2 930 or 2 900‑2 950 depending on the exact filter designs used. This would leave approximately 200 MHz available for high power communications use. The 200 MHz for the radar allocation, after the typical selectivity filters are installed, results in an available bandwidth of 150 MHz and frequency diversity bandwidth could be retained. Some radars would need to modify transmitters as well as the receiver for  all options other than the full sharing option 2. There is a much increased risk for the potential of significant maritime interference from both compression and OOB emissions from the communications systems. Measurements of maritime radar would be required to establish the magnitude of this risk.



ANNEX 7

A7	Indoor Picocells

A7.1	Figures of interference ranges with propagation for one co-channel and 10 or 100 adjacent channel pico base stations

Figures 23 to 25

		Figure 23

Interference effects from one co-channel pico base station into an ATC radar

		Figure 24

Interference into ATC radar from 10 and 100 adjacent channel pico base stations
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		Yellow - 10 pico base station range
Orange - 100 pico base station range

20 dB building penetration loss
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		Yellow - 10 pico base station range  
Orange - 100 pico base station range

11 dB building penetration loss



		





The diagrams above provide a visualisation of the ranges that a radar could receive interference from co-channel and adjacent channel pico base stations. Note the building loss is assumed to be 20 dB from table 4 and 11 dB as an estimate of the sensitivity of the result to assumptions

Figure 25 

Interference into ATC radar from 10 and 100 adjacent channel pico base stations
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Serious incident:	an incident involving circumstances indicating that there was a high probability of an accident and is associated with the operation of an aircraft, which in the case of a manned aircraft, takes place between the time any person boards the aircraft with the intention of flight until such time as all such persons have disembarked, or in the case of an unmanned aircraft, takes place between the time the aircraft is ready to move with the purpose of flight until such time it comes to rest at the end of the flight and the primary propulsion system is shut down. 

Major incident:	An incident associated with the operation of an aircraft, in which the safety of the aircraft may have been compromised, having led to a near collision between aircrafts, with ground or obstacles.

Significant incident:	An incident involving circumstances indicating that an accident, a serious or major incident could have occurred, if the risk had not been managed within safety margins, or if another aircraft had been in the vicinity

No immediate effect:	 An incident where there is no immediate effect on safety

Tolerability of risk

Acceptable - the consequence is so unlikely or not severe enough to be of concern. The risk is tolerable and the Safety Objective has been met. However, consideration should be given to reducing the risk further to as low as reasonably practical in order to further minimise the risk of an accident or incident.

Review - the consequence and/or likelihood is of concern; measures to mitigate the risk to as low as reasonably possible should be sought. Where the risk still lies within the 'Review' region after as low as reasonably possible risk reduction has been undertaken, then the risk may be accepted provided that the risk is understood and has the endorsement of the individual ultimately accountable for safety within the organisation.

Unacceptable - the likelihood and/or severity of the consequence is intolerable. Major mitigation or redesign of the system may be necessary to reduce the likelihood or severity of the consequences associated with the hazard.

Interference from either mobile base station(s) or user equipment(s) by definition will have an impact. If it is assumed that the impact must fall into the lowest category of severity (e.g no immediate effect) and that this impact must be acceptable then the probability of interference would have to be less than 1 in 10-3 incidents per hour or 0.1% of time.  This does assume that the mobile systems can take all the interference margin which would not be acceptable.

Conclusion

That the radar interference level should not be exceeded more than 0.1% of time and hence this time percentage should be used in the propagation models





ATTACHMENT 10

Studies on the impact of IMT interference on radar systems with pulse compression operating in the frequency range 2 700-3 100 MHz

1	Introduction

In accordance with Resolution 233 (WRC-12), WRC-15 agenda item 1.1 seeks to allocate additional spectrum to the mobile service and to identify additional frequency bands for IMT in order to meet the expected increased demand for mobile broadband. The frequency bands 2 700‑2 900 MHz and 2 900-3 100 MHz are under consideration by JTG 4-5-6-7 as potential candidate bands for IMT. These frequency bands are currently allocated to the aeronautical radionavigation and radiolocation; and radiolocation and radionavigation services respectively. These frequency bands are used extensively by air traffic control, meteorological and government radar applications. 

The attached study investigates the impact of IMT interference with I/N = -6dB on the performance of a shipborne radar utilising pulse compression in the frequency range 2 700‑3 100 MHz.  

2	Proposal

Working document towards a preliminary draft new Report ITU-R M.[RADAR2700] (Attachment 4 to Annex 6 of Document 4-5-6-7/393) and working document towards a preliminary draft new Report ITU-R M.[RADAR2900] (Attachment 5 to Annex 6 of Document 4-5-6-7/393) contain studies on the compatibility of mobile broadband systems and radars in the frequency bands 2 700‑2 900 MHz and 2 900-3 100 MHz.

Australia proposes to incorporate the study given in the Annex to this contribution into appropriate sections of the working documents ITU-R M.[RADAR2700] and ITU-R M.[RADAR2900].





Annex: 1


ANNEX

Studies on the impact of IMT interference on radar systems with pulse compression operating in the frequency range 2 700–3 100 MHz

1	Background

Radar systems which use pulse compression have their intermediate frequency (IF) bandwidth matched to the compressed pulse and act as a matched filter to maximise signal-to-noise ratio. Pulse compression filters may be partially matched to and hence increase the effect of interference which might otherwise be considered “noise-like” over longer integration times. In that case, an interference signal, which is 6 dB below the noise floor, can lead to degradation of the radar performance in excess of the 1 dB reduction in signal-to-noise ratio that would otherwise be expected. The probability of detection performance of radar system M from the working document towards a preliminary draft revision of Recommendation ITU-R M.1464-1 (Annex 16 to Document 5B/475)[footnoteRef:35] in the presence of an IMT signal is examined below.  [35:  	The working document towards preliminary draft revision of Recommendation ITU-R M.1460-1 (Annex 15 to Document 5B/475) has the same radar as Radar 3B in Table 1.] 


2	Assumptions

The following radar characteristics are assumed:

		Characteristics

		Radar M[footnoteRef:36] [36:  	The radar characteristics are given in the form of ranges of value in the Recommendation ITU-R M.1464. The exact values used in the study are shown in the table.] 




		Tuning range, MHz

		2 700-3 400



		Receiver gain, Grec, dBi

		40



		Receiver noise figure, NF, dB

		1.5



		Receiver pass band, F, kHz

		10 000



		Pulse repetition frequency, kHz

		10



		Pulse width, μs

		20



		Antenna azimuth beamwidth , Degrees

		2



		Antenna horizontal scan rate, degrees/s

		80



		Chirp Bandwidth, MHz

		2





A pulse repetition frequency (PRF) of 10 kHz is used, which is the highest in the given range. A duty cycle of 20% is used, which is the highest in the given range. This defines the pulse width to be 20 μs. Assuming 2 degrees of azimuth beamwidth, and 80 degrees/s azimuth scan rate, the length of the coherence processing intervals (CPIs) is set to 25 ms. A linear frequency modulation waveform with chirp bandwidth of 2 MHz is used. 

IMT interference is simulated using an LTE signal generated according to 3GPP LTE Release 8 specifications. Fully loaded LTE frames with 25 resource blocks (5 MHz channel bandwidth) with FDD duplexing, QPSK modulation, single transmission antenna, and single receiving antenna are used. The interference power level at the radar receiver is set to 6 dB below the noise floor.

For comparison, Gaussian interference 6 dB below the receiver noise floor is also applied in order to show that interference caused by LTE signals differ from typical Gaussian interference.

Note that interfering signals can be co-channel or adjacent channel to the radar receiver. 

3	Methodology

Simulated radar received data consisting of receiver noise, interference, and a non-fluctuating target is passed through standard radar signal processing steps. These steps include matched-filtered pulse compression, Doppler processing, and constant false alarm rate (CFAR) detection. Probability of detection curves against Signal-to-Noise ratios are shown in Figure 1. The false alarm rate is set at 10-4 for all the cases.

In the ‘average’ case, the target was injected with a random range and velocity, thus it has an equal likelihood of appearing in any range-Doppler cell. In the ‘worst’ case, the target was injected with particular range and velocity parameters such that it will appear in the range-Doppler cell where highest CFAR noise estimate was found, thus has less probability of detection.

4	Results 

The results show a significant reduction in radar detection performance in the presence of IMT interference. To achieve the same detection probability of 0.5 compared to the noise only case, an additional target SNR of 1.3 dB is required in the ‘average’ case, and in the ‘worst’ case additional target SNR of 4.5 dB is required. 

Results also indicate that IMT signals cannot be treated as typical Gaussian interference, and the impact of IMT interference on the radar is worse than simply an increased noise floor. As expected, in the ‘average’ case the reduction in signal-to-noise ratio in the presence of Gaussian interference is 1 dB when I/N = -6 dB. In the ‘worst’ case, Gaussian interference degrades signal-to-noise ratio by 2.7 dB. However, as stated above, radar detection performance is significantly further degraded in the presence of IMT interference at the same interference power level.

FIGURE 1

Probability of detection of a non-fluctuating target at presence of LTE interference
and Gaussian interference. False alarm rate is set at 10-4
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A summary of the results is shown in Table 1 for both interference types, and compared with the noise only case.

TABLE 1

Required SNR to achieve probability of detection = 0.5

		

		I/N = -∞ dB

(noise only)

		I/N = -6 dB

(‘average’ case)

		I/N = -6 dB

(‘worst’ case)



		IMT interference

		10.6 dB

		11.9 dB

		15.1 dB



		Gaussian interference

		10.6 dB

		11.6 dB

		13.3 dB





5	Discussion

The protection criteria of I/N = -6 dB is often used to in interference studies as being equivalent to a 1 dB reduction in signal-to-noise ratio. However, as shown above, the impact of IMT interfering signals on radar performance can be significantly greater in systems which use pulse compression. These systems have their IF bandwidth matched to the compressed pulse and act as a matched filter for minimum S/N degradation. Pulse compression filters may be partially matched to and hence increase the effect of IMT interference. In some cases, the recommended I/N protection criteria of ‑6 dB may not be adequate and further studies or compatibility measurements may be necessary to assess the interference in terms of the operational impact on the radar’s performance.

6	Conclusions

Administrations considering deployment of IMT systems in the frequency range 2 700-3 100 MHz should be aware that an interference margin greater than the level recommended in relevant ITU-R Recommendations may be necessary, to minimise the impact of IMT interference on radar systems.
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A	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	80.551849936406228	64.945362358804218	56.744292685291754	52.570767630077228	45.890733295056222	32.024966971485206	27.735563786260929	24.805054912041896	23.561928980344675	21.333111692727382	15.47917817730425	10.306220263151877	5.4040593422053576	0.54747989990985968	-4.060721326256294	-8.4737877510327735	-12.73782621700332	-16.890634257037487	-20.964665835659126	-24.993115708173359	-29.022285636679253	-33.143316277523382	-37.595313169502333	B	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	80.711281705796864	65.104794128194698	56.903724454682227	52.730199399467814	46.050165064446752	32.184398740875835	27.894995555651494	24.96448668143243	23.721360749735226	21.492543462117915	15.638609946694798	10.465652032542454	5.5634911115959085	0.70691166930041061	-3.9012895568657484	-8.314355981642219	-12.578394447612757	-16.731202487646954	-20.805234066268593	-24.833683938782826	-28.862853867288731	-32.983884508132768	-37.435881400111775	C	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	77.711849936406281	62.10536235880425	53.904292685291715	49.730767630077231	43.050733295056204	29.18496697148521	24.895563786260929	21.965054912041889	20.721928980344671	18.49311169272735	12.639178177304245	7.4662202631518824	2.5640593422053564	-2.2925201000901438	-6.9007213262563027	-11.313787751032777	-15.577826217003329	-19.73063425703749	-23.804665835659137	-27.833115708173381	-31.862285636679257	-35.983316277523386	-40.435313169502336	E	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	85.353962353522235	69.747474775920296	61.546405102407817	57.372880047193235	50.692845712172321	36.827079388601256	32.537676203376954	29.607167329157964	28.364041397460724	26.135224109843435	20.281290594420273	15.108332680267949	10.206171759321418	5.3495923170258948	0.74139109085973642	-3.6716753339167059	-7.9357137998872531	-12.088521839921444	-16.162553418543087	-20.191003291057314	-24.220173219563179	-28.34120386040733	-32.793200752386255	F	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	84.882749806325634	69.276262228723681	61.075192555211174	56.901667499996563	50.221633164975742	36.35586684140462	32.066463656180375	29.135954781961342	27.892828850264124	25.664011562646834	19.810078047223698	14.637120133071322	9.734959212124803	4.8783797698293094	0.27017854366314981	-4.1428878811133254	-8.4069263470838678	-12.559734387118066	-16.633765965739691	-20.662215838253889	-24.691385766759847	-28.812416407603926	-33.264413299582912	G	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	96.755555284990905	81.149064068521682	72.94797344621395	68.763846151299333	61.890675956292924	46.659209555858986	42.337509797647414	39.376007351584704	38.114125167701943	35.840869594316665	30.9099198714305	25.695430107021533	20.771755726264434	16.121259668487671	11.692281522984389	7.2666804133098752	2.9574387637645145	-1.2364583466718397	-5.3465824861804085	-9.4037116680071335	-13.447663027417368	-17.55153464545424	-21.895775095862064	H	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	78.651850162726276	63.045425039441085	54.876109095974812	50.822161213072121	44.640934298090762	31.291449711733719	27.021374729879557	24.124196119269573	22.761162162321948	19.964599199746402	14.174328549257693	8.9028619286502817	3.7904035029857832	-1.018532662721896	-5.5825549495592321	-9.9552335270473584	-14.182720693193488	-18.302893546525354	-22.348710401914616	-26.35503589644614	-30.372903331965716	-34.507060820540204	-39.043633529960296	I	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	84.868613383406668	69.262125805804629	61.061056132292094	56.887531077077547	50.20749674205662	36.341730418485575	32.052327233261295	29.121818359042294	27.878692427345026	25.649875139727754	19.795941624304646	14.622983710152283	9.7208227892057479	4.8642433469102526	0.25604212074409816	-4.1570243040324	-8.4210627700029477	-12.573870810037135	-16.647902388658753	-20.67635226117298	-24.705522189678881	-28.826552830522949	-33.278549722502021	J	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	89.874444525883348	74.268019402597986	66.098703459131784	62.044755576229079	55.863528661247642	42.514044074890641	38.243969093036448	35.346790482426471	33.983756525478931	31.187193562903342	25.39692291241467	20.125456291807229	15.012997866142749	10.204061700435046	5.640039413597691	1.2673608361095878	-2.9601263300365326	-7.0802991833684343	-11.126116038757667	-15.132441533289191	-19.150308968808808	-23.284466457383225	-27.821039166803359	criterion -6 dB	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	criterion -10 dB	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	Distance (km)

I/N

A	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	83.405757613491048	66.782915292150733	57.801775196277148	51.128310361002519	43.61507694305179	25.026467581352449	19.328677996201687	15.763807725052848	14.337761709983141	11.946879864348119	7.2431144965001977	2.8061822715938263	-1.4897292097921002	-5.6537854852436498	-9.7000676144047873	-13.651943275198969	-17.533795994271856	-21.369222290378818	-25.184643032743132	-29.0194619632727	-32.952583065392837	-37.185343243121324	-42.425841613338513	B	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	83.56518938288167	66.942347061541355	57.961206965667657	51.28774213039307	43.774508712442298	25.185899350742989	19.488109765592217	15.923239494443409	14.497193479373692	12.106311633738668	7.4025462658907486	2.9656140409843794	-1.3302974404015526	-5.4943537158530988	-9.5406358450142363	-13.492511505808421	-17.374364224881305	-21.209790520988289	-25.025211263352617	-28.860030193882153	-32.793151296002385	-37.02591147373073	-42.266409843948011	C	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	80.565757613491058	63.942915292150872	54.961775196277152	48.288310361002516	40.775076943051808	22.186467581352446	16.48867799620167	12.923807725052848	11.497761709983138	9.1068798643481177	4.4031144965001943	-3.381772840617718E-2	-4.3297292097921094	-8.4937854852436505	-12.540067614404792	-16.491943275198945	-20.373795994271859	-24.209222290378811	-28.024643032743136	-31.859461963272704	-35.792583065392904	-40.025343243121348	-45.265841613338544	E	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	88.207870030607239	71.585027709266853	62.60388761339312	55.930422778118555	48.417189360167797	29.828579998468499	24.13079041331774	20.565920142168888	19.139874127099233	16.748992281464123	12.04522691361627	7.6082946887098624	3.3123832073239332	-0.85167306812758226	-4.8979551972886899	-8.8498308580829121	-12.731683577155819	-16.567109873262762	-20.382530615627076	-24.217349546156626	-28.150470648276837	-32.383230826005217	-37.623729196222484	F	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	87.736657483410667	71.113815162070253	62.132675066196597	55.459210230922011	47.945976812971246	29.357367451271898	23.659577866121129	20.094707594972284	18.668661579902587	16.277779734267551	11.57401436641965	7.1370821415132752	2.8411706601273488	-1.322885615324195	-5.3691677444853383	-9.3210434052795019	-13.202896124352407	-17.038322420459387	-20.853743162823719	-24.688562093353209	-28.621683195473455	-32.854443373201775	-38.094941743419099	G	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	99.609463011490448	82.98661829265248	74.005461293172246	67.331925888868597	59.81827440223644	41.193327575669805	35.394118076988462	31.646020736553581	30.088902667735592	27.333185594089031	21.729560594285829	17.248975132212667	12.953063650826724	8.7890073753751494	4.7427252462140359	0.79084958541989236	-3.0910031336530284	-6.9264294297599918	-10.741850172124311	-14.576669102653851	-18.509790204774085	-22.742550382502486	-27.983048752719689	H	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	81.505757730800369	64.882920682477447	55.901817927111779	49.228508196204096	41.716197103886593	23.206273745284705	17.719353142956226	14.496922048352047	13.291214002438371	11.257609959277406	6.5925018625831875	2.1555696376768188	-2.1403418437090806	-6.304398119160652	-10.350680248321781	-14.302555909115977	-18.18440862818888	-22.019834924295868	-25.835255666660192	-29.670074597189693	-33.603195699309943	-37.835955877038288	-43.076454247255555	I	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	87.722521060491559	71.099678739151159	62.118538643277518	55.445073808002903	47.931840390052095	29.343231028352847	23.645441443202088	20.080571172053236	18.654525156983528	16.263643311348471	11.559877943500567	7.1229457185942193	2.8270342372082951	-1.3370220382432763	-5.3833041674043898	-9.3351798281985623	-13.217032547271458	-17.052458843378446	-20.86787958574277	-24.702698516272289	-28.635819618392535	-32.868579796120969	-38.109078166338179	J	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	92.728352093957341	76.105515045634419	67.124412290268708	60.451102559360969	52.938791467043508	34.428868108441655	28.941947506113149	25.719516411509002	24.513808365595384	22.480204322434343	17.815096225740149	13.378164000833769	9.0822525194478594	4.9181962439963058	0.8719141148351639	-3.0799615459590086	-6.9618142650318999	-10.797240561138883	-14.612661303503216	-18.447480234032707	-22.380601336152928	-26.61336151388133	-31.853859884098615	criterion -6 dB	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	criterion -10 dB	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	Distance (km)

I/N

A	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	83.971439547244586	69.856426074395372	62.143240462756239	58.686916788085611	52.030928880691455	36.665856097768255	32.063577754641095	29.303216678046294	28.208537359539775	26.297112528947746	21.475827100329919	16.591342941036839	11.366525818510006	6.3439818977762679	1.5664793181874745	-2.990998036811817	-7.375236687321916	-11.635051187967207	-15.818029468339631	-19.974739475177476	-24.18120903338707	-28.601258486206238	-33.788505502489038	B	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	84.13087131663498	70.015857843785767	62.302672232146861	58.846348557476134	52.190360650082006	36.825287867158806	32.223009524031681	29.46264844743687	28.367969128930355	26.456544298338283	21.63525886972052	16.750774710427407	11.525957587900535	6.503413667166825	1.7259110875780252	-2.831566267421266	-7.215804917931365	-11.475619418576672	-15.658597698949061	-19.81530770578695	-24.021777263996515	-28.441826716815655	-33.629073733098437	C	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	81.131439547244582	67.016426074395397	59.303240462756222	55.846916788085608	49.190928880691459	33.825856097768245	29.223577754641127	26.46321667804628	25.368537359539776	23.457112528947743	18.63582710032993	13.751342941036848	8.5265258185099952	3.5039818977762747	-1.2735206818125278	-5.8309980368118204	-10.215236687321926	-14.475051187967219	-18.658029468339627	-22.814739475177486	-27.021209033387073	-31.441258486206227	-36.628505502489062	E	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	88.773551964360635	74.658538491511237	66.945352879872345	63.489029205201625	56.833041297807455	41.467968514884305	36.865690171757144	34.105329095162375	33.010649776655846	31.099224946063796	26.277939517446001	21.393455358152924	16.168638235625998	11.146094314892309	6.3685917353035393	1.811114380304274	-2.5731242702058812	-6.8329387708511717	-11.015917051223539	-15.172627058061446	-19.379096616271056	-23.79914606909017	-28.986393085372889	F	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	88.302339417163935	74.187325944314765	66.474140332675688	63.017816658005074	56.361828750610847	40.996755967687712	36.394477624560544	33.63411654796581	32.539437229459253	30.628012398867195	25.806726970249375	20.922242810956263	15.697425688429433	10.674881767695718	5.8973791881069264	1.3399018331076598	-3.044336817402471	-7.3041513180477491	-11.487129598420154	-15.643839605258052	-19.850309163467642	-24.270358616286774	-29.457605632569518	G	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	100.17513479045988	86.059867470005543	78.345378873372226	74.88261293729731	68.092702576093089	51.207244470864318	46.586778770494575	43.819751475493582	42.72125614122281	40.802037299274971	36.519463431937154	31.83162029585009	27.110946948153767	22.396313548344828	17.612627937011137	13.033273597729192	8.6299272865529133	4.3517760276848794	0.15135142081572894	-4.0215519561186275	-8.2422622292095831	-12.672397901815316	-17.856507285928028	H	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	82.071456808956739	67.956896983877485	60.26077655470759	56.87818054100515	50.760409922395965	35.972174780172452	31.360284320743176	28.593192503756452	27.417802917367567	25.170431618676645	20.137162181210041	14.792177377307249	9.5815466590831395	4.5787944025545118	-0.17956830054126313	-4.7186845259097892	-9.0853762879888791	-13.328490246825149	-17.49570332463648	-21.637887658308106	-25.831667604606395	-30.242776859781134	-35.432800807200294	I	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	88.288202994244998	74.173189521395713	66.460003909756665	63.003680235086001	56.347692327691846	40.982619544768625	36.380341201641457	33.619980125046659	32.525300806540237	30.613875975948194	25.79259054733031	20.908106388037222	15.683289265510382	10.66074534477665	5.8832427651878803	1.3257654101885799	-3.0584732403215202	-7.3182877409668095	-11.501266021339234	-15.657976028177103	-19.864445586386687	-24.28449503920579	-29.471742055488587	J	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	93.294051172113882	79.179491347034244	71.483370917864406	68.10077490416208	61.983004285552894	47.194769143329438	42.582878683900134	39.815786866913342	38.640397280524532	36.393025981833595	31.359756544366956	26.014771740464198	20.804141022240106	15.801388765711456	11.043026062615695	6.5039098372471642	2.1372180751680787	-2.1058958836681798	-6.2731089614795223	-10.415293295151116	-14.609073241449437	-19.020182496624216	-24.210206444043362	criterion -6 dB	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	-6	criterion -10 dB	1	3	5	7	10	30	50	70	80	100	150	200	250	300	350	400	450	500	550	600	650	700	750	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	-10	Distance (km)

I/N
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1	Overall Consideration of Results of Studies

The attachments to this report represent submissions to JTG, and have not been reviewed in detail or agreed.

Several studies have been carried out with respect to the frequency band 2 900-3 100 MHz.  All of the studies show, based on the parameters provided by the relevant working parties, that within the same geographical area co-frequency operation of mobile broadband systems and radar is not feasible. As a result, globally harmonised usage of the  2 900-3 100 MHz frequency band or a portion thereof by mobile services for the implementation of IMT may not be possible.

Local circumstances, such as; ubiquity of radar deployments and additional mitigation are, when taken together, the single most critical factor as to whether IMT can operate in particular geographic areas.  This report makes no conclusion as to the complexity, practicability or achievability of the applied mitigations as discussed. Those decisions would have to be made at a national level under the current regulatory framework.

Based on the same parameters provided by the relevant working parties, compatibility also cannot be achieved in the same geographic area when operations including frequency offset are considered (i.e., when the occupied bandwidth of the IMT signal and the occupied bandwidth of the radar do not overlap).  However several studies presented showed that compatibility may be achievable subject to a frequency offset and geographic separation if certain mitigation techniques can be implemented including the modification of mobile and radar parameters from those provided by the relevant expert groups within the ITU. This might offer possibilities for the introduction mobile services into the 2 900-3 100 MHz frequency band, with due consideration of the future deployment of radar. It should be noted that those mitigation techniques have not at this point been determined as practical by the expert working parties.  The size of the frequency offset and geographical separation depends on the mitigation technique assumptions made in the studies and the acceptability of those assumptions to an administration and its neighbouring administrations (i.e., those within 800 kilometers, where no mitigation whatsoever, is employed).

It should also be noted that all of the studies which concluded it is feasible to introduce IMT systems in the 2 900-3 100 MHz frequency band require modification of the IMT and radar equipment.  Such studies also suggest segmentation in accordance with ITU-R SM.1132 which may involve replanning radar systems as necessary to remove radars from a portion of the band to provide sufficient spectrum to accommodate the IMT channel plus the frequency offset. Any consideration of radar replanning must take into account that some administrations make use of radars that operate across the band between 2 900-3 100 MHz.
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Attachment 1

Co-existence of mobile broadband systems and radars in
the frequency band 2 900-3 100 MHz

1	Introduction

This initial study investigates, based on the relevant ITU-R Recommendations where necessary supplemented by other freely available data, the potential for introducing mobile broadband systems, with respect to WRC-15 agenda item 1.1, into the frequency bands 2 900–3 100 MHz 

This update includes maritime radar analysis using Recommendation ITU-R P.452 propagation model.

2	Background

The frequency band 2 900-3 100 MHz is allocated on a primary basis to the radiolocation and radionavigation service on a primary basis and is used various radar systems. Footnote RR No. 5.426 limits aeronautical radionavigation use, in this band, to ground based.

3	References/Study Work 

The technical characteristics under consideration are taken from ITU-R Recommendations: 

– 	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain. 

– 	Recommendation ITU-R M.1460 Technical and operational characteristics and protection criteria of radiodetermination radars in the 2 900-3 100 MHz band. 

– 	Recommendation ITU-R M.1461-1 – Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services. 

–	Recommendation ITU-R M.1464-1 – Characteristics of radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700-2 900 MHz.

– 	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain. 

– 	Recommendation ITU-R M.1849 – Technical and operational aspects of ground-based meteorological radars. 

– 	Recommendation ITU-R M.1851 – Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses. 

– 	Recommendation ITU-R  P.452-14 - Prediction procedure for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz

Characteristics of the mobile broadband systems are based on those for IMT systems operating in the frequency range 2 500-2 690 MHz as contained in: 

– 	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain. 

– 	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain. 

– 	Recommendation ITU-R F.1336-2 – Reference radiation patterns of omnidirectional, sectorial and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz. 

– 	Report ITU-R M.2039-2 – Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses. 

4	Technical characteristics

Radar

The frequency band 2 900-3 100 MHz is used by different types of radars evenly accommodated in the whole band. Characteristics of those radars may be found in Recommendations ITU-R M.1460 and ITU-R M.1464. Tables 1 to 4 below shows extracted from those Recommendations technical characteristics of aeronautical radionavigation radars and meteorological radars. Table 2 presents technical characteristics of Government[footnoteRef:1] radiolocation radars reflected in the above Recommendations ITU-R. Tables 3 and 4 contains technical characteristics of ship-borne and land-based radiolocation radars as extracted from Recommendation ITU-R M.1460. The above mentioned technical characteristics were used for calculations. [1:  The term Government is used here and throughout the document. However it should be recognised that a number of the ITU-R Recommendations referenced in the documented studies, use an alternative term to indicate Government use.] 


TABLE 1

Technical characteristic of aeronautical radionavigation radars and meteorological
radars operating in the frequency band 2 700-3 100 MHz 
(as described in Recommendation ITU-R М.1464)

		

		Aeronautical radionavigation radars 

		Meteorological radars 



		Type

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar G
M.1849 Radar-1

		Radar H
M.1849 Radar-2



		Operation frequency range, MHz

		2 700 - 3 100

		2 700-3 000

		2 700-2 900



		Receiver gain, Grec, dBi

		33.5

		33.5

		34

		34.3

		33.5

		45.7

		38.0



		Receiver noise figure, NF, dB

		4

		4

		3.3

		2.1

		2.0

		 2.1

		 9



		Receiver pass band, F, kHz

		5 000

		653

		15 000

		1 200

		4 000

		630 

		500



		Protection criterion, I/N, dB

		-10








TABLE 2

Technical characteristic of generic military radiolocation radars 
operating in the frequency band 2 700-3 400 MHz
(as described in Recommendation ITU-R М.1464) 

		Type

		Radar I

		Radar J



		Operation frequency range, MHz

		2 700-3 100

		2 700-3 100



		Receiver gain, Grec, dBi

		33.5

		40



		Receiver noise figure, NF, dB

		2

		1.5



		Receiver pass band, F, kHz

		3 500

		10 000



		Protection criterion, I/N, dB

		-6





TABLE 3

Technical characteristics of ship-borne radiolocation radars and land-based radiolocation radars
operating in the frequency band 2 900-3 100 MHz 
(as described in Recommendation ITU-R M.1460)

		

		Ship-borne
radiolocation radars

		Land-based radiolocation radars 



		Type

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Operation frequency range, MHz

		2 910-3 100.5

		2 905-3 080

		2 901.5-3 098.4

		2 900-3 100



		Receiver gain, Grec, dBi

		37

		41

		38

		36.7



		Receiver noise figure, NF, dB

		–

		–

		–

		–



		Receiver noise temperature, Tn, К

		–

		–

		–

		–



		Receiver pass band F, kHz

		500

		350

		1 600

		1 100



		Noise level, dBm

		–109

		–116

		–105

		–105



		Protection criterion, I/N, 

		–6








Radar details from the latest revision of Rec. ITU-R M.1460:

TABLE 4

Characteristics of shipborne radiolocation radars operating in the frequency band 2 900‑3 100 MHz

		Characteristics

		Units

		Radar No. 3

		Radar No 3A

		Radar No. 3B



		Overall tuning range

		MHz

		2 910-3 100.5

		2 900-3 100

		2900- 3100



		Antenna gain

		dBi

		37

		40

		27.5



		Antenna beamwidths

		degrees

		Azimuth: 1.9
Elevation: 2.25

		Azimuth: 1.1 to 5.0

		2 in Azimuth
26.5 in Elevation



		Rx IF bandwidth

		MHz

		Long-range: 0.080
High-angle: 0.174
High-data-rate and MTI: 0.348

		10-30

		15, 0.3, and 0.045





Mobile broadband systems

The third JTG 4-5-6-7 meeting discussed technical characteristics of IMT systems in different frequency bands. Those characteristics compiled by WP 5D were presented in Document 4‑5‑6‑7/236. The document was used for preparing Annex 2 to JTG 4-5-6-7 Chairman’s Report (Document 4-5-6-7/242) which contained technical and operational characteristics presented by relevant ITU-R Working Parties for using in studies related to feasibility of compatibility and frequency sharing. 

We note that Recommendation ITU-R M.1580-4 and 3GPP TS 36.104 contain emission limits for certain frequency ranges that are substantially below the generic spurious emissions limit of ‑30dBm/MHz. It is likely that a similar reduction would be feasible for the 2 700‑2 900 MHz frequency band, which would improve coexistence.

It should be noted that in case of parameters having a range of values, ‘typical’ values should be used in sharing studies, where applicable.

Table A

IMT-Advanced specification-related parameters

		

		IMT-Advanced



		

		Duplex mode

		FDD

		TDD



		No.

		Parameter

		Base station

		Mobile station

		Base station

		Mobile station



		1

		Channel bandwidth (MHz)(1)

		1.4, 3, 5, 10, 15 and 20

		1.4, 3, 5, 10, 15 and 20



		2

		Signal bandwidth (MHZ)(1)

		1.08, 2.7, 4.5, 9, 13.5 and 18

		1.08, 2.7, 4.5, 9, 13.5 and 18



		3

		Transmitter characteristics

		

		

		

		



		3.3

		Power dynamic Range (dB)

		(2)

		63(18)

		(2)

		63(18)



		

		Polarization discrimination (dB)

		3(19)

		0

		3(19)

		0



		3.4

		Spectral mask

		(3) (17)

		(4) (17)

		(3) (17)

		(4) (17)



		3.5

		ACLR

		(5)(17)

		(6)(17)

		(5)(17)

		(6) (17)



		3.6

		Maximum output power

		(7)

		(8)

		(7)

		(8)



		3.7

		Spurious emissions

		(15), (17)

		(16), (17)

		(15), (17)

		(16), (17)



		4

		Receiver characteristics

		

		

		

		



		4.1

		Noise Figure

		5 dB

		9 dB

		5 dB

		9 dB



		4.2

		Sensitivity

		(9)

		(10)

		(9)

		(10)



		4.3

		Blocking response

		(11)

		(12)

		(11)

		(12)



		4.4

		ACS

		(13)

		(14)

		(13)

		(14)





Notes to the table

(1)	See 3GPP Document TS 36.101 v.11.2.0, §5.6. Signal bandwidth in MHz corresponds to “Transmission bandwidth configuration*0.180”.

(2)	See 3GPP Document TS 36.104 v.11.2.0, § 6.3.2.1.

(3)	See 3GPP Document: TS 36 104 v 11.2.0, § 6.6.3.

(4)	See 3GPP Document: TS 36 101 v 11.2.0, § 6.6.2.1, 6.6.2.1A, 6.6.2.2 and 6.6.2.2A describe UE spectrum emissions masks for different channel bandwidths. In case multiple UEs are transmitting simultaneously on the same carrier they will share the available radio blocks. As the actual transmission bandwidth is thus decreased the unwanted emissions performance might be improved. This may be taken into account during sharing analysis when measurements or detailed models are available.

(5)	See 3GPP Document TS 36.104 v.11.2.0, § 6.6.2.

(6)	See 3GPP Document TS 36.101 v.11.2.0, § 6.6.2.3.

(7)	See 3GPP Document TS 36.104 v.11.2.0, § 6.2.

(8)	See 3GPP Document TS 36.101 v.11.2.0, § 6.2.

(9)	See 3GPP Document TS 36.104 v.11.2.0, § 7.2.

(10)	See 3GPP Document TS 36.101 v.11.2.0, § 7.3.

(11)	See 3GPP Document TS 36.104 v.11.2.0, § 7.6.

(12)	See 3GPP Document TS 36.101 v.11.2.0, § 7.6 and § 7.7.

(13)	See 3GPP Document TS 36.104 v.11.2.0, § 7.5.

(14)	See 3GPP Document TS 36.101 v.11.2.0, § 7.5.

(15)	See 3GPP Document TS 36.104 v.11.2.0, § 6.6.4.

(16)	See 3GPP Document TS 36.101 v.11.2.0, § 6.6.3.

(17)	These unwanted emission limits are the upper limits from SDO specifications for laboratory testing with maximum transmitting power. It is assumed that when the in-band transmitting power is reduced by x dB through power control, the unwanted emission levels would be reduced by x dB in consequence in the coexistence simulations.

(18)	See 3GPP Document TS 36.101 v.11.2.0, § 6.3.

(19)	Typically base stations today use cross-polarized antennas (two sets of dipoles slanted at ±45° against the horizontal plane), usually transmitting on one of the two polarisation paths (either +45° or −45° for a given frequency) whilst receiving on both paths (to achieve polarisation diversity). Such signals provide an isolation of 3 dB against both horizontally and vertically polarized signals (e.g. DVB-T signals) due to 
cross-polarisation discrimination.

Table B 

Deployment-related parameters for bands between 1 and 3 GHz

		

		Macro rural

		Macro suburban

		Macro
urban

		 Small cell outdoor / Micro urban

		 Small cell indoor / Indoor urban



		Base station characteristics / Cell structure

		

		

		

		

		



		Cell radius / Deployment density (for bands between 1 and 
2 GHz)

		> 3 km
(typical figure to be used in sharing studies 5 km)

		0.5-3 km
(typical figure to be used in sharing studies 1 km)

		0.25-1 km

(typical figure to be used in sharing studies 0.5 km)

		1-3 per urban macro cell[footnoteRef:2] [2:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 


<1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Cell radius / Deployment density (for bands between 2 and 
3 GHz)

		> 2 km
(typical figure to be used in sharing studies 4 km)

		0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)

		0.2-0.8 km

(typical figure to be used in sharing studies 0.4 km)

		1-3 per urban macro cell4

<1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Antenna height

		30 m

		30 m (1-2 GHz)

25 m (2-3 GHz)

		25 m (1-2 GHz)

20 m 2-3 GHz)

		6 m

		3 m



		Sectorization

		3-sectors

		3-sectors

		3-sectors

		single sector

		single sector



		Downtilt

		3 degrees

		6 degrees

		10 degrees

		n.a.

		n.a.



		Frequency reuse[footnoteRef:3] [3:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 


		1

		1

		1

		1

		1



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” section)

ka = 0.7

kp = 0.7

kh = 0.7

kv = 0.3



Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336

omni





		Antenna polarization

		linear / +- 45 degrees

		linear / +- 45 degrees

		linear / +- 45 degrees

		linear

		Linear



		Indoor base station deployment

		n.a.

		n.a.

		n.a.

		n.a.

		100 %



		

		Macro rural

		Macro suburban

		Macro
urban

		Small cell outdoor / Micro urban

		Small cell indoor / Indoor urban



		Base station characteristics / Cell structure

		

		

		

		

		



		Indoor base station penetration loss

		n.a.

		n.a.

		n.a.

		n.a.

		20 dB (horizontal)

P.1238, Table 3 (vertical)



		Below rooftop base station antenna deployment

		0 %

		0 %

		30 % (1-2 GHz)

50 % (2-3 GHz)

		100 %

		n.a.



		Feeder loss

		3 dB

		3 dB

		3 dB

		n.a

		n.a



		Maximum base station output power (5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm

		43/46/46 dBm

		35 dBm

		24 dBm



		Maximum base station antenna gain

		18 dBi

		16 dBi

		16 dBi

		5 dBi

		0 dBi



		Maximum base station output power (e.i.r.p.)

		58/61/61 dBm

		56/59/59 dBm

		56/59/59 dBm

		40 dBm

		24 dBm



		Average base station activity

		50 %

		50 %

		50%

		50 %

		50 %



		Average base station power/sector 

		55/58/58 dBm

		53/56/56 dBm

		53/56/56 dBm

		37 dBm

		21 dBm







3.2.3	User equipment characteristics

		User terminal characteristics

		Macro rural environment

		Macro suburban environment

		Macro urban environment

		Small cell outdoor/micro urban environment

		Small cell indoor/indoor urban environment



		Indoor user terminal usage

		50 %

		70 %

		70 %

		70 %

		100%



		Indoor user terminal penetration loss

		15 dB

		20 dB

		20 dB

		20 dB

		20 dB



		User terminal density in active mode

		0.17 / 5MHz/km2

		2.16 / 5MHz/km2

		3 / 5MHz/km2

		3 / 5MHz/km2

		depending on indoor coverage/ capacity demand



		Maximum user terminal output power

		23 dBm

		23 dBm

		23 dBm

		23 dBm

		23 dBm



		Average user terminal output power[footnoteRef:4] [4:  	According to JTG5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 


		2 dBm

		–9 dBm

		–9 dBm

		9 dBm

		–9 dBm



		Typical antenna gain for user terminals

		–3 dBi

		–3 dBi

		–3 dBi

		–3 dBi

		–3 dBi



		Body loss –

		4 dB

		4 dB

		4 dB

		4 dB

		4 dB





5	Analysis

Editorial note: The following single interferer/victim scenarios for both co and adjacent channel situations are proposed to be studied:

–	mobile base station impact on radar;

–	mobile user equipment impact on radar;

–	radar impact on mobile base station;

–	radar impact on mobile user equipment.

The applied protection criteria and radar parameters, if not specified in section 3, and other assumptions should be contained in the sections containing the specific sections.

Main body: Assumption, methodology and summary of results,

Shown in Tables 1 – 3 characteristics of radar receivers were used for estimating an acceptable interference level at radar receiver front end. The acceptable interference level was calculated using the following equation: 



,



where 	 - acceptable level of noise at receiver front end, dBW;



		 - acceptable interference-to-noise ratio, dB; 



		 - Boltzmann constant;



		 - receiver noise temperature, К;

		NF – receiver noise figure, dB;



		 - receiver passband, Hz.

The obtained value of acceptable noise level was used for estimating acceptable interference field strength based on the following equation: 

The evaluation of the field strength, Eacc, is necessary because propagation model Recommendation  ITU-R P.1546 requires it.  It is recommend that Eacc Equation may be replaced with NTIA TM 10-469 Equation 21 or Equation 40 of Recommendation ITU-R P.1546-5.



,



where 	 - acceptable level of interference field strength, dB(µV/m);



	 - radar antenna gain in a receiving mode, dB; 

	 - operation wavelength, m. 

Estimated values of acceptable interference power and associated values of maximum admitted interference field strength for the radar types under consideration are shown in Tables 5 - 7.

TABLE 5

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
without accounting tropospheric scattering 

		

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar GM.1849 Radar-1

		Radar H
M.1849 Radar-2



		Receiver noise temperature, Tn, К

		438

		438

		330

		180

		170

		180

		2014



		Receiver thermal noise, dBW 

		–135

		–144

		–132

		–145

		–140

		–148

		–139



		Acceptable interference power, dBW 

		–145

		–154

		–142

		–155

		–150

		–158

		–149



		Acceptable interference field strength, dB(µV/m) 

		–5.9

		–14.7

		–2.8

		–16.7

		–11.0

		–30.9

		–13.7



		

		Protection distances



		Interference bandwidth, MHz

		5; 10



		

, dBW

		25.0

		16.2

		25.0

		18.8

		24.0

		16.0

		15.0



		

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar GM.1849 Radar-1

		Radar H
M.1849 Radar-2



		Land path, km

		193

		193

		165

		231

		227

		[>324]

		[172]*



		Sea path, km

		572

		572

		534

		631

		624

		[>773]

		[545]*



		Interference bandwidth, MHz

		20



		

, dBW

		22.0

		13.1

		22.0

		15.8

		21.0

		13.0

		12.0



		Land path, km

		165

		165

		139

		204

		203

		[>299]

		[144]*



		Sea path, km

		526

		523

		506

		589

		586

		[>728]

		[509]*





[Note *: The separation distances for Radars G and H have not been confirmed at this time and need further evaluation]

TABLE 6

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
without accounting tropospheric scattering

		

		Radar I

		Radar J



		Receiver noise temperature, Tn, К

		170

		120



		Receiver thermal noise, dBW 

		–141

		–138



		Acceptable interference power, dBW 

		–147

		–144



		Acceptable interference field strength, dB(µV/m) 

		–7.5

		–11.0



		

		Protection distances



		Interference bandwidth, MHz

		5



		

, dBW

		23.5

		25.0



		Land path, km

		194

		236



		Sea path, km

		572

		637



		Interference bandwidth, MHz

		10



		

, dBW

		23.4

		28.0



		Land path, km

		193

		262



		Sea path, km

		572

		678



		Interference bandwidth, MHz

		20



		

, dBW

		20.4

		25.0



		Land path, km

		165

		236



		Sea path, km

		534

		637





TABLE 7

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
without accounting tropospheric scattering

		

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Receiver thermal noise, dBW 

		–139

		–140

		–135

		–135



		Acceptable interference power, dBW 

		–145

		–146

		–141

		–141



		Acceptable interference field strength, dB(µV/m) 

		–9.2

		–14.2

		–6.2

		–4.9



		

		Protection distances



		Interference bandwidth, MHz 

		5; 10



		

, dBW

		15.0

		13.5

		20.1

		18.4



		Land path, km

		168

		164

		151

		123



		Sea path, km

		500

		532

		513

		478



		Interference bandwidth, MHz 

		20



		

, dBW

		12.0

		10.4

		17.0

		15.4



		Land path, km

		108

		135

		122

		99



		Sea path, km

		454

		493

		480

		435





The technical characteristics of IMT stations presented in Table 4 were used for estimating the minimum separation distances for protection of radar receivers from interference caused by base stations of potential IMT systems. The protection distances for the radars were estimated in relation to IMT systems operating with signals of 5 MHz, 10 MHz and 20 MHz bandwidth.

Therewith it was taken into consideration that in most cases operational receiver passband of considered radars was narrower as compared with IMT base station frequency band. Therefore interference estimation used an effective IMT station e.i.r.p. value calculated on the basis of the following equation:



,

where



 - effective interference e.i.r.p., dBW;



		 - IMT transmitter output power, dBW;



		 - IMT transmitter gain, dB;



		 - radar receiver operational passband, MHz;



		 - IMT transmitter operational bandwidth, MHz.

Estimated values for effective interference e.i.r.p. in the bandwidth of 5 MHz, 10 MHz and 
20 MHz are shown in Tables 5-7.

Estimation of interference to ground-based radar receivers used a radiowave propagation model reflected in Recommendation ITU-R Р.1546. The required protection distances were estimated for 10% of time and for 50% of locations for land and sea radio paths. The estimation assumed that ground radar antenna altitude was 10 metres. The results of protection distance estimation are shown in Tables 5-7.

Note that Recommendation  ITU-R P.1546 “Method for point-to-area predictions for terrestrial services in the frequency range 30 MHz to 3 000 MHz” recommends that the procedures given in Annexes 1 to 8 should be used for point-to-area prediction of field strength for the broadcasting, land mobile, maritime mobile and certain fixed services (e.g. those employing point-to-multipoint (P-MP) systems) in the frequency range 30 MHz to 3 000 MHz and for the distance range 1 km to 1 000 km. Recommendation  ITU-R P.1546 is used to give guidance to engineers in the planning of terrestrial radiocommunication services in the VHF and UHF bands.Recommendation  ITU-R P.1546 may not be valid for frequencies above 3 000 MHz. 

Also note that Recommendation  ITU-R P.1546 is intended for area problems, such as broadcasting and mobile, where the receiver locations may not be fixed, or may be unknown, while Recommendation  ITU-R P.452 is intended for point-to point problems such as interference into a Radar station where the receiver location is known.

The results obtained show that the required protection distance related to interference of 5 MHz and 10 MHz bandwidth would vary from 123 to 324 kilometres for a land path and from 478 to 773 kilometres for a sea path. The values for interference of 20 MHz bandwidth would be less but even in that case the minimum protection distance would be 99 kilometres for a land path and 435 kilometres for a sea path.

It is worth mentioning that the protection distances shown in Tables 5-7 were estimated without accounting for tropospheric scattering therefore they would not provide a complete protection for radar systems from the interference concerned. Tables 8 - 10 below reflect the protection distance estimates accounting the tropospheric scattering.

TABLE 8

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
accounting tropospheric scattering

		

		Radar A

		Radar B

		Radar C

		Radar E

		Radar F

		Radar G
M.1849 Radar-1

		Radar H
M.1849 Radar-2



		Receiver noise temperature, Tn, К

		438

		438

		330

		180

		170

		180

		2014



		Receiver thermal noise, dBW 

		–135

		–144

		–132

		–145

		–140

		–148

		–139



		Acceptable interference power, dBW 

		–145

		–154

		–142

		–155

		–150

		–158

		–149



		Acceptable interference field strength, dB(µV/m) 

		–5.9

		–14.7

		–2.8

		–16.7

		–11.0

		–30.9

		–13.7



		

		Protection distances



		Interference bandwidth, MHz

		5; 10



		

, dBW

		25.0

		16.2

		25.0

		18.8

		24.0

		16.0

		15.0



		Land path, km

		257

		256

		227

		303

		298

		[415]

		[234]*



		Sea path, km

		582

		582

		542

		642

		635

		[783]

		[550]*



		Interference bandwidth, MHz

		20



		

, dBW

		22.0

		13.1

		22.0

		15.8

		21.0

		13.0

		12.0



		Land path, km

		228

		228

		200

		273

		268

		[385]

		[209]*



		Sea path, km

		544

		535

		508

		604

		596

		[754]

		[518]*





[Note *: The separation distances for Radars G and H have not been confirmed at this time and need further evaluation]



TABLE 9

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
accounting tropospheric scattering

		

		Radar I

		Radar J



		Receiver thermal noise, dBW 

		170

		120



		Acceptable interference power, dBW 

		–141

		–138



		Acceptable interference field strength, dB(µV/m) 

		–147

		–144



		Receiver thermal noise, dBW 

		–7.5

		–11.0



		

		Protection distances



		Interference band width, MHz

		5



		

, dBW

		23.5

		25.0



		Land path, km

		258

		308



		Sea path, km

		583

		648



		Interference band width, MHz

		10



		

, dBW

		23.4

		28.0



		Land path, km

		257

		339



		Sea path, km

		582

		687



		Interference band width, MHz

		20



		

, dBW

		20.4

		25.0



		Land path, km

		228

		308



		Sea path, km

		544

		648





TABLE 10

Estimates of protection distances for radars operating in the frequency band 2 700-3 100 MHz
accounting tropospheric scattering

		

		Radar No. 1

		Radar No. 4

		Radar No. 5

		Radar No. 6



		Receiver thermal noise, dBW 

		–139

		–140

		–135

		–135



		Acceptable interference power, dBW 

		–145

		–146

		–141

		–141



		Acceptable interference field strength, dB(µV/m) 

		–9.2

		–14.2

		–6.2

		–4.9



		

		Protection distances



		Interference bandwidth, MHz 

		5; 10



		

, dBW

		15.0

		13.5

		20.1

		18.4



		Land path, km

		195

		227

		214

		187



		Sea path, km

		500

		542

		524

		488



		Interference bandwidth, MHz

		20



		

, dBW

		12.0

		10.4

		17.0

		15.4



		Land path, km

		169

		198

		186

		162



		Sea path, km

		464

		504

		488

		454





Analysis of data presented in Tables 8 – 10 shows that accounting for the tropospheric scattering results in significant increasing of the required protection distances. As for interference of 
5 MHz and 10 MHz bandwidth the required protection distance would be from 187 to 415 kilometres for a land radio path and from 488 to 783 kilometres for a sea path. For interference of 20 MHz bandwidth the values of protection distances would be reduced. However in that case the required protection distance would be of 162 kilometres for a land radio path and of 754 kilometres for a sea path.

The results shown in Tables 8 - 10 were obtained assuming a cold sea radio path. Consideration of a warm sea radio path would result in ever increased protection distances.

The above presented results were obtained assuming single-source interference effect on a radar receiver. But since the beam width of radar antenna patterns features a finite value the pattern main lobe could be affected by emissions from several IMT interferers located at different distances from the radar receiver considered. 

[Annexes with detailed study]Additional Results obtained using Recommendation ITU-R P.452

The modelling parameters for Recommendation  ITU-R P.452 propagation model are as follows:

· The path loss will be calculated using Recommendation ITU-R P.452.

· The model predicts signal levels exceeded for a given percentage of time, the assessment will use a set time percentage of 0.1%, 1%, 10% and 20%.

· Predictions are based on the terrain profile and clutter along the path. In this case 1 km terrain data resolution is used.

The analysis was conducted for Maritime radar 3B located in the Gulf of Mexico USA.  The 
1 km resolution terrain profile in this area is typical of low rolling hills and flat environment.  The results are shown in the following figures A to P.  In the figures, the areas represented by the orange color indicate that the radar protection criteria, I/N= -6 dB, is exceeded.  The results are obtained from only one base station using either 5 MHz or 20 MHz transmitter bandwidths.  The results of aggregate multiple base stations and or mobile stations was not considered in this study.

Summary of Results using Recommendation ITU-R P.452

The results show that large separation distances in the order of 72 km to 450 km are required to prevent interference from one macro suburban or one macro ruler base stations into maritime radar depending on the probability value that is used in Recommendation ITU-R P.452.  Therefore, it is concluded that co-frequency sharing between the two applications is not possible in areas close to navigation routes and bodies of water where maritime radars operate.  In addition this frequency band is heavily used by IMO navigation radars worldwide.  Note that in this analysis, the radar antenna gain was reduced by 3 dB to account for having the antenna pattern 3 dB level intersect the ground.

Figure A

5 MHz Macro suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=0.1%

[image: ]

Figure B

5 MHz Macro suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=1.0%

[image: ]

Figure C

5 MHz Macro suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=10.0%
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Figure D

5 MHz Macro suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=20.0%
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Figure E

5 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=0.10%
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Figure F

5 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=1.0%
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Figure G

5 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=10.0%
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Figure H

5 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=20.0%
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Figure I

20 MHz Macro Suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=0.10%
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Figure J

20 MHz Macro Suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=1.0%
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Figure K

20 MHz Macro Suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=10.0%
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Figure L

20 MHz Macro Suburban Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=20.0%
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Figure M

20 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=0.10%
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Figure N

20 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=1.0%
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Figure O

20 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=10.0%
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Figure P

20 MHz Macro Rural Base Station Interfering with Maritime Radar 3B,
Recommendation ITU-R P.452 P=20.0%
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TABLE 11

Summary of Estimates of protection distances for radars operating in the
frequency band 2 700-3 100 MHz employing Recommendation ITU-R P.452

		ITU-R P.452
Probability 
(%)

		Base Station
Bandwidth
(MHz)

		Suburban Base Station
Separation Distance
to Protect Maritime Radar
(km)

		Rural Base Station
Separation Distance
to Protect Maritime Radar
(km)



		0.1

		5

		405

		450



		1.0

		

		295

		324



		10.0

		

		136

		165



		20.0

		

		72

		85



		0.1

		20

		409

		454



		1.0

		

		305

		357



		10.0

		

		134

		164



		20.0

		

		74

		87





6	Conclusion

Analysis of the obtained results shows that providing protection for radars operating in the frequency bands 2 900-3 100 MHz may require large separation distances. Considering the global nature of radiolocation service allocations a conclusion could be drawn that sharing between IMT stations and the mentioned radars in the frequency bands 2 900-3 100 MHz would be difficult and challenging to implement 

Based on the above it is proposed to exclude the frequency bands 2 900-3 100 MHz from consideration as a candidate for satisfying WRC-15 agenda item 1.1. 








ATTACHMENT 2

Sharing between IMT-Advanced and radiodetermination systems
in the band 2 900-3 100 MHz

1	Introduction

The World Radio Conference 2015 agenda item 1.1 seeks to identify additional spectrum for the mobile service to meet the forecast increase in capacity demand for mobile broadband systems to 2020 and beyond.  One of the frequency bands of interest is the 2 700-3 100 MHz band, which is currently allocated to Radionavigation and radiolocation services.

In some countries, there is minimal usage of the band 2 700-3 100 MHz by radiodetermination services - prompting administrations to explore opportunities for other services such as wireless broadband systems including IMT to better exploit the band (or some portion of it) toward further facilitating national economic growth and development.

A contribution (Document 4-5-6-7/130) to a previous meeting of JTG 4-5-6-7 illustrated the opportunities for segmentation of the band 2 700-3 100 MHz, based on studies submitted to ITU-R Working Party 5B (Document 5B/101) and included in the Chairman’s Report (see Document 5B/167 Annex 29) that demonstrated the potential for improved usage efficiency throughout this band.  See Annex 1 attached for illustration of several alternative structural options.

This contribution builds on preliminary studies (Document 4-5-6-7/277) submitted to the last meeting of JTG 4-5-6-7 and presents more detailed technical sharing studies that investigate the minimum necessary frequency and geographic separation necessary to protect ship-borne maritime and coastal surveillance radars and from unacceptable interference caused by emissions of IMT‑Advanced fixed and mobile stations.

The more detailed studies reported in this contribution have focused on modelling adjacent-channel operating scenarios to illustrate the potential of alternative approaches:

i)	Local segmentation of the band (per Rec. ITU-R SM.1132) to accommodate IMT-Advanced systems in one segment and incumbent systems in an adjacent segment; or

ii)	co-ordinated sharing of the band by IMT-Advanced systems and existing incumbent systems, through a combination of frequency and geographic separation.

In particular, it is highlighted that only IMT downlink usage of the band 2 900-3 100 MHz is envisaged in this study.  Therefore, only IMT base-station interference to radars is considered.

The results of these studies also suggest a possible basis for initiating cross-border co-ordination discussions enabling administrations to ensure both sufficient protection of incumbent systems and efficient usage of the radiofrequency spectrum resources.

2	Background

In Article 5 of the International Radio Regulations (RRs), the frequency band 2 900-3 100 MHz is currently allocated to the Radiolocation and Radionavigation Services (RLS and RNS) for maritime radar applications, as well as ground-based aeronautical radars under RR No. 5.426.

The technical characteristics for the RLS, RNS and IMT systems were derived from the Compilation of Material maintained by the Joint Task Group 4-5-6-7 Working Groups, Annex 2 to the JTG 4-5-6-7 Chairman’s Report of the 3rd Meeting (Document 4-5-6-7/242).




In addition, reference was also made to relevant ITU-R Recommendations, including:

•	Recommendation ITU-R SM.329-10 – Unwanted emissions in the spurious domain.

•	Recommendation ITU-R M.1460-1 – Technical and operational characteristics and protection criteria of radiodetermination radars in the 2 900-3 100 MHz band.

•	Recommendation ITU-R M.1461-1 – Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services.

•	Recommendation ITU-R SM.1541-4 – Unwanted emissions in the out-of band domain.

•	Recommendation ITU-R M.1851, – Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

Where parameter values were not available in the above reference sources, supplementary references highlighted by previous contributions were also consulted, including:

•	Ofcom Report AY4051, – The Report of an Investigation into the Characteristics, Operation and Protection Requirements of Civil Aeronautical and Civil Maritime Radar Systems.

Similar to other studies, and to explore the sensitivity of results to potential performance improvement of certain parameters, additional sensitivity analysis is undertaken using selectively adjusted parameter values as noted in the results.

The radio propagation environments were modelled in accordance with the recent liaison advice from Working Parties 3K and 3M (Document 4-5-6-7/141) along with relevant ITU-R documents and Recommendations:

•	Revision 1 to ITU-R Document 3/39 – concerning recent modifications to Recommendation ITU-R P.1546.

•	Recommendation ITU-R P.452-12 – Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above about 0.7 GHz.

•	Recommendation ITU-R P.525-2 – Calculation of free-space attenuation.

3	Technical characteristics

Recommendation ITU-R M.1460 identifies Radar Nos. 2 and 3 as representative of contemporary ship-borne radiolocation radars, and Radar Nos. 5 and 6 as representative of modern land-based radiolocation radars.  While Radars 2 and 3 are similar, Radar 2 operates at higher peak power.  Further, while Radars 5 and 6 are similar in performance, Radar 5 has slightly wider emission bandwidth.  Annex 3 to Recommendation ITU-R M.1460 also provides a brief summary of ship-borne radionavigation radars.  Therefore, the following technical characteristics have been assumed for radar systems in these studies:




TABLE 1

Radar Systems technical characteristics

		Parameter

		Units

		RLS System 2

		RLS System 5

		Ship-borne RNS



		Receiver

		

		

		

		



		Noise figure

		dB

		[4]

		[4]

		5



		RF bandwidth

		MHz

		200

		200

		-



		IF bandwidth

		MHz

		0.35

		1.6

		2.5/6/28



		Target I/N

		dB

		-6

		-6

		-8



		Min sensitivity

		dBm

		-109

		-105

		[105]



		Antenna

		

		

		

		



		Pattern type

		-

		Vertical step-scan

		Vertical step-scan

		Rotational sweep



		Polarisation

		-

		Horizontal

		Vertical

		[horizontal]



		Boresight Gain

		dBi

		38.5

		Tx: 34.5

Rx: 38

		28/26



		Azimuth beamwidth

		degrees

		1.5

		1.1

		4.0/1.0



		Vertical beamwidth*

		degrees

		-

		-

		30



		1st side-lobe suppression

		dB

		25

		25

		32



		Nominal height (AGL/ASL)

		m

		[15]

		[15]

		[15]





Values shown in […] are assumptions due to absence of specification data.

*NOTE: For low-elevation (<3° above horizon) beam pointing, the vertical illumination patterns are assumed to be similar to the cosecant2 patterns defined in Recommendation ITU-R M.1851 Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses.

As noted above, previous contributions to the JTG 4-5-6-7 in relation to the 2 900-3 100 MHz band have proposed that only IMT downlink usage of this band is envisaged, based on the potential for rationalisation and consolidation of existing radiodetermination services in the broader 2 700-
3 100 MHz band.  Thus, this contribution only investigates the potential for IMT base-station emissions impacting on radar receivers – and the following technical characteristics have been assumed for IMT-Advanced base-stations:




TABLE 2

IMT-Advanced technical characteristics

		Parameter

		Units

		Base Station



		Antenna Type

		-

		65° sector



		Antenna Gain

		dBi

		Rural: 18

Suburban: 16

Urban: 16



		Feeder Loss

		dB

		3



		Antenna elevation

		m (AGL)

		Rural: 30

Suburban: 25

Urban: 20



		Cell radius

		km

		Rural: 4

Suburban: 0.8

Urban: 0.4



		Antenna down-tilt

		degrees

		Rural: 3

Suburban: 6

Urban: 10



		Typical body loss

		dB

		-



		User terminal density (in active mode)

		Users/5MHz/km2

		-



		Transmitter *

		

		



		Maximum Tx Power

		dBm

		43



		Dynamic Power Control

		-

		No



		Max Tx EIRP

		dBm

		58



		Channel bandwidth

		MHz

		10



		Average activity factor

		%

		50





* Applicable to the case of 10 MHz IMT-Advanced channel.

The out-of-band (OOB) and spurious emission characteristics of IMT base-station transmitters are based on the maximum mask specified in the 3GPP technical specification series 36 (TS 36).  Commercial IMT products typically offer significantly better performance[footnoteRef:5] than 3GPP requirements – noting that earliest practical date of launch of IMT services in this band is unlikely before end-2017.  However, for the purposes of studies reported in this contribution, the following out-of-band (OOB) and spurious emission mask for IMT user devices is assumed: [5:  Recent (2012) vendor contributions to CEPT have already indicated considerably better OOB and spurious emissions performance by IMT equipment than is currently specified by 3GPP TS 36.104.] 





TABLE 3

IMT base-station OOB and spurious emission limits

		Parameter

		Units

		Value

		Notes



		IMT Base-stations – for 5, 10, 15 and 20 MHz channel bandwidths (3GPP TS 36.104)



		OOB emissions

		dBm/MHz

		-15

		Category B - for frequency separation of up to 10 MHz from channel edge above and below operating band



		Spurious emissions

		dBm/MHz

		-30

		Category B – except for OOB emission region noted above, in the range 1-12.75 GHz





4	Analysis

As noted above, the studies reported in this contribution have focused on adjacent channel sharing, in support of administrations considering to review the efficiency of current usage of the band 2 700-3 100 MHz by radiodetermination services in their own country.  While the deployment of radar systems may be widespread in some countries, other countries have deployed few such systems (or none, in some cases) in this band – and, in the latter case, administrations are exploring the possibility for greater utilisation of the band 2 700-3 100 MHz (in particular, by IMT-Advanced systems) in an effort to facilitate further national economic growth and development.

4.1	Approach

As noted above, only the impact of IMT downlink emissions on radar receivers is evaluated in this contribution, reflecting the proposed FDD structure shown in Annex 1.

Two modes of interference should be evaluated to fully assess impact on a radar system:

•	In-band interference to the radar – due to out-of-band and spurious emissions of IMT base-station transmitter falling within the radar receiver IF bandwidths; and

•	Out-of-band interference to the radar – due to high-level emissions within the assigned IMT channel from a nearby base-station transmitter which saturates the radar receiver causing input gain compression.

No information is available in relation to radar receiver selectivity performance, so evaluation of the second mode is subject to various assumptions concerning likely radar performance.

4.1.1	In-band interference to the radar

Since IMT base stations are stationary, evaluation of the downlink scenario is achieved using a relatively simple three-stage minimum coupling loss approach:

1)	Calculate the maximum allowable interfering level at the radar, based on the radar technical characteristics and minimum I/N protection criteria:

Pint = -174 +NF +I/N +10 log10106 dBm / MHz

where:

	Pint = 	received power spectral density;

	NF = 	noise figure;

	I/N = 	protection ratio.

2)	Calculate the minimum coupling loss (MCL) required to protect the radar, by considering IMT base-station emissions in the direction of the radar, taking account of spectral offset (guard-band):

PIMT = ∆OOB + GIMT 

MCL = PIMT – Pint + Gradar - Lfeed

Where:

PIMT=	IMT base-station out-of-band spectral density

∆OOB=	IMT base-station Tx out-of-band power spectral density (for relevant guard-band offset)

GIMT=	IMT base-station antenna gain

Gradar=	radar receiver antenna gain

Lfeed=	radar receiver feeder loss

3)	Finally, calculate the required minimum separation distance, using relevant propagation loss models – and two alternative models are relevant:

•	Recommendation ITU-R P.1546-5 (09/2013) - a point-to-area propagation model, as recommended by WP-3K and WP-3M, which provides an estimate of field strength – and including relevant adjustments for:  operating frequency of around 2 800 MHz; land path; field strength exceeded for 1%, 10% and 50% of time[footnoteRef:6]; transmitter height above ground; radar height above ground; and smooth earth scenario; and [6: 	Per advice of chairmen of WP-3K and WP-3M, noted in Document 4-5-6-7/393 Annex 2: ‘for short distance scenarios, particularly with low antenna heights, the time variability of path loss is unlikely to be an important factor in interference estimation, so mean path loss values might also be used’.] 


•	Recommendation ITU-R P.525-2 (1994) – the free-space propagation model providing an estimate of field strength for either point-to-area or point-to-point propagation scenarios, in the absence of clutter and obstacles.  This model could be applicable to cases involving elevated stations with clear line-of-sight between them.

4.2	Assumptions

4.2.1	Propagation environment

Since the relevant radar stations are either located near the coast, or on-board shipping vessels, then the following assumptions are made:

•	for radiolocation systems: suburban or rural environment – and may include non-urban clutter

•	for radionavigation systems: partly over land and partly over-water environment – equal portions of the path are assumed.

4.2.2	Guard-band

The guard-band is taken to be the frequency separation between the respective 3 dB-bandwidth boundaries of the radar and IMT carrier:




FIGURE 2

Illustration of assumed guard-band scenarios
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A nominal radar channel lower-boundary value of 3 040 MHz is assumed for the purposes of these studies, although this is merely to derive realistic propagation losses and does not materially affect the resulting suggested minimum separation distances.

4.3	Analysis

The analysis initially determines the minimum required separation distance based on a minimum guard-band of 10 MHz between upper IMT channel edge and the lower edge of the radar channel.  Subsequent sensitivity analyses could potentially explore the implications of variation of certain parameter values along with various mitigation measures.

To evaluate in-band interference to radar systems from IMT base-station transmitters:

		Radar receiver characteristics

		Units

		

		RLS System 2

		RLS System 5

		Ship-borne RNS



		Thermal noise

		dBm/Hz

		A

		-174

		-174

		-174



		Noise figure

		dB

		B

		4

		4

		5



		Noise floor

		dBm/MHz

		C =a+b+10log1e6

		-100

		-100

		-99



		I/N objective

		dB

		D

		-6

		-6

		-6



		Maximum Interference power

		dBm/MHz

		E = c+d

		-106

		-106

		-105



		Radar antenna gain

		dBi

		F

		38.5

		38

		28



		Feeder loss

		dB

		G

		2

		2

		2



		Maximum allowable interference incident on radar antenna

		dBm/MHz

		H = e-f+g

		-142.5

		-142.0

		-131








		IMT base-station transmitter characteristics



		Guard-band

		MHz

		J

		10

		10

		10



		IMT Transmitter OOB level

		dBm/MHz

		K

		-30

		-30

		-30



		IMT base-station antenna gain

* no down-tilt is assumed

		dBi

		L – suburban

L – rural

		16

18

		16

18

		16

18



		IMT base-station feeder loss

		dB

		M

		3

		3

		3



		Polarisation loss

		dB

		N

		3

		0

		3



		Minimum coupling loss objective

		dB

		P = k+l-h-m-n

		122.5

124.5

		125.5

127.5

		111

113



		Minimum separation distance by model



		Rec. ITU-R P.1546

		km

		Q =d1546(P)

		5.4

6.0

		6.3

6.9

		2.9

3.2



		Rec. ITU-R P.525

		km

		R =d525(P)

		10.6

13.3

		15.0

18.9

		2.9

3.6





Notably, if the IMT base-station antennas are deliberately oriented to face directly away from the radar stations, taking advantage of 40-50 dB front-to-back ratios, the larger separation distances will further reduce to around 2 km.

To evaluate out-of-band interference to radar systems from IMT base-station transmitters, consideration of the radar selectivity performance at specific spectral offsets is required.  As this information was not readily available, evaluation of out-of-band interference to maritime radar stations was unable to be completed.

These results suggest that protection of coastal maritime and ship-borne radar systems could be feasible with a minimum 10 MHz guard-band offset – provided that a minimum station separation distance of several kilometres is also maintained.  If additional performance information associated with maritime radar systems (eg. Receiver selectivity and 1 dB compression point) were to become available, then further studies could be undertaken to confirm the absence of any out-of-band degradation to radar receivers.  However, it would seem reasonable to assume that if incident emissions from IMT base-station transmitter is maintained below the I/N = -6 dB threshold, and that base-station antennas were required to be oriented to avoid illuminating the radar site, then out-of-band interference may be comfortably avoided. 

5	Conclusions

Results of these MCL studies of the co-existence of IMT base-stations with coastal maritime and ship-borne radar systems in the band 2 900-3 100 MHz suggest that sharing is likely to be feasible – provided that a minimum 10 MHz guard-band offset is maintained between respective IMT and radar station frequency assignments, IMT base-station antennas are oriented away from the radar sites, and a minimum physical separation distance of around 2 km is imposed.  Noting that the band is assumed to be used for IMT downlink only, then no risk to IMT base-station receivers is anticipated.




While there may be perceived risk to IMT user-device (UE) receivers, the low-elevation (1.5 m AGL) and generally cluttered surrounding environment surrounding them – along with the higher elevation and minimal emissions below the horizontal – is anticipated to minimise impact to UE receivers.

The working document on sharing/compatibility studies of IMT systems and radiolocation systems in the frequency band 2 900-3 100 MHz (Attachment 5 to Annex 6 of Document 4-5-6-7/393) contains relevant studies contributed to JTG 4-5-6-7.  Telstra proposes that the above updated study report and conclusions be inserted under section 5.1 in Attachment 5 of the working document in Annex 6 of Document 4-5-6-7/393.
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ANNEX 1

Possible alternate arrangements for rationalising and consolidating use of the band 2 700-3 100 MHz
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[bookmark: ATTACHMENT3]ATTACHMENT 3

Studies on the impact of IMT interference on Radar systems with Pulse Compression operating in the frequency range 2 700-3 100 MHz



1	Introduction

In accordance with Resolution 233 (WRC-12), WRC-15 agenda item 1.1 seeks to allocate additional spectrum to the mobile service and to identify additional frequency bands for IMT in order to meet the expected increased demand for mobile broadband. The frequency bands 2 700‑2 900 MHz and 2 900-3 100 MHz are under consideration by JTG 4-5-6-7 as potential candidate bands for IMT. These frequency bands are currently allocated to the aeronautical radionavigation and radiolocation; and radiolocation and radionavigation services respectively. These frequency bands are used extensively by air traffic control, meteorological and government radar applications. 

The attached study investigates the impact of IMT interference with I/N = -6dB on the performance of a shipborne radar utilising pulse compression in the frequency range 2 700‑3 100 MHz.  

2	Proposal

Working document towards a preliminary draft new Report ITU-R M.[RADAR2700] (Attachment 4 to Annex 6 of Document 4-5-6-7/393) and working document towards a preliminary draft new Report ITU-R M.[RADAR2900] (Attachment 5 to Annex 6 of Document 4-5-6-7/393) contain studies on the compatibility of mobile broadband systems and radars in the frequency bands 2 700‑2 900 MHz and 2 900-3 100 MHz.

Australia proposes to incorporate the study given in the Annex to this contribution into appropriate sections of the working documents ITU-R M.[RADAR2700] and ITU-R M.[RADAR2900].





Annex: 1


ANNEX 1 To ATTACHMENT 3

Studies on the impact of IMT interference on radar systems with pulse compression operating in the frequency range 2 700–3 100 MHz

1	Background

Radar systems which use pulse compression have their intermediate frequency (IF) bandwidth matched to the compressed pulse and act as a matched filter to maximise signal-to-noise ratio. Pulse compression filters may be partially matched to and hence increase the effect of interference which might otherwise be considered “noise-like” over longer integration times. In that case, an interference signal, which is 6 dB below the noise floor, can lead to degradation of the radar performance in excess of the 1 dB reduction in signal-to-noise ratio that would otherwise be expected. The probability of detection performance of radar system M from the working document towards a preliminary draft revision of Recommendation ITU-R M.1464-1 (Annex 16 to Document 5B/475)[footnoteRef:7] in the presence of an IMT signal is examined below.  [7:  	The working document towards preliminary draft revision of Recommendation ITU-R M.1460-1 (Annex 15 to Document 5B/475) has the same radar as Radar 3B in Table 1.] 


2	Assumptions

The following radar characteristics are assumed:



		Characteristics

		Radar M[footnoteRef:8] [8:  	The radar characteristics are given in the form of ranges of value in the Recommendation ITU-R M.1464. The exact values used in the study are shown in the table.] 




		Tuning range, MHz

		2 700-3 400



		Receiver gain, Grec, dBi

		40



		Receiver noise figure, NF, dB

		1.5



		Receiver pass band, F, kHz

		10 000



		Pulse repetition frequency, kHz

		10



		Pulse width, μs

		20



		Antenna azimuth beamwidth , Degrees

		2



		Antenna horizontal scan rate, degrees/s

		80



		Chirp Bandwidth, MHz

		2







A pulse repetition frequency (PRF) of 10 kHz is used, which is the highest in the given range. A duty cycle of 20% is used, which is the highest in the given range. This defines the pulse width to be 20 μs. Assuming 2 degrees of azimuth beamwidth, and 80 degrees/s azimuth scan rate, the length of the coherence processing intervals (CPIs) is set to 25 ms. A linear frequency modulation waveform with chirp bandwidth of 2 MHz is used. 




IMT interference is simulated using an LTE signal generated according to 3GPP LTE Release 8 specifications. Fully loaded LTE frames with 25 resource blocks (5 MHz channel bandwidth) with FDD duplexing, QPSK modulation, single transmission antenna, and single receiving antenna are used. The interference power level at the radar receiver is set to 6 dB below the noise floor.

For comparison, Gaussian interference 6 dB below the receiver noise floor is also applied in order to show that interference caused by LTE signals differ from typical Gaussian interference.

Note that interfering signals can be co-channel or adjacent channel to the radar receiver. 

3	Methodology

Simulated radar received data consisting of receiver noise, interference, and a non-fluctuating target is passed through standard radar signal processing steps. These steps include matched-filtered pulse compression, Doppler processing, and constant false alarm rate (CFAR) detection. Probability of detection curves against Signal-to-Noise ratios are shown in Figure 1. The false alarm rate is set at 10-4 for all the cases.

In the ‘average’ case, the target was injected with a random range and velocity, thus it has an equal likelihood of appearing in any range-Doppler cell. In the ‘worst’ case, the target was injected with particular range and velocity parameters such that it will appear in the range-Doppler cell where highest CFAR noise estimate was found, thus has less probability of detection.

4	Results 

The results show a significant reduction in radar detection performance in the presence of IMT interference. To achieve the same detection probability of 0.5 compared to the noise only case, an additional target SNR of 1.3 dB is required in the ‘average’ case, and in the ‘worst’ case additional target SNR of 4.5 dB is required. 

Results also indicate that IMT signals cannot be treated as typical Gaussian interference, and the impact of IMT interference on the radar is worse than simply an increased noise floor. As expected, in the ‘average’ case the reduction in signal-to-noise ratio in the presence of Gaussian interference is 1 dB when I/N = -6 dB. In the ‘worst’ case, Gaussian interference degrades signal-to-noise ratio by 2.7 dB. However, as stated above, radar detection performance is significantly further degraded in the presence of IMT interference at the same interference power level.

FIGURE 1

Probability of detection of a non-fluctuating target at presence of LTE interference
and Gaussian interference. False alarm rate is set at 10-4

[image: ]

A summary of the results is shown in Table 1 for both interference types, and compared with the noise only case.

TABLE 1

Required SNR to achieve probability of detection = 0.5

		

		I/N = -∞ dB

(noise only)

		I/N = -6 dB

(‘average’ case)

		I/N = -6 dB

(‘worst’ case)



		IMT interference

		10.6 dB

		11.9 dB

		15.1 dB



		Gaussian interference

		10.6 dB

		11.6 dB

		13.3 dB





5	Discussion

The protection criteria of I/N = -6 dB is often used to in interference studies as being equivalent to a 1 dB reduction in signal-to-noise ratio. However, as shown above, the impact of IMT interfering signals on radar performance can be significantly greater in systems which use pulse compression. These systems have their IF bandwidth matched to the compressed pulse and act as a matched filter for minimum S/N degradation. Pulse compression filters may be partially matched to and hence increase the effect of IMT interference. In some cases, the recommended I/N protection criteria of ‑6 dB may not be adequate and further studies or compatibility measurements may be necessary to assess the interference in terms of the operational impact on the radar’s performance.

6	Conclusions

Administrations considering deployment of IMT systems in the frequency range 2 700-3 100 MHz should be aware that an interference margin greater than the level recommended in relevant ITU-R Recommendations may be necessary, to minimise the impact of IMT interference on radar systems.

[bookmark: _GoBack]______________
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[bookmark: dbreak]1	Introduction

[bookmark: _Toc361662569][bookmark: _Toc369169157][bookmark: _Toc361662570]1.1	Scope and objective

[bookmark: _Toc361662571]The frequency band 3 300-3 400 MHz is allocated in all three Regions to the radiolocation service on a primary basis, and in Region 2 and Region 3 is also allocated to the fixed, mobile and amateur service on a secondary basis. By footnotes RR 5.429 and 5.430 the frequency band 3 300‑3 400 MHz is also allocated to in some countries to the fixed, mobile and radionavigation services on a primary basis. The predominant use of this band is for radar systems. This document provides detailed study of compatibility between IMT indoor systems and Radar systems in the frequency band 3 300-3 400 MHz.

[bookmark: _Toc369169158]1.2	Glossary of terms

ITU	International Telecommunication Union

IMT	International Mobile Telecommunications

3GPP	3rd generation partnership project

I/N	Interference-to-noise power ratio

e.i.r.p.	Effective isotropic radiated power

BS	Base Station

UE	User terminal

[bookmark: _Toc369169159][bookmark: _Toc361662572]2	Background

WRC-15 agenda item 1.1 considers additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12).

Resolution 233 (WRC-12) invites the ITU-R to conduct sharing and compatibility studies with services already having allocations in the potential candidate bands and in adjacent bands, as appropriate, taking into account the current and planned use of these bands by the existing services, as well as the applicable studies already performed in ITU-R.

The sharing scenario between macro-cell and micro-cell IMT systems and radars operating in the frequency band 3.1-3.7 GHz is considered in Report ITU-R M.2111. This report considers sharing between the radiolocation service and indoor IMT systems.

3	Technical characteristic

[bookmark: _Toc369169160][bookmark: _Toc361662574]3.1	IMT parameters

IMT BS parameters are shown in the following table[footnoteRef:1]. [1: 	From Document 4-5-6-7/236 (Document 5D/TEMP/226(Rev.1)) : Working Party 5D Liaison Statement to Joint Task Group 4-5-6-7*, Sharing parameters for WRC-15 agenda item 1.1, 18 July 2013.] 


Table 1

Deployment-related parameters for 3 300-3 400 MHz 

		

		Small cell indoor



		BS characteristics / Cell structure

		



		Cell radius / Deployment density

		depending on indoor coverage/capacity demand



		Antenna height

		3 m



		Sectorization

		single sector



		Downtilt

		n.a.



		Frequency reuse[footnoteRef:2] [2:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 


		1



		Antenna pattern

		Recommendation ITU-R F.1336

omni



		Antenna polarization

		linear



		Indoor BS deployment

		100 %



		Building penetration loss

		11 dB (see Note 1)12 dB (See note[footnoteRef:3] ) [3:  Corresponds to an average value whose distribution is featured by a 17 dB median and 7 dB standard deviation proposed by the US input for RLANs in higher frequencies (5 GHz band).] 


20 dB

(horizontal direction)
P.1238, Table 3 (vertical direction)



		Below rooftop BS antenna deployment

		n.a.



		Feeder loss

		n.a



		

		Small cell indoor



		BS characteristics / Cell structure

		



		Maximum BS output power (5/10/20 MHz)

		24 dBm



		Maximum BS antenna gain

		0 dBi



		Maximum BS output power (e.i.r.p.)

		24 dBm



		

		



		

		



		Bandwidth

		5 / 10 / 20 MHz





Note 1: As described in Document 4-5-6-7/141, Recommendation ITU-R P.1812 Table 7 and accompanying text provides appropriate values of building entry loss. Recommendation ITU-R P.1238 provides, in Table 3, values of loss within a building from one floor to another, but cautions that there is a limit on the loss due to multiple floors.



		UE characteristics

		



		Indoor UE usage

		100%



		Building penetration loss

		11 dB (see Note 1)

20 dB

(horizontal direction)
P.1238, Table 3 (vertical direction)



		UE density in active mode to be used in sharing studies 

		depending on indoor coverage/capacity demand



		Maximum UE output power

		23 dBm



		Typical antenna gain for UEs

		-4 dBi



		Bandwidth 

		5 / 10 / 20 MHz





[bookmark: attach414][bookmark: _Toc361662575][bookmark: _Toc369169161]Note 1: As described in Document 4-5-6-7/141, Recommendation ITU-R P.1812 Table 7 and accompanying text provides appropriate values of building entry loss. Recommendation ITU-R P.1238 provides, in Table 3, values of loss within a building from one floor to another, but cautions that there is a limit on the loss due to multiple floors.

3.2	Radar parameters

The table below provides the key radar parameters to be used for these studies[footnoteRef:4]. [4: 	From Recommendation ITU-R M.1465-1: Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 3 100-3 700 MHz.] 





TABLE 2

Radiolocation service radar characteristics for use in compatibility studies
in the frequency band 3 100-3 700 MHz

		Parameter

		Land-based systems

		Ship systems

		Airborne system



		

		A

		B

		A

		B

		C

		A



		Use

		Surface and air search

		Surface search

		Surface and air search

		Surface and air search



		Modulation

		P0N/Q3N

		P0N

		P0N

		Q7N

		P0N/Q7N

		Q7N



		Tuning range (GHz)

		3.1-3.7

		3.5-3.7

		3.1-3.5

		3.1-3.5

		3.1-3.7



		Tx power into antenna (kW) (Peak)

		640

		1 000

		1 000

		4 000-6 400

		60-200

		1 000



		Pulse width (s)

		160-1 000

		1.0-15

		0.25, 0.6

		6.4-51.2

		0.1-200

		1.25(1)



		Repetition rate (kHz)

		0.020-2

		0.536

		1.125

		0.152-6.0

		0.3-10

		2



		Compression ratio

		48 000

		Not applicable

		Not applicable

		64-512

		Up to 300

		250



		Type of compression

		Not available

		Not applicable

		Not applicable

		CPFSK

		Not available

		Not available



		Duty cycle (%)

		2-32

		0.005-0.8

		0.28, 0.67

		0.8-2.0

		Max 20

		5



		Tx bandwidth (MHz) (–3 dB)

		25/300

		2

		4, 16.6

		4

		25

		> 30



		Antenna gain (dBi)

		39

		40

		32

		42

		Up to 40

		40



		Antenna type

		Parabolic

		Parabolic

		PA

		PA

		SWA



		Beamwidth (H,V) (degrees)

		1.72

		1.05, 2.2

		1.75, 4.4, csc2 to 30

		1.7, 1.7

		1.1-5,1.1-5

		1.2, 6.0



		Vertical scan type

		Not available

		Not applicable

		Not applicable

		Random

		Not applicable

		Not available



		Maximum vertical scan (degrees)

		93.5

		Not applicable

		Not applicable

		90

		90

		 60



		Vertical scan rate (degrees/s)

		15

		Not applicable

		Not applicable

		instantaneous

		Not available



		Horizontal scan type

		Not applicable

		Rotating

		Rotating

		Random

		Continuous
360 + Sector

		Rotating



		Maximum horizontal scan (degrees)

		360

		360

		360



		Horizontal scan rate (degrees/s)

		15

		25.7

		24

		Not applicable

		30-360

		36



		Polarization

		RHCP

		V

		H

		V

		Not available

		Not available



		Rx sensitivity (dBm)

		Not available

		–112

		–112

		[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Not available

		Not available

		Not available



		S/N criteria (dB)

		Not applicable

		0

		14

		Not available

		Not available

		Not available



		Rx noise figure (dB)

		3.1

		4.0

		4.8

		5.0

		1.5

		3



		Rx RF bandwidth (MHz)
(–3 dB)

		Not available

		2.0

		Not available

		400

		Not available



		Rx IF bandwidth (MHz)
(–3 dB)

		380

		0.67

		8

		10

		10-30

		1



		Deployment area

		Worldwide

		Worldwide

		Worldwide

		Worldwide

		Worldwide

		Worldwide





(1)	100 ns compressed.

CPFSK:	Continuous-phase FSK

PA:	Phased array

SWA:	Slotted waveguide array

3.3	Scenarios 

Each of the studies below seeks to determine the minimum required separation distances necessary to avoid interference between an indoor IMT system deployment in the band 3 3003 400 MHz and the radar systems described in Table 2 above.

The scenarios examined in each study are described in more detail below.

4	Analysis

4.1	Study A1 (derived from document 4-5-6-7/486)

4.1.1	Assumptions

This study covers compatibility of IMT in-door system with land based system “A” and airborne system “A”.

[bookmark: _Toc377393976]4.1.1.1	IMT parameters



		Indoor BS penetration loss

		20 dB (3-5 GHz)


(horizontal direction)
P.1238, Table 3 (vertical direction)





4.1.2	Methodology

[bookmark: _Toc361662578][bookmark: _Toc377393980]4.1.2.1	Radiolocation service radar interference criteria

1.	Interference criteria for Radar:

The following methodology is adopted in Recommendation ITU-R M.1465.

The maximum allowable interference power for the radar analysed is: 

		I/N ≤ -6 dB

Where:

I–The maximum allowable interference power for radar, dBm;

N–Receiver noise,  dBm.

4.1.2.2	Interference criteria for IMT

[bookmark: _Toc377393981][bookmark: _Toc361662579]According to ECC Report 174，the interference threshold from Radar K to LTE base station is -112 dBm/MHz，the interference threshold from Radar K to LTE terminal is -110 dBm/MHz.

4.1.2.3	Methodologies

Assuming one BS small cell or UE deployment interfere radiolocation service radar, the received interference power level at the radiolocation service radar is calculated according to the equation:







	[footnoteRef:5]: the received interference power level in 1MHz bandwidth at the radiolocation service radar (dBm) [5: 	Consider the interference aggregation from multiple IMT small cell deployments in the same building.] 




	: transmission power per MHz bandwidth of IMT system (dBm)



	: antenna gain of IMT system (dB)



	: reception antenna gain of radiolocation service radar (dB)



	: the path loss (dB)



: shadowing loss (dB) with standard deviation of 10 dB in log-normally distribution. In determined study, it is set to 0 dB.

Assuming radar interfere IMT, the received interference power level at the IMT is calculated according to the equation:





where:



: the received interference power level in 1MHz bandwidth at the IMT (dBm)



	: transmission power per MHz bandwidth of Radar system (dBm)



	: antenna gain of Radar system (dB)



	: reception antenna gain of IMT (dB)



	: the path loss (dB)



: shadowing loss (dB) with standard deviation of 10 dB in log-normally distribution. In determined study, it is set to 0 dB.

[bookmark: _Toc377393982][bookmark: _Toc365219483][bookmark: _Toc361662580]4.1.2.4	IMT network topology

Each building contains an IMT small cell indoor system comprising multiple IMT small cells.

The IMT small cell indoor system topology is distributed in buildings of 6 floors, the topology of each floor is based on the below figure from the 3GPP specification 3GPP TR 36.814. As shown in figure below:

●	IMT small cell indoor system buildings size: 120 m x 50 m, including rooms and corridor;

●	Number of rooms in the building (per floor): 16;

●	Room size: 15 m x 15 m;

●	Corridor size: 120 m x 20 m;

●	4 indoor IMT small cell BSs in each floor[footnoteRef:6]; [6: 	Four small cell base stations are considered in each floor instead of the two base stations per floor considered in 3GPP TR 36.814.] 


●	All UEs are deployed in the rooms;

●	6 floors in each building, the IMT indoor BS are deployed in 4 floors randomly selected among the 6 available floors in the building (i.e. 16 IMT small cell BSs are always considered in each building):

●	Height of each floor: 3 m;

●	External wall loss: 20 dB (in line with latest ITU-R WP5D IMT parameter update);

●	Floor penetration loss: 18 dB for each floor (in line with latest WP 5D and Recommendation ITU P.1238-7, Table 3)

Figure

IMT small cell indoor system building: floor topology

[image: ]



IMT small cell and radiolocation service radar deployment is shown as following. IMT UEs are also deployed indoor.

Figure

Interference scenario between Land-based-A radar system and IMT system
for small cell indoor deployment

[bookmark: _Toc299717341][bookmark: _Toc353353293]

[image: ]

Figure



Interference scenario between Land-based-B radar system and IMT system
for small cell indoor deployment




Figure

Interference scenario between airborne radar A system and IMT system
for small cell indoor deployment







Where:

dprotection:	Protection distance: the distance between the radiolocation service radar and IMT small cell BS

h: 	Radiolocation service radar height relative to the ground.  It is 5m for land-based radar A, 4 600 m for land-based radar B and 9 000 m for airborne radar A.

[bookmark: _Toc377393983]4.1.2.5	Propagation models

[bookmark: _Toc377393984]4.1.2.5.1	Propagation model between IMT indoor system and Land-Based-A radar

The propagation model between IMT indoor system and Land-Based-A radar is from Recommendation ITU-R P.452‑15. 

Basic transmission loss is from Recommendation ITU-R P.452-15 as follows:





		L  = 92.5 + 20 log f  + 20 log d   + Ag + Ld50                dB



where:

	L:	transmission loss due to free-space propagation and attenuation by diffraction loss (dB)

	f :	frequency (GHz)

	d :	path length (km)

	Ag :	total gaseous absorption (dB)

	Ld50:	the median diffraction loss (dB): 	



		

where:

		Lm50:	the median knife-edge diffraction loss for the main edge (dB)

		Lt50:	the median knife-edge diffraction loss for the transmitter-side secondary edge (dB)

		Lr50: 	the median knife-edge diffraction loss for the receiver-side secondary edge (dB)

		m50: 	the diffraction parameter of the main edge (dB)

		Aht,hr :	additional losses to account for clutter shielding the transmitter and receiver. 

Recommendation ITU-R P.452-15 requires the terrain information as input for diffraction loss. The proposal below uses the typical terrain information contained in the table 4 of Recommendation ITU-R P.452-14 and the method of applying height-gain correction in the Figure 3 of Recommendation ITU-R P.452-15.

Table

Nominal clutter heights and distances

		Clutter (ground-cover) category

		Nominal height
ha (m)

		Nominal distance
dk (km)



		Suburban

		9

		0.025



		Urban

		20

		0.02





ha: Nominal clutter height (m) above local ground level.

dk: Distance (km) from nominal clutter point to the antenna.

Figure

Method of applying height-gain correction

[image: ]



For transmitter and receiver side, the terrain info is according to the above table. The concrete value is based on which scenario the node is located. 

[bookmark: _Toc377393985]4.1.2.5.2	Propagation model between IMT indoor system and airborne radar A

The propagation model between IMT indoor system and Land-Based-B radar/airborne radar A is from free space model.



		L  = 92.5 + 20 log f  + 20 log d                dB

where:

	L:	transmission loss due to free-space propagation (dB)

	f :	frequency (GHz)

	d :	path length (km)

4.1.3	Calculations

4.1.3.1	IMT system interference to Radar system

Land-based-A radar system and IMT system

Protection distance between Land-based -A radar system and IMT system for small cell indoor deployment based on determined study is shown as following table.

For the aggregated interference from IMT, 12 dB additional interference (16 IMT BS per building) is considered compared with single entry interference. Considering the narrow bandwidth of Radar, the interference range from the same building is reasonable.

Table

Protection distance between Land-based-A radar system and IMT system
for small cell indoor deployment

		Interference type: From IMT BS to Land-based-A radar station



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Maximum output power (dBm)

		24

		24



		Antenna gain of IMT indoor BS (dBi)

		0

		0



		Insertion loss of IMT indoor BS (dB)

		2

		2



		Operating height of IMT indoor BS (m)

		3m above each floor

		3 m above each floor



		Insertion loss of land-based radar A (dB)

		2

		2



		Antenna gain of land-based radar A (dBi)

		39

		0



		Operating height of land-based radar A (m)

		3

		3



		Penetration loss of outdoor to indoor (dB)

		20

		20



		Required Outdoor Propagation loss (dB)

		142.34

		103.34



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban



		Min. protection distance (m)

		< 200

		1100

		< 200

		< 200



		Interference type: From IMT indoor UE to Land-based-A radar station



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Maximum output power (dBm)

		23

		23



		Average output power (dBm)

		-9

		-9



		Antenna gain of IMT indoor UE (dBi)

		-4

		-4



		Operating height of IMT indoor UE (m)

		1.5 m above each floor

		1.5 m above each floor



		Insertion loss of land-based radar A (dB)

		2

		2



		Antenna gain of land-based radar A (dBi)

		39

		0



		Penetration loss of outdoor to indoor (dB)

		20

		20



		UE Output power (dBm)

		23(max)

		-9(average)

		23(max)

		-9(average)



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban



		Required outdoor Propagation loss (dB)

		127+12

		127+12

		95+12

		95+12

		88+12

		88+12

		56+12

		56+12



		Min. protection distance (m)

		< 200

		800

		< 200

		< 200

		< 200

		< 200

		< 200

		< 200





Airborne-A radar system and IMT system

Maximum tolerable outdoor power (e.i.r.p.) from IMT indoor system in sharing scenario between airborne radar A system and IMT indoor system based on determined study is shown as following table.

For the aggregated interference from IMT, 6 dB additional interference (4 IMT BS per floor) is considered compared with single entry interference. Considering the narrow bandwidth of radar, the interference range from the same floor (the highest floor) is reasonable.

Table

Maximum tolerable outdoor power (e.i.r.p.) between airborne Radar A system and IMT system
for small cell indoor deployment

		Interference type: From IMT small cell indoor BS to airborne Radar A station



		airborne Radar A receiver IF bandwidth = 1 MHz



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Maximum output power (dBm)

		24

		24



		Antenna gain of IMT indoor BS (dBi)

		0

		0



		Insertion loss of IMT indoor BS (dB)

		2

		2



		Operating height of IMT indoor BS (m)

		3



		3



		Penetration loss of outdoor to indoor (dB)

		20 

		20



		Insertion loss of airborne Radar A (dB)

		2

		2



		Antenna gain of airborne Radar A (dBi)

		40

		-10



		Operating height of airborne Radar A (m)

		9000

		9000



		Required Total Propagation loss (dB)

		170

		120



		Maximum tolerable outdoor power(e.i.r.p.) (dBm)

		-17.5

		32.5



		Required additional isolation (dB)

		28

		-22



		Interference type: From IMT small cell indoor UE to airborne Radar A station



		airborne Radar A receiver IF bandwidth = 1 MHz



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Maximum output power (dBm)

		23

		23



		Average output power (dBm)

		-9

		-9



		Antenna gain of IMT indoor UE (dBi)

		-4

		-4



		Operating height of IMT indoor UE (m)

		1.5

		1.5



		Penetration loss of outdoor to indoor (dB)

		20

		20



		Insertion loss of airborne Radar A (dB)

		2

		2



		Antenna gain of airborne d Radar A (dBi)

		40

		-10



		Operating height of airborne Radar A (m)

		9000

		9000



		UE Output power (dBm)

		23(max)

		-9(average)

		23(max)

		-9(average)



		Required total Propagation loss (dB)

		163

		131

		113

		83



		Maximum tolerable outdoor power(e.i.r.p.) (dBm)

		-11.5

		38.5



		Required additional isolation (dB)

		20.5

		-11,5 

		-29.6

		-61.5





In case of interference from IMT small cell indoor BS or indoor UE, additional isolation is required. 

When IMT indoor system located at radar antenna main lobe,

· Required additional isolation between IMT indoor BS deployed at first floor from the roof and airborne radar “A” is equal to 28 dB, −

· Additional isolation can be achieved by adjacent frequency deployment of IMT or  greater geographic separation.

· For IMT small cell indoor BS deployed at second floor from the rooftop, there is additional penetration loss 20 dB from one external wall or the ceiling. Considering that IMT small cell indoor BS antenna is deployed at the top of the room and it transmits downwards, 8 dB additional isolation is required to be provided by IMT BS antenna discrimination. 

· For IMT indoor UE interference to radar system, UE works normally under power control so additional penetration loss 20 dB from one external wall or one roof is enough for compatibility requirement. Even if UE outputs maximum power, the more additional isolation can be got from adjacent frequency deployment or more distance isolation.

When IMT system located at radar antenna side lobe,

−	For interference from both IMT small cell indoor BS and indoor UE, no additional isolation is needed.

4.1.3.2	Radar system interference to IMT system 

Land-based-A radar system and IMT system

Received interference from Land-based -A radar system for small cell indoor deployment based on determined study is shown as following table.

Table

Land-based-A radar system and IMT system for small cell indoor deployment

		Interference type: From Land-based-A radar station to IMT BS 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Radar maximum output power (kW)

		640 (88 dBm)

		640 (88 dBm)



		Antenna gain of IMT indoor BS (dBi)

		0

		0



		Insertion loss of IMT indoor BS (dB)

		2

		2



		Operating height of IMT indoor BS (m)

		3 m above each floor

		3 m above each floor



		Insertion loss of land-based Radar A (dB)

		2

		2



		Antenna gain of land-based radar A (dBi)

		39

		0



		Operating height of land-based radar A (m)

		3

		3



		Penetration loss of outdoor to indoor (dB)

		20

		20



		Radar bandwidth(MHz)

		25

		300

		25

		300



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban



		Received interference level for 5km protect distance (dBm)

		-88.91

		-53.91

		-99.70

		-64.70

		-127.91

		-92.91

		-138.7

		-103.7



		Interference type: From Land-based-A radar station to IMT indoor UE 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Radar maximum output power (kW)

		640 (88 dBm)

		640 (88 dBm)



		Antenna gain of IMT indoor UE (dBi)

		-4

		-4



		Operating height of IMT indoor UE (m)

		1.5 m above each floor

		1.5 m above each floor



		Insertion loss of land-based Radar A (dB)

		2

		2



		Antenna gain of land-based Radar A (dBi)

		39

		0



		Penetration loss of outdoor to indoor (dB)

		20

		20



		Radar bandwidth(MHz)

		25

		300

		25

		300



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban



		Received interference level for 5km protection distance (dBm)

		-90.91

		-55.91

		-101.7

		-66.7

		-129.91

		-94.91

		-140.7

		-105.7





On one hand, it should be emphasised that land based Radar A beamwidth is very narrow (1.72 degree), thus it is low probability that IMT system is located at radar antenna main lobe.  On the other hand, it will not scan in the same area constantly so that the interference to a building with IMT indoor system only maintains very short time in total. 

With 5 km geographic separation between radar transmitter and IMT system receivers the protection criteria for IMT would be exceeded in half of the scenarios considered, therefore additional mitigation for IMT is required. This may be achieved through implementations of techniques such as scheduling, error correction, frequency separation and/or increased geographic separation, however the issue of possible mitigation techniques, nor the possible acceptable degradation of IMT performance has not been covered by this study. 

Airborne-A radar system and IMT system

Received interference from airborne Radar A system for small cell indoor deployment based on determined study is shown as following table.

Table

Maximum tolerable outdoor power (e.i.r.p.) between airborne Radar A system and IMT system
for small cell indoor deployment

		Interference type: From airborne Radar A station to IMT small cell indoor BS 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Maximum Radar output power (KW)

		1000

		1000



		Antenna gain of IMT indoor BS (dBi)

		0

		0



		Insertion loss of IMT indoor BS (dB)

		2

		2



		Operating height of IMT indoor BS (m)

		3m above each floor

		3m above each floor



		Insertion loss of airborne Radar A (dB)

		2

		2



		Antenna gain of airborne Radar A (dBi)

		40

		-10



		Operating height of airborne Radar A (m)

		9000

		9000



		Penetration loss of outdoor to indoor (dB)

		20

		20



		Radar bandwidth(MHz)

		30

		30



		Received interference level (dBm)

		-17.8

		-67.8



		Interference type: From airborne Radar A station to IMT small cell indoor UE 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		IMT signal bandwidth (MHz)

		20

		20



		Maximum Radar output power (KW)

		1000

		1000



		Antenna gain of IMT indoor UE (dBi)

		-4

		-4



		Operating height of IMT indoor UE (m)

		1.5m above each floor

		1.5m above each floor



		Insertion loss of airborne Radar A (dB)

		2

		2



		Antenna gain of airborne d Radar A (dBi)

		40

		-10



		Operating height of airborne Radar A (m)

		9000

		9000



		Penetration loss of outdoor to indoor (dB)

		20

		20



		Radar bandwidth(MHz)

		30

		30



		Received interference level (dBm)

		-19.8

		-69.8





On one hand, it should be emphasised that airborne Radar A beamwidth is very narrow ((H,V)=(1.2,6.0) degree), thus it is low probability that IMT system is located at radar antenna main lobe.  On the other hand, airborne radar carried by aircraft with speed of around 800Km/h will not scan in the same area constantly so that the interference to a building with IMT indoor system only maintains a limted time in total..

However the protection criteria for IMT would be exceeded in both of the scenarios considered, therefore additional mitigation for IMT is required. This may be achieved through implementations of techniques such as scheduling, error correction, frequency separation and/or increased geographic separation, however the issue of possible mitigation techniques, nor the possible acceptable degradation of IMT performance has not been covered by this study. 

4.2	Study B1 (derived from Document 4-5-6-7/421)

The study covers compatibility with land based system “A” and “B”, ship systems “A”, “B” and “C” and airborne system “A”.

4.2.1	Assumptions

[bookmark: _Toc369169164]4.2.1.1	Radiolocation service radar interference criteria

The following methodology is adopted in Recommendation ITU-R M.2111.

The maximum allowable interference power for the radar analysed is: 

		I/N ≤ -6 dB

Where:

I–The maximum allowable interference power for radar, dBm;

N–Receiver noise, dBm.

4.2.1.2	Radiolocation service radar height relative to the ground  

5 m for land-based radar A, 4 600 metres for land-based radar B, 9 000 metres for airborne radar A, 46 metres for ship-based radar A, and 20 metres for ship-based radars B and C.

4.2.1.3	IMT network topology

A deployment of an IMT small cell indoor system in a single 6-floor building is considered.  The IMT small cell indoor system comprises multiple IMT small cells.

The topology of each floor is based on the below figure from the 3GPP specification 3GPP TR 36.814. As shown in figure below:

–	IMT small cell indoor system buildings size: 120 m x 50 m, including rooms and corridor;

–	Number of rooms on one floor: 16;

–	Number of floors in building: 6;

–	Room size: 15 m x 15 m;

–	Corridor size: 120 m x 20 m;

–	4 indoor IMT small cell BSs in each floor[footnoteRef:7]; [7: 	Four small cell base stations are considered in each floor instead of the two base stations per floor considered in 3GPP TR 36.814.] 


–	All UEs are deployed in the rooms;

–	It is assumed that at least one UE per base station is transmitting at the maximum power. Only such UE (24 of them) are considered in the aggregate interference analysis;

–	Height of each floor: 3 m;

–	Average building penetration loss for calculating path loss: 11 dB 

–	Indoor user penetration loss: 20 dB (in line with latest ITU-R WP 5D IMT parameter update. Note that the indoor penetration losses here include not only the building entry/wall loss but also additional attenuation for the signal to penetrate deeper into the building. This penetration loss may be frequency dependent);

–	Penetration loss: Calculations are conducted with penetration losses of 11 and 20 dB, representing the average building penetration loss and the value used for indoor IMT planning respectively;

–	Radar antenna main lobe to IMT main lobe coupling is considered. This is the worst case scenario as usually the radar beam does not remain pointing with a static bearing and IMT stations will fall within the main beam at some point during the radar’s rotation.

[bookmark: _Toc299717342][bookmark: _Toc279134892][bookmark: _Toc353353294]Figure 1

IMT small cell indoor system building: floor topology
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4.2.2	Methodology

4.2.2.1	Methodology of analysis of interference to the radiolocation service

Assuming one BS small cell or UE interfering with a radiolocation service radar, the received interference power level at the radiolocation service radar is calculated according to the equation:

IIMT = PIMT + GIMT + GRadar – L(f, d)

	IIMT: the received interference power level in 1MHz bandwidth at the radiolocation service radar (dBm)

	PIMT: transmission power per MHz bandwidth of IMT system (dBm)

	GIMT: antenna gain of IMT system (dB)

	GRadar: reception antenna gain of radiolocation service radar (dB)

	L(f, d): the path loss (dB)

In the aggregate interference case, the analysis is identical to the above with the exception of an increase in the interference power by a factor on 24 representing the number of transmitting BS or UE in the building.

Results are presented for both co-channel and non-cochannel scenarios. Note that in the non-cochannel analysis the frequency dependent rejection attenuation is determined according to Figure A2-3 of ITU-R. M.2111 for the IMT masks corresponding to ACLR1= -50 dB and IMT bandwidth 25 MHz.

4.2.2.2	Interference to the IMT indoor system

The interference from the radiolocation service radar to the IMT indoor system was considered using the same methods as described above. The maximum allowable interference level is calculated for I/N ≤ -6 dB.

4.2.2.3	Propagation models

The propagation model used to estimate the required separation distance between the IMT indoor system and land-based-A radar and ship-based radars A, B and C is from Recommendation ITU-R P.452-14, using a smooth earth model for the terrain profile.

In addition, this study uses the clutter loss as calculated from section 4.5 of Recommendation ITU‑R P.452-14. The following table shows the clutter parameters used in calculations.

Path loss model ITU-R P.452 allows for clutter at either or both ends of the link. Note that radars are often installed at locations clear of clutter and therefore no clutter is defined near the radar in the calculations.

Table 3

Nominal clutter heights and distances

		Clutter (ground-cover) category

		Nominal height
ha (m)

		Nominal distance
dk (km)



		Urban

		20

		0.02







ha:		Nominal clutter height (m) above local ground level.

dk:		Distance (km) from nominal clutter point to the antenna.

The propagation model used for land-based-B and airborne radar A is the model given in Recommendation ITU-R P.528-3. Path loss was first analysed using the free-space model governed by the equation:

		L  = 92.5 + 20 log f  + 20 log d                dB

where:

	L:	transmission loss due to free-space propagation (dB)

	f :	frequency (GHz)

	d :	path length (km)

When the minimum protection distance is greater than the height of the radar it is re-calculated using the path loss model specified in ITU-R P.528-3. For interference analysis 5% curves of the ITU-R P.528-3 are used. 

4.2.3	Calculations

[bookmark: _Toc376522257]4.2.3.1	Land based radars

Minimum protection distances between land-based -A and land-based B radar systems and indoor IMT systems are shown in the following tables. Interference from IMT system BS/UE into radar and from radar into IMT systems UE /BS are considered. 

Table 4

		Interference from IMT indoor BS to land-based radar station (cochannel)



		[bookmark: _Hlk376509212]Radar system deployed

		Land-based-A radar station

		Land-based-B radar station



		carrier frequency (GHz)

		3.3

		3.3



		IMT Signal bandwidth (MHz)

		20

		20



		Maximum output power (dBm)

		24

		24



		Antenna gain

of indoor IMT BS (dBi)

		0

		0



		Insertion loss

IMT indoor (dB)

		2

		2



		Insertion loss of radar (dB)

		2

		2



		Antenna gain radar (dBi)

		39

		40



		Penetration loss 
of outdoor to indoor (dB)

		11

		20

		11

		20



		Frequency difference (MHz)

		0

		0



		FDR (dB)

		0

		0



		Number of IMT BS

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117



		Allowable interference

power (dBm)

		-104

		-104



		Required propagation loss (dB)

		152.0

		165.8

		143.0

		156.8

		153.0

		166.8

		144.0

		157.8



		Propagation model

		ITU-R P.452‑14

		ITU-R P.528-3



		Min protection distance using propagation model (km)

		15

		25

		10

		18.5

		161.5

		294

		140.5

		188








Table 5

		Interference from IMT indoor BS to land-based radar station (non-co channel)



		Radar System Deployed

		Land- Based-A radar station

		Land based-B radar station



		carrier frequency (GHz)

		3.3

		3.3



		IMT Signal bandwidth

		20

		20



		Maximum output power

		24

		24



		Antenna gain of indoor IMT BS

		0

		0



		Insertion loss IMT indoor

		2

		2



		Insertion loss of radar

		2

		2



		Antenna gain radar

		39

		40



		Penetration loss of outdoor to indoor

		11

		20

		11

		20



		Frequency difference (MHz)

		20

		20



		FDR (dB)

		60

		63.41



		Number of IMT BS

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117

		-117

		-117

		-117

		-117

		-117

		-117



		Allowable interference power (dBm)

		-103.99

		-103.99

		-103.99

		-103.99

		-103.99

		-103.99

		-103.99

		-103.99



		Required propogation loss

		92.0

		105.8

		83.0

		96.8

		89.6

		103.4

		80.6

		94.4



		Min protection distance (free-space) (km)

		0.3

		1.4

		0.1

		0.5

		0.2

		1.1

		0.1

		0.4





[bookmark: OLE_LINK4][bookmark: OLE_LINK3]TABLE 6

		Interference from IMT indoor UE to land-based radar stations (cochannel)



		Radar system deployed

		Land-based-A radar station

		Land-based-B radar station



		carrier frequency (GHz)

		3.3

		3.3



		IMT Signal bandwidth (MHz)

		20

		20



		Maximum output power (dBm)

		23

		23



		Antenna gain

of indoor IMT UE (dBi)

		-4

		-4



		Insertion loss of radar (dB)

		2

		2



		Antenna gain radar (dB)

		39

		40



		Penetration loss

of outdoor to indoor (dB)

		11

		20

		11

		20



		Frequency difference (MHz)

		0

		0



		FDR (dB)

		0

		0



		Number of indoor UE

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117








		Allowable interference

power (dBm)

		-104

		-104



		Required propagation loss (dB)

		149.0

		162.8

		140.0

		153.8

		150.0

		163.8

		141.0

		154.8



		Propagation model

		ITU-R P.452‑14

		ITU-R P.528-3



		Min protection distance using propagation model (km)

		13

		23.5

		8.5

		15.5

		154

		261

		119

		167





TABLE 7

		Interference from IMT indoor UE to land-based-A radar station (non-co channel)



		Radar System Deployed

		Land based-A radar station

		Land based-B radar station



		carrier frequency (GHz)

		3.3

		3.3



		IMT Signal bandwidth

		20

		20



		Maximum output power

		23

		23



		Average output power

		23

		23



		Antenna gain of IMT UE

		-4

		-4



		Insertion loss radar

		2

		2



		Antenna gain radar

		39

		40



		Penetration loss of outdoor to indoor

		11

		20

		11

		20



		Frequency difference (MHz)

		20

		20



		FDR (dB)

		60

		63.41



		Number of IMT BS

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117

		-117

		-117

		-117

		-117

		-117

		-117



		Allowable interference power (dBm)

		-103.9

		-103.9

		-103.9

		-103.9

		-103.9

		-103.9

		-103.9

		-103.9



		Required propogation loss

		89.0

		102.8

		80.0

		93.8

		86.6

		100.4

		77.6

		91.4



		Min protection distance (km)

		0.2

		0.99

		0.72

		0.35

		0.2

		0.8

		0.1

		0.3





TABLE 8

		Interference from land-based-A radar station to IMT indoor BS



		carrier frequency (GHz)

		3.3



		radar Signal bandwidth (MHz)

		4



		Maximum output power (dBm)

		88



		Antenna gain of indoor IMT BS (dBi)

		0



		Insertion loss IMT indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		39



		Penetration loss of outdoor to indoor (dB)

		11

		20

		11

		20



		Frequency difference (MHz)

		0

		20



		FDR (dB)

		0

		60



		Allowable interference level (dBm/MHz)

		-115



		Allowable interference power (dBm)

		-109



		Required propagation loss (dB)

		221.0

		212.0

		161.0

		152.0



		Min protection distance P.452-14 (km)

		520

		402

		55

		44.5





TABLE 9

		Interference from Land-based-B radar station to IMT indoor BS



		carrier frequency (GHz)

		3.3



		radar Signal bandwidth (MHz)

		4



		Maximum output power (dBm)

		90



		Antenna gain of indoor IMT BS (dBi)

		0



		Insertion loss IMT indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		42

		0



		Penetration loss of outdoor to indoor (dB)

		11

		20

		11

		20



		Allowable interference level (dBm/MHz)

		-115



		Allowable interference power (dBm)

		-109



		Required propagation loss (dB)

		226

		217

		184

		175



		Min protection distance P.528-3 (km)

		1008

		886

		563.5

		500







In the case of co-channel interference from IMT small cell indoor BS and indoor UE to land-based radar A, the worst case protection distances are 25 and 24 km respectively assuming the  penetration loss of 11dB for a building containing 24 base stations. However, in the case of co-channel interference from IMT small cell indoor BS and indoor UE to land-based radar B the protection distances required are 294 and 261 km respectively. These observations are expected considering that land-based radar B is at a height of 4 600 m where there is no terrain/clutter protection within a long radio horizon. 

It is assumed that the IMT indoor system is located within the radar antenna main lobe (modelling the worst case for a rotating radar):

−	for an IMT small cell indoor BS deployment a  penetration of 11 dB representing propagation through  an average building is used. The calculation is also done for 20 dB penetration loss representing propagation inside the building. The effect of multiple BS deployed in a building (maximum 24 BS per building) is also considered. The aggregate analysis shows considerable extra protection is necessary in the worst case aggregate scenario; 

−	for IMT indoor UE interference to a radar system, it is assumed that the worst case where the UE is transmitting at maximum power.  The analysis shows that in the aggregate case the effects of UEs are as severe as aggregate BS.

−	The analysis shows that non-co channel sharing is possible for land-radar A with protection distance of 1.4 km. Considering that land-radar B is 4.6 km in the air it may be that non-co channel sharing is also possible between land-radar B and the IMT systems.

Even though land-based-B radar beamwidth is very narrow ((H,V)=(1.05, 2.2) degree), there is a high likelihood that at some percentage of the time it will be directed towards a building containing one or many BS and UEs. The severity of this problem is dependent on the percentage of buildings which have IMT small cell coverage. It is conceivable in the not too distant future that the majority of buildings in a city may have IMT small cell coverage, in this case it is almost certain that the land-based B radar main beam will be coupled with numerous BS and UEs at any point in time.

The co-channel and non-co channel interference from the land-based radar A to the IMT systems is very severe. The analysis shows that the protection distance required is 520 and 55 km for co-channel and non-co channel respectively. 

The co-channel interference from the land-based radar B to the IMT systems is more severe than that from land-based radar A. The analysis shows that the protection distance required is 1008 km. 

[bookmark: _Toc376522258]4.2.3.2	Airborne radars

The minimum protection distances between airborne radar A system and IMT indoor system are shown in the following tables. Interference from IMT system BS/UE into radar and from radar into IMT systems UE/ BS are considered.

Table 10

		Interference from IMT indoor BS to Airborne radar A station (cochannel)



		carrier frequency (GHz)

		3.3



		IMT Signal bandwidth (MHz)

		20



		Maximum output power (dBm)

		24



		Antenna gain of indoor IMT BS (dBi)

		0



		Insertion loss
IMT indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		40



		Penetration loss of outdoor to indoor (dB)

		11

		20



		Frequency difference (MHz)

		0



		FDR (dB)

		0



		Number of IMT BS

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117



		Allowable interference power (dBm)

		-104



		Required propagation loss (dB)

		153.0

		166.8

		144.0

		157.8



		Propagation model

		ITU-R P.528-3



		Min protection distance using
propagation model (km)

		348.5

		422.5

		166

		410





TABLE 11

		Interference from IMT indoor BS to Airborne-A radar station (non-co channel)



		IMT system deployment place

		Located at radar antenna main lobe



		carrier frequency (GHz)

		3.3



		IMT Signal bandwidth (MHz)

		20



		Maximum output power (dBm)

		24



		Antenna gain of indoor IMT BS (dBi)

		0



		Insertion loss IMT indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		40



		Penetration loss of outdoor to indoor (dB)

		11

		20



		Frequency difference (MHz)

		20



		FDR (dB)

		34.7



		Number of IMT BS

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117



		Allowable interference power (dBm)

		-104



		Required propagation loss (dB)

		118.3

		132.1

		109.3

		123.1



		Min protection distance (free space)(km)

		N/A

		N/A

		2.1

		N/A



		Propagation model

		ITU-R P.528-3



		Min protection distance using
propagation model(km)

		9

		51.5

		N/A

		17.5





TABLE 12

		Interference from IMT indoor UE to Airborne-A radar station (cochannel)



		IMT system deployment place

		Located at radar antenna main lobe



		carrier frequency (GHz)

		3.3



		IMT Signal bandwidth (MHz)

		20



		Maximum output power (dBm)

		23



		Antenna gain of indoor IMT UE (dBi)

		-4



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dB)

		40



		Penetration loss of outdoor to indoor (dB)

		11

		20



		Frequency difference (MHz)

		0



		FDR (dB)

		0



		Number of IMT UE

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117



		Allowable interference power (dBm)

		-104








		Required propagation loss (dB)

		150.0

		163.8

		141.0

		154.8



		Propagation model

		ITU-R P.528-3



		Min protection distance using
propagation model(km)

		291

		423

		138

		385





TABLE 13

		Interference from IMT indoor UE to Airborne-A radar station (non-co channel)



		IMT system deployment place

		Located at radar antenna main lobe



		carrier frequency (GHz)

		3.3



		IMT Signal bandwidth (MHz)

		20



		Maximum output power (dBm)

		23



		Antenna gain
of indoor IMT UE (dBi)

		-4



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		40



		Penetration loss of outdoor to indoor (dB)

		11

		20



		Frequency difference (MHz)

		20



		FDR (dB)

		34.7



		Number of IMT UE

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117



		Allowable interference power (dBm)

		-104



		Required propagation loss (dB)

		115.3

		129.1

		106.3

		120.1



		Min protection distance (free space) (km)

		4.2

		N/A

		1.5

		7.3



		Propagation model

		ITU-R P.528-3



		Min protection distance using
propagation model(km)

		N/A

		36

		N/A

		N/A





TABLE 14

		Interference from Airborne radar A station to  IMT indoor BS



		carrier frequency (GHz)

		3.3



		radar Signal bandwidth

		4



		Maximum output power

		90



		Antenna gain of indoor IMT BS

		0



		Insertion loss IMT indoor

		2



		Insertion loss of radar

		2



		Antenna gain radar

		40

		40

		0



		Penetration loss of outdoor to indoor

		11

		20

		11

		20

		20








		Frequency difference (MHz)

		0

		20

		60



		FDR (dB)

		0

		32

		60.0



		Allowable interference

level (dBm/MHz)

		-115

		-115

		-115



		Allowable interference

power (dBm)

		-109.0



		Required propagation

Loss (dB)

		224.0

		215.0

		191.9

		182.9

		115.0



		Min protection

Distance (free space) (km)

		N/A

		N/A

		N/A

		N/A

		4



		Propagation model

		ITU-R P.528-3



		Min protection 
distance using 
propagation model(km)

		1057

		937

		697

		623

		N/A







As expected the results for the airborne radar A are similar to the land-based radar B. This is because they both operate at high altitude. The protection distance required for the airborne radar A are more exaggerated than those of the land-based B because of its larger height above the ground of 9 km. For co-channel sharing the minimum protection distance required between the airborne radar and the IMT systems is in approximately 420 km. 

−	For IMT small cell indoor BS deployments, a penetration loss of 11 dB representing propagation through an average building is used. The calculation is also made for 20 dB penetration loss representing propagation inside the building. The effect of multiple BS deployed in a building (maximum 24 BS per building) is also considered. The aggregate analysis shows considerable extra protection is necessary in the worst case aggregate scenario.

−	For IMT indoor UE interference to radar system, the worst case is assumed where the UE is transmitting at maximum power. The analysis shows that in the aggregate case the effects of UEs are as severe as aggregate BS. 

−	The analysis shows that non-co channel sharing may be possible for airborne radar A where there is at least 20 dB of penetration loss. Where there is 11 dB penetration loss the minimum protection distance required is 52 km for IMT BS and 36 km for UE.

Even though airborne radar A beamwidth is very narrow ((H,V)=(1.2,6.0) degree), there is a high likelihood that at some percentage of the time it will be directed towards a building containing one or many BS and UEs. The severity of this problem is dependent on the percentage of buildings which have IMT small cell coverage. It is conceivable that the majority of buildings in a city may have IMT small cell coverage, in this case it is almost certain that the airborne radar A main beam will be coupled with numerous BS and UEs at any point in time.

The co-channel and non-co channel interference from the airborne radar A to the IMT systems is very severe. The analysis shows that the protection distance required is 1057 and 697 km for BS and UE respectively. 

[bookmark: _Toc376522259]4.2.3.3	Ship based radars

Minimum protection distances between ship-based radars A, B and C stations and indoor IMT system are given in the following tables. Interference from IMT system BS and UE into radar and from radar into IMT systems UE and BS are considered. Note that the frequency dependent rejection attenuation is determined according to ITU-R. M.2111 Figure A2-3 for an ACLR1= ‑50 dB. The ITU-R M.2111 does not cover ship-based radar system C, hence no non-co channel results are presented and IMT bandwidth 25 MHz.

TABLE 14

		Interference from IMT indoor BS to ship-based radar stations (cochannel)



		Radar system deployed

		Ship-based-A radar station

		Ship-based-B radar station

		Ship-based-C radar station



		carrier frequency (GHz)

		3.3

		3.3

		3.3



		IMT signal bandwidth (MHz)

		20

		20

		20



		Maximum output power (dBm)

		24

		24

		24



		Antenna gain
of indoor IMT BS (dBi)

		0

		0

		0



		Insertion loss
IMT indoor (dB)

		2

		2

		2



		Insertion loss of radar (dB)

		2

		2

		2



		Antenna gain radar (dBi)

		32

		42

		40



		Penetration loss
of outdoor to indoor (dB)

		11

		20

		11

		20

		11

		20



		Frequency difference (MHz)

		0

		0

		0



		FDR (dB)

		0

		0

		0



		Number of IMT BS

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117

		-117








		Allowable interference
power (dBm)

		-104

		-104

		-104



		Required propagation loss (dB)

		145.0

		158.8

		136.0

		149.8

		155.0

		168.8

		146.0

		159.8

		153.0

		166.8

		144.0

		157.8



		Propagation model

		ITU-R P.452‑14



		Min protection 
distance using 
propagation model(km)

		13

		21

		6

		15.5

		18.5

		29

		13

		22

		19

		30

		14

		22.5





TABLE 15

		Interference from IMT indoor BS to Ship-based radar stations (non-co channel)



		Radar system deployed

		Ship-based-A radar station

		Ship-based-B radar station

		Ship-based-C radar station



		carrier frequency (GHz)

		3.3

		3.3

		3.3



		IMT Signal bandwidth (MHz)

		20

		20

		20



		Maximum output power (dBm)

		24

		24

		24



		Antenna gain
of indoor IMT BS (dBi)

		0

		0

		0



		Insertion loss
IMT indoor (dB)

		2

		2

		2



		Insertion loss of radar (dB)

		2

		2

		2



		Antenna gain radar (dBi)

		32

		42

		40



		Penetration loss
of outdoor to indoor (dB)

		11

		20

		11

		20

		11

		20



		Frequency difference (MHz)

		20

		20

		40



		FDR (dB)

		34.7

		34.7

		32.71



		Number of IMT BS

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117

		-117








		Allowable interference
power (dBm)

		-104

		-104

		-104



		Required propagation loss (dB)

		110.3

		124.1

		101.3

		115.1

		120.3

		134.1

		111.3

		125.1

		120.3

		134.1

		111.3

		125.1



		Min protection distance (free space) (km)

		2.4

		11.5

		0.8

		4.1

		7.5

		36.5

		2.6

		13.0

		7.4

		36.4

		2.6

		12.9



		Propagation model

		ITU-R P.452‑14



		Min protection 
distance using 
propagation model(km)

		4

		5

		N/A

		N/A

		5

		6

		N/A

		5

		5

		6.7

		4.5

		5.5





TABLE 16

		Interference from IMT indoor UE to Ship-based radar stations (co-channel)



		Radar system deployed

		Ship-based-A radar station

		Ship-based-B radar station

		Ship-based-C radar station



		carrier frequency (GHz)

		3.3

		3.3

		3.3



		IMT signal bandwidth (MHz)

		20

		20

		20



		Maximum output power (dBm)

		23

		23

		23



		Antenna gain
of indoor IMT UE (dBi)

		-4

		-4

		-4



		Insertion loss of radar (dB)

		2

		2

		2



		Antenna gain radar (dB)

		32

		42

		40



		Penetration loss
of outdoor to indoor (dB)

		11

		20

		11

		20

		11

		20



		Frequency difference (MHz)

		0

		0

		0



		FDR (dB)

		0

		0

		0



		Number of indoor UE

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117

		-117



		Allowable interference
power (dBm)

		-104

		-104

		-104



		Required propagation loss (dB)

		142.0

		155.8

		133.0

		146.8

		152.0

		165.8

		143.0

		156.8

		150.0

		163.8

		141.0

		154.8



		Propagation model

		ITU-R P.452‑14



		Min protection 
distance using 
propagation model (km)

		10.5

		19

		6

		14

		16.5

		26.5

		11

		19.5

		17.5

		27.5

		12.5

		20.5





TABLE 17

		Interference from IMT indoor BS to ship-based radar stations (non-co channel)



		Radar system deployed

		Ship-based-A radar station

		Ship-based-B radar station

		Ship-based-C radar station



		carrier frequency (GHz)

		3.3

		3.3

		3.3



		IMT Signal bandwidth (MHz)

		20

		20

		20



		Maximum output power (dBm)

		23

		23

		23



		Antenna gain
of indoor IMT UE(dBi)

		-4

		-4

		-4



		Insertion loss of radar (dB)

		2

		2

		2



		Antenna gain radar (dBi)

		32

		42

		40



		Penetration loss
of outdoor to indoor (dB)

		11

		20

		11

		20

		11

		20



		Frequency difference (MHz)

		20

		20

		40 (Note 1)



		FDR (dB)

		34.7

		34.7

		32.71



		Number of IMT UE

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24

		1

		24



		Allowable interference level (dBm/MHz)

		-117

		-117

		-117



		Allowable interference
power (dBm)

		-104

		-104

		-104



		Required propagation loss (dB)

		107.3

		121.1

		98.3

		111.1

		117.3

		131.1

		108.3

		122.1

		117.3

		131.1

		108.3

		122.1



		Min protection distance
(free space) (km)

		1.7

		8.2

		0.59

		2.9

		5.3

		25.8

		1.9

		9.2

		5.3

		25.7

		1.9

		9.1



		Propagation model

		ITU-R P.452‑14



		Min protection 
distance using 
propagation model(km)

		N/A

		5

		N/A

		N/A

		5

		5.5

		N/A

		5

		5.0

		6.0

		4.4

		5.0





Note 1: Note the 40 MHz carrier separation compared to 20 MHz in other radars. Wide receive bandwidth radar requires additional separation to achieve sufficient FDR to achieve similar results as a narrow receive bandwidth radar. 



TABLE 18

		Interference from ship system-A radar station to IMT indoor BS



		carrier frequency (GHz)

		3.3



		radar Signal bandwidth (MHz)

		4



		Maximum output power (dBm)

		90



		Antenna gain of indoor 
IMT BS (dBi)

		0



		Insertion loss IMT 
indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		32

		32

		0



		Penetration loss of
outdoor to indoor (dB)

		11

		20

		11

		20

		20



		Frequency difference (MHz)

		0

		60

		1000



		FDR (dB)

		0

		31.1

		80.0



		Allowable interference
level (dBm/MHz)

		-115

		-115

		-115



		Allowable interference
power (dBm)

		-109.0



		Required propogation
loss (dB)

		216.0

		207.0

		184.9

		175.9

		95.0



		Min protection
distance (km)

		N/A

		N/A

		N/A

		N/A

		0.40



		Propagation model

		ITU-R P.452‑14



		Min protection 
distance using 
propagation model (km)

		433

		320

		105

		75

		N/A





TABLE 19

		Interference from ship system-B radar station to  IMT indoor BS



		carrier frequency (GHz)

		3.3



		radar signal bandwidth (MHz)

		4



		Maximum output power (dBm)

		98.1



		Antenna gain of indoor IMT BS (dBi)

		0



		Insertion loss IMT indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		42

		42

		0



		Penetration loss of
outdoor to indoor (dB)

		11

		20

		11

		20

		20








		Frequency difference (MHz)

		0

		20

		100



		FDR (dB)

		0

		32.0

		60



		Allowable interference

level (dBm/MHz)

		-115

		-115

		-115



		Allowable interference

power (dBm)

		-109.0



		Required propagation

Loss (dB)

		234.0

		225.0

		202.0

		193.0

		123.0



		Propagation model

		ITU-R P.452‑14



		Min protection 
distance using 
propagation model(km)

		680

		550

		264

		170

		18





TABLE 20

		Interference from ship system-C radar station to  IMT indoor BS (cochannel)



		Carrier frequency (GHz)

		3.3



		Radar Signal bandwidth (MHz)

		25



		Maximum output power (dBm)

		83.0



		Antenna gain of indoor IMT BS (dBi)

		0



		Insertion loss IMT indoor (dB)

		2



		Insertion loss of radar (dB)

		2



		Antenna gain radar (dBi)

		40

		0



		Penetration loss of outdoor to indoor (dB)

		11

		20

		11

		20



		Allowable interference level (dBm/MHz)

		-115

		-115



		Required propogation loss (dB)

		209.0

		200.0

		169.0

		160.0



		Propagation model

		ITU-R P.452‑14



		Min protection distance 452 (Urban) (km)

		385.5

		276

		69

		57







For co-channel sharing the minimum protection distance required between the ship-based radars and the IMT systems is in the range between 19 and 30 km.

−	for IMT small cell indoor BS deployed penetration loss of 11 dB through average building and of 20 dB penetration loss for propagation inside the building is assumed. Additionally the effect of multiple BS deployed in a building (maximum 24 BS per building) is considered. The aggregate analysis shows considerable extra protection is necessary in the worst case aggregate scenario.

−	for IMT indoor UE interference to radar system, the worst case where the UE is transmitting at maximum power is assumed. The analysis shows that in the aggregate case the effects of UEs are as severe as aggregate BS.

−	the analysis shows that non-co channel sharing may be practical for ship-based radars (A and B) where the minimum protection distance required is between 5 and 7 km.

The co-channel and non-co channel interference from the ship-based radar A to the IMT systems is very severe. The analysis shows that the protection distance required is 433 and 105 km for co-channel and non-co channel respectively. 

The co-channel and non-co channel interference from the ship-based radar B to the IMT systems is very severe. The analysis shows that the protection distance is 680 and 264 km co-channel and non-co channel respectively. 

The co-channel interference from the ship-based radar C to the IMT systems is not as severe as the case with ship-based radars A and B. However the minimum protection distance required is 386 km. 

4.3	Study B2 (derived from Document 4-5-6-7/440)

The study presents compatibility with airborne system “A”

4.3.1	Assuptions

4.3.1.1	IMT systems parameters

Table 1

IMT systems parameters

		BS characteristics / Cell structure

		Small cell indoor (100%)



		Antenna height

		3 m



		Sectorization

		single sector



		Antenna pattern

		Recommendation ITU-R F.1336 omni



		Indoor BS Penetration Loss PL

		12dB[footnoteRef:8] [8:  	Corresponds to an average value whose distribution is featured by a 17 dB median and 7 dB standard deviation proposed by the US input for RLANs in higher frequencies (5 GHz band).  ] 




		Maximum BS output power (5/10/20 MHz)

		24 dBm



		Maximum BS antenna gain

		0 dBi



		Maximum BS output power (e.i.r.p.)

		24 dBm



		Average BS activity

		50 %



		Average BS power/sector (to be used in sharing studies)

		21 dBm







Each building contains an IMT small cell indoor system comprising multiple IMT small cells.

The IMT small cell indoor system topology is distributed in buildings of 6 floors, the topology of each floor is based on the below figure from the 3GPP specification 3GPP TR 36.814. As shown in figure below:

●	IMT small cell indoor system buildings size: =120 m x 50 m, including rooms and corridor;

●	the number of indoor IMT small cell BSs within each floor NS=2[footnoteRef:9]; [9: 	Four small cell base stations are considered in each floor instead of the two base stations per floor considered in 3GPP TR 36.814.] 


●	the average number of floors per building NF=6, 

●	average penetration loss: 12 dB,

●	street width: W=20m.

4.3.1.2	Radar systems

In this document, the considered radar for the sharing study is the airborne radar. Airborne radars purpose is for long range surveillance, target tracking and Air Traffic Control. The spectrum characteristics for typical airborne radar found in this band are depicted in Figure 2, extracted from Recommendation ITU-R M.1465-1. The antenna of this system is a large, slotted waveguide array assembly mounted atop of the airframe. If surveillance aircraft makes the radar (embedded on the aircraft operating at altitude h= 9 000 m) pointing to the horizon, the vertical scanning process of the radar antenna concerns as aircrafts surveillance for higher altitudes as air and sea surveillance mode for lower altitudes, resulting in elevation angle. 

This airborne system can be operated for extended hours of up to 12 h depending upon aircrew availability. In some situations constant surveillance is maintained on a 24 h per day basis by replenishment aircraft.

Recommendation ITU-R M.1465-1 contains in particular the interference criterion, I/N, that is used to protect Radar systems from other services with the  I/N = –6 dB recommended value (see recommends 3 of Recommendation ITU-R M.1465-1). 

Table 2

Radiolocation system

		Parameter

		Airborne system



		

		A



		Use

		Surface and air search



		Tuning range (GHz)

		3.1-3.7



		Antenna gain (dBi)

		40



		Beamwidth (H,V) (degrees)

		1.2, 6.0



		Vertical scan type

		Not available



		Maximum vertical scan (degrees)

		 60



		Interference criterion (dB)

		d



		Vertical scan rate (degrees/s)

		Not available



		Horizontal scan type

		Rotating



		Maximum horizontal scan (degrees)

		360



		Rx noise figure (dB)

		3





4.3.2	Methodology

A Minimum Coupling Loss approach is used, modeling multiple interferers-victim pair (as to be smallcells indoor within the surface covered by the main beam of the radar system-to-Radar). From this method, we derive the InBand restricted emissions of IMT systems when they share the same band as radar systems in 3 300‑3 400 MHz band. 

According to the nature of the airborne radar, the propagation model separating the radar receiver from the smallcells indoor within the urban area is assumed Free Space Loss (FSL) for distances lower than horizon distance d. 

Aggregation factor calculation requires assessing the density of smallcells indoor per km2 as well as the surface which is covered by the main lobe of the airborne radar.

From the previous information, the density of smallcells indoor per area (km2), denoted D, is equal to: D= .

In the deployment scenario shown in Figure 1, IMT-Advanced smallcells indoor of the buildings that are covered by the main beam of the airborne radar are potential main[footnoteRef:10] interferers.  [10:  	IMT smallcells in the sidelobes of the airborne radar are not considered in this study.] 


As the aggregated interference, interferences from smallcells stations located (in buildings) in the area delimited by ground distances R0 and R1 are summed up, as indicated in Figure 1.

[bookmark: _Ref376472628]Figure 1

Radar and IMT-Advanced deployment model for aggregate interference consideration

[image: ]



Parameters dmax and dmin may be derived as follows:

In the triangle (QBO): 

which is equivalent to:  

The identification of the polynom of the  dmin variable leads to the following (valid) root expression: 

.

In the same manner,   value can be derived:



Where: .

In the same manner, we get:  and .

(considering respectively triangles (QBO) and (QB’O)).

which leads to: R0 =R=R and R1= R=R.

R0 and R1 are similar (and small) when elevation angle Δ is close to the maximum (in absolute) value.

Number of smallcells indoor in sight of airborne radar antenna main beam

[bookmark: _Ref376472600]Figure 2

Surface covered by the airborne radar antenna main beam

[image: ]

	

The surface which is covered by the airborne radar antenna main beam is modelled as the surface of the angular sector portion (HDCA), denoted  depicted in the Figure 2. This surface is down bounded by the surface of the (B’FBG) kite shaped quadrilateral, delimited with dashed green line. It is then proposed to calculate the (B’FBG) surface in this contribution.

Figure 2 shows that: . 

In the triangle (EIQ[footnoteRef:11]),  (1) [11:  	Q point being the center of the earth, as depicted in Figure 1.] 


In the triangle (EOQ), EO= (2)



From (1) and (2), we thus obtain:

.

The considered urban surface is that one from Ile-de-France region which gathers Paris as well as its suburb[footnoteRef:12].When the airborne radar antenna points at the horizon, the solid angle covers the largest terrestrial zone. According to The table X, the largest area is lower than the Ile-de-France region, which leads to conclude that previous assumptions on smallcells indoor deployment within the urban area may apply in the whole area. [12:  	Corresponding to 12 000km2.] 


We then derive the number of smallcells indoor (NSI) in sight of the main beam of the airborne radar: 

Restricted inband emission level for IMT smallcells indoor

This parameter refers to the aggregation factor in the following link budget:

Isolation= e.i.r.p.(dBm/MHz)+PenetrationLoss+PathLoss[footnoteRef:13]+AggFactor+GR-I/N+Noise(dBm/MHz) [13:  	Free Space Loss.] 


	= e.i.r.p.(dBm/MHz)+PL+FSL+10log10(NSI) +GR -I/N+Noise(dBm/MHz).

Additional isolation is required when Isolation<0dB. In such a case, restricted Inband level could be required in order to ensure the protection of the airborne radar:

InBand Emission level (dBm/MHz) e.i.r.p.(dBm/MHz)+ min(Isolation,0).

4.4	Study B3 ( derived from document 4-5-6-7/467)

The study presents compatibility with land systems “A” and “B” and with airborne system “A”. 

4.4.1	Assumptions

Analysis of Recommendation ITU-R М.1465 showed that currently technical characteristics of three ground-based and air-borne radars were available. The radars are:

–	Radar А deployed on the Earth surface and used for aerospace and ground surveillance;

–	Radar B deployed on balloons and used for ground surveillance;

–	Radar A deployed aboard aircraft.

Based on the above the following scenarios of potential interference were analyzed.

Scenario 1: Estimation of interference from IMT to ground-based Radar A

Estimation of interference effect to the ground based radar assumed a scenario when interference from an IMT system was at a maximum level. The case analyzed assumed a building with its flank wall perpendicular to direction of radar (see Fig. 1). When propagating through the flank wall emissions fade with a level depending on properties of the wall material and building structure. In the particular case described in Document 4-5-6-7/393, Annex 6, Appendix 6 the fading was assumed to be 20 dB. 

FIGURE 1

Scenario of interference between ground-based Radar A and IMT systems (indoor small cell)
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Fig. 1 legend: 

d=d1+d2: separation distance is a distance between the building and the radiodetermination radar;

h1: 	height of the IMT base station transmitting antenna;

h2: 	height of the radar receiving antenna phase center, (5 m);

d1	distance between the building with IMT system and the point of maximum first Fresnel zone radius;

d2	distance between the radar and the point of maximum first Fresnel zone radius.

Scenario 2: Estimation of interference from IMT to balloon radar

This scenario assumed a generic Radar B operating aboard balloon at an average altitude of 4600 m above the earth surface (see Fig. 2) in close proximity to a building with indoor IMT system. The scenario considered two potential balloon radar locations relative to the building, i.e. the radar is directly above the building (Fig. 2a) and the radar is aside from the building (Fig. 2b).

FIGURE 2

Scenario of interference between Radar B and IMT system (indoor small cell)
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a                                                                                        b

Note: h is radar altitude above the earth surface.

It is obvious that in the first case all interfering emissions from IMT transmitters would propagate only through ceiling plates having high propagation loss. 

In the second case interfering emissions from IMT transmitters would propagate through the building side walls with significantly less propagation loss.

Scenario 3: Estimation of Interference from IMT to Air-Borne Radar A

Estimation of maximum level of interference to air-borne radar of type A assumed an appropriately equipped aircraft flying over the building at 9000 m altitude (see Fig. 3). Two potential option aircraft route were considered, including the first one with the radar directly over the building (Fig. 3a) and the second one with the radar off-side from the building (Fig. 3b).

FIGURE 3

Scenario of interference between air-borne Radar A and IMT system (indoor small cell)
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 a                                                                        b

Note: h is radar altitude above the earth surface.

In the first assumed case all interfering emissions from IMT transmitters would propagate only through ceiling plates having high propagation loss. 

In the second case interfering emissions from IMT transmitters would propagate through the building side walls with significantly less propagation loss.

4.4.2	Methodology

4.4.2.1	Methodology of studies for ground-based Radar A (Scenario 1)

4.4.2.1.1	Methodology of estimating the interference from IMT BS transmitters to ground‑based Radar A

Estimation of interference to ground-based Radar A included a detailed analysis of two issues: 

– 	propagation model used in the compatibility studies;

–	probability of multi-source interference to Radar A.

The studies reflected in Document 4-5-6-7/393, Annex 6, Appendix 6 proposed to employ a propagation model described in Recommendation ITU-R P.452. Using the proposed propagation model a required protection distance was estimated. The protection distance would not exceed 200 m. Analysis of the emission propagation model as described in Recommendation ITU-R P.452 resulted in conclusions that the proposed propagation model would not be feasible for such small distances between a transmitter and a receiver, specifically in the case when the air-borne radar was equipped with a high gain antenna having its pattern width not exciding 2 degrees.

Analysis of Recommendation ITU-R P.526-10 also showed that if the first Fresnel zone in the propagation radio path had no obstacles then methodology of estimating the free space interference would apply to calculations of interference propagation conditions (see Recommendation ITU‑R P.525-2). On that basis a maximum distance between the radar and the building to be feasible for using the model of free space propagation was determined. To do that the first Fresnel 


zone radius was estimated as a function of a distance between the radar and the building wall and distance between the radar and the building was determined when the first Fresnel zone contacted the earth surface.

The first Fresnel zone radius was calculated using the following expression (see Recommendation ITU-R P.526-10):



		m,	(1)

where: 	n – number of Fresnel zone (the 1-st assumed herein),

	f – frequency (MHz), 

	d1– distance (km) between the transmitter and the point in which the n-th Fresnel zone       radius was calculated;,

	d2 – distance (km) between the receiver and the point in which the n-th Fresnel zone radius was calculated.

Analysis of the first Fresnel zone radius as a function of distance between the receiver and the transmitter showed that the first Fresnel zone radius would be maximum in the middle of the path considered. Therefore the Fresnel zone radius as a function of the distance from the first Fresnel zone edge to the earth surface was estimated for different heights of the radar receiving antenna. The estimation results are shown in Fig. 4. There Curve 1 refers to maximum first Fresnel area radius as a function of distance between the IMT transmitter and the radar receiver; Curve 2 denotes dependence of distance between the first Fresnel zone edge and the earth surface for the IMT transmitter at the altitude of 18 m and for the radar receiver at 10 m altitude; Curve 3 shows dependence of distance between the first Fresnel zone edge and the earth surface for the IMT transmitter at the altitude of 18 m and for the radar receiver at 5 m altitude.

Analysis of the above curves shows that for the IMT transmitter at 18 m altitude (the ceiling of the building upper story) and for the radar receiver at 5 m altitude the first Fresnel zone would touch the earth surface when the distance between the IMT base station (BS) and the radar is 5.3 m. If the radar receiver altitude is 10 m then the first Fresnel zone would touch the earth surface at a distance of 7.5 km between the IMT BS and the radar. Thus it is obvious that for distances significantly exceeding the protection distance reflected in Document 4-5-6-7/393, Annex 6, Appendix 6 the free space propagation model would apply and this model was used in further compatibility studies.

FIGURE 4

The first Fresnel zone radius, its clearance over the earth surface and difference between the clearance
and the first Fresnel zone as functions of the distance between the radar and IMT BS
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Estimation of probability for multi-source interference to Radar A considered that a number of interferers affecting Radar A antenna main lobe would be a function of the lobe width in a vertical plane defined by a distance from the radar to the building (see Fig. 5). The vertical lobe size (in meters) would be a function of distance such as:

		hlobe =  2d tg(φ/2), (m)	(2)

where 	φ = 1.72 degrees. – angle size, degrees;

	d – distance from the radar receiver antenna to the building wall, m.

FIGURE 5

Coverage of the building floors by the antenna beam 
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The main lobe of the radar covers different number of 3-meter high floors depending on the distance between the radar and the building (see Table 1).

TABLE 1

Number of building floors affected by the radar antenna main lobe
 as a function of distance

		Number of floors

		Antenna lobe
 vertical size, (m)

		Distance between radar and building (m)



		2

		3.3

		110



		3

		6.3

		210



		4

		9.3

		310







Analysis of Table 1 shows that with distances between the radar and the building below 110 m the radar antenna main lobe could be affected by all interferers located in one floor; if the distance between the radar and the building is from 110 m and 210 m then the radar antenna main lobe could be affected by all interferers located in two floors; if the distance between the radar and the building is from 210 m and 310 m then the radar antenna main lobe could be affected by all interferers located in three floors. If the distance between the radar and the building exceeds 310 m then the radar antenna main lobe could be affected by all interferers located in four floors of the building considered.

Aggregate interference field strength is estimated as:

		),	(3)

where:  – field strength of interference from i-th IMT BS, dB(µV/m).

Field strength of interference from the i-th transmitter is:

		Ei  =  Pt  –  20 log d  +  74,8 –  , dB(µV/m),	(4)

where:  	Pt – transmitter EIRP in the radar frequency band, dBW;

	d – distance, km;

	 - attenuation in the building walls, dB.

Then interference power at the receiver front end would be:

		I = Esum – 20 log f + G – 167.2, dBW,	(5)

where: 	G – radar receiving antenna gain, dBW;

	f – frequency, GHz.

4.4.2.1.2 	Methodology of estimating the interference from ground-based Radar A
to IMT receiver

Estimation of interference from the radars to the IMT receivers used emissions propagation model from Recommendation ITU-R P.452. Method of minimum coupling loss (MCL) was used to estimate the loss levels providing for interference-free operation of the IMT receivers taking building wall losses into account. It was such as:



		,

where :	L – minimum required propagation loss;

	PRLS – radar transmitter power;

	GRLS – radar antenna gain;

	GIMT – IMT receiver antenna gain;

	I acc IMT – acceptable level of interference at the IMT receiver front end;

	 - building wall propagation loss.

The loss values obtained thereby were used for estimating the protection distances required.

4.4.3.1	Methodology of studies for balloon Radar B (Scenario 2) and air-borne Radar A (Scenario 3)

4.4.3.1.1 	Methodology of estimating interference from IMT transmitters to balloon Radar B receiver (Scenario 2) and to air-borne Radar A receiver (Scenario 3)

The studies in the considered cases assumed that the radar antenna main lobe was affected by emissions from all IMT BS transmitters. Field strength of interference from i-th IMT BS was estimated using the following equation:

		Ei  =  Pt  –  20 log d  +  74,8  –  i, dB(µV/m),	(6)

where i – attenuation in the path from the i-th transmitter to the radar receiver accounting for amount of building ceilings.

Aggregate interference field strength was estimated using equation (3) and interference power was estimated using equation (5). The estimated interference power was used for calculating interference-to-noise (I/N) ratio that was further compared with the protection criterion.

4.4.3.1.2	Methodology of estimating interference from transmitters of balloon Radar B and air-borne Radar A

Estimation of interference from the radars to the IMT systems used a model of free space propagation. Effect of emission attenuation in the walls was accounted by appropriate reducing the radar EIRP. Therefore the level of interference at the IMT receiver front end was estimated using the following equation:



		,	(7)

where:	IIMT – power of interference at the IMT receiver front end, dBW;

	EIRPRLS-  radar EIRP, dBW;

	λ – operational wavelength, m;

	R – distance between the radar and the IMT receiver, m;

	 - loss of propagation in the building.

Based on the maximum acceptable value of interference power at the IMT receiver front end the maximum protection distance was estimated as:



			(8)




4.4.4	Calculations

4.4.4.1	Calculations results for compatibility study related to ground-based Radar A (Scenario 1)

4.4.4.1.1	Effect of IMT transmitters on ground-based Radar A (Scenario 1)

An acceptable interference level was estimated to define interference effect on Radar A operation. The Radar A thermal noise power was estimated using the following equation:

		, W	(9)

where:  	k – Boltzmann constant, 1.38·10–23 J/К,

	T – receiver noise temperature, К,

	 – receiver passband, 380 000 000 Hz.

The receiver noise temperature was determined using the following equation:

		T = T0·(10Nf/10 – 1), К, 	(10)

where: 	T0 – nominal noise temperature T0 = 290 К,

	Nf – radar receiver noise figure, 3.1 dB. 

Analysis of Recommendation ITU-R М.1465 showed that Radar A receiver noise figure was 3.1 dB.  It corresponded to noise power of -118.0 dBW. Thus, based on the Radar A protection criterion (I/N = -6 dB) the maximum acceptable noise power at the Radar A receiver front end would be minus 124 dBW.

Fig. 6 below shows dependence of the interference levels at the Radar A receiver front end from emissions by a single IMT BS (green curve) and by all IMT BSs affecting the Radar A antenna main lobe (blue curve).

FIGURE 6

Interference from IMT BS as a function of distance between the radar and the building
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Analysis of the estimates shows that for Radar A antenna height of 5 m and for the distance between the radar and the building wall of 5.3 km the threshold I/N ratio would be exceeded:

–	by 18.5 dB for a single IMT BS;

–	by 30.5 dB for aggregate interference from all IMT BS deployed in the building.

For Radar A antenna height of 10 m and for the distance between the radar and the building wall of 7.5 km the threshold I/N ratio would be exceeded:

–	by 16.7 dB for a single IMT BS;

–	by 28.7 dB for aggregate interference from all IMT BS deployed in the building.

The above results were obtained for an IMT BS operating in the frequency band of 5 MHz in width and for losses in building walls of 20 dB. The above protection criterion exceeding values would be the same for IMT BSs operating in the 20 MHz frequency band because Radar A operating bandwidth is significantly exceeds that for IMT BS transmitter.

It should be noted that path losses through the walls are averaged and could be significantly lower. Reducing those losses would result in increasing interference at the ground-based Radar A front end and to additional excess of I/N ratio at the Radar A front end.

Because at line-of-sight distances indoor IMT BSs cause unacceptable interference to radar operation the propagation model in Recommendation ITU-R P.452 was used for assessing the required protection distance. The estimation took into account that the ground-based Radar A operational band width was 380 MHz at the intermediate frequency. In combination with the radar noise figure of 3.1 dB that would result in the radar thermal noise power of -118 dBW and in maximum acceptable interference power of -124 dBW with a consequent required minimum coupling losses of 164 dB. Estimation using Recommendation ITU-R P.452 propagation model shows that to provide those additional losses requires protection distances of 45 km.

4.4.4.1.2 	Effect of ground-based Radar A on IMT receivers

Protection criteria and noise figures for IMT receivers were unavailable in the contributions received from WP 5D. Therefore estimation of radars effect on IMT receiver operation assumed the following parameters:

–	IMT receiver noise figure was 10 dB;

–	maximum acceptable I/N ratio at the IMT receiver front end was -6 dB.

The above assumptions were used for estimating the receiver thermal noise and maximum acceptable interference power for receiving channels of 5 MHz, 10 MHz and 20 MHz pass-bands. The results of estimation are shown in Table 2.

TABLE 2

Acceptable interference power at IMT receiver front end

		Channel width, MHz 

		5

		10

		20



		Noise figure, dB

		10

		10

		10



		Noise temperature, K 

		2610

		2610

		2610



		Receiver thermal noise, dBW

		-127

		-124

		-121



		Max acceptable interference power, dBW 

		-133

		-130

		-127







The results reflected in Table 2 were used in estimating the minimum coupling losses with the estimation results shown in Table 3.

TABLE 3

Minimum coupling losses

		Channel width, MHz

		5

		10

		20



		Additional propagation losses, , dB

		20



		Minimum coupling losses, dB

		198

		198

		198



		Minimum protection distance, km 

		124.5

		124.5

		124.5



		Additional propagation losses, , dB

		5



		Minimum coupling losses, дБ

		213

		213

		213



		Minimum protection distance, km

		271

		271

		271





At first estimation was conducted for interference from Radar A to IMT receivers operating inside the building having wall attenuation of 20 dB. Assessment of interference caused by Radar A showed that additional propagation loss of 198 dB would be required for interference-free operation of IMT systems irrelative to the width of the channel used for them. It would correspond to a minimum protection distance of 124.5 km. 

The above wall attenuation is untypical for modern office buildings with glass walls. Attenuation in such walls would be about 5 dB to result in minimum coupling losses of 213 dB. That value would correspond to a required protection distance of 271 km.

4.4.4.2 	Calculation results for study related to Balloon Radar B (Scenario 2)

4.4.4.2.1 	Effect of interference from the IMT transmitters to Radar B

The first estimation of interference caused by IMT transmitters to Radar B operation was conducted for Scenario shown in Fig. 2a. Interference at the radar receiver front end was estimated for a single IMT transmitter deployed in the upper story and for all IMT transmitters in the building. The estimation referred to transmitters channels of 5 MHz, 10 MHz and 20 MHz widths.

For the first case the additional losses in the building were minimal and were defined by losses in ceiling overhead only. The interference power at the Radar B receiver front end was defined by the following equation:



		.

The interference power at the Radar B receiver front end for different width of IMT channel are shown in Table 4.

The Radar B noise figure in Recommendation ITU-R M.1465 is 4 dB. For Radar B operational bandwidth of 0.67 MHz the radar inherent thermal noise level was -143.9 dBW. That provided for estimating the maximum acceptable power at the radar receiver front end to be -149.9 dBW for the protection criterion of I/N = -6 dB. 




TABLE 4

Excess of Radar B protection criterion for a single-source interference

		Channel width, MHz 

		5

		10

		20



		Radar B receiver interference power, dBW 

		-110.7

		-113.7

		-116.7



		Radar receiver thermal noise power, dBW 

		-143.9



		Radar protection criterion, I/N, dB

		-6



		Acceptable level of interference at radar front end, dBW 

		-149.9



		Protection criterion excess, dB

		39.2

		36.2

		33.2





The above values for maximum acceptable interference power were used for estimating the excess of the protection criterion. The results are presented in Table 5. It is obvious that for 5 MHz channel the excess of the protection criterion would be of 39.2 dB whereas for 20 MHz channel it would reduce to 33.2 dB.

For the second case interference field strength produced by each of the IMT transmitters at the radar front end was estimated in line with equation (4). Aggregate interference field strength was estimated using equation (3). The strength was used for estimating the aggregate interference field power at the radar receiver front end as defined in equation (5). The results are shown in Table 5. 

TABLE 5

Excess of Radar B protection criterion for a multi-source interference 

		Channel width, MHz 

		5

		10

		20



		Radar B receiver interference power, dBW 

		-104.7

		-107.7

		-110.7



		Radar receiver thermal noise power, dBW 

		-143.9



		Radar protection criterion, I/N, dB

		-6



		Acceptable level of interference at radar front end, dBW 

		-149.9



		Protection criterion excess, dB

		45,2

		42.2

		39.2





The above values for maximum acceptable interference power were used for estimating excess of the protection criterion. The results are presented in Table 6. It is obvious that for 5 MHz channel the excess of the protection criterion would be of 45.2 dB whereas for 20 MHz channel it would reduce to 39.2 dB.

The above values of protection criterion excess were used for estimating a minimum distance providing for interference-free radar operation. The protection distance was estimated using the following equation:



		,

where:	Lex – existing radio path losses due to radar antenna altitude above the building (4600 m), dB; 

		Ladd – required additional losses due to protection criterion excess, dB;

	λ – operational wave length. 




Existing propagation losses were defined by the distance from IMT transmitters to radar antenna and were estimated using the following equation:



		

The results of estimation are shown in Table 6.

TABLE 6

Minimum protection distances for Radar B

		Single-source interference



		Channel width, MHz 

		5

		10

		20



		Existing losses, dB 

		116



		Required additional losses, dB

		39.2

		36.2

		33.2



		Required total losses, dB

		155.2

		153.2

		149.2



		Minimum protection distance, km

		402

		327

		207



		Aggregate interference



		Existing losses, dB

		116



		Required additional losses, dB

		45.2

		42.2

		39.2



		Required total losses, dB

		161.2

		158.2

		155.2



		Minimum protection distance, km

		822

		582

		402







It is obvious that the protection distance required for the scenario concerned would exceed a maximum altitude of balloon operation. It implies that sharing between the proposed IMT transmitters and an balloon Radar B would be unfeasible.

The value of losses in ceiling overheads corresponds to those for reinforced concrete structures. With radiotransparent ceiling and floor structures the propagation losses would significantly decrease to result in increasing the excess of Radar B receiver protection criteria.

The above is confirmed with the results of shown in Fig. 2b interference scenario. It was assumed that that side wall propagation losses would be 5 dB with emissions by four IMT BS transmitter propagate through the side wall. The results of estimating the excess of Radar B receiver protection criteria as function of balloon-building distance are shown in Fig. 7.

FIGURE 7

I/N ratio at the radar receiver front end as a function of the building-balloon distance 



In Fig. 7 the blue curve reflects interference from IMT transmitters with 5 MHz channel width; the red curve refers to those of 10 MHz channel width and the green curve corresponds to those of 20 MHz channel width. The violet curve shows the radar protection criterion equal to I/N = ‑6 dB. The obtained data analysis showed that protection of Radars B from interference caused by indoor IMT transmitters would require protection distances exceeding those of line-of-sight.

4.4.4.2.2 	Effect of interference from Radar B on IMT receivers

Interference caused by Balloon Radar B was estimated using the same assumptions referred to IMT receiver protection criteria as presented in section 6.1.2 above. Interference power from Radar B at the IMT receiver front end was estimated using equation (7). Estimates of required protection distances were provided with equation (8) for receiving channel width of 5 MHz, 10 MHz and 20 MHz and for two values of additional penetration losses. The results are shown in Table 7.




TABLE 7

IMT receiver minimum protection distances 

		Channel width, MHz

		5

		10

		20



		Noise figure, dB

		10

		10

		10



		Noise temperature, К

		2610

		2610

		2610



		Receiver thermal noise, dBW

		- 127

		- 124

		- 121



		Max acceptable interference power, dBW

		- 133

		- 130

		- 127



		Additional propagation losses , dB

		5



		Min protection distance, km

		>R

		>R

		>R



		Additional propagation losses , dB

		20



		Min protection distance, km

		>R

		>R

		>R





The obtained results showed that even with wall propagation losses of 20 dB the required protection distances would exceed that of line-of-sight (R) which would be of 261 km for the above mentioned balloon flight altitude without accounting for tropospheric refraction.

4.4.4.3 	Calculation results for study related to air-borne Radar A (Scenario 3)

4.4.4.3.1 	Effect of interference from IMT BS on air-borne Radar A

The first estimation of interference caused by IMT transmitters to air-borne Radar A operation was conducted for scenario shown in Fig. 3a. Interference at the radar receiver front end was estimated for a single IMT transmitter deployed in the upper floor and for all IMT transmitters in the building. The estimation referred to IMT transmitter operating with channels of 5 MHz, 10 MHz and 20 MHz width.

For the first case the additional losses in the building were minimal and were defined by losses in ceiling overhead only. The interference power at the air-borne Radar A receiver front end was described by the following equation:



.

The values of interference power at the Radar A receiver front end for different width of IMT channel are shown in Table 8.

The air-borne Radar A noise figure in Recommendation ITU-R M.1465 is 3 dB. For Radar A
operational bandwidth of 1.0 MHz the radar inherent thermal noise level was -144.0 dBW.
That provided for estimating the maximum acceptable power at the radar receiver front end to be
-150.0 dBW for the protection criterion of I/N = -6 dB. 




TABLE 8

Excess of air-borne Radar A protection criterion for a single-source interference 

		Channel width, MHz 

		5

		10

		20



		Radar A receiver interference power, dBW 

		-114,8

		-117,8

		-120,8



		Radar receiver thermal noise power, dBW 

		-144



		Radar protection criterion, I/N, dB

		-6



		Acceptable level of interference at radar front end, dBW 

		-150,0



		Protection criterion excess, dB

		35,2

		32.2

		29.2







The above values for maximum acceptable interference power were used for estimating the excess of the protection criterion. The results are presented in Table 8. It is obvious that for 5 MHz channel the excess of the protection criterion would be of 35.2 dB whereas for 20 MHz channel it would reduce to 29.2 dB.

For the second case interference field strength produced by each of the IMT transmitters at the radar antenna front end was estimated in line with equation (4). Aggregate interference field strength was estimated using equation (3). The strength was used for estimating the aggregate interference field power at the radar receiver front end as defined in equation (5). The results are shown in Table 9. 

TABLE 9

Excess of Radar A protection criterion for a multi-source interference

		Channel width, MHz 

		5

		10

		20



		Radar A receiver interference power, dBW 

		-108.8

		-111.8

		-114.8



		Radar receiver thermal noise power, dBW 

		-144.0



		Radar protection criterion, I/N, dB

		-6



		Acceptable level of interference at radar front end, dBW 

		-150.0



		Protection criterion excess, dB

		41.2

		38.2

		35.2





The above values for maximum acceptable interference power were used for estimating the excess of the protection criterion. The results are presented in Table 9. It is obvious that for 5 MHz channel the excess of the protection criterion would be of 41.2 dB whereas for 20 MHz channel it would reduce to 35.2 dB.

The above values of protection criterion excess were used for estimating a minimum distance providing for interference-free radar operation. The protection distance was estimated using the following equation:



,




where:	Lex – existing radio path losses due to radar antenna altitude above the building (9000 m), dB;

		Ladd – required additional losses due to protection criterion excess, dB;

		λ – operational wave length. 

Existing propagation losses were defined by the distance from IMT transmitters to radar antenna and were estimated using the following equation:





The results of estimation are shown in Table 10.

TABLE 10

Minimum protection distances for Radar A

		Single-source interference



		Channel width, MHz

		5

		10

		20



		Existing losses, dB 

		122



		Required additional losses, dB

		39,2

		36.2

		33.2



		Required total losses, dB

		161,2

		158,2

		155,2



		Min protection distance, km

		828

		582

		412



		Aggregate interference



		Existing losses, dB 

		122



		Required additional losses, dB

		45,2

		42.2

		39.2



		Required total losses, dB

		167,2

		164,2

		161,2



		Min protection distance, km

		1641

		1162

		828







It is obvious that the protection distance required for the scenario concerned would exceed a maximum altitude of aircraft operation. It implies that sharing between the proposed IMT transmitters and the air-borne Radar A would be unfeasible for the considered scenario.

The value of losses in ceiling overheads corresponds to those for reinforced concrete structures. With radiolucent ceiling and floor structures the propagation losses would significantly increase to result in increasing the excess of Radar A receiver protection criteria.

The above is confirmed with the results of shown in Fig. 3b interference scenario. It was assumed that that side wall propagation losses would be 5 dB with emissions by four IMT BS transmitter propagating through the side wall. The results of estimating the excess of Radar A receiver protection criteria as function of aircraft-building distance are shown in Fig. 8. 

FIGURE 8

I/N ratio at the Radar А receiver front end as a function of the building-aircraft distance 





In Fig. 8 the blue curve reflects interference from IMT transmitters with 5 MHz channel width; the red curve refers to those of 10 MHz channel width and the green curve corresponds to those of 20 MHz channel width. The violet curve shows the radar protection criterion equal to I/N = -6 dB. The obtained data analysis showed that protection of Radars A from interference caused by indoor IMT transmitters would require protection distances exceeding those of line-of-sight.

It is to note that the air-borne Radar A receiving antenna main lobe could cover several building simultaneously to result in extra excess of the air-borne Radar A receiver protection criterion. 

4.4.4.3.2 	Effect of interference from air-borne Radar A on IMT receivers

Interference caused by air-borne Radar A was estimated using the same assumptions referred to IMT receiver protection criteria as presented in section 6.1.2 above. Interference power from Radar A at the IMT receiver front end was estimated using equation (7). Estimates of required protection distances were correlated with equation (8) for receiving channel width of 5 MHz, 10 MHz and 20 MHz and for two values of additional propagation losses. The results are shown in Table 11.




TABLE 11

IMT receiver minimum protection distances 

		Channel width, MHz 

		5

		10

		20



		Noise figure, dB

		10

		10

		10



		Noise temperature, К

		2610

		2610

		2610



		Receiver thermal noise, dBW 

		-127

		- 124

		- 121



		Max acceptable interference power, dBW

		-133

		- 130

		- 127



		Additional propagation losses , dB

		5



		Min protection distance, km

		>R

		>R

		>R



		Additional propagation losses , dB

		20



		Min protection distance, km

		>R

		>R

		>R







The obtained results showed that even with wall propagation losses of 20 dB the required protection distances would exceed those of line-of-sight (R) which would be of 360 km for the aircraft flight altitude of 9,000 m without accounting for tropospheric refraction. For the aircraft flight altitude of 12,000 m the distance between the aircraft and building would be 412 km without accounting for tropospheric refraction.

5	Results

5.1.1	Summary of results: Compatibility between in-door IMT BS and radars described in ITU-R M.1465 – IMT interfering with radar.  Separation distances in km. 



		Study

		Case

		Land radar “A”

		Land  radar “B”

		Ship radar “A”

		Ship radar “B”

		Ship radar “C”

		Airborne radar “A”



		A1

		Co-channel

		0,2 – 1,1

		-

		-

		-

		-

		See note 1



		

		Non co-channel

		-

		-

		-

		-

		-

		-



		B1

		Co-channel

		25

		294

		21

		29

		30

		422



		

		Non co-channel

		1,4

		1,1

		5

		6

		6,7

		52



		B2

		Co-channel

		-

		-

		-

		-

		-

		> 338,4



		

		Non co-channel

		-

		-

		-

		-

		-

		-



		B3

		Co-channel

		45

		402-822

		-

		-

		-

		828-1641



		

		Non co-channel

		-

		-

		-

		-

		-

		-





Note 1. Study A1 did not provide the required separation distance between indoor IMT BS and type “A” airborne radar, however it describes the required additional isolation up to 28 dB.  




5.1.2	Summary of results: compatibility between radars described in ITU-R M.1465 and in-door IMT BS. Radar interfering with IMT. Separation distances in km.



		Study

		Case

		Land radar “A”

		Land  radar “B”

		Ship radar “A”

		Ship radar “B”

		Ship radar “C”

		Airborne radar “A”



		A1

		Co-channel

		See note 2

		-

		-

		-

		-

		See note 3



		

		Non co-channel

		-

		-

		-

		-

		-

		-



		B1

		Co-channel

		520

		1008

		433

		680

		386

		1057



		

		Non co-channel

		55

		N/A

		105

		264

		N/A

		697



		B2

		Co-channel

		-

		-

		-

		-

		-

		-



		

		Non co-channel

		-

		-

		-

		-

		-

		-



		B3

		Co-channel

		124,5 -271

		>LOS (261)

		-

		-

		-

		>LOS (360 – 412)



		

		Non co-channel

		-

		-

		-

		-

		-

		-





Note 2. Study A1 does not provide the calculation of the separation distance, however it has assessed that with 5 km geographic separation between radar transmitter and IMT system receiver the protection criteria for IMT would be exceeded in half of the scenarios considered in the study.

Note 3. Study A1 does not provide the calculation of the separation distance, however it has assessed that protection criteria for IMT in-door BS which is -112 dBm/MHz for IMT in-door BS will be in this case exceeded by 81 dB at a distance of 9 000 m between IMT and radar. 

Detailed results of the studies A1, B1, B2, B3 are indicated below.

5.2	Results of study A1

5.2.1	IMT system interferences to Radar system

Land-based-A radar system and IMT system



		Interference type: From IMT BS to Land-based-A radar station



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban



		Min. protection distance (m)

		< 200

		1100

		< 200

		< 200



		Interference type: From IMT indoor UE to Land-based-A radar station



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		UE Output power (dBm)

		23(max)

		-9(average)

		23(max)

		-9(average)



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban



		Min. protection distance (m)

		< 200

		800

		< 200

		< 200

		< 200

		< 200

		< 200

		< 200





Airborne-A radar system and IMT system



		Interference type: From IMT small cell indoor BS to airborne Radar A station



		airborne Radar A receiver IF bandwidth = 1 MHz



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		Maximum tolerable outdoor power(e.i.r.p.) (dBm)

		-17.5

		32.5



		Required additional isolation (dB)

		28

		-22



		Interference type: From IMT small cell indoor UE to airborne Radar A station



		airborne Radar A receiver IF bandwidth = 1 MHz



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		UE Output power (dBm)

		23(max)

		-9(average)

		23(max)

		-9(average)



		Maximum tolerable outdoor power(e.i.r.p.) (dBm)

		-11.5

		38.5



		Required additional isolation (dB)

		20.5

		- 11,5

		-29.6

		-61.5





5.2.2	Radar system interferences to IMT system 

Land-based-A radar system and IMT system



		Interference type: From Land-based-A radar station to IMT BS 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		Radar bandwidth(MHz)

		25

		300

		25

		300



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban



		Received interference level for 5km protect distance (dBm)

		-88.91

		-53.91

		-99.70

		-64.70

		-127.91

		-92.91

		-138.7

		-103.7



		Interference type: From Land-based-A radar station to IMT indoor UE 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		Radar bandwidth(MHz)

		25

		300

		25

		300



		Deployment scenario

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban

		Urban

		Suburban



		Received interference level for 5km protect distance (dBm)

		-90.91

		-55.91

		-101.7

		-66.7

		-129.91

		-94.91

		-140.7

		-105.7





Airborne-A radar system and IMT system



		Interference type: From airborne Radar A station to IMT small cell indoor BS 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		Received interference level (dBm)

		-17.8

		-67.8



		Interference type: From airborne Radar A station to IMT small cell indoor UE 



		IMT system deployment place

		Located at radar antenna main lobe

		Located at radar antenna side lobe



		Received interference level (dBm)

		-19.8

		-69.8





5.3	Results of study B1

The following table summarises the worst case minimum separation distances.

The worst case interference scenarios are defined by:

–	Aggregate interference from multiple transmitters

–	Average building penetration loss of 11 dB

–	Main beam to main beam coupling 

TABLE 22

		Interference Scenario

		Co-channel

		Non-co Channel



		BS into Land-based A

		25 km

		1.4 km



		BS into Land-Based B

		294 km

		1.1 km



		UE into Land-based A

		24 km

		0.99 km



		UE into Land-based B

		261 km

		0.8 km



		BS into Airborne A

		422 km

		52 km



		UE into Airborne A

		423 km

		36 km



		BS into Ship-based A

		21 km

		5 km



		BS into Ship-based B

		29 km

		6 km



		BS into Ship-based C

		30 km

		6.7 km



		UE into Ship-Based A

		19 km

		5 km



		UE into Ship-Based B

		26 km

		6 km



		UE into Ship-Based C

		28 km

		6 km



		Land-based A into BS

		520 km

		55 km



		Land-based B into BS

		1008 km

		Not Available



		Airborne A into BS

		1057 km

		697 km



		Ship-based A into BS

		433 km

		105 km



		Ship-based B into BS

		680 km

		264 km



		Ship-based C into BS

		386 km

		Not Available





With regard to the results in this report, they were directed to protect Radar system from IMT indoor system in the band 3 300-3 400 MHz. The following observations may be reached:

−	It may be possible to deploy IMT system for small cell indoor deployment in the area with a separation distance of less than 200 metres for land-based-A radar station in the non-co channel interference case in the same geographical area. However the worst case analysis (including aggregation) suggests that co-channel sharing requires in the order of one kilometre of separation.

−	It would be difficult to collocate indoor IMT systems and land-based-B radar station in co-channel interference case in the same geographical area because,

−	Separation distances in the range 261–294 kilometres are required in the worst case.

−	It is not possible to ensure additional isolation of IMT BS and UEs under all circumstances all of the time. 

−	In spite of the very narrow land-based-B radar beamwidth ((H,V)=(1.05, 2.2) degree), there is a high likelihood that at some percentage of the time it will be directed towards a building containing one or many BS and UEs. The severity of this problem is dependent on the percentage of buildings which have IMT small cell coverage. It is conceivable that the majority of buildings in a city may have IMT small cell coverage, in this case it is almost certain that the land-based B radar main beam will be coupled with numerous BS and UEs at any point in time.

−	Based on the results of interference from IMT indoor systems to radar, non-co channel sharing between ship-based radars and land-based radar A may be possible with separation distances of 5–7 km.

−	The co-channel and non-co channel interference from all the radars to the IMT systems are very severe and suggests that neither form of sharing is possible unless the IMT receivers are designed in such a way to mitigate high power pulsed interference. The analysis shows that the protection distance required in both cases is in the hundreds of kilometres. 

5.4	Results of study B2

For derived in the study different elevation angles the required Inband emission level which would ensure the protection of the airborne radar embedded on aircraft has been calculated. Some observations can be made, emphasizing this studied case as not a worst case:

–	the lower absolute value of elevation angle, the most stringent the inband emission level. The best case corresponds to the maximum elevation angle (-60°), where 

–	-40.9dBm/MHz is required. For lower absolute value of elevation angle, the requirement of Inband emission level for smallcells is expected to be more stringent.

–	Aggregation interference was derived on surface[footnoteRef:14] lower than the Σ surface covered by the airborne radar antenna main beam [14: 	(B’FBG) kite quadrilateral.] 


–	Aggregation interference only addressed the impact of the smallcells indoor pointing in the main beam of the airborne radar and thus did not account the impact of the smallcells indoor pointing to the sidelobes of the airborne radar.

–	Free space Pathloss is derived for dmax distance (which overestimates by some dBs the propagation loss as it would depend on the location of the smallcells in dmin,dmax range).



		Elevation angle of the airborne radar (°)

		-3

		-5

		-10

		-20

		-30

		-40

		-50

		-60



		Surface covered by the airborne radar (km2)

		583

		56.2

		9.2

		1.6

		0.6

		0.3

		0.2

			0.1



		Nb smallcells indoor in sight of the main lobe of the airborne radar within (B’FBG) surface

		713850

		68791

		11216

		1903

		685

		346

		214

		109



		Nb smallcells indoor in sight of the main lobe of the airborne radar 

		>713850

		>68791

		>11216

		>1903

		>685

		>346

		>214

		>109



		R1 (km)

		338.4

		113.4

		52

		24.8

		15.6

		10.7

		7.5

		0.5



		Required InBand Emission level (dBm/MHz) (IMT e.i.r.p)

		<-47.5

		<-46.8

		<-45.6

		<-44

		<-42.8

		<-42.1

		<-41.5

		<-40.9





In addition, this table shows that:

–	not only are the Inband restricted emission levels[footnoteRef:15] required for R1 short distances less than 10 kms which could reflect “cross-border” situations where the aircraft performs sea and/or earth surveillance, these restricted emissions levels are also required for very long distances (more than 100km) when airborne radar operates with low elevation angle (less than 5°). [15: 	for IMT smallcells indoor.] 


–	the most stringent Inband emission level (-47.5 dBm/MHz) is required for low elevation angle case corresponding to the common scenario where  the aircraft  operates far from the cross-border .

5.5	Results of study B3

The results of studies conducted show that interference caused by emissions from IMT BSs deployed inside the building under consideration would considerably exceed the protection criteria for all analyzed types of radars. With regards to potential long-term interference effect the excess could result in degradation of radar operational performances including temporal disability for the radars.

The above presented results assumed accounting for interference caused only by IMT BS transmitters. However analysis of technical characteristics associated with IMT user terminals envisioned for operation in the frequency band under consideration showed that difference between EIRP of IMT BS and that of IMT user terminal was 1 dB. It implies that IMT user terminals would cause unacceptable interference to radars operating in the frequency band 3 300-3 400 MHz.

The separation distances required to protect radiolocation service from IMT varies from 45 km for land based Radar-A, 822-402 km for land based Radar-B and 1641-828 km for airborne Radar A, depending on the scenario concerned.  

6	Conclusions 

This report presents result of studies between IMT BS and UE and all relevant types of radar systems described in the Recommendation ITU-R M.1465-1, as well as sharing between those radar systems and IMT BS and UE.

Taking into account the results presented in section 5 of this report, this results show that sharing between IMT and land based radar “B” is not feasible in the same geographical area. As to other radar systems taken into account, the results vary depending on the study. However 3 of 4 studies included in this report conclude that sharing between IMT and airborne radar type “A” is not feasible in the same geographical area. The study that shows that sharing between IMT and airborne radar A may be feasible relies on a level of additional isolation that may be very difficult to achieve and will not be guaranteed in all deployment scenarios. 

For one study sharing between IMT indoor  and land based radar “A” was shown to be possible, however other studies did not confirm this.

The possible impact of radar systems on IMT has been also presented in the report. Overall conclusion is that in-door IMT systems shall be separated from all the radar types specified in M.1465 by hundreds of kilometres. All of the studies on protection of in-door IMT from airborne radar “A” indicates that required separation distance exceeds hundreds of kilometres. Some of the included studies indicate, that the required separation distance between radar systems and IMT may even exceed 1000 km.

Bearing in mind the worldwide deployment of the radar systems presented in Recommendation ITU-R M.1465-1 it can be concluded, that sharing between IMT and radiolocation service in the band 3 300–3 400 MHz is not feasible. 
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[bookmark: dbreak]Introduction

This study examines the compatibility of proposed IMT systems and fixed service (FS) systems operating in the 470-694/698 MHz frequency range.  

Methodology

This analysis examines the required frequency rejection as a function of separation distance for compatible operation of IMT and fixed service (FS) systems.  Two interference scenarios are considered: IMT base station into FS receive station and IMT mobile station into FS receive station. Three deployment environments for IMT systems are considered: macro urban, macro suburban, and macro rural.  Propagation loss is calculated using Recommendation ITU-R P.452-14.

The IMT network layout is illustrated in Figure 1.  Nineteen cells are arranged in a hexagonal pattern with each cell consisting of three sectors.  An IMT base station is located at the center of each cell and operates with a 3-sector antenna.  Each antenna serves a single sector covering 
120 degrees of the cell. 

Figure 1

IMT Network Layout
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The interference calculation methodology used depends on the interference scenario considered:

IMT base station into FS receive station

Both co-channel and adjacent channel scenarios are addressed.

For the co-channel scenario, the interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.  The result is presented as a plot of the required separation distance around the FS receive station.  

For the adjacent channel scenario, the FS receive station is positioned adjacent to the IMT network base stations.  The aggregate interference into the FS station is computed assuming varying separation distances.  At each distance, the required rejection is determined based on a specified protection requirement.  The result is presented as a plot of the required rejection as a function of separation distance.  The required frequency separation between the two systems is then determined based on the out-of-band emission characteristics of the IMT base station signal and the adjacent channel selectivity of the FS receiver.

IMT mobile station into FS receive station

Aggregate interference from IMT mobile stations is modeled based on the Monte Carlo methodology described by Working Party 5D in Document 4-5-6-7/236 Annex 2.  The methodology consists of 1) randomly positioning IMT mobile stations throughout the IMT network area, 2) randomly assigning these mobile stations to an IMT base station based on the propagation loss and a specified “handover margin”, 3) randomly locating the mobile stations either indoors or outdoors based on a specified percentage of indoor devices, and 4) applying a power control algorithm to the mobile stations based on their path loss distribution.  The calculations are repeated for a number of “snapshots”, from which statistics are extracted.  Elements from the WP 5D methodology pertinent to this analysis are presented below:

The network region relevant for simulations is the cluster of 19 cells illustrated in Figure 1.  Additional clusters of 19 cells are repeated around this central cluster based on a “wrap-around” technique employed to avoid the network deployment edge effects as shown in Figure 2. For more details on wrap-around technique and the rational for its application to system-level simulations, refer to the WP 5D document cited above.

Figure 2 

IMT Network Layout with “Wrap-around” Clusters
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As described in the WP 5D document referenced above, the simulation of interference on the IMT uplink is structured as follows:

For i=1:# of snapshots

1.	Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the HO margin of 3 dB the same number KUL of users is allocated as active UEs.  

•	Calculate the pathloss from each UE to all cells and find the smallest pathloss

•	Link the UE randomly to a cell to which the pathloss is within the smallest pathloss plus the HO margin of 3 dB

•	Select KUL UEs randomly from all the UEs linked to one cell as active UEs. These KUL active UEs will be scheduled during this snapshot 

 

2.	Perform UL power control



•	Set UE transmit power to 

where Pt is the transmit power of the UE, Pmax is the maximum transmit power, Rmin is the ratio of UE minimum and maximum transmit powers Pmin / Pmax and determines the minimum power reduction ratio to prevent UEs with good channel conditions to transmit at very low power level.. PL is the path-loss for the UE from its serving BS and PLx-ile is the x-percentile path-loss (plus shadowing) value. With this power control scheme, the 1-x percent of UEs that have a path-loss larger than PLx-ile will transmit at Pmax. Finally, 0<γ<=1 is the balancing factor for UEs with bad channel and UEs with good channel.

The analysis assumes that there are a sufficient number of IMT mobile stations in each sector to fully occupy the bandwidth of the FS receive station receiver. The number of “snapshots” used for the Monte Carlo simulation is set to 50.

Again, both co-channel and adjacent channel scenarios are addressed.

Interference levels are calculated as follows:









where:

	I0	= Interference power density, dBW/Hz

	PDtx	= Transmit station signal power density, dBW/Hz

	FLtx	= Transmit station feeder loss, dB

	HLtx	= Transmit station head loss (applicable only to hand-held mobile stations), dB

	Gtx(θtx)	= Transmit station antenna gain in direction of receive station, dBi

	BLtx	= Building penetration loss (applicable only to indoor transmit stations), dB

	PL	= Propagation loss, dB

	BLrx	= Building penetration loss (applicable only to indoor receive stations), dB

	Grx(θrx)	= Receive station antenna gain in direction of transmit station, dBi

	FLrx	= Receive station feeder loss, dB

	HLrx	= Receive station head loss (applicable only to hand-held mobile stations), dB

	PD	= Polarization discrimination, dB

The required rejection is determined from the interference level as follows:











where:

	N0	= Receive station noise power density, dBW/Hz

	R	= Rejection needed to meet protection requirement, dB

	I/Nreqt	= I/N protection requirement, dB

System characteristics

The following tables summarize the IMT and FS characteristics considered for this analysis.  IMT system characteristics are provided in Document 4-5-6-7/393 Annex 2.  FS system characteristics are provided in Recommendations ITU-R F.758 and ITU-R F.1777.  Note that FS reference material does not address adjacent channel selectivity, and values similar to those for the IMT base station are assumed for this analysis.

Table 1

IMT base station characteristics
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Table 2

IMT mobile station characteristics
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Table 3

Fixed service station characteristics
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Propagation loss is based on Recommendation ITU-R P.452-14.  The analysis takes a conservative approach by assuming a smooth Earth terrain profile, which may overestimate interference to fixed service systems in environments other than flat plain regions.  The propagation characteristics used in this analysis are shown in Table 4.

Table 4

Propagation characteristics
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Results of interference calculations

Co-channel

The interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.  From this data, a contour is drawn at the locations around the FS receive station that meet interference protection requirement.

Figure 3

Separation Distance 
IMT base station into FS receive station
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Applying this methodology to the interference scenarios and deployment environments shown in the tables above gives the following results:

Table 5

Co-channel separation distance
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These results are based on worst-case assumptions including the pointing direction of the IMT station and the application of the propagation model.

Adjacent channel

Nineteen IMT base stations are positioned over the network area as illustrated in Figure 1.  The FS receive station is initially positioned at the center of the IMT network area. The pointing angle of the FS receive antenna is along the -x axis toward the array of IMT base stations.  (The pointing angles in the following figures are measured counterclockwise from the x-axis.)  This positioning creates the worst case scenario for receiving interference from the IMT network. However, these pointing scenarios should be avoidable in practice, and as such, it could be expected that in reality interference is somewhat lower due to varying pointing direction of FS receive station with respect to IMT network.  Next, the aggregate interference from the IMT base stations into the FS receive station is computed.  Then the FS receive station position is moved incrementally along the x-axis and the aggregate interference is recomputed at each of these positions.  This aggregate interference is compared with the FS protection requirement to determine the additional rejection needed to meet the protection requirement as a function of separation distance.  The results are illustrated in the following figures:

Figure 4A

Required Rejection
IMT base station into FS receive station
FS receive station located within IMT deployment area
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Note: The break in the curve shown above occurs when the FS station position coincides with the IMT base station location.  Since the distance between the IMT and FS stations is zero, the propagation loss cannot be calculated resulting in no value to plot at this distance.  This situation will not occur in practice.




Figure 4B

Required Rejection
 IMT base station into FS receive station
FS receive station located adjacent to IMT deployment area
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For the scenario of aggregate interference from IMT mobile stations, a Monte Carlo simulation is used to determine the interference into the FS station receiver.  The IMT mobile terminals are randomly positioned over each sector in sufficient numbers to ensure that the entire bandwidth of the FS receive station receiver is fully occupied by interfering signals.  A specified percentage of the IMT terminals are assumed to be located indoors.  As described above, a power control algorithm is applied to assign path loss and transmit power levels to each of the mobile terminals.  Again, the FS receive station is initially positioned just to the right of the IMT network area and its antenna is pointed along the –x axis, or directly toward the IMT service area.  The aggregate interference is computed for a range of separation distances and compared with the FS protection requirement to derive the needed rejection as a function of distance.  This calculation is repeated
 50 times.

These methodologies are applied to the deployment environments shown in the tables above, but, for brevity, plots of these results are not included here.






Results of frequency separation calculations

Frequency dependent rejection (FDR) is dependent on the characteristics of the interfering signal and the wanted receiver filter.  FDR is calculated from the following equation:









where:

	FDR	= Frequency dependent rejection, dB

	S	= Power spectral density of the interfering signal, W/Hz

	F	= Frequency response of the wanted receiver, relative power fraction

	f	= Frequency, Hz

	Δf	= Frequency offset, Hz

The interfering signal, S, is modeled as a flat spectrum within the signal bandwidth and a specified adjacent channel leakage ratio (ACLR) curve outside the signal bandwidth.  Similarly, the wanted receiver filter response, F, is modeled as a flat response within the receive signal bandwidth and a specified adjacent channel selectivity (ACS) curve outside the signal bandwidth.  The following figures show the interfering signal, wanted receiver frequency response, and resulting FDR for each interference scenario considered here.

Figure 5

Frequency Dependent Rejection
IMT base station into FS receive station
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Figure 6

Frequency Dependent Rejection
IMT mobile station into FS receive station
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The adjacent channel interference levels and FDR curves computed above are combined to derive the frequency separation (center-to-center) necessary to meet the stated protection requirement at various separation distances.  Table 6 provides results for selected separation distances for the various interference scenarios and deployment environments considered here.

Table 6

Adjacent Channel Frequency/Distance Separation
 IMT Signal Bandwidth = 10.0 MHz, FS Signal Bandwidth = 3.5 MHz



[image: ]



Conclusions

The co-frequency channel results show that the required separation distance can range from around 25 km to nearly 220 km, depending on the interference scenario and deployment environment.  These results are based on worst-case assumptions including the pointing direction of the IMT station and the application of the propagation model. Furthermore, mobile operators can determine which locations are suitable for the deployment of IMT base stations, which can prove advantageous in terms of meeting any required separation distances. 

The adjacent channel results show that in the worst-case scenarios (FS receive station pointing directly toward a macro deployment of IMT base stations) the separation distance needed to protect the FS station exceeds 30 km.  However, these pointing scenarios should be avoidable in practice, and for more realistic pointing scenarios, the interference can be mitigated through a combination of geographic separation and frequency separation.  For these cases, the interference can be mitigated with a separation distance between the FS receive station and the IMT base station on the order of 10 kilometers coupled with a frequency separation of about one to two channel bandwidths.  It is important to note that the frequency separation results reflect channel center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge.

These results also show that the interference from the IMT mobile stations is acceptable with a geographic separation as low as 1 kilometer.

It should be noted that certain assumptions such as FS receive station placement and direction, use of propagation model, etc. overestimate interference from the IMT network.






Annex 5 (TO ATTACHMENT 7)

preliminary draft new 
Report F.[IMT 3 400-4 200 MHz Sharing]

Sharing and compatibility between IMT systems and fixed service systems 
in the 3 400-4 200 MHz frequency range

Introduction

This study examines the compatibility of proposed IMT systems and fixed service (FS) systems operating in the 3 400-4 200 MHz frequency range.

Methodology

This analysis examines the required frequency rejection as a function of separation distance for compatible operation of IMT and FS systems.  Two interference scenarios are considered: IMT base station into FS receive station and IMT mobile station into FS receive station. Four deployment environments for IMT systems are considered: macro suburban, macro urban, small cell outdoor, and small cell indoor. Propagation loss is calculated using Recommendation ITU-R P.452-14.

The IMT network layout is illustrated in Figure 1. Nineteen cells are arranged in a hexagonal pattern with each cell consisting of three sectors. An IMT base station is located at the center of each cell and operates with a 3-sector antenna. Each antenna serves a single sector covering 
120 degrees of the cell. For the small cell deployment scenarios, the base station antenna is omni-directional in azimuth and the cell contains only one sector.

Figure 1

IMT Network Layout
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The interference calculation methodology used depends on the interference scenario considered:

IMT base station into FS receive station

Both co-channel and adjacent channel scenarios are addressed.

For the co-channel scenario, the interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.
The result is presented as a plot of the required separation distance around the FS receive station.  

For the adjacent channel scenario, the FS receive station is positioned adjacent to the IMT network base stations. The aggregate interference into the FS station is computed assuming varying separation distances. At each distance, the required rejection is determined based on a specified protection requirement. The result is presented as a plot of the required rejection as a function of separation distance. The required frequency separation between the two systems is then determined based on the out-of-band emission characteristics of the IMT base station signal and the adjacent channel selectivity of the FS receiver.

IMT Mobile Station into FS Receive Station

Aggregate interference from IMT mobile stations is modeled based on the Monte Carlo methodology described by Working Party 5D in Document 4-5-6-7/236 Annex 2. The methodology consists of 1) randomly positioning IMT mobile stations throughout the IMT network area, 2) randomly assigning these mobile stations to an IMT base station based on the propagation loss and a specified “handover margin”, 3) randomly locating the mobile stations either indoors or outdoors based on a specified percentage of indoor devices, and 4) applying a power control algorithm to the mobile stations based on their path loss distribution. The calculations are repeated for a number of “snapshots”, from which statistics are extracted. Elements from the WP 5D methodology pertinent to this analysis are presented below:

The network region relevant for simulations is the cluster of 19 cells illustrated in Figure 1.  Additional clusters of 19 cells are repeated around this central cluster based on a “wrap-around” technique employed to avoid the network deployment edge effects as shown in Figure 2. For more details on wrap-around technique and the rational for its application to system-level simulations, refer to the WP 5D document cited above.

Figure 2

IMT Network Layout with “Wrap-around” Clusters
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As described in the WP 5D document referenced above, the simulation of interference on
the IMT uplink is structured as follows:

For i=1:# of snapshots

1.	Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the HO margin of 3 dB the same number KUL of users is allocated as active UEs.

–	calculate the pathloss from each UE to all cells and find the smallest pathloss;

–	link the UE randomly to a cell to which the pathloss is within the smallest pathloss plus the HO margin of 3 dB;

–	select KUL UEs randomly from all the UEs linked to one cell as active UEs. These KUL active UEs will be scheduled during this snapshot.

2.	Perform UL power control



–	Set UE transmit power to 




where Pt is the transmit power of the UE, Pmax is the maximum transmit power, Rmin is the ratio of UE minimum and maximum transmit powers Pmin / Pmax and determines the minimum power reduction ratio to prevent UEs with good channel conditions to transmit at very low power level. 
PL is the path-loss for the UE from its serving BS and PLx-ile is the x-percentile path-loss 
(plus shadowing) value. With this power control scheme, the 1-x percent of UEs that have a 
path-loss larger than PLx-ile will transmit at Pmax. Finally, 0<γ<=1 is the balancing factor for UEs with bad channel and UEs with good channel.

The analysis assumes that there are a sufficient number of IMT mobile stations in each sector to fully occupy the bandwidth of the FS receive station receiver. The number of “snapshots” used for the Monte Carlo simulation is set to 50.

Again, both co-channel and adjacent channel scenarios are addressed.

Interference levels are calculated as follows:





where:

	I0	= Interference power density, dBW/Hz

	PDtx	= Transmit station signal power density, dBW/Hz

	FLtx	= Transmit station feeder loss, dB

	HLtx	= Transmit station head loss (applicable only to hand-held mobile stations), dB

	Gtx(θtx)	= Transmit station antenna gain in direction of receive station, dBi

	BLtx	= Building penetration loss (applicable only to indoor transmit stations), dB

	PL	= Propagation loss, dB

	BLrx	= Building penetration loss (applicable only to indoor receive stations), dB

	Grx(θrx)	= Receive station antenna gain in direction of transmit station, dBi

	FLrx	= Receive station feeder loss, dB

	HLrx	= Receive station head loss (applicable only to hand-held mobile stations), dB

	PD	= Polarization discrimination, dB

The required rejection is determined from the interference level as follows:









where:

	N0	= Receive station noise power density, dBW/Hz

	R	= Rejection needed to meet protection requirement, dB

	I/Nreqt	= I/N protection requirement, dB




System characteristics

The following tables summarize the IMT and FS characteristics considered for this analysis. 
IMT system characteristics are provided by in document Document 4-5-6-7/393 Annex 2. FS system characteristics are provided in Recommendations ITU-R F.758 and ITU-R F.1777. Note that the FS reference material does not address adjacent channel selectivity, and values similar to those for the IMT base station are assumed for this analysis.

Table 1

IMT base station characteristics
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Table 2

IMT mobile station characteristics
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Table 3

Fixed service station characteristics
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Propagation loss is based upon Recommendation ITU-R P.452-14.  This Recommendation has been used in past studies in the 3 400-4 200 MHz frequency range. The analysis takes a conservative approach by assuming a smooth Earth terrain profile, which may overestimate interference to fixed service systems in environments other than flat plain regions. Other ITU-R propagation models utilized in the IMT-Advanced evaluation process (i.e. Report ITU-R M.2135) may provide a more realistic match to measured data. The propagation characteristics used in this analysis are shown in Table 4.

Table 4

Propagation Characteristics

[image: ]

Results of interference calculations

Co-channel

The interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.  From this data, a contour is drawn at the locations around the FS receive station that meet interference protection requirement.

Figure 3

Separation Distance - IMT base station into FS receive station

[image: ]

Applying this methodology to the interference scenarios and deployment environments shown in the tables above gives the following results:






Table 5

Co-channel Separation Distance

[image: ]

Furthermore, mobile operators can determine which locations are suitable for the deployment of IMT base stations, which can prove advantageous in terms of meeting any required separation distances. 

Adjacent channel

Nineteen IMT base stations are positioned over the network area as illustrated in Figure 1.
The FS receive station is initially positioned at the center of the IMT network area. The pointing angle of the FS receive antenna is along the -x axis toward the array of IMT base stations. 
(The pointing angles in the following figures are measured counterclockwise from the x-axis.) 
This positioning creates the worst case scenario for receiving interference from the IMT network. However, these pointing scenarios should be avoidable in practice, and as such, it could be expected that in reality interference is somewhat lower due to varying pointing direction of FS receive station with respect to IMT network., especially since operators make decisions about where to locate base stations. Next, the aggregate interference from the IMT base stations into the FS receive station is computed. Then the FS receive station position is moved incrementally along the x-axis and the aggregate interference is recomputed at each of these positions. This aggregate interference is compared with the FS protection requirement to determine the additional rejection needed to meet the protection requirement as a function of separation distance. The results are illustrated in the following figures:



Figure 4A

Required Rejection - IMT base station into FS receive station
FS receive station located within IMT deployment area

[image: ]

Figure 4B

Required Rejection - IMT base station into FS receive station
FS receive station located adjacent to IMT deployment area
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For the scenario of aggregate interference from IMT mobile stations, a Monte Carlo simulation is used to determine the interference into the FS station receiver. The IMT mobile terminals are randomly positioned over each sector in sufficient numbers to ensure that the entire bandwidth of the FS receive station receiver is fully occupied by interfering signals. A specified percentage of the IMT terminals are assumed to be located indoors. As described above, a power control algorithm is applied to assign path loss and transmit power levels to each of the mobile terminals. Again, the FS receive station is initially positioned just to the right of the IMT network area and its antenna is pointed along the –x axis, or directly toward the IMT service area. The aggregate interference is computed for a range of separation distances and compared with the FS protection requirement to derive the needed rejection as a function of distance. This calculation is repeated 50 times.

These methodologies are applied to the deployment environments shown in the tables above, but, 

Results of frequency separation calculations

Frequency dependent rejection (FDR) is dependent on the characteristics of the interfering signal and the wanted receiver filter. FDR is calculated from the following equation:





where:

	FDR	= Frequency dependent rejection, dB

	S	= Power spectral density of the interfering signal, W/Hz

	F	= Frequency response of the wanted receiver, relative power fraction

	f	= Frequency, Hz

	Δf	= Frequency offset, Hz

[bookmark: _GoBack]The interfering signal, S, is modeled as a flat spectrum within the signal bandwidth and a specified adjacent channel leakage ratio (ACLR) curve outside the signal bandwidth. Similarly, the wanted receiver filter response, F, is modeled as a flat response within the receive signal bandwidth and 
a specified adjacent channel selectivity (ACS) curve outside the signal bandwidth. The following figures show the interfering signal, wanted receiver frequency response, and resulting FDR for each interference scenario considered here.

Figure 5

Frequency Dependent Rejection - IMT Base Station into FS Receive Station
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Figure 6

Frequency Dependent Rejection - IMT Mobile Station into FS Receive Station

[image: ] [image: ] [image: ]

The adjacent channel interference levels and FDR curves computed above are combined to derive the frequency separation (center-to-center) necessary to meet the stated protection requirement at various separation distances.  Table 6 provides results for selected separation distances for the various interference scenarios and deployment environments considered here.






Table 6

Adjacent Channel Frequency/Distance Separation
IMT Signal Bandwidth = 10.0 MHz, FS Signal Bandwidth = 8.0 MHz

[image: ]

Conclusions

The co-frequency channel results show that the required separation distance can range from less than 1km to nearly 100 km, depending on the interference scenario and deployment environment. These results are based on worst-case assumptions including the pointing direction of the IMT station and the application of the propagation model. Furthermore, mobile operators can determine which locations are suitable for the deployment of IMT base stations, which can prove advantageous in terms of meeting any required separation distances. 

The adjacent channel results show that in the worst-case scenarios (FS receive station pointing directly toward a macro deployment of IMT base stations), the separation distance needed to protect the FS station exceeds 30 km. However, these pointing scenarios should be avoidable in practice, and for more realistic pointing scenarios, the interference can be mitigated through a combination of geographic separation and frequency separation.  For these cases, the separation distance between macro base stations and FS receive stations is on the order of a few kilometers coupled with 
a frequency separation of about one or two channel bandwidths, depending on the distance separation. It is important to note that the frequency separation results reflect channel 
center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge. It should also be noted that operators decide where to deploy IMT base stations based on a variety of factors including minimizing interference near international borders in accordance with regulations. 

The required geographic and frequency separations are significantly reduced for the small cell indoor base station deployment scenario. For this case, the separation distance between small cell base stations and FS receive stations is on the order of one kilometer coupled with a frequency separation of about one channel bandwidth or a few kilometers with no frequency separation, depending on the relative pointing directions of the IMT and FS stations.

These results also show that the interference from the IMT mobile stations is relatively low. 
This interference can be mitigated by either a frequency separation of about one channel or 
a geographic separation of a few kilometers.

It should be noted that certain assumptions such as FS receive station placement and direction, use of propagation model, etc. overestimate interference from the IMT network.

______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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Parameter Macro Urban Macro Suburban Macro Rural


Deployment


Number of cells 19 19 19


Number of sectors per cell 3 3 3


Cell radius 2 km 2 km 8 km


Percent indoor 0% 0% 0%


Base Station


Antenna


Height 30 m 30 m 30 m


Frequency range 470-698 MHz 470-698 MHz 470-698 MHz


Peak gain 15 dBi 15 dBi 15 dBi


Gain pattern F.1336 Annex 10 F.1336 Annex 10 F.1336 Annex 10


ka 0.7 0.7 0.7


kp 0.7 0.7 0.7


kh 0.7 0.7 0.7


kv 0.3 0.3 0.3


k n/a n/a n/a


Horizontal beamwidth 65 degrees 65 degrees 65 degrees


Downtilt -3 degrees -3 degrees -3 degrees


Transmitter


Power 16 dBW 16 dBW 16 dBW


Activity factor 3 dB 3 dB 3 dB


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 3 dB 3 dB 3 dB


ACLR


1st adjacent 45 dB 45 dB 45 dB


2nd adjacent 45 dB 45 dB 45 dB


Spurious 54 dB 54 dB 54 dB
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Parameter Macro Urban Macro Suburban Macro Rural


Deployment


Percent indoor 70% 70% 50%


Mobile Station


Antenna


Height 1.5 m 1.5 m 1.5 m


Frequency range 470-698 MHz 470-698 MHz 470-698 MHz


Peak gain -3 dBi -3 dBi -3 dBi


Gain pattern ND ND ND


Transmitter


Maximum power -7 dBW -7 dBW -7 dBW


Minimum power -39 dBW -39 dBW -28 dBW


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 0 dB 0 dB 0 dB


Power control


Handover margin 3 dB 3 dB 3 dB


Balancing factor (gamma) 1.0 1.0 1.0


Percent at maximum power 10% 10% 10%


ACLR


1st adjacent 30 dB 30 dB 30 dB


2nd adjacent 33 dB 33 dB 33 dB


Spurious 53 dB 53 dB 53 dB
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Parameter Value


Fixed Station


Antenna


Height 30 m


Peak gain 25 dBi


Gain pattern F.699


Downtilt 0 degrees


Receiver


Signal bandwidth 3.5MHz


Channel spacing 4.0 MHz


Feeder loss 2 dB


Noise figure 3.5 dB


I/N requirement -6 dB


ACS


1st adjacent 45 dB


2nd adjacent 50 dB


> 2nd adjacent 55 dB
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Parameter Macro Urban Macro Suburban Macro Rural


Propagation


Model P.452-14 P.452-14 P.452-14


Percentage of time basic loss is not exceeded 20% 20% 20%


Average radio-refractive index lapse rate 45 N-units/km 45 N-units/km 45 N-units/km


Sea-level surface refractivity 330 N-units 330 N-units 330 N-units


Path center latitude 40 N 40 N 40 N


Clutter height 20 m 9 m 4 m


Clutter distance 0.02 km 0.025 km 0.1 km


Polarization discrimination


IMT base station 3 dB 3 dB 3 dB


IMT mobile station 0 dB 0 dB 0 dB


Other propagation effects


Building penetration loss (indoor stations only) 20 dB 20 dB 15 dB


IMT mobile station body loss 4 dB 4 dB 4 dB
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Separation Distance (km)


Distance (km)


Distance (km)


Scenario:


  Case


  Environment


  Propagation model


 


Interfering transmitter:


  Name


  Height


  Gain pattern


  Elevation angle


 


Wanted receiver:


  Name


  Height


  Gain pattern


  Elevation angle


  Pointing direction


 


Separation distance range:


 


 


: Co-channel


: Urban


: P.452


 


 


: IMT Base Station


: 30.0 m


: F.1336_A10


: -3.0 deg


 


 


: FS Receive Station


: 30.0 m


: F.699


: 0.0 deg


: 180.0 deg


 


: 76.8 -  217.0 km
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Scenario Environment Separation


distance


IMT base station into FS receive station Macro Urban 76.8 -  217.0 km


Macro Suburban 76.8 -  217.0 km


Macro Rural 76.8 -  217.0 km


IMT mobile station into FS receive station Macro Urban < 32.0 km


Macro Suburban < 27.0 km


Macro Rural < 27.0 km
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Scenario Environment FS Pointing


Angle 1.0 km 5.0 km 10.0 km 20.0 km 30.0 km


IMT base station into FS receive station Macro Urban 180 deg - - - - -


90 deg - - 25.9 MHz 7.0 MHz 7.0 MHz


Macro Suburban 180 deg - - - - -


90 deg - - 25.9 MHz 7.0 MHz 7.0 MHz


Macro Rural 180 deg - - - - 25.3 MHz


90 deg 26.9 MHz 23.7 MHz 7.0 MHz 7.0 MHz 7.0 MHz


IMT mobile station into FS receive station Macro Urban 180 deg 5.6 MHz 4.9 MHz 3.4 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Suburban 180 deg 5.4 MHz 3.8 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Rural 180 deg 1.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Deployment


Number of cells 19 19 19 19


Number of sectors per cell 3 3 1 1


Cell radius 0.6 km 0.3 km 0.3 km 0.3 km


Percent indoor 0% 0% 0% 100%


Base Station


Antenna


Height 25 m 20 m 6 m 3 m


Frequency range 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz


Peak gain 18 dBi 18 dBi 5 dBi 0 dBi


Gain pattern F.1336 Annex 10 F.1336 Annex 10 F.1336 F.1336


ka 0.7 0.7 n/a n/a


kp 0.7 0.7 n/a n/a


kh 0.7 0.7 n/a n/a


kv 0.3 0.3 n/a n/a


k n/a n/a 0.7 0.7


Horizontal beamwidth 65 degrees 65 degrees n/a n/a


Downtilt -6 degrees -10 degrees 0 degrees 0 degrees


Transmitter


Power 16 dBW 16 dBW -6 dBW -6 dBW


Activity factor 3 dB 3 dB 3 dB 3 dB


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 3 dB 3 dB 3 dB 3 dB


ACLR


1st adjacent 45 dB 45 dB 45 dB 45 dB


2nd adjacent 45 dB 45 dB 45 dB 45 dB


Spurious 54 dB 54 dB 54 dB 54 dB
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Deployment


Percent indoor 70% 70% 70% 100%


Mobile Station


Antenna


Height 1.5 m 1.5 m 1.5 m 1.5 m


Frequency range 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz


Peak gain -4 dBi -4 dBi -4 dBi -4 dBi


Gain pattern ND ND ND ND


Transmitter


Maximum power -7 dBW -7 dBW -7 dBW -7 dBW


Minimum power -70 dBW -70 dBW -70 dBW -70 dBW


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 0 dB 0 dB 0 dB 0 dB


Power control


Handover margin 3 dB 3 dB 3 dB 3 dB


Balancing factor (gamma) 1.0 1.0 1.0 1.0


Percent at maximum power 10% 10% 10% 10%


ACLR


1st adjacent 30 dB 30 dB 30 dB 30 dB


2nd adjacent 33 dB 33 dB 33 dB 33 dB


Spurious 53 dB 53 dB 53 dB 53 dB
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Parameter Value


Fixed Station


Antenna


Height 30 m


Peak gain 27 dBi


Gain pattern F.1245


Downtilt 0 degrees


Receiver


Signal bandwidth 8.0 MHz


Channel spacing 8.0 MHz


Feeder loss 0.2 dB


Noise figure 2.5 dB


I/N requirement -10 dB


ACS


1st adjacent 45 dB


2nd adjacent 50 dB


> 2nd adjacent 55 dB
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Propagation


Model P.452-14 P.452-14 P.452-14 P.452-14


Percentage of time basic loss is not exceeded 20% 20% 20% 20%


Average radio-refractive index lapse rate 45 N-units/km 45 N-units/km 45 N-units/km 45 N-units/km


Sea-level surface refractivity 330 N-units 330 N-units 330 N-units 330 N-units


Path center latitude 40 N 40 N 40 N 40 N


Clutter height 9 m 20 m 9 m 9 m


Clutter distance 0.025 km 0.02 km 0.025 km 0.025 km


Polarization discrimination


IMT base station 3 dB 3 dB 3 dB 3 dB


IMT mobile station 0 dB 0 dB 0 dB 0 dB


Other propagation effects


Building penetration loss (indoor stations only) 20 dB 20 dB 20 dB 20 dB


IMT mobile station body loss 4 dB 4 dB 4 dB 4 dB
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Scenario Environment Separation


distance


IMT base station into FS receive station Macro Suburban 50.4 -  92.0 km


Macro Urban 41.7 -  81.0 km


Small Cell Outdoor 13.4 -  45.0 km


Small Cell Indoor 1.0 -  10.0 km


IMT mobile station into FS receive station Macro Suburban 1.0 -  24.0 km


Macro Urban 1.0 -  31.0 km


Small Cell Outdoor 1.0 -  25.0 km


Small Cell Indoor < 1.0 km
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Scenario Environment FS Pointing


Angle 1.0 km 5.0 km 10.0 km 20.0 km 30.0 km


IMT base station into FS receive station Macro Suburban 180 deg - - - - -


90 deg 27.7 MHz 9.0 MHz 9.0 MHz 9.0 MHz 9.0 MHz


Macro Urban 180 deg - - - - -


90 deg 25.4 MHz 9.0 MHz 9.0 MHz 9.0 MHz 8.9 MHz


Small Cell Outdoor 180 deg - 25.8 MHz 19.8 MHz 9.0 MHz 9.0 MHz


90 deg 9.0 MHz 8.8 MHz 8.3 MHz 6.2 MHz 0.9 MHz


Small Cell Indoor 180 deg 6.3 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


IMT mobile station into FS receive station Macro Suburban 180 deg 6.3 MHz 5.7 MHz 3.2 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Urban 180 deg 8.2 MHz 7.3 MHz 5.4 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Small Cell Outdoor 180 deg 6.6 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Small Cell Indoor 180 deg 6.0 MHz 2.2 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Frequency Separation




image1.png







image2.emf

1-1


1-2


1-3


2-1


2-2


2-3


3-1


3-2


3-3


4-1


4-2


4-3


5-1


5-2


5-3


6-1


6-2


6-3


7-1


7-2


7-3


8-1


8-2


8-3


9-1


9-2


9-3


10-1


10-2


10-3


11-1


11-2


11-3


12-1


12-2


12-3


13-1


13-2


13-3


14-1


14-2


14-3


15-1


15-2


15-3


16-1


16-2


16-3


17-1


17-2


17-3


18-1


18-2


18-3


19-1


19-2


19-3


Cell


Sector


Base station


x


x


x


User terminal


Base station antenna pointing directions


Cell radius


Locations of 


FS RX Station




image3.emf




image19.emf
R12-JTG4567-14022 0-TD-0120!!MSW-E.docx


R12-JTG4567-140220-TD-0120!!MSW-E.docx
- 13 -

4-5-6-7/TEMP/120-E



		Radiocommunication Study Groups

		[bookmark: ditulogo][image: ]



		

		



		

		



		[bookmark: recibido][bookmark: dnum]

		Document 4-5-6-7/TEMP/120-E



		[bookmark: ddate]

		28 February 2014



		[bookmark: dorlang]

		English only



		[bookmark: dsource]Joint Task Group 4-5-6-7
(WG 3)



		[bookmark: drec]preliminary draft new 
Report F.[IMT 3 400-4 200 MHz Sharing]



		[bookmark: dtitle1]Sharing and compatibility between IMT systems and fixed service systems
in the 3 400-4 200 MHz frequency range





[bookmark: dbreak]Introduction

This study examines the compatibility of proposed IMT systems and fixed service (FS) systems operating in the 3 400-4 200 MHz frequency range.

Methodology

This analysis examines the required frequency rejection as a function of separation distance for compatible operation of IMT and FS systems.  Two interference scenarios are considered: IMT base station into FS receive station and IMT mobile station into FS receive station. Four deployment environments for IMT systems are considered: macro suburban, macro urban, small cell outdoor, and small cell indoor. Propagation loss is calculated using Recommendation ITU-R P.452-14.

The IMT network layout is illustrated in Figure 1. Nineteen cells are arranged in a hexagonal pattern with each cell consisting of three sectors. An IMT base station is located at the center of each cell and operates with a 3-sector antenna. Each antenna serves a single sector covering 
120 degrees of the cell. For the small cell deployment scenarios, the base station antenna is omni‑directional in azimuth and the cell contains only one sector.

Figure 1

IMT Network Layout

[image: ]

The interference calculation methodology used depends on the interference scenario considered:

IMT base station into FS receive station

Both co-channel and adjacent channel scenarios are addressed.

For the co-channel scenario, the interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.
The result is presented as a plot of the required separation distance around the FS receive station.  

For the adjacent channel scenario, the FS receive station is positioned adjacent to the IMT network base stations. The aggregate interference into the FS station is computed assuming varying separation distances. At each distance, the required rejection is determined based on a specified protection requirement. The result is presented as a plot of the required rejection as a function of separation distance. The required frequency separation between the two systems is then determined based on the out-of-band emission characteristics of the IMT base station signal and the adjacent channel selectivity of the FS receiver.

IMT Mobile Station into FS Receive Station

Aggregate interference from IMT mobile stations is modeled based on the Monte Carlo methodology described by Working Party 5D in Document 4-5-6-7/236 Annex 2. The methodology consists of 1) randomly positioning IMT mobile stations throughout the IMT network area, 2) randomly assigning these mobile stations to an IMT base station based on the propagation loss and a specified “handover margin”, 3) randomly locating the mobile stations either indoors or outdoors based on a specified percentage of indoor devices, and 4) applying a power control algorithm to the 


mobile stations based on their path loss distribution. The calculations are repeated for a number of “snapshots”, from which statistics are extracted. Elements from the WP 5D methodology pertinent to this analysis are presented below:

The network region relevant for simulations is the cluster of 19 cells illustrated in Figure 1.  Additional clusters of 19 cells are repeated around this central cluster based on a “wrap-around” technique employed to avoid the network deployment edge effects as shown in Figure 2. For more details on wrap-around technique and the rational for its application to system-level simulations, refer to the WP 5D document cited above.

Figure 2

IMT Network Layout with “Wrap-around” Clusters

[image: ]

As described in the WP 5D document referenced above, the simulation of interference on
the IMT uplink is structured as follows:

For i=1:# of snapshots

1.	Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the HO margin of 3 dB the same number KUL of users is allocated as active UEs.

–	calculate the pathloss from each UE to all cells and find the smallest pathloss;

–	link the UE randomly to a cell to which the pathloss is within the smallest pathloss plus the HO margin of 3 dB;

–	select KUL UEs randomly from all the UEs linked to one cell as active UEs. These KUL active UEs will be scheduled during this snapshot.

2.	Perform UL power control



–	Set UE transmit power to 

[bookmark: _GoBack]where Pt is the transmit power of the UE, Pmax is the maximum transmit power, Rmin is the ratio of UE minimum and maximum transmit powers Pmin/Pmax and determines the minimum power reduction ratio to prevent UEs with good channel conditions to transmit at very low power level. 
PL is the path-loss for the UE from its serving BS and PLx-ile is the x-percentile path-loss 
(plus shadowing) value. With this power control scheme, the 1-x percent of UEs that have a 
path-loss larger than PLx-ile will transmit at Pmax. Finally, 0<γ<=1 is the balancing factor for UEs with bad channel and UEs with good channel.

The analysis assumes that there are a sufficient number of IMT mobile stations in each sector to fully occupy the bandwidth of the FS receive station receiver. The number of “snapshots” used for the Monte Carlo simulation is set to 50.

Again, both co-channel and adjacent channel scenarios are addressed.

Interference levels are calculated as follows:





where:

I0	= Interference power density, dBW/Hz

PDtx	= Transmit station signal power density, dBW/Hz

FLtx	= Transmit station feeder loss, dB

HLtx	= Transmit station head loss (applicable only to hand-held mobile stations), dB

Gtx(θtx)	= Transmit station antenna gain in direction of receive station, dBi

BLtx	= Building penetration loss (applicable only to indoor transmit stations), dB

PL	= Propagation loss, dB

BLrx	= Building penetration loss (applicable only to indoor receive stations), dB

Grx(θrx)	= Receive station antenna gain in direction of transmit station, dBi

FLrx	= Receive station feeder loss, dB

HLrx	= Receive station head loss (applicable only to hand-held mobile stations), dB

PD	= Polarization discrimination, dB

The required rejection is determined from the interference level as follows:









where:

N0	= Receive station noise power density, dBW/Hz

R	= Rejection needed to meet protection requirement, dB

I/Nreqt	= I/N protection requirement, dB

System Characteristics

The following tables summarize the IMT and FS characteristics considered for this analysis. 
IMT system characteristics are provided by in Document 4-5-6-7/393 Annex 2. FS system characteristics are provided in Recommendations ITU-R F.758 and ITU-R F.1777. Note that the FS reference material does not address adjacent channel selectivity, and values similar to those for the IMT base station are assumed for this analysis.

Table 1

IMT base station characteristics
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Table 2

IMT mobile station characteristics
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Table 3

Fixed service station characteristics
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Propagation loss is based upon Recommendation ITU-R P.452-14.  This Recommendation has been used in past studies in the 3 400-4 200 MHz frequency range. The analysis takes a conservative approach by assuming a smooth Earth terrain profile, which may overestimate interference to fixed service systems in environments other than flat plain regions. Other ITU-R propagation models utilized in the IMT-Advanced evaluation process (i.e. Report ITU-R M.2135) may provide a more realistic match to measured data. The propagation characteristics used in this analysis are shown in Table 4.

Table 4

Propagation Characteristics

[image: ]

Results of Interference Calculations

Co-channel

The interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.  From this data, a contour is drawn at the locations around the FS receive station that meet interference protection requirement.

Figure 3

Separation Distance - IMT base station into FS receive station

[image: ]

Applying this methodology to the interference scenarios and deployment environments shown in the tables above gives the following results:






Table 5

Co-channel Separation Distance

[image: ]

Furthermore, mobile operators can determine which locations are suitable for the deployment of IMT base stations, which can prove advantageous in terms of meeting any required separation distances. 

Adjacent channel

Nineteen IMT base stations are positioned over the network area as illustrated in Figure 1.
The FS receive station is initially positioned at the center of the IMT network area. The pointing angle of the FS receive antenna is along the -x axis toward the array of IMT base stations. 
(The pointing angles in the following figures are measured counter clockwise from the x-axis.) 
This positioning creates the worst case scenario for receiving interference from the IMT network. However, these pointing scenarios should be avoidable in practice, and as such, it could be expected that in reality interference is somewhat lower due to varying pointing direction of FS receive station with respect to IMT network., especially since operators make decisions about where to locate base stations. Next, the aggregate interference from the IMT base stations into the FS receive station is computed. Then the FS receive station position is moved incrementally along the x-axis and the aggregate interference is recomputed at each of these positions. This aggregate interference is compared with the FS protection requirement to determine the additional rejection needed to meet the protection requirement as a function of separation distance. The results are illustrated in the following figures:



Figure 4A

Required Rejection - IMT base station into FS receive station
FS receive station located within IMT deployment area

[image: ]

Figure 4B

Required Rejection - IMT base station into FS receive station
FS receive station located adjacent to IMT deployment area

[image: ]




For the scenario of aggregate interference from IMT mobile stations, a Monte Carlo simulation is used to determine the interference into the FS station receiver. The IMT mobile terminals are randomly positioned over each sector in sufficient numbers to ensure that the entire bandwidth of the FS receive station receiver is fully occupied by interfering signals. A specified percentage of the IMT terminals are assumed to be located indoors. As described above, a power control algorithm is applied to assign path loss and transmit power levels to each of the mobile terminals. Again, the FS receive station is initially positioned just to the right of the IMT network area and its antenna is pointed along the –x axis, or directly toward the IMT service area. The aggregate interference is computed for a range of separation distances and compared with the FS protection requirement to derive the needed rejection as a function of distance. This calculation is repeated 50 times.

These methodologies are applied to the deployment environments shown in the tables above, but, 

Results of Frequency Separation Calculations

Frequency dependent rejection (FDR) is dependent on the characteristics of the interfering signal and the wanted receiver filter. FDR is calculated from the following equation:





where:

FDR	= Frequency dependent rejection, dB

S	= Power spectral density of the interfering signal, W/Hz

F	= Frequency response of the wanted receiver, relative power fraction

f	= Frequency, Hz

Δf	= Frequency offset, Hz

The interfering signal, S, is modeled as a flat spectrum within the signal bandwidth and a specified adjacent channel leakage ratio (ACLR) curve outside the signal bandwidth. Similarly, the wanted receiver filter response, F, is modeled as a flat response within the receive signal bandwidth and 
a specified adjacent channel selectivity (ACS) curve outside the signal bandwidth. The following figures show the interfering signal, wanted receiver frequency response, and resulting FDR for each interference scenario considered here.

Figure 5

Frequency Dependent Rejection - IMT Base Station into FS Receive Station
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Figure 6

Frequency Dependent Rejection - IMT Mobile Station into FS Receive Station
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The adjacent channel interference levels and FDR curves computed above are combined to derive the frequency separation (center-to-center) necessary to meet the stated protection requirement at various separation distances.  Table 6 provides results for selected separation distances for the various interference scenarios and deployment environments considered here.






Table 6

Adjacent Channel Frequency/Distance Separation
IMT Signal Bandwidth = 10.0 MHz, FS Signal Bandwidth = 8.0 MHz

[image: ]

Conclusions

The co-frequency channel results show that the required separation distance can range from less than 1km to nearly 100 km, depending on the interference scenario and deployment environment. These results are based on worst-case assumptions including the pointing direction of the IMT station and the application of the propagation model. Furthermore, mobile operators can determine which locations are suitable for the deployment of IMT base stations, which can prove advantageous in terms of meeting any required separation distances. 

The adjacent channel results show that in the worst-case scenarios (FS receive station pointing directly toward a macro deployment of IMT base stations), the separation distance needed to protect the FS station exceeds 30 km. However, these pointing scenarios should be avoidable in practice, and for more realistic pointing scenarios, the interference can be mitigated through a combination of geographic separation and frequency separation.  For these cases, the separation distance between macro base stations and FS receive stations is on the order of a few kilometers coupled with 
a frequency separation of about one or two channel bandwidths, depending on the distance separation. It is important to note that the frequency separation results reflect channel 
center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge. It should also be noted that operators decide where to deploy IMT base stations based on a variety of factors including minimizing interference near international borders in accordance with regulations. 

The required geographic and frequency separations are significantly reduced for the small cell indoor base station deployment scenario. For this case, the separation distance between small cell base stations and FS receive stations is on the order of one kilometer coupled with a frequency separation of about one channel bandwidth or a few kilometers with no frequency separation, depending on the relative pointing directions of the IMT and FS stations.

These results also show that the interference from the IMT mobile stations is relatively low. 
This interference can be mitigated by either a frequency separation of about one channel or 
a geographic separation of a few kilometers.

It should be noted that certain assumptions such as FS receive station placement and direction, use of propagation model, etc. overestimate interference from the IMT network.

______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Deployment


Number of cells 19 19 19 19


Number of sectors per cell 3 3 1 1


Cell radius 0.6 km 0.3 km 0.3 km 0.3 km


Percent indoor 0% 0% 0% 100%


Base Station


Antenna


Height 25 m 20 m 6 m 3 m


Frequency range 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz


Peak gain 18 dBi 18 dBi 5 dBi 0 dBi


Gain pattern F.1336 Annex 10 F.1336 Annex 10 F.1336 F.1336


ka 0.7 0.7 n/a n/a


kp 0.7 0.7 n/a n/a


kh 0.7 0.7 n/a n/a


kv 0.3 0.3 n/a n/a


k n/a n/a 0.7 0.7


Horizontal beamwidth 65 degrees 65 degrees n/a n/a


Downtilt -6 degrees -10 degrees 0 degrees 0 degrees


Transmitter


Power 16 dBW 16 dBW -6 dBW -6 dBW


Activity factor 3 dB 3 dB 3 dB 3 dB


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 3 dB 3 dB 3 dB 3 dB


ACLR


1st adjacent 45 dB 45 dB 45 dB 45 dB


2nd adjacent 45 dB 45 dB 45 dB 45 dB


Spurious 54 dB 54 dB 54 dB 54 dB
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Deployment


Percent indoor 70% 70% 70% 100%


Mobile Station


Antenna


Height 1.5 m 1.5 m 1.5 m 1.5 m


Frequency range 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz


Peak gain -4 dBi -4 dBi -4 dBi -4 dBi


Gain pattern ND ND ND ND


Transmitter


Maximum power -7 dBW -7 dBW -7 dBW -7 dBW


Minimum power -70 dBW -70 dBW -70 dBW -70 dBW


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 0 dB 0 dB 0 dB 0 dB


Power control


Handover margin 3 dB 3 dB 3 dB 3 dB


Balancing factor (gamma) 1.0 1.0 1.0 1.0


Percent at maximum power 10% 10% 10% 10%


ACLR


1st adjacent 30 dB 30 dB 30 dB 30 dB


2nd adjacent 33 dB 33 dB 33 dB 33 dB


Spurious 53 dB 53 dB 53 dB 53 dB
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Parameter Value


Fixed Station


Antenna


Height 30 m


Peak gain 27 dBi


Gain pattern F.1245


Downtilt 0 degrees


Receiver


Signal bandwidth 8.0 MHz


Channel spacing 8.0 MHz


Feeder loss 0.2 dB


Noise figure 2.5 dB


I/N requirement -10 dB


ACS


1st adjacent 45 dB


2nd adjacent 50 dB


> 2nd adjacent 55 dB
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Propagation


Model P.452-14 P.452-14 P.452-14 P.452-14


Percentage of time basic loss is not exceeded 20% 20% 20% 20%


Average radio-refractive index lapse rate 45 N-units/km 45 N-units/km 45 N-units/km 45 N-units/km


Sea-level surface refractivity 330 N-units 330 N-units 330 N-units 330 N-units


Path center latitude 40 N 40 N 40 N 40 N


Clutter height 9 m 20 m 9 m 9 m


Clutter distance 0.025 km 0.02 km 0.025 km 0.025 km


Polarization discrimination


IMT base station 3 dB 3 dB 3 dB 3 dB


IMT mobile station 0 dB 0 dB 0 dB 0 dB


Other propagation effects


Building penetration loss (indoor stations only) 20 dB 20 dB 20 dB 20 dB


IMT mobile station body loss 4 dB 4 dB 4 dB 4 dB
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: Co-channel
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: 25.0 m
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Scenario Environment Separation


distance


IMT base station into FS receive station Macro Suburban 50.4 -  92.0 km


Macro Urban 41.7 -  81.0 km


Small Cell Outdoor 13.4 -  45.0 km


Small Cell Indoor 1.0 -  10.0 km


IMT mobile station into FS receive station Macro Suburban 1.0 -  24.0 km


Macro Urban 1.0 -  31.0 km


Small Cell Outdoor 1.0 -  25.0 km


Small Cell Indoor < 1.0 km
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Scenario Environment FS Pointing


Angle 1.0 km 5.0 km 10.0 km 20.0 km 30.0 km


IMT base station into FS receive station Macro Suburban 180 deg - - - - -


90 deg 27.7 MHz 9.0 MHz 9.0 MHz 9.0 MHz 9.0 MHz


Macro Urban 180 deg - - - - -


90 deg 25.4 MHz 9.0 MHz 9.0 MHz 9.0 MHz 8.9 MHz


Small Cell Outdoor 180 deg - 25.8 MHz 19.8 MHz 9.0 MHz 9.0 MHz


90 deg 9.0 MHz 8.8 MHz 8.3 MHz 6.2 MHz 0.9 MHz


Small Cell Indoor 180 deg 6.3 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


IMT mobile station into FS receive station Macro Suburban 180 deg 6.3 MHz 5.7 MHz 3.2 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Urban 180 deg 8.2 MHz 7.3 MHz 5.4 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Small Cell Outdoor 180 deg 6.6 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Small Cell Indoor 180 deg 6.0 MHz 2.2 MHz 0.0 MHz 0.0 MHz 0.0 MHz


90 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Frequency Separation
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[bookmark: dbreak]1	Introduction

This annex presents an interference analysis of the feasibility of adjacent channel / adjacent band coexistence between IMT systems and Fixed Service point-to-point links currently operating in 1 350-1 527 MHz.

[bookmark: _Toc356807088]2	Technical characteristics

The following table provides an overview of parameter values assumed for the interference analysis in this annex.




Table 7

Modelling parameters for interference analysis

		Parameter

		Value

		Notes



		IMT transmitter



		Channel bandwidth

		10 MHz

		



		BS maximum ant gain

		15 dBi

		Including feeder losses



		MS maximum ant gain

		–3 dBi

		Omnidirectional



		Typical body loss

		4 dB

		



		BS height (a.g.l.)

		30 m

		



		MS height (a.g.l.)

		1.5 m

		



		BS antenna downtilt

		3 degrees

		



		BS TX e.i.r.p.

		58 dBm

		Ref: Document 4-5-6-7/242, Annex 2, Attachment 2, Appendix 1 Table C



		MS TX e.i.r.p.

		20 dBm

		



		Fixed link receiver



		Channel bandwidth

		2 MHz

		



		Maximum ant gain

		14 dBi

		Including 3 dB feeder loss



		Height (a.g.l.)

		30 m

		Antenna mast height above ground level



		Height above terrain

		100 m

		1.4 GHz fixed links are largely deployed on top of hills



		Polarization discrimination 
(for IMT BS interference)

		3 dB

		In general, FS links operate in V/H polarization while IMT links are slant polarized



		Noise figure

		4 dB

		



		Noise floor

		−107 dBm

		kTBNF



		Interference criterion

		−113 dBm to be exceeded for 20% of time

		I/N = −6 dB





[bookmark: _Toc356807093]

IMT base station transmitter antenna patterns

It is assumed that the BS azimuth and elevation patterns are based on Recommendation ITU‑R F.1336. In line with ITU-R Document 4-5-6-7/242, Annex 2, Attachment 2, Appendix 1 (where IMT reference parameter values for agenda item 1.1 are provided), it is further assumed that the horizontal beamwidth is 65 degrees and the factor ‘k’ is 0.7 for both peak and average sidelobes.

The assumed azimuth and elevation patterns are illustrated in the following figures for the peak and average sidelobes.

[bookmark: _Ref354664434]Figure 1

IMT BS azimuth patterns

[image: ]

Figure 2

IMT BS elevation patterns
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[bookmark: _Toc356807094]


IMT transmitter unwanted emission masks

In adjacent band scenarios the implications of unwanted emission masks need to be considered. 3GPP TS 36.104 (ETSI TS 136 104) and 3GPP TS 36.101 (ETSI TS 136 101) describe out-of-band and spurious emission limits for IMT base station (BS) and mobile station (MS) transmitters, respectively. 3GPP TS 36.104 suggests that the medium range base station transmit power is less than 38 dBm, whereas the representative IMT base station transmit power in this study is greater than 40 dBm. Generic Category B unwanted emission mask defined for wide area base stations has been therefore used in the modelling. 

In order to consider the implications of practical unwanted emissions from IMT BS and MS transmitters, additional masks have been generated by suppressing the 3GPP IMT MS and Category B BS unwanted emission masks by 10 and 20 dB. These masks have also been used in the analysis. The possibility also exists to implement additional filtering at the base station in order to reduce the unwanted emissions further, which would further improve the compatibility results.

Figure 3

IMT BS unwanted emission masks
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Figure 4

IMT MS unwanted emission masks
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[bookmark: _Toc356807090]

Fixed link receiver antenna patterns

Fixed link reference antenna patterns are defined in Recommendation ITU-R F.699 and Recommendation ITU-R F.1245. Recommendation ITU-R F.699 describes the peak envelope for the antenna sidelobes while Recommendation ITU-R F.1245 provides the average envelope of sidelobes. The following figure illustrates both patterns for an assumed maximum antenna gain of 17 dBi (which corresponds to an antenna diameter of approximately 60 cm at 1.4 GHz).

Figure 5

Fixed link receiver antenna patterns

[image: ]

[bookmark: _Toc356807091]

Fixed link receiver selectivity

ETSI standard EN 302 217-2-2 V2.0.0 (9/2012) describes fixed radio system characteristics for various frequency bands including the 1.4 GHz band. In Annex A of the standard, C/I ratios are provided for the co-channel, 1st adjacent channel and 2nd adjacent channel. It is noted that the C/I ratio given for the 2nd adjacent channel is also assumed to apply to adjacent channels beyond the 2nd adjacent channel in ETSI EN 300 630 V1.3.1 (2/2001) which defines fixed link characteristics for 1.4 GHz band only and is superseded by EN 302 217-2-2. 

The following receiver selectivity has been assumed for the representative fixed link.

Figure 6

Fixed link receiver selectivity (ETSI EN 302 217-2-2)

[image: ]

[bookmark: _Toc356807103]3	Analysis

This section describes the analysis approach and provides the results obtained from the interference analysis.

3.1	Methodology

The analysis approach is based on deriving separation distances for different guardband assumptions. For a given guardband, the effective interfering emission power into the transmitter antenna resulting from the following two mechanisms has been considered:

–	the IMT BS/MS unwanted emissions overlapping the fixed link receiver bandwidth. This is calculated by integrating the transmitter emission mask over the receiver bandwidth;

–	the IMT BS/MS transmitter in-band power overlapping the fixed link receiver selectivity mask. This is calculated by integrating the receiver selectivity mask over the transmitter bandwidth.

The effective interfering emission power into the transmitter antenna has been translated into separation distances by taking account of antenna gains, propagation loss and receiver interference criterion. The assumptions used are generally pessimistic, and the separation distances calculated are more like coordination distances than minimum separation distances that would be required to avoid interference in reality. 

The following figure provides an illustration of adjacent channel interference for an example scenario where the IMT BS transmitter and fixed link receiver operate in adjacent channels with 0 MHz guardband.

Figure 7

Adjacent band interference illustration
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[bookmark: _Toc356807105]3.2	Results - IMT base station interference

Effective interfering emission power

[bookmark: _Ref355263534]The table below shows power levels calculated for both interference mechanisms by assuming 0 MHz, 2 MHz (which is equal to one fixed link channel) and 10 MHz (which is equal to one IMT channel) guardbands for IMT BS transmitters.




Table 1

Effective interfering emission power levels 
(IMT BS Transmitter)

		Scenario

		Power due to unwanted emissions overlapping receiver bandwidth
(dBm)

		Power due to in-band transmitted power overlapping receiver selectivity mask
(dBm)

		Effective interfering emission power into transmitter antenna
(dBm)

		Notes



		IMT BS interferer with 3GPP mask,  0 MHz guardband

		4.685

		13.049

		13.64

		Receiver selectivity dominates.



		IMT BS interferer with 3GPP mask – 10 dB, 
0 MHz guardband

		−5.315

		

		13.112

		



		IMT BS interferer with 3GPP mask – 20 dB, 
0 MHz guardband

		−15.315

		

		13.056

		



		IMT BS interferer with 3GPP mask, 
2 MHz guardband

		1.885

		−5

		2.695

		Unwanted emissions dominate.



		IMT BS interferer with 3GPP mask – 10 dB, 
2 MHz guardband

		−8.115

		

		−3.274

		Both mechanisms are important.



		IMT BS interferer with 3GPP mask – 20 dB, 
2 MHz guardband

		−18.115

		

		−4.793

		Receiver selectivity dominates.



		IMT BS interferer with 3GPP mask, 
10 MHz guardband

		−26.99

		−5

		−4.973

		Receiver selectivity dominates.



		IMT BS interferer with 3GPP mask – 10 dB, 
10 MHz guardband

		−36.99

		

		−4.997

		



		IMT BS interferer with 3GPP mask – 20 dB, 
10 MHz guardband

		−46.99

		

		−5

		





As can be seen, the adjacent channel / adjacent band coexistence with IMT BS transmitters is largely dominated by the selectivity of the fixed link receiver when the guardband is 0 MHz and 10 MHz. It is worth noting that, for guardbands greater than 10 MHz, no additional discrimination is available in the calculations as the assumed transmitter and receiver masks do not vary beyond this point. In practice, the transmitter and receiver masks may show variation with guardbands greater than 10 MHz. In particular, the receiver selectivity which is the dominant factor when the guardband is 10 MHz can be improved with additional filtering. 

Separation distances

Based on the effective interfering emission power levels shown in Table 2, separation distances have been calculated under the pessimistic assumptions used in this analysis.

It is assumed that IMT BS transmitter is pointing at the fixed link receiver at regular azimuth offsets relative to the fixed link receiver pointing direction. At each azimuth offset, the required separation is calculated by using the effective interfering emission power (shown in Table 2), transmitter antenna gain, fixed link receiver antenna off-axis gain and interference path loss which is assumed to be represented by Recommendation ITU-R P.1546.

The Recommendation ITU-R P.1546 propagation loss curve is obtained from the interpolation of standard loss curves given in the recommendation to accommodate the operating frequency (assumed to be 1 400 MHz), the fixed link receiver antenna height above terrain (100 m) and the propagation percentage time (20%). Recommendation ITU-R P.1546 is valid for path lengths greater than or equal to 1 kilometre. For paths less than 1 kilometre, it is assumed that the path loss follows the Hata model up to 100 metres and an interpolation is applied for distances between 100 metres and 1 km. Calculated loss values are compared against the free space path loss to make sure that they do not fall below the free space path loss.

As an example, the following figure shows the variation of the separation distances when a 2 MHz guardband is assumed. The separation distances are calculated for both Recommendation ITU‑R F.699 and Recommendation ITU-R F.1245 fixed link receiver antenna pattern. The IMT BS transmitter is assumed to be 3-degrees downtilted and the emissions are assumed to follow the 3GPP mask. 

Figure 8

Adjacent band separation distances for an IMT BS interferer 
(3GPP mask, 2 MHz guardband)

[image: ]



Table 2 below provides a summary of calculated separation distances for the scenarios given in Table 2.

[bookmark: _Ref355265747]Table 2

Calculated separation distances (IMT BS Interferer)

		

Scenario

		Separation distance
(km)



		

		F.699

		F.1245



		IMT BS interferer with 3GPP mask,

0 MHz guardband

		15.2 – 25.9

		8.6 – 25.9



		IMT BS interferer with 3GPP mask – 10 dB,

0 MHz guardband

		14.8 – 25.3

		8.3 – 25.3



		IMT BS interferer with 3GPP mask – 20 dB,

0 MHz guardband

		14.8 – 25.2

		8.3 – 25.2



		IMT BS interferer with 3GPP mask,

2 MHz guardband

		8.4 – 15.7

		4.2 – 15.7



		IMT BS interferer with 3GPP mask – 10 dB,

2 MHz guardband

		5.8 – 11.6

		2.7 – 11.6



		IMT BS interferer with 3GPP mask – 20 dB,

2 MHz guardband

		5.2 – 10.7

		2.4 – 10.7



		IMT BS interferer with 3GPP mask,

10 MHz guardband

		5.1 – 10.6

		2.4 – 10.6



		IMT BS interferer with 3GPP mask – 10 dB,

10 MHz guardband

		5.1 – 10.6

		2.4 – 10.6



		IMT BS interferer with 3GPP mask – 20 dB,

10 MHz guardband

		5.1 – 10.6

		2.4 – 10.6





The results indicate that the required separation is between 2.4 km and 25.9 km for the scenarios examined and under the assumptions used.

Sensitivity analysis

The analysis presented in the preceding section assumes that the IMT BS transmitter is pointing at the fixed link receiver. If it is assumed that the IMT BS transmitter is pointing away from the fixed link receiver and there is an additional 12 dB discrimination available at the transmitter antenna (in line with the Recommendation ITU-R F.1336 peak horizontal antenna pattern shown in Figure 1) the separation distances calculated are between 0.9 and 14.9 kilometres for the scenarios shown in Table 2.

The analysis presented in the preceding section also assumes that the maximum interference threshold is 6 dB below the fixed link receiver noise floor. This is equal to 1 dB loss in the fixed link fade margin. If it can be assumed that the fixed link can tolerate 3 dB loss in its fade margin due to IMT BS interference (which implies that the maximum interference threshold is equal to the fixed link receiver noise floor) the separation distances vary between 1.5 and 19.8 kilometres for the scenarios shown in Table 8.

The combined effect of the IMT BS transmitter pointing away from the receiver and the interference threshold equal to the receiver noise floor translates into separation distances between 0.5 and 11 kilometres for the scenarios shown in Table 8.

If it can be assumed that an IMT BS transmitter is deployed in a cluttered urban area and the transmitter power is reduced by 10 dB together with an additional 20 dB clutter loss on the interference path the separation distances that are calculated vary between 0.15 and 
6.5 kilometres for the scenarios shown in Table 8.

[bookmark: _Toc356807106]3.3	Results – IMT mobile terminal interference

Effective interfering emission power

IMT MS effective interfering emission power levels calculated for the two interference mechanisms mentioned earlier are shown in the following table for the assumed 0 MHz, 2 MHz and 10 MHz guardbands.

[bookmark: _Ref355267683]Table 3

Effective interfering emission power levels (IMT MS Transmitter)

		Scenario

		Power due to unwanted emissions overlapping receiver bandwidth
(dBm)

		Power due to in‑band transmitted power overlapping receiver selectivity mask (dBm)

		Effective interfering emission power into transmitter antenna
(dBm)

		Notes



		IMT MS interferer with 3GPP mask, 0 MHz guardband

		−2.21

		−6.951

		−0.953

		Both mechanisms are important.



		IMT MS interferer with 3GPP mask – 10 dB, 
0 MHz guardband

		−14.761

		

		−6.285

		Receiver selectivity dominates.



		IMT MS interferer with 3GPP mask – 20 dB, 
0 MHz guardband

		−24.761

		

		−6.879

		



		IMT MS interferer with 3GPP mask, 2 MHz guardband

		−6.99

		−25

		−6.922

		Unwanted emissions dominate.



		IMT MS interferer with 3GPP mask – 10 dB, 
2 MHz guardband

		−19.769

		

		−18.63

		



		IMT MS interferer with 3GPP mask – 20 dB, 
2 MHz guardband

		−29.769

		

		−23.75

		Both mechanisms are important.



		IMT MS interferer with 3GPP mask, 10 MHz guardband

		−21.99

		−25

		−20.229

		Both mechanisms are important.



		IMT MS interferer with 3GPP mask – 10 dB, 
10 MHz guardband

		−31.197

		

		−24.066

		Receiver selectivity dominates.



		IMT MS interferer with 3GPP mask – 20 dB, 
10 MHz guardband

		−41.197

		

		−24.897

		





Separation distances

Based on the effective interfering emission power levels shown in Table 3 and other assumptions used in this annex, separation distances have been calculated using Recommendation ITU-R P.1546-4 path loss model. Recommendation ITU-R P.1546-4 path-loss curves refer to signal strength at a local clutter level, therefore when mobile terminals are considered an additional loss needs to be introduced as these terminals are likely to be located below the clutter. In this modelling, an additional loss of 10 dB has been added to reflect the height loss. The range of calculated separation distances is provided in the following table. 
The minimum separation distance is assumed to be 10 metres.

[bookmark: _Ref355267674]Table 4

 Calculated separation distances (IMT MS interferer)

		Scenario

		Separation distance
(km)



		

		F.699

		F.1245



		IMT MS interferer with 3GPP mask, 

0 MHz guardband

		0.79 – 1.97

		0.34 – 1.97



		IMT MS interferer with 3GPP mask – 10 dB, 

0 MHz guardband

		0.52 – 1.29

		0.23 – 1.29



		IMT MS interferer with 3GPP mask – 20 dB, 

0 MHz guardband

		0.5 – 1.24

		0.22 – 1.24



		IMT MS interferer with 3GPP mask, 

2 MHz guardband

		0.5 – 1.23

		0.22 – 1.23



		IMT MS interferer with 3GPP mask – 10 dB, 

2 MHz guardband

		0.2 – 0.49

		0.07 – 0.49



		IMT MS interferer with 3GPP mask – 20 dB, 

2 MHz guardband

		0.14 – 0.33

		0.01 – 0.33



		IMT MS interferer with 3GPP mask, 

10 MHz guardband

		0.18 – 0.44

		0.06 – 0.44



		IMT MS interferer with 3GPP mask – 10 dB, 

10 MHz guardband

		0.13 – 0.32

		0.01 – 0.32



		IMT MS interferer with 3GPP mask – 20 dB, 

10 MHz guardband

		0.12 – 0.3

		0.01 – 0.3







Table 4 indicates that the separation distance remains below 1.97 kilometres for the scenarios investigated and is generally only a few hundred metres.

Sensitivity analysis

The separation distances calculated in the preceding sub-section are based on the interference criterion of 1 dB fade margin loss in the fixed link. If it can be assumed that the fixed link can tolerate 3 dB loss in its fade margin due to interference from an IMT MS transmitter the separation distances remain below 1.23 kilometres for the scenarios shown in Table 4.

Monte Carlo analysis

Interference from a population of IMT MS transmitters has been analysed using the SEAMCAT OFDMA module. It is assumed that each sector in a 19 site / 57 sector cluster is populated by 5 outdoor IMT MS transmitters. The interference path loss is based on SEAMCAT Recommendation ITU‑R P.1546 model where the propagation variations are enabled and the min/max path loss percentage times are set to 20%.

The first scenario in Table 4 has been examined as an example to investigate the implications of interference. 

Figure 9

SEAMCAT simulation outline

[image: ]



The following figure illustrates the interference CDF for the scenario shown in the figure above where the victim fixed-link receiver is pointing towards the IMT cell cluster and located approximately 2 kilometres away from the edge of the cluster.

Figure 10

SEAMCAT simulation result

[image: ]

The results indicate that, for the assumed separation from the edge of IMT cell cluster, the interference threshold (−113 dBm) is satisfied in almost all Monte Carlo trials. The required separation from the edge of the IMT cluster is therefore similar to the corresponding separation distances calculated for the single-entry IMT MS interference.

4	Summary

–	With no guardband, separation distances in the range 8.3 to 25.9 kilometres (depending on the assumed IMT BS emission mask and fixed link receiver antenna pointing and antenna pattern) have been calculated to satisfy the fixed link interference criterion for an IMT BS. This is reduced to 2.4 to 15.7 kilometres when 2 MHz guardband (which is equal to the fixed link receiver bandwidth) is assumed and 2.4 to 10.6 km when 10 MHz guardband (which is equal to the IMT BS transmitter bandwidth) is assumed. 

–	These calculated separations are based on pessimistic assumptions where it is assumed that the interfering IMT BS transmitter is pointing towards the fixed link receiver, the maximum interference threshold is limited to 1 dB loss in the fixed link fade margin and the IMT BS transmitter is deployed for a wide area coverage.

–	Depending on the assumed IMT BS emission mask and fixed link antenna pointing and antenna pattern, the calculated separation distance is between 0.9 and 14.9 kilometres when the IMT BS transmitter is assumed to point away from the fixed link receiver. Similarly the separation is between 1.5 and 19.8 kilometres when the fixed link margin loss due to IMT BS interference is 3 dB. If IMT BS transmitters are deployed in cluttered urban area the separation is between 0.15 and 6.5 kilometres. 

–	To facilitate adjacent channel sharing, IMT BS transmitters may have to be coordinated with fixed link receivers. Depending on the specific deployment scenario, guardbands may be used to decrease separation distance requirements and account may also be taken of the BS e.i.r.p. in determining the required coordination distance. Further improvements may be obtained from terrain/clutter losses and by deploying additional filtering at IMT BS transmitters and/or fixed link receivers.

–	The required separation is less than 2 kilometres when interference from IMT MS transmitters is considered. Depending on the assumed guardband, interference alignment and IMT MS emission mask, the required distance is reduced to a few hundred metres.

–	Adjacent channel sharing between IMT MS transmitters and fixed link receivers could therefore be realized providing that fixed link receivers are not close to population centres or busy transport infrastructure links where mobiles could be operating in close proximity.





______________
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[bookmark: dbreak]1	Introduction

This annex presents an analysis of the feasibility of co-channel compatibility/sharing between IMT systems and fixed service point-to-point links currently operating in the frequency band 1 350-1 527 MHz.

2	Technical characteristics

The system parameters are given in Section 2 of Annex 1.

3	Analysis

In this section the implications of IMT base station (BS) and mobile station (MS) transmissions have been examined for the co-channel coexistence.

3.1	Results - IMT base station interference

Separation distances required for co-channel coexistence between IMT and fixed links will inevitable be larger than those required for adjacent channel / adjacent band coexistence. For example, separation distances in excess of 100 kilometres can be calculated to satisfy a short-term interference criterion by assuming that an interfering macro IMT BS with full e.i.r.p. is pointing at a victim FS receiver and the interference path is above the clutter. However these separation distances do not represent typical separation distances that will be necessary to avoid interference in reality, but are more like coordination distances and can give a misleading impression about the potential for coexistence.

Using parameters from Document 4-5-6-7/242 Annex 2 Attachment 2 Appendix 1 for a typical macro urban IMT base station deployment and assuming an attenuation of 20 dB to account for urban clutter effects, the separation distances are such that long-term interference becomes the dominant mechanism. The following co-channel separation distances are calculated using Recommendation ITU-R P.1546-4, which includes generic path loss curves for a number of path/frequency/time percentage/height combinations. 

Figure 1

Co-channel separation distances for an urban macro IMT BS interferer

[image: ]



As can be seen, the main-beam separation distance is 21 km while the interference entries through the fixed link receiver rearlobe require 12 km for the Recommendation ITU-R F.699 antenna pattern and 6.5 kilometres for the Recommendation ITU-R F.1245 antenna pattern.

In ITU-R Document 4-5-6-7/242 Annex 2 Attachment 2 Appendix 1, it is further suggested that outdoor micro cells (with a typical e.i.r.p. of 37 dBm) could be deployed to provide omnidirectional coverage for local capacity enhancement in urban areas. The corresponding separation distances are shown in Figure 12 below.

Figure 2

Co-channel separation distances for an urban micro IMT BS interferer

[image: ]



In this case, the required distances vary between 2.5 and 11 kilometres depending on the interference alignment and assumed receiver antenna pattern.

3.2	Results - IMT mobile terminal interference

Due to relatively low IMT MS e.i.r.p. values and antenna heights, separation distances are lower than those required for the IMT BS transmitters. The implications of co-channel IMT MS interference have therefore been examined for the fixed link long-term interference criterion.

The interference path loss has been modelled using Recommendation ITU-R P.1546-4. 
The Recommendation ITU-R P.1546-4 path loss curves refer to signal strength at a local clutter level. When mobile terminals are considered an additional loss needs to be introduced as these terminals are likely to be located below the clutter. In this modelling, an additional loss of 10 dB has been added to reflect the height loss. 

The following distances have been calculated to satisfy the fixed link receiver long-term interference criterion for an IMT MS interferer.

Figure 3

Co-channel separation distances for an IMT MS interferer

[image: ]

As can be seen, the separation distance requirements are in the range of 3 and 6.7 kilometres for a fixed link receiver with Recommendation ITU-R F.699 antenna and 1.3 and 6.7 kilometres for a fixed-link receiver with Recommendation ITU-R F.1245 antenna.

[bookmark: _Toc356807110]4	Summary

Separation distances required for co-channel coexistence between IMT and fixed links will inevitable be larger than those required for adjacent channel / adjacent band coexistence. Separation distances that are calculated for co-channel operation under worst-case assumptions may appear quite large, however these are more like coordination distances than minimum separation distances that will be required to avoid interference in reality, and can give a misleading impression about the potential for coexistence.

The geographic separation required between an IMT transmitter and a co-channel fixed link is highly dependent on the orientation of the fixed link antenna, the transmitter and receiver antenna heights relative to the clutter/terrain, the power transmitted, and fixed link receiver antenna performance. A much greater separation is required for base station transmitters than for mobile terminals, especially where base stations are located above the local clutter and their emission levels are high in order to provide wide area coverage for mobile terminals.






There are likely to be mitigation factors associated with many deployment scenarios that would significantly decrease separation distances. For example, the required separation will decrease where there is additional shielding introduced by local terrain and clutter. This is likely to be the case, for example, if the base station transmitters are deployed to serve micro/pico cells located in cluttered urban environments. The separation distances calculated in this study range from 
6.5 to 21 kilometres for IMT macro base stations deployed in urban areas. When the urban deployment is restricted to micro cells, the separation distances are reduced to between 2.5 and 11 kilometres.

[The abovementioned separation distances were calculated with the assumption of  20 dB additional clutter loss which is maybe not usually applicable in relation to the propagation model Recommendation ITU-R P.1546 used for calculations. In addition, for such a scenario of sharing between macro IMT base stations and FS stations, located usually above rooftops, a point-to-point propagation model such as Recommendation ITU-R P.452 is more representative. Thus the abovementioned separation distances could be underestimated.]

In the case of IMT mobile terminals the required separation is likely to be much smaller than for base stations. Interference aggregation through the fixed link receiver main beam is unlikely to be significant since the mobile terminals are likely to be located below terrain/clutter and the individual interference paths will be subject to different propagation losses. It is likely that coexistence of fixed links with IMT uplinks will be possible provided that the fixed links are not located close to major population centres or busy transport infrastructures where mobile devices are likely to be used in close proximity.



[bookmark: _GoBack]______________
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[bookmark: dbreak][bookmark: _Toc361662568]1	Introduction

1.1	Scope and objective

Fixed service and mobile service are the primary allocation in the frequency bands 4 400-4 500 and 4 800-4 990 MHz, and point-to-point fixed wireless system is the major application service in the bands. This report provides the compatibility study between IMT system and point-to-point fixed wireless system in the frequency bands 4 400-4 500 MHz and 4 800-4 990 MHz.

[Editor’s note: I propose to add the following as guidance with regard to the studies:

It is recommended to reflect results of the studies provided above in draft CPM text for agenda item 1.1 of WRC-15.]  

[Editorial note: 1 Annex with 3 sub-sections.]

Study # 1

1	Introduction

1.1	Scope and objective

Fixed service and mobile service are the primary allocation in the frequency bands 4 400-4 500 and 4 800-4 990 MHz, and point-to-point fixed wireless system is the major application service in the bands. This report provides the compatibility study between IMT system and point-to-point fixed wireless system in the frequency bands 4 400-4 500 MHz and 4 800-4 990 MHz.




1.2	Glossary of terms

ITU	International Telecommunication Union

IMT	International Mobile Telecommunications

FS	Fixed service

DRRSs 	Digital radio-relay systems

I/N	Interference -to-noise power ratio

e.i.r.p.	Effective isotropic radiated power

2	Technical characteristics and parameters

2.1	Fixed wireless service parameters

The parameters is according to Recommendation ITU-R F.1706 as following,

Table 1

Fixed wireless service characteristics and parameters

		Parameter

		Symbol

		Value and unit



		Centre frequency of operation

		f

		4 400-4 500 MHz/
4 800-4 990 MHz



		Antenna height above ground

		HD

		70 m



		Maximum antenna gain

		–

		42.5 dB



		Antenna radiation pattern

		GD (θ)

		Rec. ITU‑R F.699



		Feeder loss

		Lf_

		3.5 dB



		Receiver bandwidth

		BD

		30.2 MHz



		Receiver thermal noise

		NthD

		–97.5 dBm



		Transmitter power

		PtD

		33 dBm







According to Recommendation ITU-R F.699, in cases where only the maximum antenna gain is known, D/ may be estimated from the following expression:





where Gmax is the main lobe antenna gain (dBi); 



=54.954

For frequencies in the range 1 GHz to about 70 GHz, in cases where the ratio between the antenna diameter and the wavelength is less than or equal to 100 the following equations should be used:



	 	for	  0        m





		for	    m        100 





	 	for	100         48



	 	for	   48        180



G1 :	gain of the first side-lobe   2  15 log = 28.1dB



 = 1.28 degree

If G = 3.5, then the degree will be 17.53 degree.

2.2	IMT system parameters

[bookmark: _Ref353797016]The technical characteristics and system parameters of IMT are shown in the following table [3].

[bookmark: _Ref366160847]Table 2

IMT technical characteristics and parameters

		Parameters

		Values (LTE)



		

		Macro Base Station

		User Terminal



		Maximum output power(dBm/20 MHz)

		46

		23



		Bandwidth (MHz)

		20



		Cell radius(m)

		Macro urban: 300



		Antenna height (m)

		Macro urban: 20

		1.5



		Maximum base station antenna gain(dBi)

		Macro urban: 18

		0



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” section)

ka = 0.7

kp = 0.7

kh = 0.7

kv = 0.3



Horizontal 3 dB beamwidth: 
65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336.

		Recommendation ITU-R F.1336

omni



		Downtilt (degree)

		Macro urban: 10

		—



		Feeder Loss/

Body Loss(dB)

		3

		4



		ACLR

(dB @ ± BW MHz)

		45

		30







3	Methodologies and propagation models

3.1	Possible types of interference to the FS

Two possible types of interference from IMT have been identified to impact FS reception: 

a)	Unwanted emissions from IMT at adjacent channel

	Interference from Unwanted emissions generated by IMT base station transmitter at adjacent channel to FS receiver is studied. 

b)	Co-frequency emissions

	Co-channel interference case between IMT system and point-to-point fixed wireless system is not evaluated because it can be avoided by operating in different frequency bands for the two systems in the same geographical area. 

3.2	FS interference criteria

The following methodology is adopted in Recommendation ITU-R F.1706.

An interference criterion of I/N = −10 dB could be applied to the fixed service for the long-term interference.

I/N = -10 dB 

Therefore the maximum permissible interference level, ImaxD, for the DRRS is given by:

		ImaxD = NthD  – 10 = –107.5                dBm

3.3	Methodologies

Assuming one IMT macro cell base station interfere FS receiver, the received interference power level at the FS receiver is calculated according to the equation:







	:	the received interference power level in 1MHz bandwidth at the FS receiver (dBm);



	:	 transmission power per MHz bandwidth of IMT system (dBm);



	: 	antenna gain of IMT system (dB);



	:	 reception antenna gain of FS system (dB);



	:	 the path loss (dB);



	: 	shadowing loss (dB) with standard deviation of 10 dB in log-normally distribution. In determined study, it is set to 0 dB;

	F: 	frequency offset factor dependant on the frequency offset between IMT macro base station and FS receiver. In determined study, it is set to 45 dB, which is IMT macro base station transmission power suppression at the first adjacent frequency.




3.4	IMT Macro cell scenario topology

3.4.1	Single entry interference scenario 

IMT macro cell at the urban scenario is deployed near the FS receiver.

Figure 1

IMT macro cell scenario topology
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Where:

	dprotection 	Protection distance, the distance between the FS receiver and IMT macro cell base station



3.4.2	Aggregated interference scenario

The IMT network layout is illustrated in the following figure 2.  Nineteen cells are deployed in a hexagonal pattern with each cell consisting of three sectors.  An IMT base station is located at the centre of each cell and operates with a 3-sector antenna. Each antenna serves a single sector covering 120 degrees of the cell.  The FS station is adjacent to the IMT network base stations.  The aggregated interference into the FS station is computed assuming varying separation distances. Fixed service’s antenna is random setting for each snapshot.

Figure 2

IMT macro cell scenario topology



 



3.5	Propagation models

The propagation model is referenced Recommendation ITU-R P.452-15.

Basic transmission loss is from Recommendation ITU-R P.452-15 as follows:





		Lbfsg  = 92.5 + 20 log f  + 20 log d   + Ag + Ld50 +               dB



where:

	L:	transmission loss due to free-space propagation and attenuation by diffraction loss (dB);

	f: 	frequency (GHz);

	d: 	path length (km);

	Ag: 	total gaseous absorption (dB);

	Ld50: 	the median diffraction losses (dB) have considered spherical-Earth diffraction loss:



		

where:

	Lm50:	the median knife-edge diffraction loss for the main edge (dB);

	Lt50:	the median knife-edge diffraction loss for the transmitter-side secondary 
edge (dB);

	Lr50: 	the median knife-edge diffraction loss for the receiver-side secondary 
edge (dB);

	m50: 	the diffraction parameter of the main edge (dB);

	Aht,hr:	additional losses to account for clutter shielding the transmitter and receiver.

Recommendation ITU-R P.452-15 requires the terrain information as input for diffraction loss. The proposal below uses the typical terrain information contained in the table 4 of Recommendation ITU-R P.452-15.

Table 3

Nominal clutter heights and distances

		Clutter (ground-cover) category

		Nominal height
ha (m)

		Nominal distance
dk (km)



		High crop fields

Park land

Irregularly spaced sparse trees

Orchard (regularly spaced)

Sparse houses

		4

		0.1



		Village centre

		5

		0.07



		Deciduous trees (irregularly spaced)

Deciduous trees (regularly spaced)

Mixed tree forest

		15

		0.05



		Coniferous trees (irregularly spaced)

Coniferous trees (regularly spaced)

		20

		0.05



		Tropical rain forest

		20

		0.03



		Suburban

		9

		0.025



		Dense suburban

		12

		0.02



		Urban

		20

		0.02



		Dense urban

		25

		0.02



		High-rise urban

		35

		0.02



		Industrial zone

		20

		0.05





	ha:	Nominal clutter height (m) above local ground level.

	dk:	Distance (km) from nominal clutter point to the antenna.

For transmitter and receiver side, the terrain info is according to the above table. The concrete value is based on which scenario the node is located. It’s assumed that the path includes transmit terrain, receive terrain and dense suburban terrain in the middle path; the 12 m high terrain that characterizes the dense suburban is chosen as default for the dense urban middle path. If the transmitter or receiver side terrain is lower than 12 m, the minimum value among the transmitter and receiver is chosen for the middle path terrain’s height.

4	Studies and results of compatibility

4.1	Adjacent case

4.1.1	Single entry interference 

Protection distance between FS receiver and IMT Macro Cell base station in adjacent channel scenario based on determined study is shown as following table.

Table 4

Results of adjacent channel compatibility analysis from IMT base station to FS receiver

		Deployment type

		Macro urban

		Macro urban terminal



		IMT bandwidth (MHz)

		20

		20



		IMT maximum base station 
output power (dBm)

		46

		23



		IMT tx 
antenna gain of mainlobe (dBi)

		18

		0



		IMT feeder loss/body loss (dB)

		3

		4



		IMT 
antenna height(m)

		20

		1.5



		FS receiver 
feeder loss (dB)

		3.5

		3.5



		FS bandwidth (MHz)

		30.2 

		30.2



		Maximum permissible 
interference power 

		-107.5

		-107.5



		FS receiver
 antenna gain (dB)

		42.5 for main lobe

		28.1dB for side lobe

		3.5 for side lobe

		42.5 for main lobe

		28.1dB for side lobe

		3.5 for side lobe



		Isolation requirement (dB)

		209.3

		194.9

		170.3

		167.3

		152.9

		128.3



		Frequency (GHz)

		4.5

		4.9

		4.5

		4.9

		4.5

		4.9

		4.5

		4.9

		4.5

		4.9

		4.5

		4.9



		Required Protect distance (km)

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5

		5



		Adjacent channel interference rejection requirement

		80.7

		80.1

		66.3

		65.7

		41.7

		41.1

		38.7

		38.1

		24.3

		23.7

		0

		0



		Adjacent channel interference rejection requirement considering 25dB XPD*

		55.7

		55.1

		41.3

		40.7

		16.7

		16.1

		13.7

		13.1

		0

		0

		0

		0





*Cross polarization discrimination (XPD) between the FS and IMT stations

From the evaluation results, adjacent co-exist can be feasible according to reasonable adjacent channel interference rejection requirement for IMT station and terminal.

4.1.2	Aggregated interference

According to the topology of aggregated scenario defined in Figure 2, total 1000 snapshot is simulated in a certain protect distance assumption. If more than 95% percent snapshot satisfy the isolation requirement, the protect distance is determined.

For IMT base station:



		Deployment type

		MACRO URBAN



		Frequency (GHz)

		4.5

		4.9



		Required Protect distance (km)

		5

		5



		adjacent channel interference rejection requirement

		96

		92










If IMT antenna bore sight is optimized as the following, the adjacent channel interference rejection will be reduced to 









		Deployment type

		MACRO URBAN



		Frequency (GHz)

		4.5

		4.9



		Required Protect distance (km)

		5

		5



		adjacent channel interference rejection requirement

		76

		76







For IMT terminal:



		Deployment type

		MACRO URBAN



		Frequency (GHz)

		4.5

		4.9

		4.5

		4.9



		Required Protect distance (km)

		1

		1

		5

		5



		adjacent channel interference rejection requirement

		5

		4

		0

		0










4.2	Co-channel case 

Table 5

Results of co- channel compatibility analysis from IMT base station to FS receiver

		Deployment type

		Macro urban



		IMT bandwidth (MHz)

		20



		IMT maximum base station 
output power (dBm)

		46



		IMT base station 
antenna gain of mainlobe (dBi)

		18



		IMT feeder loss (dB)

		3



		IMT base station 
antenna height(m)

		20



		FS receiver 
feeder loss (dB)

		3.5



		FS bandwidth (MHz)

		30.2 



		Maximum permissible 
interference power ( dBm)

		-107.5



		FS receiver
 antenna gain (dB)

		42.5 for main lobe

		28.1dB for side lobe

		3.5 for side lobe



		Isolation requirement (dB)

		207.5

		193.1

		168.5



		Frequency (GHz)

		4.5

		4.9

		4.5

		4.9

		4.5

		4.9



		Required Protect distance (km)

		86.5

		85.5

		77.5

		76.5

		52.5

		51.5







Assuming 25 dB cross polarization discrimination (XPD) according to Recommendation 
ITU-R F.1334,For cross-polar case:



		Isolation requirement (dB)

		182.5

		168.1

		143.5



		Frequency (GHz)

		4.5

		4.9

		4.5

		4.9

		4.5

		4.9



		Required Protect distance (km)

		71

		70

		52.5

		61.5

		19

		17.5










5	Summary

With regard to the IMT (using 64 dBm EIRP) interfering Fixed station receiver (assuming 42.5 dBi antenna gain based on ITU-R F.1706) in the band 4 400-4 500 MHz and 4 800-4 990 MHz analysis, the following observations may be reached:

· 	For adjacent channel interference, 45 dB of Adjacent Channel Leakage Ratio (ACLR) is already considered for IMT base station.  With additional mitigation technique of 35.5 dB attenuation for IMT base station considering the main lobe case, the separation distance is shown to be around 5 km.  Adjacent channel compatibility within given frequency band assumes that existing service should stop operation in a portion of the band currently allocated to this service to make it available to the systems of the new service. So adjacent channel compatibility puts regulatory restrictions on the existing service and stops operation and future development of the existing service within considered band. This assumption is not consistent with previous decisions of the JTG nor Resolution 233 with respect to protection of incumbent services and consideration of the future requirements of incumbent services.”

–	Co-channel interference analysis  between a single IMT base station  and a fixed station (FS) receiver shows that the required separation distance to protect the FS station receiver is up to 86.5 km, taking into account of terrain.    The required separation distance to protect FS stations from an aggregated IMT interference would be worse.  

Study # 21

1	Background

Frequency bands 4 400‑4 500 MHz and 4 800‑4 990 MHz were proposed for consideration at the previous JTG 4-5-6-7 meetings as bands for compatibility studies with possible IMT stations in accordance with WRC-15 AI 1.1. Analysis of the results of previous JTG 4-5-6-7 meetings showed that currently in these bands only studies with aeronautical telemetry stations operating in adjacent bands were conducted (see Document 4-5-6-7/393, Annex 6, Attachment 8). Nevertheless, these frequency bands are allocated to mobile and fixed services on the primary basis. It should be noted that the analysis of ITU-R Recommendations did not permit to identify technical characteristics of MS systems operating in these frequency bands. 

At the same time, this analysis showed that the technical characteristics of FS systems operating in these frequency bands are contained in Recommendations ITU-R F.758-5 and ITU-R F.1099. In this regard, the Russian Federation conducted compatibility studies of proposed IMT systems with the fixed service systems, the results of which are presented below.

2	Technical characteristics of IMT systems

Technical characteristics of IMT systems were presented on 3rd meeting JTG 4-5-6-7 by WP 5D. They were included in the Appendix to the JTG 4-5-6-7 Chairman’s Report (see Document 4‑5‑6‑7/393, Appendix 2). Table 1 below presents the technical characteristics of IMT, recommended for compatibility and sharing studies in the bands of frequencies range 3-6 GHz.




Table 1

Technical characteristics of IMT systems that were user in the sharing studies

		

		Macro suburban

		Macro
urban



		Base station characteristics / Cell structure

		

		



		Cell radius / Deployment density

		0.3-2 km
(typical figure to be used in sharing studies 0.6 km)

		0.15-0.6 km
(typical figure to be used in sharing studies 0.3 km)



		Antenna height

		25 m

		20 m



		Sectorization

		3-sectors

		3-sectors



		Frequency reuse

		1

		1



		Antenna polarization

		linear / +- 45 degrees

		linear / +- 45 degrees



		Maximum base station output power (5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm



		Maximum base station antenna gain

		18 dBi

		18 dBi



		Maximum base station output power (EIRP)

		58/61/61 dBm

		58/61/61 dBm



		Average base station activity

		50 %

		50%



		Average base station power/sector (to be used in sharing studies)

		55/58/58 dBm

		55/58/58 dBm





3	Technical characteristics and protection criteria of FS stations

Typical characteristics of fixed service systems in the bands presented in Recommendations ITU‑R F.758-5 and F.1099. Typical technical characteristics of FS networks used in compatibility studies with proposed IMT systems are presented in Table 2 below. 

TABLE 2

Typical technical characteristics of FS systems in the frequency bands 4 400‑4 500 MHz
and 4 800‑4 990 MHz

		Frequency range (GHz)

		4.400-5.000



		Modulation

		16-QAM

		256-QAM



		Channel spacing and receiver noise bandwidth (MHz) 

		8, 9, 10, 13, 16.6, 20, 28, 33.2, 40, 60, 80

		9, 10, 13, 20, 28, 40, 60, 80



		Feeder/multiplexer loss range (dB)

		0

		3



		Antenna gain range (dBi)

		21.5…22.5

		22.5



		Receiver noise figure typical (dB) 

		6.5…7

		6.5



		Receiver noise power density typical (=NRX) (dBW/MHz)

		−137.5…−137

		−137.5



		Normalized Rx input level for 1 × 10−6 BER (dBW/MHz) 

		−117.0…
−116.5

		−104.9



		Nominal long-term interference power density (dBW/MHz)(2)

		−137.5…
−137 + I/N

		−137.5 + I/N





4	Methodology and study results



Estimation of compatibility of the proposed IMT stations was made by minimum coupling losses Method (MCL) for outdoor IMT BS. Different FS systems bandwidth were taken into account (see Table 2). Therefore only channels with 8, 9, 28 and 80 MHz bandwidth were considered in this study. Based on the nominal long-term interference power density from Table 2 acceptable levels of interference power  were determined for indicated FS channel bandwidth:

–	for 8 MHz channel bandwidth – minus 138.5 dBW;

–	for 9 MHz channel bandwidth – minus 138 dBW;

–	for 28 MHz channel bandwidth – minus 133 dBW;

–	for 80 MHz channel bandwidth – minus 128.5 dBW.

Effective e.i.r.p. of IMT transmitter were defined for FS receivers with channel bandwidths mentioned above. These values were defined as follows:



		

where 



	 - 	channel FS receiver bandwidth, MHz;



	 - 	IMT channel bandwidth, MHz.

Table 3 contains effective e.i.r.p. values for FS channel bandwidth mentioned above and IMT channel bandwidth of 5 MHz, 10 MHz and 20 MHz.

TABLE 3

IMT BS Effective e.i.r.p. values for different FS receiver channels

		

		Effective e.i.r.p., dBW



		

		4 400‑4 500 MHz

		4 800‑4 990 MHz



		ΔFFS, MHz

		8

		28

		80

		9

		28

		80



		ΔFIMT, MHz

		

		

		

		

		

		



		5

		25.0

		25.0

		25.0

		25.0

		25.0

		25.0



		10

		27.0

		28.0

		28.0

		27.5

		28.0

		28.0



		20

		24.0

		28.0

		28.0

		24.5

		28.0

		28.0







Minimum coupling losses required for interference-free operation were calculated as follows:



		,

where 	



	 - 	FS station antenna Gain.

Obtained e.i.r.p. values were used for estimations of the required minimum coupling losses given in Table 4.




TABLE 4

Minimum coupling losses required for FS station receivers protection

		

		Lmin, dB



		

		4 400‑4 500 MHz

		4 800‑4 990 MHz



		ΔF FS, MHz

		8

		28

		80

		9

		28

		80



		ΔF IMT, MHz

		

		

		

		

		

		



		5

		186.0

		180.5

		176.0

		185.5

		180.5

		176.0



		10

		188.0

		183.5

		179.0

		188.0

		183.5

		179.0



		20

		185.0

		183.5

		179.0

		185.0

		183.5

		179.0







Required minimum coupling losses given in Table 4 were used for estimations of separation distances providing protection for FS receivers from outdoor IMT BS. Propagation model described in Recommendation ITU-R P.452 was used in the studies. The estimation results of minimum required separation distances are presented in Table 5.

TABLE 5

Separation distances R for protection of FS receivers 

		

		R, km



		

		4 400‑4 500 MHz

		4 800‑4 990 MHz



		ΔF FS, MHz

		8

		28

		80

		9

		28

		80



		ΔF IMT, MHz

		

		

		

		

		

		



		5

		67

		59.5

		54.0

		66.0

		58.0

		52.0



		10

		70.0

		63.5

		58.0

		68.0

		61.0

		55.0



		20

		66.0

		63.5

		58.0

		65.0

		61.0

		55.0







Analysis of the results presented in Table 5 shows the required protection distances vary from 54 km to 70 km for the frequency band 4 400‑4 500 MHz and from 52  km to 68 km for the frequency band 4 800‑4 990 MHz. Decreasing of required protection distance is due to larger propagation losses in the upper frequency band.

It should be noted that mentioned protection distances were obtained for case of single-source interference from IMT BS transmitter. For aggregate interference caused by network IMT BS transmitters rye protection distances given in Table 5 will be increased.

Analysis of Recommendation ITU-R F.758-5 showed that this Recommendation does not contained detailed description of FS antenna pattern which is necessary for estimation of interference from IMT stations. 

That is why in the estimations of aggregate interference impact from IMT network to FS receiver IMT stations that falls to the main beam of FS antenna pattern were used only. Obtained results show that in this case it is requires to provide additional grows of minimal coupling losses up to 12‑14 dB. This leads to increase of the required protective distances up to 120 km.

5	Conclusions and proposals

With regards to the IMT (using 61 dBm EIRP) interfering Fixed station receiver (assuming 22.5 dBi antenna gain) in the band 4400-4500 MHz and 4800-4990 MHz analysis, obtained results show that protection of FS station receivers from interference caused by single outdoor IMT BS transmitters requires separation distances up to 70 km. In the case of network of outdoor IMT BS transmitters required separation distance grows up to 120 km. Taking into account wide deployment of FS networks it is possible to draw a conclusion that it will be difficult to provide compatibility of proposed IMT systems with existing FS stations in the same geographical region in the both frequency bands. In case of aggregate interference from network of IMT stations required separation distance increases that leads to increase the difficulties of providing of compatibility of IMT systems with FS systems.

Therefore it is possible to draw a conclusion that it will be difficult to implement IMT systems to the frequency bands 4 400‑4 500 MHz and 4 800‑4 990 MHz on the global basis. For implementation of IMT systems into these frequency bands it is requires to develop additional regulatory and technical measures providing compatibility of proposed IMT systems with FS systems.

Study # 3

1	Introduction

The frequency band 4 400-4 990 MHz is allocated on a primary basis to the fixed and mobile services in all three Regions.  In addition, 4 500-4 800 MHz is also allocated to the fixed-satellite service (space-to-Earth) on a primary basis in all three Regions in accordance with the allotment plan of Appendix 30B to the Radio Regulations.

The 4 400-4 990 MHz band is currently being used by fixed and mobile systems in the United States.  Since the 4 400-4 900 MHz band is currently subject to studies under WRC-15 agenda item 1.1 within JTG 4-5-6-7, the United States is submitting this study to assess the impact of introducing IMT systems into this band.

Annex 6 to Joint Task Group 4-5-6-7 Chairman’s Report, Document 4-5-6-7/393, contains Working Documents on Items Relating to Terrestrial Services for WRC-15 agenda items 1.1 and 1.2.  It is proposed that the analysis presented in Section 2 of this document be included as an additional study in Attachment 7 of those working documents, and that the analysis presented in Section 3 of this contribution be included as an additional study in Attachment 8 to those working document noting that the title of Attachment 8 will need to be modified to cover the broader scope of Section 3 of this contribution.

2	IMT Interference into fixed systems operating in the 4 400-4 990 MHz band

This analysis assesses the potential impact of introducing IMT systems on current fixed systems operating in the 4 400-4 990 MHz band.  Analyses are provided to identify the minimum required separation distance required to protect a receiver in the fixed service from a single IMT base station or user terminal under worst-case assumptions, as well as aggregate analyses to identify the area around a fixed station where the aggregate interference from multiple IMT base stations may exceed the protection criteria.

2.1	System parameters

Parameters of IMT base stations and user terminals are taken from Table D of preliminary draft new Report ITU-R M.[IMT.ADV.PARAM], Characteristics of Terrestrial IMT-Advanced Systems for Frequency Sharing/Interference Analyses, incorporated into Document 4-5-6-7/236.

Table 1 summarizes the parameters of five typical fixed service systems from Recommendation ITU-R F.758 in the band 4.4 to 5 GHz.

Table 1

Fixed service parameters

		Fixed System

		A

		B

		C

		D

		E



		Recommendation ITU-R F.758 Table

		10

		10

		10

		11

		11



		Band (GHz)

		4.5-5.0

		4.5-5.0

		4.5-5.0

		4.4-5.0

		4.4-5.0



		Modulation

		64-QAM

		64-QAM

		64-QAM

		16-QAM

		64-QAM



		Channel spacing (MHz)

		10

		20

		30

		40

		40



		Maximum antenna gain (dBi)

		44

		44

		44

		42.5

		42.5



		Multiplexer/feeder loss (dB)

		0

		0

		0

		2

		3.5



		Receiver Noise Power (dBW)

		-131

		-128

		-126

		-125.3

		-127.5



		Long-term interference threshold (dBW)

		-141

		-138

		-136

		-138.3

		-140.5



		I/N threshold (dB)

		-10

		-10

		-10

		-13

		-13







2.2	Single entry interference analyses

Single entry analyses were performed to determine the separation distance required to protect a fixed service receiver from an IMT base station operating on the same frequency.  It is assumed that base stations are operating across the fixed service receiver bandwidth, the analyses assume a maximum IMT base station e.i.r.p. of 61 dBm in the direction of the fixed system for calculating interference into fixed systems with bandwidths between 10 and 30 MHz, and 64 dBm for the case of the 40 MHz fixed systems.  Antenna heights of 25 meters are assumed for both the fixed and IMT base stations.  The reference antenna pattern specified in Recommendation ITU-R F.699 is assumed for the fixed station and the Recommendation ITU-R F.1336 antenna pattern is assumed for the base station.  The Recommendation ITU-R P.452 propagation model is used to calculate the p = 20% probability path loss at 4 695 MHz without consideration of terrain.

Figure 1 displays contours of the I/N produced by an IMT base station into Fixed System A.

Figure 1

I/N contours for IMT base station interference into fixed system A

[image: ]



The same analysis was applied to the other four fixed systems listed in Table 1 and the required separation distances for all 5 systems are presented in Table 2.  In general, the required separation between an IMT base station and a fixed station varies from about 225-250 km, when the base station is located along the azimuth of the fixed station antenna main beam, and about 70-80 km, when the base station is located in the far sidelobes.

Table 2

 Required single entry separation distances for IMT base stations

		Fixed System

		A

		B

		C

		D

		E



		Along main beam azimuth (km)

		249

		236

		224

		236

		239



		In backlobe regions (km)

		80

		73

		68

		76

		77







Similar single entry analyses were performed to determine the required separation distance for interference from outdoor IMT user terminals for the maximum terminal output power of 23 dBm.  It is assumed that user terminals are operating across the fixed service receiver bandwidth, BWfixed (MHz), so that the single entry user terminal e.i.r.p. is increased by 10·log10(BWfixed/5 MHz).

Figure 2 illustrates the I/N contours for IMT user terminal interfering with Fixed System A.






Figure 2

I/N Contours for IMT User Terminal Interference into Fixed System A.
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The same analysis was applied to the other four fixed systems listed in Table 1 and the required separation distances for all 5 systems are presented in Table 3.

Table 3

Required single entry separation distances for IMT user terminals

		Fixed System

		A

		B

		C

		D

		E



		Along main beam azimuth (km)

		43

		43

		43

		45

		47



		In backlobe regions (km)

		5

		5

		5

		7

		8





2.3	Aggregate interference analyses

An aggregate analysis of IMT base station interference into Fixed System A was performed by constructing a rectangular grid of base stations at 1.2 km separations corresponding to the 0.6 km radius for suburban macro cells, with each base station operating at a 58 dBm average e.i.r.p..  Figure 3 displays a plot of these grid cells, with the color of gray, red or green assigned to each pixel.  A pixel is colored gray if the I/N produced by a base station at the location of the pixel exceeds the fixed service I/N threshold of -10 dB and is not included in the calculation of the aggregate interference.  An initial aggregate I/N from base stations at the other grid points is then calculated.  In this case the initial aggregate I/N from base stations located outside of the gray area was 25.7 dB.

In order to achieve an aggregate I/N interference level of -10 dB, the remaining grid cells were sorted by the I/N produced by the base station at the fixed service receiver in the order of highest I/N to lowest I/N.  Cells were then removed one-by-one from the aggregate I/N calculation, starting with the highest I/N and working downwards, until the aggregate I/N reached -10 dB.  These removed cells are colored red in Figure 3.  The remaining cells are colored green to indicate that base stations could be operated at these points without the aggregate I/N exceeding the I/N threshold for Fixed Station A.

Figure 3

Illustration of base station Excluded Areas
to Satisfy I/N Threshold for Fixed System A

		[image: ]
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		I/N Contours For Fixed Station A
and Average IMT Base Station Power

		Area (Green) Outside of Which IMT Base Station Operations Satisfy Aggregate I/N Criterion







The distance of IMT base stations from the fixed station receiver needed to satisfy the fixed station I/N threshold and the area from which the base stations need to be excluded are presented in Table 4.  The maximum distance for a single interferer (209 km) is slightly smaller than the corresponding distance in Table 2 (249 km) because the average IMT base station e.i.r.p. is used instead of the maximum e.i.r.p..

Table 4

 Dimensions of Base Station Excluded Areas to Protect Fixed Service System A

		Maximum distance from fixed service receiver where I/N threshold could be exceeded by a single IMT base station with average power

		209 km



		Area covered by cell sites producing interference exceeding I/N threshold

		14,922 km2



		Maximum distance from fixed service receiver where cell site is excluded in order to satisfy the aggregate I/N threshold

		631 km



		Area covered by cell sites not exceeding single entry I/N threshold but excluded in order to satisfy the aggregate I/N threshold

		153,012 km2



		Total exclusion area needed to protect fixed service system A

		167,935 km2







Similar results are expected for the other four typical fixed service systems listed in Table 1 in view of the similarity of their technical characteristics required single entry separation distances indicated in Table 2.

The separation distances required for protecting a fixed service receiver from a single IMT user terminal operating at maximum power is less than the corresponding single entry separation distance for an IMT base station.  Consequently, the area within which aggregate interference from use terminals exceeds the fixed service receiver interference threshold will also be smaller than the corresponding exclusion area identified for a base station.




2.4	Summary and conclusion

With regard to the IMT (using maximum EIRP value up to 64 dBm) interfering Fixed station receiver (using maximum antenna gain up to 44 dBi) in the band 4 400-4 990 MHz analysis, large separation distances are required to protect stations in the fixed services operating in the 4 400‑4 990 MHz band from IMT systems.  Note that in all cases, this analysis does not account for terrain obstruction.  In the case of IMT base stations operating at maximum power interfering with a fixed system receiver, single entry separation distances of about 225 – 250 km are required in the direction of the fixed system’s main beam and about 70 – 80 km in its backlobe region. The corresponding single entry separation distances required for protection from a IMT user terminals operating at maximum per are 43 to 47 km in the main beam region and 5 to 8 km in the backlobe region.  Aggregate interference analyses indicate that IMT base stations could be precluded from operating over a large area extending over 600 km in the direction of the fixed station main beam and covering over 150,000 km2.  The area within which aggregate interference from IMT user terminals exceeds the fixed service receiver interference threshold will be smaller than the corresponding exclusion area identified for a base station.  As these fixed services could be deployed anywhere around the world, and large exclusion zones would be needed to protect them from interference, IMT use of the 4 400-4 990 MHz band is not feasible.

[Document 484(Rev.1) will be treated through the SWG report to the Chair of WG3 and carried forward for consideration at the next JTG.]
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[bookmark: dbreak]1	Introduction

The frequency band 5 925-6 425 MHz has been proposed as a possible candidate band for IMT identification.

However this band is heavily used for point-to-point fixed service links. The objective is to study the sharing and compatibility between indoor IMT small cells and Fixed service stations . The study considers only the impact of interference from IMT indoor small cells into point-to-point FS station receivers. 

2	Background

The frequency band 5 925-6 425 MHz is already allocated to mobile service on the primary basis worldwide. However identification of this band for IMT will significantly change the usage of the band which requires the coexistence studies with other incumbent services. The main services deployed in this band are FS and FSS (Earth-to-space). 

Point-to-point FS links in this band are heavily used for cellular network backhaul in many countries. The use of point-to-point FS links in the 5 925-6 425 MHz band is relevant for rural areas as well as for urban environment, which requires consideration of different sharing scenarios. It is assumed in the study that IMT systems are to be deployed only as indoor small cells, which is required to ensure coexistence with FSS space stations, receiving in the band 5 925-6 425 MHz.  

Deliverables describing typical deployment of FS stations in the 5 925-6 425 MHz band and relevant for the assessment of interference are: 

–	Report ITU-R F.2240 “Interference analysis modelling for sharing between HAPS gateway links in the fixed service and other systems/services in the range 
5 850-7 075 MHz”.

–	Recommendation ITU-R F.758 “System parameters and considerations in the development of criteria for sharing or compatibility between digital fixed wireless systems in the fixed service and systems in other services and other sources of interference”.

3	Technical characteristics

3.1	IMT systems characteristics and assumptions

Considering rather high frequency of the frequency band 5 925-6 425 MHz, it was assumed that the IMT systems would be most likely deployed in dense urban areas and mainly indoor as pico and femto cells with wideband channels and high data rate. It was also assumed that the frequency band 5 925-6 425 MHz would be used as a separate level of coverage without macro cells, making the time division duplex more advantageous for such IMT systems. Taking this into account the calculations consider only small base stations emitting up to 100% of time. Subscriber stations, which are generally low power and power controlled were not considered. Parameters for small base stations used in the calculations are given in Table 3.1.1 below. 

Table 3.1.1 

Deployment-related parameters 

		Base station characteristics / Cell structure

		Small cell indoor



		Cell radius / Deployment density

		Depending on indoor coverage/capacity demand



		Antenna height

		3 m



		Sectorization

		Single sector



		Downtilt

		n.a.



		Frequency reuse

		1



		Antenna pattern

		Recommendation ITU-R F.1336 omni (Fig. 3.1, 3.1.2)



		Antenna polarization

		Linear



		Indoor base station deployment

		100 %



		Indoor base station penetration loss

		20 dB[footnoteRef:1] [1:  	Typical value for indoor base station penetration loss is described as 25 dB for horizontal direction in the band 5-6 GHz, however 20 dB is used for interference assessment. ] 




		Below rooftop base station antenna deployment

		n.a.



		Feeder loss

		n.a



		Maximum base station output power (20 MHz)

		24 dBm and 30 dBm[footnoteRef:2] [2:  	30 dBm value is added as an alternative value. Due to assumed 100 MHz channel higher power might be necessary to provide similar power spectrum density as within 20 MHz channel.  ] 




		Channel  bandwith 

		20 MHz



		Transmitter spectrum mask

		Table 3.2.1, Fig. 3.1.3



		Base station characteristics / Cell structure

		Small cell indoor



		Maximum base station antenna gain

		0 dBi



		Maximum base station output power (e.i.r.p.)

		24 dBm and 30 dBm



		Average base station activity

		50 %



		Average base station power/sector (to be used in sharing studies)

		21 dBm and 27 dBm












FIGURE 3.1.1

[image: ]Antenna radiation pattern BS IMT system for azimuth angles



FIGURE 3.1.2

Antenna radiation pattern BS IMT system for elevation angles

[image: ]




TABLE 3.1.2

Transmitter spectrum mask IMT Systems[footnoteRef:3] [3: The data are taken from Table 6.6.3.2A-3 3GPP TS 36.104 V12.2.0 (2013-12)] 


		Band

		Channel

Separation

		Transmitter spectrum mask IMT Systems



		MHz

		MHz

		



		5925-6425

		20.0

		…

		

		fi (MHz)

		-20.05

		-15.05

		-10.05

		-10.00

		10.00

		10.05

		15.05

		20.05



		

		

		

		

		ai (dB)

		48.00

		48.00

		40.93

		0.00

		0.00

		40.93

		48.00

		48.00





FIGURE 3.1.3

Transmitter spectrum masks IMT Systems

3.2	FS stations characteristics and assumptions

The technical characteristics of the point-to-point FS links were derived from Recommendation 
ITU-R F.758-5 and Report ITU-R F.2240 and are summarized in Table 3.2.1.




TABLE 3.2.1

System parameters for PP FS systems

		Frequency range (GHz)

		5.925-6.425



		

		Type 1

		Type 2



		Reference 

		Rec. ITU-R F.383 (Fig. 3.2.4, 3.2.5)



		Modulation

		64-QAM

		128-QAM



		[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Channel spacing and receiver noise bandwidth (MHz) 

		40

		29.65



		Tx output power range (dBW) 

		−8…2.0

(Mode -4)

		−11…2

(Mode -3)



		Tx output power density range (dBW/MHz)

		−24... −14.0

		−25.7…−9.7



		Feeder/multiplexer loss range (dB)

		2.5…5.6

(Mode 3.4)

		1.1…3

(Mode 1.3)



		Antenna gain range (dBi)

		38.1…45.0

(Mode 38)

		38.7…46.6

(Mode 45)



		Antenna pattern

		Rec. ITU-R F.1245 
(Fig. 3.2.1)

		Rec. ITU-R F.1245 (Fig. 3.2.1)



		Antenna height (m)

		15…110

(Mode 55)

		15…110

(Mode 55)



		e.i.r.p. range (dBW)

		20.6...37.5

(Mode 30.6)

		25.7…45.9

(Mode 40.7)



		e.i.r.p. density range (dBW/MHz)

		4.6...21.5

(Mode 14.3)

		10.9…31.1

(Mode 26.9)



		Receiver noise figure typical (dB) 

		5

		4



		Receiver selectivity masks

		Table 3.2.2, Fig.3.2.4

		Table 3.2.2, Fig.3.2.3



		Receiver noise power density typical (=NRX) (dBW/MHz)

		−139

		−140



		Normalized Rx input level for 1 × 10−6 BER (dBW/MHz) 

		−112.5

		−110.5



		Nominal long-term interference power density (dBW/MHz)

		−139 + I/N

		−140 + I/N



		Protection criteria

		I/N=–10

		I/N=–10



		Link Length (km)

		10...80

(Mode 40)

		10...80

(Mode 40)





FIGURE 3.2.1

Antenna radiation pattern P-P FS system
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TABLE 3.2.2

Receiver selectivity masks PP FS Systems[footnoteRef:4] [4:  	All values are calculated according the method in ETSI TR 101 854 Annex F.
	The data are taken from ETSI EN 302 217-2-2 V1.4.1 and Appendix 12 to Annex 2B HCM Agreement 2013.
] 


		Band

		Netto-Bitrate

		Channel

Separation

		Receiver selectivity masks PP FS System



		MHz

		(Mbit/s)

		MHz

		



		5925-6425

		155

		28.0

		…

		30.0

		fi (MHz)

		-26.45833

		-14.76264

		-14.632

		-14.10943

		-13.06429

		-11.36593

		11.36593

		13.06429

		14.10943

		14.632

		14.76264

		26.45833



		

		

		

		

		

		ai (dB)

		67

		47

		23.4

		10.5

		2

		0

		0

		2

		10.5

		23.4

		47

		67



		

		

		40.0

		

		

		fi (MHz)

		-31.31818

		-21.85500

		-20.925

		-19.22000

		-15.50000

		-9.14500

		9.14500

		15.50000

		19.22000

		20.925

		21.85500

		31.31818



		

		

		

		

		

		ai (dB)

		63

		46

		17.8

		9.9

		2

		0

		0

		2

		9.9

		17.8

		46

		63
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FIGURE 3.2.2

Receiver selectivity masks PP FS Systems (Channel Separation 29.65 MHz)





FIGURE 3.2.3

Receiver selectivity masks PP FS Systems (Channel Separation 40 MHz)





29.65 MHz radio-frequency co-channel arrangement for fixed wireless systems operating 
in the 6 GHz band[footnoteRef:5] [5:  Recommendation ITU-R F.383.] 





Let

	f0	be the frequency (MHz) of the centre of the band of frequencies occupied, f0 = 6175;

	fn	be the centre frequency (MHz) of one RF channel in the lower half of the band;



		be the centre frequency (MHz) of one RF channel in the upper half of the band;

then the frequencies of individual channels are expressed by the following relationships:

	lower half of the band:	fn	=	f0  –  259.45  +  29.65 n		MHz



	upper half of the band:		=	f0  –  7.41  +  29.65 n 		MHz

where:

	n  =  	1, 2, 3, 4, 5, 6, 7 or 8;

FIGURE 3.2.4

29.65 MHz radio-frequency co-channel arrangement for fixed wireless systems
operating in the 6 GHz band for use in international connections

(All frequencies in MHz)





40 MHz radio-frequency channel arrangement for radio-relay systems operating 
in the lower 6 GHz band[footnoteRef:6] [6:  	Recommendation ITU-R F.383.] 


Let

	f0	be the frequency (MHz) of the centre of the band of frequencies occupied, f0 = 6175;

	fn	be the centre frequency (MHz) of one RF channel in the lower half of the band;



		be the centre frequency (MHz) of one RF channel in the upper half of the band;

then the frequencies of individual channels are expressed by the following relationships:

	lower half of the band:	fn	=	f0 – 260 + 40 n		MHz



	upper half of the band:		=	f0 – 20 + 40 n 		MHz




where:

	n = 	1, 2, 3, 4, 5, or 6.

fIGURE 3.2.5

40 MHz radio-frequency channel arrangement for radio-relay systems 
operating in the lower 6 GHz band

(All frequencies in MHz)





4	Analysis

4.1	Assumptions

The studies and calculations are proposed to be performed for IMT urban environment scenario. However the IMT base stations (BS) may be deployed only indoor and located at different building floors. P-P FS antennas are generally mounted on the masts with heights exceeding the level of surrounding urban area. For this scenario, alongside with indoor-to-outdoor penetration losses of interference from IMT BS transmitters to P-P FS receivers and main lobe orientation of P-P FS station antenna in respect to IMT BS locations, additional diffraction interference losses are possible due to clutter from local obstacles surrounding IMT BS transmitters.

The option of deployment for P-P FS stations and IMT stations under the above scenario is shown in Fig. 4.1.1.

FIGURE 4.1.1

Urban interference scenario





4.2	Methodology

4.2.1	Propagation models

The propagation model is from Recommendation ITU-R P.452-14.

Basic transmission loss is from Recommendation ITU-R P.452-14 as follows:



Lprop (d) = 92.5 + 20 log f  + 20 log d + Ld50 + AhTx + AhRx, dB



where:

	f :	frequency (GHz);

	d :	path length (km);

	Ld50:	the median diffraction loss (dB):



		

where:

	Lm50:	the median knife-edge diffraction loss for the main edge (dB);

	Lt50:	the median knife-edge diffraction loss for the transmitter-side secondary edge (dB);

	Lr50: 	the median knife-edge diffraction loss for the receiver-side secondary edge (dB);

	m50: 	the diffraction parameter of the main edge (dB);

	AhTx:	the additional losses to account for clutter shielding the transmitter (dB);

	AhRx:	the additional losses to account for clutter shielding the receiver (dB).

The additional loss due to protection from local clutter is given by the expression:



	, dB

where:



		,

and:

	dk :	distance (km) from nominal clutter point to the antenna;

	hIMT :	antenna height (m) above local ground level;

	ha :	nominal clutter height (m) above local ground level.

Additional losses due to shielding by clutter (ground cover) should not be claimed for categories not appearing in Table 4.2.1.

TABLE 4.2.1

Nominal clutter heights and distances

		Clutter (ground-cover) category

		Nominal height, ha
(m)

		Nominal distance, dk
(km)



		Urban

		20

		0.02



		Dense urban

		25

		0.02



		High-rise urban

		35

		0.02



		Industrial zone

		20

		0.05







The additional loss due to protection from local clutter is given in the Fig.4.2.1.

[bookmark: _GoBack] (
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)FIGURE 4.2.1

[image: ]The additional loss due to protection from local clutter




4.2.2	Methodology of calculations

4.2.2.1 	Baseline criteria I/N

The methodology envisages several protection criteria for P-P FS stations from interfering IMT BS stations.

I/N criterion is reasonable during protection assessment for FS stations operating under conditions of wanted signal reception with the level close to normal input signal, considering the required fading margin. Such conditions are characteristic for FS networks with long hops, and also when using FS stations with the basic parameters reduced: e.i.r.p. of station, antenna gain, receiver noise figure and antenna-feeder loss.

The interferer level I(dBW) is calculated by assessing the level of emissions from the interferer falling within the interfered receiver P-P FS systems bandwidth:

I = PTx - aTx + GTx - Lprop(dIMT-FS) + GRx - aRx - aant(az) – (MD + NFD(f)) – aindoor ,	dBW

where:

	I (dBW) : 	the interfering power level the input of the interfered receiver P-P FS system;

	PTx (dBW) : 	transmitter power level interfering transmitter BS IMT system;

	GT (dB) : 	transmitter antenna gain interfering transmitter BS IMT system;

	aTx (dB) : 	all losses between the antenna flange and the output of the interfering transmitter BS IMT system;

	GR (dB) : 	receiver antenna gain interfered receiver P-P FS system;

	aRx (dB) : 	all losses between the antenna flange and the input of the interfered receiver P-P FS system;

	MD (dB) : 	Masks Discrimination[footnoteRef:7]; [7:  	Reommendation ITU-R P 377-6.] 


	NFD(f) (dB) : 	Net Filter Discrimination[footnoteRef:8]; [8:  	Recommendation ITU-R P 377-6.] 


where:

	f = 	fTx – fRx;

	fTx : 	interferer timed frequency;

	fRx : 	receiver tuned frequency;







,




where:

	P( f ) : 	transmitter spectrum mask BS IMT system;

	H( f ) :	receiver selectivity mask P-P FS system.

	Lprop(dFS-IMT) (dB) : 	propagation attenuation between antennas interfered receiver P-P FS system and  interfering transmitter BS IMT system (Recommendation ITU-R P.452‑14);

	dFS-IMT : 	distance between the interfering transmitter BS IMT system and the interfered receiver P-P FS system;

	aant(az FS-IMT) (dB) : 	attenuation which is a function of angle between the main axis of the P-P FS system and the axis between the BS IMT system and the P-P FS system 
az FS-IMT;

	aindoor (dB) : 	indoor-to-outdoor penetration loss (Fig. 4.2.1, Rec. ITU-R P 1238)

FIGURE 4.2.2

Attenuation (MD+NFD)



According to Recommendation ITU‑R V.573, noise level of the interfered receiver P-P FS system N can be determined by:

, dBW

where:

	k :	Boltzmann’s constant (1.3806488 × 10−23 J K−1);

	T0:	Reference temperature (290 K);

	B:	noise equivalent bandwidth of receiver (Hz);

	NF:	receiver noise figure (dB).




4.2.2.2 	Additional consideration based on C/I ratio

When detailed information on P-P links deployment is available more careful planning of IMT systems could be performed to provide coexistence in same geographical area which could reduce separation distances. In this case C/I ratio could increase the potential for sharing between indoor IMT small cells and fixed stations.

The power of the P-P FS system carrier can be calculated by using the following equation:

C = PP-P FS Tx - a P-P FS Tx + Gmax P-P FS Rx - Lprop(Link Length) + Gmax P-P FS Rx - a P-P FS Rx, dBW

where:

	C: 	power of the P-P FS system carrier;

	PP-P FS Tx (dBW) : 	transmitter power level P-P FS system;

	Gmax P-P FS Tx (dB) : 	transmitter maximum antenna gain P-P FS system;

	a P-P FS Tx (dB) : 	all losses between the antenna flange and the output of the transmitter P-P FS system;

	Gmax P-P FS Rx (dB) : 	receiver maximum antenna gain P-P FS system;

	a P-P FS Rx (dB) : 	all losses between the antenna flange and the input of the receiver P-P FS system;

	Lprop(Link Length): 	propagation attenuation between antennas transmitter and  receiver P-P FS system (ITU-R P 525, Rec. ITU-R P 530);

	Link Length (km): 	link length P-P FS system;

	Lprop(Link Length) = 	92.5 + 20 log f  + 20 log(Link Length),

where:

	f : 	frequency (GHz).

4.2.2.3	Baseline case #1 ((I/N)required)

The method consists in calculating the resulting (I/N) and then comparing it with the required (I/N)required at the interfered receiver P-P FS systems ((I/N)required =-10 dB). 

(I/N)required =[ PTx - aTx + GTx - Lprop(dIMT-FS) + GRx - aRx - aant(az) – (MD + NFD(f)) – 
 - aindoor] – [10log(kT0B)+NF].

4.2.2.4	Additional case #2 ((C/I)required)

The method consists in calculating the resulting (C/I) and then comparing it with the required (C/I)required at the interfered receiver P-P FS systems ((C/I)required =-55 dB and 
( C/I)required =-40 dB). 

(C/I)required =[ PP-P FS Tx - a P-P FS Tx + Gmax P-P FS Rx - Lprop(Link Length) + Gmax P-P FS Rx - a P-P FS Rx ]- 
 -[PTx - aTx  + GTx - Lprop(dIMT-FS) + GRx - aRx - aant(az) - (MD + NFD(f)) - aindoor.]

4.3	Calculations

4.3.1	Case #1 ((I/N)required= -10 dB)

The results of required distance between the interfering transmitter BS IMT systems and the interfered receiver P-P FS systems d FS-IMT which is a function of angle between the main axis of the P-P FS system and the axis between the BS IMT system and the P-P FS system az FS-IMT are provided in the Figures 4.3.1.1-4.3.1.4. (AhTx = 0, 10, 19 dB; Co‑channel (MD+NFD(f) = 0 dB, First adjacent channel (MD+NFD(f) = 45 dB).

FIGURE 4.3.1.1

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)






FIGURE 4.3.1.2 

Required d FS-IMT which is a function of angle az FS-IMT (PP FS S ystem type 1)

FIGURE 4.3.1.3

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)





FIGURE 4.3.1.4

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



4.3.2.1	Case #2.1 ((C/I)required=55 dB)

The results of required distance between the interfering transmitter BS IMT systems and the interfered receiver P-P FS systems d FS-IMT which is a function of angle between the main axis of 
the P-P FS system and the axis between the BS IMT system and the P-P FS system az FS-IMT are provided in the Figures 4.3.2.1-4.3.2.24. (Link Length = 10, 30, 50, 70 km; AhTx = 0, 10, 19 dB; Co‑channel (MD+NFD(f) = 0 dB, First adjacent channel  (MD+NFD(f) = 45 dB)

FIGURE 4.3.2.1

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)

FIGURE 4.3.2.2

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)



FIGURE 4.3.2.3

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)




FIGURE 4.3.2.4

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)





FIGURE 4.3.2.5

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)




FIGURE 4.3.2.6

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)



FIGURE 4.3.2.7

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



FIGURE 4.3.2.8

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



FIGURE 4.3.2.9

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



FIGURE 4.3.2.10

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)

FIGURE 4.3.2.11

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)







FIGURE 4.3.2.12

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)





4.3.2.2	Case #2.2 ( (C/I)required = 40 dB)

The results of required distance between the interfering transmitter BS IMT systems and the interfered receiver P-P FS systems d FS-IMT which is a function of angle between the main axis of the P-P FS system and the axis between the BS IMT system and the P-P FS system az FS-IMT are provided in the Figures 4.3.2.1-4.3.2.24. (Link Length = 10, 30, 50, 70 km; AhTx = 0, 10, 19 dB; Co‑channel (MD+NFD(D+NFD(l ( (First adjacent channel  (MD+NFD(D+NFD(djac).

FIGURE 4.3.2.13

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)

FIGURE 4.3.2.14

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)



FIGURE 4.3.2.15

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)





FIGURE 4.3.2.16

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)

FIGURE 4.3.2.17

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1)



FIGURE 4.3.2.18

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 1

FIGURE 4.3.2.19

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



FIGURE 4.3.2.20

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)

FIGURE 4.3.2.21

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



FIGURE 4.3.2.22

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)

FIGURE 4.3.2.23

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)

FIGURE 4.3.2.24

Required d FS-IMT which is a function of angle az FS-IMT (PP FS System type 2)



4.4	Results

The calculation results derived from Figs. 4.3.1.1 and 4.3.1.3 show that the permissible 
I/N = –10 dB with IMT transmitters operating in co-channels with P-P FS receivers could be reached starting from 20-200 m distances in most directions, except for the main and first side lobes of antenna pattern. In the main lobe direction of antenna pattern this distance correspond to 8‑50 km, depending on the value of additional losses due to local clutter shielding which will be present in IMT urban environment. With the increased angle between main lobes of P-P FS antenna pattern and IMT BS direction, this distance is reduced down to 20-200 m.

The permissible I/N= –10 dB for IMT transmitters operating in adjacent channels with P-P FS receivers would be met at 700 m or less for all location conditions of the stations (Figs. 4.3.1.2 and 4.3.1.4).

The additional calculation results derived from Figs. 4.3.2.1, 4.3.2.3, 4.3.2.5, 4.3.2.7, 4.3.2.9 and 4.3.2.11 show that the permissible C/I= 55 dB for IMT transmitters operating in co-channels with P-P FS receivers could be reached for hop distances in P-P FS network from 10 to 70 km starting from 20-150 m distances in most directions, except for main and first side lobes of antenna pattern.  In the main lobe direction of antenna pattern these distances may be 0.4-35 km, depending on the hop distance in P-P FS network and the value of additional losses due to clutter shielding.  With the increased angle between main lobes of P-P FS antenna pattern and IMT BS direction, this distance rapidly reduces down to 20-150 m.

The permissible C/I= 55 dB for IMT transmitters operating in adjacent channels with P-P FS receivers would be met starting from 200 m for all co-location conditions of the stations (Figs. 4.3.2.2, 4.3.2.4, 4.3.2.6, 4.3.2.8, 4.3.2.10 and 4.3.2.12).

The additional calculation results derived from Figs. 4.3.2.13, 4.3.2.15, 4.3.2.17, 4.3.2.19, 4.3.2.21 and 4.3.2.23 show that the permissible C/I= 40 dB for IMT transmitters operating in co-channels with P-P FS receivers could be reached for hop distance in P-P FS network from 10 to 70 km starting from 20-60 m in most directions, except for main and first side lobes of antenna pattern. In the main lobe direction of antenna pattern these distances may be 0.2-6 km, depending on the hop distance in P-P FS network and the value of additional losses due to clutter shielding. With the increased angle between main lobes of T-T FS antenna pattern and IMT BS direction, this distance rapidly reduces down to 20-40 m.

The permissible C/I= 40 dB for IMT transmitters operating in adjacent channels with P-P FS receivers would be met starting from 40 m for all co-location conditions of the stations 
(Figs. 4.3.2.14, 4.3.2.16, 4.3.2.18, 4.3.2.20, 4.3.2.22 and 4.3.2.24).

5	Summary

The results of the studies showed that the permissible I/N =–10 dB with indoor IMT small cells operating in co-channels with P-P FS receivers could be reached starting from 20-200 m distances in most directions, except for the main and first side lobes of antenna pattern. In the main lobe direction of antenna pattern this distance corresponds to 8-50 km, depending on the value of additional losses due to local clutter shielding, which will be present in IMT urban environment. The likelihood of an IMT small cell lying within the main or first side lobes of P-P antenna pattern hasn’t been studied.   These results are derived based on a single interferer and do not consider cumulative effect, which could lead to different values. 

When detailed information on P-P links deployment is available, more detailed planning of IMT systems could be performed to reduce the separation distances mentioned above.
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	-26.45829999999992	14.762600000000004	-14.632	-14.109400000000004	-13.064300000000001	-11.365900000000034	11.365900000000034	13.064300000000001	14.109400000000004	14.632	14.762600000000004	26.45829999999992	67	47	23	10.5	2	0	0	2	10.5	23	47	67	D f, MHz



a, dB





Band 5925-6425 MHz,    Netto-Bitrate 155 Mbit/s,            Channel
Separation 40 MHz	-31.318200000000001	-21.855	-20.924999999999986	-19.22	-15.5	-9.1449999999999996	9.1449999999999996	15.5	19.22	20.924999999999986	21.855	31.318200000000001	63	46	17.8	9.9	2	0	0	2	9.9	17.8	46	63	D f, MHz



a, dB





P-P   FS Systems 
Channel Separation 40 MHz	0	10	20	30	40	1.0000000000000005E-2	1.1000000000000001	5.6599999999999975	28.34	46	P-P   FS Systems Channel
Separation 29.65 MHz	0	10	20	30	40	1.0000000000000005E-2	1.86	8.2000000000000011	46.8	Df, MHz



MD+NFD(Df), dB





(I/N) required  = -10 dB

Channel Separation 40 MHz;           

Co‑channel (MD+NFD(Df) = 0 dB);

 aindoor = 25 dB

additional losses to account for clutter shielding the transmitter BS IMT system AhTx = 0 dB	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	49.7	14.860000000000024	4.8599999999999985	2.88	2	1.52	1.2	1	0.84000000000000064	0.72000000000000064	0.64000000000000201	0.56000000000000005	0.5	0.46	0.42000000000000032	0.380000000000001	0.36000000000000032	0.34	0.30000000000000032	0.28000000000000008	0.28000000000000008	0.26	0.24000000000000021	0.24000000000000021	0.22	0.2	0.2	0.2	0.18000000000000024	0.18000000000000024	0.16	0.16	0.16	0.16	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	additional losses to account for clutter shielding the transmitter BS IMT systemAhTx = 10 dB	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	22.16	4.54	1.5	0.9	0.64000000000000201	0.48000000000000032	0.380000000000001	0.32000000000000101	0.28000000000000008	0.24000000000000021	0.2	0.18000000000000024	0.16	0.16	0.14000000000000001	0.12000000000000002	0.12000000000000002	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	additional losses to account for clutter shielding the transmitter BS IMT systemAhTx = 19 dB	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	7.6599999999999975	1.58	0.54	0.32000000000000101	0.22	0.18000000000000024	0.14000000000000001	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(I/N) required  = -10 dB

Channel Separation 40 MHz;           

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB
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(I/N) required  = -10 dB

Channel Separation 29.65  MHz;           

Co‑channel (MD+NFD(Df) = 0 dB);

 aindoor = 25 dB
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(I/N) required  = -10 dB
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First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB
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dFS-IMT, km



(C/I) required  = 55 dB;   

Channel Separation 40 MHz;           

Co‑channel (MD+NFD(Df) = 0 dB);  

aindoor = 25 dB;      AhTx = 0 dB

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	4.8199999999999985	3.52	1.3800000000000001	1.02	0.4	0.30000000000000032	0.24000000000000021	0.2	0.18000000000000024	0.14000000000000001	0.14000000000000001	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	14.98	10.9	4.2	3.1	1.1800000000000035	0.88	0.70000000000000062	0.58000000000000007	0.5	0.42000000000000032	0.380000000000001	0.34	0.30000000000000032	0.28000000000000008	0.26	0.24000000000000021	0.22	0.2	0.18000000000000024	0.18000000000000024	0.16	0.16	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	25.1	18.399999999999999	7.1	5.24	1.9600000000000035	1.48	1.1800000000000035	0.98	0.82000000000000062	0.72000000000000064	0.62000000000000177	0.56000000000000005	0.5	0.46	0.42000000000000032	0.380000000000001	0.36000000000000032	0.32000000000000101	0.30000000000000032	0.28000000000000008	0.26	0.26	0.24000000000000021	0.22	0.22	0.2	0.2	0.18000000000000024	0.18000000000000024	0.18000000000000024	0.16	0.16	0.16	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	34.96	25.8	10.06	7.42	2.7600000000000002	2.08	1.6600000000000001	1.36	1.1599999999999961	1	0.88	0.78	0.70000000000000062	0.62000000000000177	0.58000000000000007	0.52	0.48000000000000032	0.46	0.42000000000000032	0.4	0.380000000000001	0.34	0.32000000000000101	0.32000000000000101	0.30000000000000032	0.28000000000000008	0.26	0.26	0.24000000000000021	0.24000000000000021	0.22	0.22	0.2	0.2	0.2	0.18000000000000024	0.18000000000000024	0.18000000000000024	0.18000000000000024	0.16	0.16	0.16	0.16	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	0.14000000000000001	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 40  MHz;           

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 0 dB 
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dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 40 MHz; 

Co‑channel (MD+NFD(Df) = 0 dB);  

aindoor = 25 dB;      AhTx = 10 dB
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(C/I) required  = 55 dB; 

Channel Separation 40  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 10 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 40  MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 19 dB 
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dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 40  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 29.65 MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 0 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	1.48	0.32000000000000101	0.12000000000000002	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	4.5199999999999996	0.94000000000000061	0.32000000000000101	0.2	0.14000000000000001	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	7.64	1.58	0.54	0.32000000000000101	0.22	0.18000000000000024	0.14000000000000001	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	10.82	2.2200000000000002	0.74000000000000177	0.46	0.32000000000000101	0.24000000000000021	0.2	0.16	0.14000000000000001	0.12000000000000002	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 29.65  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 0 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	6.0000000000000032E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	6.0000000000000032E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 29.65 MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 10 dB 
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dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 29.65  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 10 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 29.65 MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.18000000000000024	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.5	0.12000000000000002	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.82000000000000062	0.18000000000000024	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	1.1599999999999961	0.26	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 55 dB; 

Channel Separation 29.65  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB;   

Channel Separation 40 MHz;           

Co‑channel (MD+NFD(Df) = 0 dB);  

aindoor = 25 dB;      AhTx = 0 dB

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	0.84000000000000064	0.62000000000000177	0.26	0.18000000000000024	8.0000000000000043E-2	6.0000000000000032E-2	6.0000000000000032E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	2.54	1.86	0.74000000000000177	0.54	0.22	0.16	0.14000000000000001	0.12000000000000002	0.1	8.0000000000000043E-2	8.0000000000000043E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	4.28	3.12	1.22	0.9	0.36000000000000032	0.26	0.22	0.18000000000000024	0.16	0.14000000000000001	0.12000000000000002	0.1	0.1	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	6.04	4.4000000000000004	1.72	1.28	0.48000000000000032	0.380000000000001	0.30000000000000032	0.24000000000000021	0.22	0.18000000000000024	0.16	0.14000000000000001	0.14000000000000001	0.12000000000000002	0.1	0.1	0.1	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	8.0000000000000043E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	6.0000000000000032E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 40  MHz;           

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 0 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 40 MHz; 

Co‑channel (MD+NFD(Df) = 0 dB);  

aindoor = 25 dB;      AhTx = 10 dB
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dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 40  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 10 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 40  MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.28000000000000008	0.22	8.0000000000000043E-2	8.0000000000000043E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.48000000000000032	0.36000000000000032	0.14000000000000001	0.12000000000000002	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.66000000000000225	0.48000000000000032	0.2	0.16	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 40  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 29.65 MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 0 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.26	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.78	0.18000000000000024	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	1.32	0.28000000000000008	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	1.84	0.4	0.14000000000000001	8.0000000000000043E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  =405 dB; 

Channel Separation 29.65  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 0 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	181	182	183	184	185	186	187	188	189	190	191	192	193	194	195	196	197	198	199	200	201	202	203	204	205	206	207	208	209	210	211	212	213	214	215	216	217	218	219	220	221	222	223	224	225	226	227	228	229	230	231	232	233	234	235	236	237	238	239	240	241	242	243	244	245	246	247	248	249	250	251	252	253	254	255	256	257	258	259	260	261	262	263	264	265	266	267	268	269	270	271	272	273	274	275	276	277	278	279	280	281	282	283	284	285	286	287	288	289	290	291	292	293	294	295	296	297	298	299	300	301	302	303	304	305	306	307	308	309	310	311	312	313	314	315	316	317	318	319	320	321	322	323	324	325	326	327	328	329	330	331	332	333	334	335	336	337	338	339	340	341	342	343	344	345	346	347	348	349	350	351	352	353	354	355	356	357	358	359	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 29.65 MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 10 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	8.0000000000000043E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.26	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.42000000000000032	8.0000000000000043E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.58000000000000007	0.14000000000000001	4.0000000000000022E-2	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 29.65  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 10 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 29.65 MHz;     

Co‑channel (MD+NFD(Df) = 0 dB);  

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	8.0000000000000043E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.16	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	0.22	4.0000000000000022E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree

dFS-IMT, km



(C/I) required  = 40 dB; 

Channel Separation 29.65  MHz;     

First adjacent channel  (MD+NFD(Df) = 45 dB);

 aindoor = 25 dB;     AhTx = 19 dB 

Link Length 10 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 30 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 50 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	Link Length 70 km	0.1	1	2	3	4	5	6	7	8	9	10	11	12	13	14	15	16	17	18	19	20	21	22	23	24	25	26	27	28	29	30	31	32	33	34	35	36	37	38	39	40	41	42	43	44	45	46	47	48	49	50	51	52	53	54	55	56	57	58	59	60	61	62	63	64	65	66	67	68	69	70	71	72	73	74	75	76	77	78	79	80	81	82	83	84	85	86	87	88	89	90	91	92	93	94	95	96	97	98	99	100	101	102	103	104	105	106	107	108	109	110	111	112	113	114	115	116	117	118	119	120	121	122	123	124	125	126	127	128	129	130	131	132	133	134	135	136	137	138	139	140	141	142	143	144	145	146	147	148	149	150	151	152	153	154	155	156	157	158	159	160	161	162	163	164	165	166	167	168	169	170	171	172	173	174	175	176	177	178	179	180	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	2.0000000000000011E-2	DazFS-IMT, degree
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1	Introduction

Joint Task Group 4-5-6-7 considered compatibility between radio local area network (RLAN) systems and aeronautical airborne radar systems in the 5 350-5 470 MHz frequency band.

2	Conclusions

Studies were based upon various options of RLAN technical and deployment parameters. The study in Annex A found that without any RLAN mitigation measures, separation distances of 
53 km to greater than 420 km (line-of-sight) would be required.  The study in Annex B indicated that sharing is not feasible when RLAN mitigation techniques are limited to the following: Dynamic Frequency Selection (DFS) (threshold of -64 dBm), predominately indoors (95%) and maximum e.i.r.p.  of 200 mW.  In addition, the efficiency of the DFS regarding the protection of frequency hopping radars needs to be further studied in order to determine if sharing is feasible.

Compatibility studies in the 5 725-5 850 MHz were not addressed in this report, as no RLAN parameters were agreed and available for study.



Annexes: A, B


ANNEX A

Studies in compatibility of RLAN with aeronautical radiodetermination radars in the frequency band 5 350‑5 470 MHz

[bookmark: dbreak]1	Introduction

At the meetings of JTG 4-5-6-7 this frequency band was proposed for implementing radio local area network (RLAN) systems and studies in sharing between the RLAN systems and radiodetermination radars were commenced. Taking part in the studies Russian Federation estimated protection distances required for ensuring interference-free operation of radiodetermination radars in the frequency band 5 350-5 470 MHz. Results of the estimations are presented below.

[bookmark: _GoBack]2	RLAN technical characteristics

Parameters of RLAN systems operating in the frequency band 5 350-5 470 MHz have not been adopted by JTG 4-5-6-7 yet. Nevertheless previous JTG 4-5-6-7 meeting discussed contributions which assumed appropriate RLAN technical characteristics. Table 1 below presents assumed technical characteristics of RLAN systems as used for the sharing studies. The assumptions correspond to RLAN technical characteristics described in Document 4-5-6-7/393, Annex 6, Attachments 9 and 10.

TABLE 1

Assumed RLAN technical characteristics

		Parameter

		Value



		e.i.r.p., mW

		200; 25



		Antenna type

		omnidirectional



		Frequency band, MHz 

		20; 160



		Antenna height above the ground level, m 

		30



		Wall propagation losses, dB

		25



		Deployment

		Outdoor, indoor





3	Technical characteristics of radars operating in the band 5 350‑5 470 MHz 

The frequency band 5 350-5 470 MHz is used for operation of radiolocation, meteorological and aeronautical radionavigation radars. The radiolocation radars are designed for fulfilling multiple functions, such as:

–	tracking the space launch vehicles and aircraft in the course of their development and operational tests;

–	maritime and aerospace surveillance;

–	environment monitoring (e.g. research of oceanic tides and such natural phenomena as hurricanes);

–	Earth remote imaging, etc.

Aeronautical radionavigation radars are mainly used aboard aircraft for avoiding dangerous weather areas, for measuring wind parameters and for providing data to safety of life services (see RR No.4.10)

Meteorological radars are used for detecting dangerous weather phenomena such as tornado, thunderstorms and hurricanes. They are also useful for measuring amounts of rainfalls in certain areas to provide for hydrological forecasting of potential floods. Such data are important for warning the population on expected threats and hence they are part of safety of life services.

Technical characteristics of radiodetermination radars operating in the frequency band 5 250‑5 850 MHz may be found in Recommendation ITU-R М.1638. 

Technical characteristics of air-borne radars operating in the frequency band 5 350‑5 470 MHz are shown in Table 2. 

TABLE 2

Technical characteristics of air-borne radars

		Radar type

		Radar В

		Radar D

		Radar R

		Radar S



		Purpose

		Meteorological

		Aeronautical
 radionavigation 

		Earth remote 
sensing and imaging

		Search and rescue 



		3 dB IF receiver pass-band, MHz 

		0.6

		1.0

		147

		1.0



		Noise figure, dB

		6

		5

		4.9

		3.5



		Antenna gain, dB

		37.5

		34

		26

		40



		Noise temperature, К

		865

		627

		606

		359



		Receiver thermal noise power, dBW 

		-141.4

		-140.6

		-119.1

		-143.0



		Protection criteria I/N, dB

		- 6



		Acceptable interference power 
level, dBW

		-147.1

		-146.6

		-126.1

		-149.0





4	Sharing study methodology

The studies in compatibility of RLAN systems with air-borne radars estimated effective e.i.r.p. of RLAN transmitter using the following equation:



			(1)

Wall penetration losses were estimated using the following equation: 



		, dBW;	(1a)

where:	 - extra attenuation, dB.

Then the receiver thermal noise power was estimated for each of the radars concerned using the following equations:



		 К,	(2)



		 dBW,	(3)



where: 	k – Boltzmann constant;

	NF – radar receiver noise figure;



	 - radar receiver IF pass-band.

Maximum acceptable noise power at radar receiver front end was estimated using he following equation:



		, dBW.	(4)

Estimation of interference caused to air-borne radars used a free space propagation model. In that case separation distance R required for protecting the radiodetermination radar was estimated using the following equation:



		,	(5)





where: 	 - radar antenna gain, dB;

	 λ – operational wavelength, m.

Compatibility of ground-based radars with RLAN was estimated using method of minimum coupled losses (MCL). The required attenuation in a radio path was estimated such as:



		, dB	(6)

Then the separation distance R was estimated considering minimum required losses. Estimation used a propagation model described in Recommendation ITU-R Р.452.

5	Estimation results for feasibility of sharing between RLAN and air-borne radiodetermination radars

Acceptable levels of interference power at air-borne Radars B, D, R and S receiver front ends were estimated using equations (2) – (4). The estimates are shown in Table 2 and were used for estimation of required protection distances ensuring interference-free operation of air-borne radars affected by emissions from a single RLAN outdoor transmitter. 

Table 4 shows estimation results for separation distances required for protection of air-borne radars from a single RLAN outdoor transmitter. 

TABLE 3

Minimum separation distances required for protection of air-borne radars 
from a single RLAN outdoor transmitter

		

		Separation distance R, km



		

		EIRPeff=-7 dBW

		EIRPeff=-16 dBW



		ΔFRLAN, MHz

		20

		160

		20

		160



		Radar В

		>RLOS*

		215

		215

		76



		Radar D

		>RLOS

		169

		169

		60



		Radar R

		71

		27

		27

		24



		Radar S

		>RLOS

		>RLOS

		>RLOS

		157





* RLOS – line-of-sight distance equal to 420 km for a standard flight altitude of 12,000 m without taking refraction into consideration.

Analysis of Table 4 data shows that even in case of a single-source interference the required protection distance would significantly exceed line-of-sight distance between air-borne radar receiver and RLAN outdoor transmitter. 

Table 5 shows estimation results for separation distances required for protection of air-borne radars from a single RLAN indoor transmitter. 

TABLE 4

Minimum separation distances required for protection of air-borne radars 
from a single RLAN indoor transmitter

		

		Separation distance R, km



		

		EIRPeff=-7 dBW

		EIRPeff=-16 dBW



		ΔFRLAN, MHz

		20

		160

		20

		160



		Radar В

		34

		12

		12

		4



		Radar D

		27

		10

		10

		3



		Radar R

		4

		2

		2

		1



		Radar S

		71

		25

		25

		9







Analysis of the obtained results shows that even with RLAN indoor transmitter and favorable conditions (i.e. attenuation due to building wall would be above 25 dB that is not true in majority of cases) it would be able to cause unacceptable interference to operation of air-borne radars at distances exceeding several dozen kilometers. 

It should be noted that the above estimates of the discussed protection distances were obtained assuming a single-source interference. In case of regarding aggregate interference the protection distances shown in Tables 4 and 5 would be multifold exceeded. Amount of increasing the protection distances would be a function of deployment density related to RLAN transmitters and by their operation modes.

For example, when only a hundred RLAN indoor transmitters operate within an urban ward area the distance required for ensuring protection of an air-borne radar at the altitude of 10,000 m would exceed line-of-sight distance (>420 km).

Based on the above a conclusion may be drawn that sharing between RLAN systems and air-borne radiodetermination radars seems to be extremely difficult to implement.

6	Conclusions and proposals

The conducted compatibility studies show that to ensure protection of air-borne radar receivers from emissions produced by both indoor and outdoor RLAN transmitters would require protection distances exceeding those of line-of-sight. 

With due regards of levels of aviation activities and a variety of authorized international air routes a conclusion may be drawn that it would be impractical to provide for sharing between RLAN and air-borne radars in the frequency band 5 350-5 470 MHz. 

Based on the above it is proposed:

–	to exclude the frequency band 5 350-5 470 MHz from consideration as a candidate band for deployment of the proposed RLAN systems;
















ANNEX B

Compatibility studies between radio local area network systems and aeronautical airborne radar systems in the 5 350-5 470 MHz frequency bands

1	Introduction

Radio local area networks (RLAN) sharing compatibility studies have been performed for the frequency range 5 350-5 470 MHz, which is comprised of two frequency bands: 5 350-5 460 MHz and 5 460-5 470 MHz.  The 5 350‑5 460 MHz band is allocated to the earth exploration-satellite (active), radiolocation, aeronautical radionavigation, and space research (active) services.  The 5 460-5 470 MHz frequency band is allocated to the earth exploration-satellite (active), radiolocation, radionavigation, and space research (active) services.

This Report provides results of a study on the compatibility of RLAN systems operating in the 5 350-5 470 MHz frequency bands with incumbent primary airborne radiodetermination systems. 

2	Background

This analysis uses the Dynamic Frequency Selection (DFS) procedures and modeling to determine DFS suitability in the 5 350-5 470 MHz bands.  

In particular, this study assessed whether DFS utilizing the current threshold (-64 dBm) was sufficient to protect airborne radiodetermination systems operating in the 5 350-5 470 MHz bands while not exceeding the airborne Receiver Protection Threshold of I/N = -6 dB (as stated in Recommendation ITU-R M.1638).

3	Technical characteristics

3.1	Technical characteristics of airborne radiodetermination systems

The technical characteristics for the airborne radiodetermination systems considered in this analysis are shown in Table 1 (taken from Rec. ITU-R M.1638).



[bookmark: _Ref371666657]
Table 1

Radar Technical Characteristics

		Characteristics

		RADAR 9 (S)

		RADAR 16 (D)

		RADAR 17 (B)



		Function

		Search

		Aeronautical radionavigation

		Multifunction



		Tuning range (MHz)

		5 250-5 725 (5400)

		5 440

		5 370



		Transmitter peak power into antenna (kilowatts)

		0.1 – 0.4

(0.1)

		0.200

		70



		Modulation

		unmodulated Pulse

		N/Av

		N/Av



		Pulse Width (µs)

		1

		1-20

		6.0



		Pulse repetition rate (pps)

		200-1 500

		180-1 440

		200



		Antenna main beam gain (dBi)

		30-40

		34

		37.5



		Antenna Gain Pattern

		M.1851 (COS)

		M.1851 (COS)

		M.1851 (COS)



		Antenna elevation beamwidth (deg)

		2-4

40 dBi gain (2)

30 dBi gain (4)

		3.5

		4.1



		Antenna azimuthal beamwidth (deg)

		2-4

40 dBi gain (2)

30 dBi gain (4)

		3.5

		1.1



		Antenna motion (horizontal)

		Continuous

		Continuous

		180° Sector



		Horizontal scan rate (deg/s)

		20

		20

		24



		Antenna motion (vertical)

		(Fixed at 5° below horizontal)

		Sector (between ‑10° and +10° above horizontal)[footnoteRef:1] [1:  Recommendation ITU-R M.1638 did not specify these limits so they were obtained from RTCA DO-173 “Minimum Operational Performance Standards for Airborne Weather and Ground Mapping Pulsed Radars”] 


		(Fixed at 5° below horizontal)



		Vertical scan rate (deg/s)

		N/A

		45

		N/A



		Antenna polarization

		N/Av

		Horizontal

		Horizontal



		Antenna height (m)

		9000

		9000

		9000



		Receiver Intermediate Frequency 3 dB bandwidth (MHz)

		1

		1.0

		0.6



		Receiver noise figure (dB)

		3.5

		5

		6



		Noise Power (dBm)*

		-110.5

		-109.0

		-110.2



		Receiver Protection Threshold (dBm)*

Based on an I/N =-6 dB 

		-116.5

		-115.0

		-116.2



		N/A (not applicable)        N/Av (not available)





*The values contained in parenthesis are the ones used in this study 

**These values are calculated based on the values in Recommendation ITU-R M.1638.

A 2 dB insertion loss for the receivers is included in the analysis. 

3.1.1	Description of Recommendation ITU-R M.1851 antenna pattern

Since Radar 17 uses a fan beam in which horizontal and vertical beamwidths are significantly different from each other, this study uses the cosine pattern of Recommendation ITU-R M.1851 for the antenna pattern because it is a function of beamwidth.  In the analysis, the beamwidth used for the Recommendation ITU-R M.1851 pattern is calculated for each link as the half power beamwidth in the direction of the RLAN device.  The following two tables are taken from Recommendation ITU-R M.1851 and describe the pattern used, which is plotted in Figure 1.

Table 2

Recommendation ITU-R M.1851 cosine directivity pattern

		Relative shape of field distribution f(x) 
where −1 ≤ x ≤ 1

		Directivity pattern F(μ)

		3 half power beam-width (degrees)

		μ as a 
function of 3

		First side-lobe level below main lobe peak (dB)

		Proposed mask floor level
(dB)



		COS(*x/2)

		



		



		



		−23

		−50





Table 3 

 Recommendation ITU-R M.1851 cosine mask equation beyond pattern break point

		Pattern type

		Mask equation beyond pattern break point where mask departs from theoretical pattern
(dB)

		Peak pattern break point where mask departs from theoretical pattern
(dB)

		Average pattern break point where mask departs from theoretical pattern
(dB)

		Constant added to the peak pattern to convert it to average mask
(dB)



		COS

		



		−14.4

		−20.6

		−4.32





3.1.3	Antenna patterns used in this study

[bookmark: _Ref372105705]


Figure 1

Radar 17 elevation and azimuth “cuts” of the antenna beam
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3.2	Mobile System Parameters and Deployment 

The RLAN devices will be randomly distributed over three regions:  urban, suburban, and rural.  The three regions exist within concentric circles as shown in Figure 2.  




Figure 2

RLAN Device Deployment Regions







Table 4 provides the radius of each RLAN deployment zone.

[bookmark: _Ref371666764]Table 4

 Deployment Zones

		RLAN Deployment Region

		Radius from the Center

(km)



		Urban

		0 to 5



		Suburban

		5 to 15



		Rural

		15 to 30





The population used for the baseline is 5.25 million people. Table 5 provides the population distribution within each zone in the RLAN device environment.

[bookmark: _Ref371666787]


Table 5

Population Zones

		Total Population

		Population split

		Percent

		Population in Zone



		5250000

		Urban

		30%

		1575000



		

		Suburban

		50%

		2625000



		

		Rural

		20%

		1050000







Number of On-tune, Active RLAN devices

The following methodology was used to determine the number of on-tune active RLAN devices.

	Step 1:	Determine base population size by zone

	Step 2:	Apply a Busy Hour factor to determine the base population by zone

	Step 3:	Apply Market Factor (percent of users with devices) by zone

	Step 4:	Apply System Factor (determine the number of cells by zone)

	Step 5:	Apply Activity Factor (percent of cells operating) by zone

	Step 6:	Apply Bandwidth Factor (percent of devices on-tune based on bandwidth 	distribution model)

Using the six step methodology, the number of on-tune active RLAN devices per 20 MHz is forecasted in Table 6.  

[bookmark: _Ref371666813]Table 6

RLAN On-tune, Active Devices

		

		Population

		Step 2  Busy Hour Factor

		Busy Hour Population

		Step 3 †  Market

		Step 4 †   System

		Step 5 †   Activity

		Step 6 *   Bandwidth

		



		Urban

		1575000

		71%

		1118250

		894600

		62622

		15656

		 

		



		Suburban

		2625000

		64%

		1680000

		1344000

		94080

		23520

		 

		



		Rural

		1050000

		47%

		493500

		246750

		49350

		4935

		 

		



		Total

		

		

		

		 

		 

		44111

		5186

Per 20 MHz

		



		

		

		

		

		

		

		





The market, system, and activity factors used in the calculations are shown in Table 7.

[bookmark: _Ref371666839]Table 7

 Market/System/Activity Factors

		†

		Market

		System

		Activity



		Urban

		80%

		7%

		25%



		Suburban

		80%

		7%

		25%



		Rural

		50%

		20%

		10%





The distribution of channel bandwidths for the number active RLAN devices in a 20 MHz bandwidth is shown in Table 8.

[bookmark: _Ref371666861]Table 8

Distribution of RLAN Channel Bandwidths

		Start Channel

		*

		20 MHz

		40 MHz

		80 MHz

		160 MHz



		5 150 MHz

		Percent

		10%

		25%

		50%

		15%



		End Channel

		Devices

		4411

		11028

		22056

		6616



		5 850 MHz

		Channels

		35

		17

		8

		4



		

		On-tune

		126

		649

		2757

		1654





Technical Parameters 

The baseline will include RLAN devices employing omni-directional antennas.  For each time step, the RLAN device power, operating bandwidth, and height will be randomly determined.

The RLAN device equivalent isotropically radiated power (EIRP) level distribution for the baseline is shown in Table 9.

[bookmark: _Ref371666878]Table 9

RLAN Power Distribution[footnoteRef:2] [2:  The EIRP levels and percentages are derived from: 1) predictions of shipped devices for various devices classes; 2) expected EIRP of the device classes; 3) matching the percentages from the sum of the rows in device distribution and 4) traffic mix in a Basic Service Set between Access Point and client.] 


		RLAN EIRP Level

		200 mW

(Omni-Directional)

		80 mW

(Omni-Directional)

		50 mW

(Omni-Directional)

		25 mW

(Omni-Directional)



		RLAN Device Percentage

(Indoor operation)

		18%

		26%

		14%

		37%



		RLAN Device Percentage

(Outdoor operation)

		0.9%

		1.3%

		0.8%

		2%





This study will consider a limit on the e.i.r.p. of 200 mW to determine sharing feasibility.  If higher power levels are submitted, additional studies will be required.

The RLAN device transmitter bandwidth distribution for the baseline is shown in Table 10.

[bookmark: _Ref371666929]Table 10

Bandwidth Distribution

		RLAN Transmitter Bandwidth

		20 MHz

		40 MHz

		80 MHz

		160 MHz



		RLAN Device Percentage

		10 %

		25 %

		50 %

		15 %







The RLAN antenna pattern in the azimuth orientations is omni-directional.  The RLAN device elevation antenna pattern is described in Table 11.  The angle θ is with respect to the horizontal.  +θ is below the horizontal.

[bookmark: _Ref371667137]Table 11

RLAN Device Elevation Antenna Pattern

		Elevation Angle θ
(Degrees)

		Gain
(dBi)



		45  θ  90

		-4



		35  θ  45

		0



		0  θ  35

		3



		–15  θ  0

		-1



		–30  θ   –15

		-4



		–60  θ  –30

		-9



		–90  θ  –60

		-8





Table 12 provides the distribution of RLAN device antenna heights for each RLAN deployment zone.  

[bookmark: _Ref371667182]Table 12

 Distribution of RLAN Device Antenna Heights

		RLAN Deployment Zone

		Antenna Height 

(meters)



		Urban

		1.5 to 28.5 (3 meter increments)



		Suburban

		1.5, 4.5



		Rural

		1.5, 4.5





For omni-directional RLANs the antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps specified in Table  for the Urban, Suburban and Rural zones.  

The analysis examines sharing with a scenario comprised of 95 percent of the RLAN devices operating indoors and 5 percent operating outdoors.  

[bookmark: _Toc81192136][bookmark: _Toc90685059]4	Radar deployments

The analysis considers airborne radars.

[bookmark: _Toc81192137][bookmark: _Toc90685060]4.1	Airborne radars

In the simulation, the airborne radar starts 450 km from the RLAN distribution center and flies through the center to 100 km beyond the center.  Simulations begin with the radar antenna azimuth set to 0.  If there is vertical motion of the antenna, the antenna elevation is also set to 0 at the start of the simulation.  

5	Analysis

5.1	Assumptions:

a)	RLAN totals, densities and distribution: The RLAN characteristics used in this study are the latest available or projected characteristics. For example, this study uses a total RLAN population of 44111.  

b)	Propagation Modeling: The propagation model used is Recommendation. ITU-R P.528 with a percentage of time of 50.  This analysis also includes an additional reduction for indoor RLANs due to building loss.  This additional loss is a Gaussian random variable with mean 17 dB and standard deviation 7 dB.  Any values that would fall below 0 dB are set to 0 dB.  See equation 5.

c)	Clutter Loss: This study also includes the clutter loss of Recommendation ITU-R P-452-15 equations 57 and 57a to account for the effects of ground cover in cases where the obstacles could typically intercede on the interfering signal path.  For emitters in the rural area the “High crop fields” clutter category of Table 4 of that Recommendation is utilized.  For the suburban area, “Suburban”, is utilized and for the urban area, “Urban”. These clutter losses are shown in Table 13, and they are applied only in cases where the elevation angle from the RLAN to the radar is less than the associated maximum elevation angle specified in Table 14. The latter maximum elevation angles were computed using the clutter heights and distances specified in Table 4 of Rec. ITU-R P.452, and negative elevation angles were truncated at 0° because they will not occur in this analysis. No clutter loss is assumed when the elevation angle of the interfering signal path exceeds the applicable maximum elevation angle shown in Table .


[bookmark: _Ref373248030]Table 13

 Clutter losses values used in study

		Ht (m)

		Clutter Loss (dB)



		

		High crop fields

		Suburban

		Urban



		1.5

		17.3

		19.6

		19.7



		4.5

		[bookmark: _Ref373151102]0[footnoteRef:3] [3:   Any values that would fall below 0 dB are set to 0 dB.] 


		16.0

		19.6



		7.5

		These cases do not occur given the assumed heights of RLAN devices  (see Table )

		18.8



		10.5

		

		15.1



		13.5

		

		6.8



		16.5

		

		1.3



		19.5

		

		0



		22.5

		

		03



		25.5

		

		03



		28.5

		

		03





[bookmark: _Ref373248069]Table 14

Elevation angles below which clutter losses could typically occur

		Ht (m)

		Maximum Elevation Angle (degrees)



		

		High crop fields

		Suburban

		Urban



		1.5

		1.4

		16.7

		42.8



		4.5

		0.0

		10.2

		37.8



		7.5

		These cases do not occur given the assumed heights of RLAN devices  (see Table )

		32.0



		10.5

		

		25.4



		13.5

		

		18.0



		16.5

		

		9.9



		19.5

		

		1.4



		22.5

		

		0.0



		25.5

		

		0.0



		28.5

		

		0.0







d)	RLAN Channel Bandwidths:  This study uses RLAN channel bandwidths of 20, 40, 80 and 160 MHz.

e)	RLAN DFS detection threshold and Bandwidths:  This study uses a DFS detection threshold of -64 dBm and DFS detection bandwidth of 20 MHz.

f)	Probability of Coincidence (POC):  The value used for the POC to detect the airborne system pulse width is 1(i.e. 100%).   

5.2	Methodology

5.2.1	DFS Detection Model Description

Dynamic Frequency Selection (DFS) is a mechanism that dynamically detects signals from other systems and avoids co-channel operation with these systems.  When the DFS detection threshold is exceeded for a particular RLAN, the model generates a uniform random number between 0 and 1 and compares it to the probability of a radar pulse overlapping with an RLAN burst rest “listening” period, which in this model is referred to as the probability of coincidence (POC).  The DFS detection occurs when coincidence has been declared and when the received power from the radar in the RLAN detector exceeds the detection threshold.  The POC is based on the packet length and the timing of the RLAN transmissions.  Recommendation ITU-R M.1652 describes the parameters and methodology for calculating the POC for the DFS RLAN devices.[footnoteRef:4]  However, for the purpose of this analysis, a POC of 1 (100%) was used.   [4:   Recommendation ITU-R M.1652, Dynamic Frequency Selection (DFS) in Wireless Access Systems Including radio local area networks for the Purpose of Protecting the Radiodetermination Service in the 5 GHz Band (2003), at Annex 4.] 


This received signal level from the radar at the input of the RLAN receiver is evaluated by using Equation 2.



	IRLAN = PRADAR + GRADAR + GRLAN – LRadar – LP – LC – LA – FDR		(1)



Where:

	IRLAN = Received interference power at the output of the RLAN antenna (dBm)

	PRADAR = Peak power of the radar (dBm)

	GRADAR = Antenna gain of the radar in direction of the RLAN (dBi)

	GRLAN = Antenna gain of the RLAN in direction of the radar (dBi)

	LRADAR = radar transmit insertion loss (dB)

	LP = Propagation loss (dB)

	LC = Clutter loss due to ground cover (dB)

	LA = Additional building loss (dB)

	FDR = Frequency dependent rejection (dB)

If the receiver sampling rate is sufficiently high to capture the peak radar pulse power, the FDR in Equation 1 is zero; otherwise the FDR used is the following:



		(2)

Where:



= Bandwidth of the radar transmitter



= Bandwidth of the RLAN DFS receiver

5.2.2	Analysis Model Description 

Equation 1 is calculated for each RLAN in the distribution.  The value obtained is then compared to the DFS detection threshold under investigation.  Any RLAN for which the threshold has been exceeded will begin to move to another channel, and thus is not considered (for the remainder of the simulation) in the calculation of interference to the radar, as given by Equation 3.



	 IRADAR = PRLAN + GRLAN + GRADAR - LRADAR – LP – LC – LA - FDR	  (3)

Where:

	IRADAR = Received interference power at the input of the radar receiver (dBm)

	PRLAN = Power of the RLAN (dBm)

	GRLAN = Antenna gain of the RLAN in the direction of the radar (dBi)

	GRADAR = Antenna gain of the radar in the direction of the RLAN (dBi)

	LRADAR = radar receiver insertion loss (dB)

		LP = Radiowave Propagation loss (dB)

	LC= Clutter loss due to ground cover (dB)

	LA= Additional building loss losses (dB)

	FDR = Frequency dependent rejection (dB)

Using Equation 3, the values are calculated for each RLAN being considered in the simulation that has not detected energy from the radar in excess of the DFS detection threshold.  These values are then used in the calculation of the aggregate interference to the radar by the RLANs using Equation 4.



			(4)

Where:

	IAGG = Aggregate interference to the radar from the RLAN devices (dBm)

	N = Number of RLANs remaining in the simulation

IRADAR = Interference into the radar from an individual RLAN device (Watts)

It is necessary to convert the interference power calculated in Equation 2 from dBm to Watts before calculating the aggregate interference seen by the radar using Equation 3.

[bookmark: _Ref270948541][bookmark: _Ref272326795]The propagation model used in the analysis was Recommendation ITU-R P.528.

In addition to the propagation loss, this analysis includes an additional reduction due to building losses.  This loss is represented by a Gaussian random variable with mean 17 dB and standard deviation 7 dB.  After these values are generated any values below 0 dB are set to 0 dB.  



building_att_dB= Max(0,17+7*randn)		(5)

Note: the Matlab function randn(n) returns a pseudorandom value drawn from the standard normal distribution.

This loss would apply to the 95% of RLAN devices operating indoors.  No building losses would be included for the 5% devices operating outdoors.

In this analysis, the RLAN transmitters will be operating co-frequency with the radar receivers and the FDR is computed using Equation 6.



			(6)

Where:



= Bandwidth of the RLAN transmitter



= Bandwidth of the radar receiver

6	Results

6.1	Radar 9 Analysis Results

Error! Reference source not found. shows the results for Radar 9 operating in a 1 MHz bandwidth.  The first graph shows the number of RLANs that are turned off as a result of DFS detection process during the simulation.  The second and third graphs show the aggregate received power from the RLANs at the output of the radar receiver as a function of simulation time and distance.  The red line is the receiver protection threshold.  The fourth graph is a function of distance showing the maximum received power level at the output of any of the RLAN receivers that are not turned off.  The red line is the DFS detection threshold (-64 dBm).  The maximum aggregate interference power at the input of the radar receiver is 15.8 dB above the airborne receiver protection threshold and it happened after the radar had moved 341.4 km from the start.  The analysis results for each radar system are presented as a series of these four graphs.  The following table explains the title in each figure.




Table 15

 Summary of Parameters

		el:-5

		The antenna elevation angle was 5° below the horizontal at the end of the simulation.



		Dir:0

		There were no RLANs with directional antennas



		Omni:5186

		There were 5186 RLANs with omni-directional antennas



		DFS(off):-64

		DFS turned any RLAN off (that exceeded a detection threshold of -64 dBm) for the remainder of the simulation.  



		poc:1

		The probability of coincidence was 1 (i.e. 100%).



		distctr@450

		The radar started 450 km away from the RLAN distribution center



		P528

		The propagation model used was Recommendation ITU-R P.528



		#e:118

		The number of interference events was 118



		le:1.5

		The longest event was 1.5 seconds



		RLAN transmit bandwidths were 20, 40, 80, and 160 MHz occurring in exactly the percentages of total RLANs listed, respectively



		The detection bandwidth was 20 MHz for 100% of the RLANs.



		Max overage:15.8323 dB@341.4492 km

		The maximum over threshold was +15.8323, which occurred when the radar was at 341.4492 km in the 3rd graph.



		outdoor:0.04994

		Exactly 4.994% of the RLANs were outdoor







Figure 4 is provided to verify that random distributions in the study are as expected.  It shows normalized histograms of additional loss due to building attenuation, and emitter maximum eirp and antenna heights used.  The additional loss shows more than 5% of emitters at 0 dB because it includes not only the 5% of devices which are outdoors but also the indoor devices which fell below 0 dB when the Gaussian random variable was cast.



Figure 3

Radar 9 results, 40 dBi, 9 km

[image: Radar#9__el-5__Bif1__Dir0__Omni5186__DFS_(off)-64__poc1__distctr@450__P528__pr0__#e118__le1]



[bookmark: _Ref377724594]Figure 4

Additional Losses

[image: DistributionOfAdditionalLoss]




Figure 5

 Radar 9 results, 30 dBi, 9 km

[image: Radar#9__el-5__Bif1__Dir0__Omni5186__DFS_(off)-64__poc1__distctr@450__P528__pr0__#e124__le1]





Figure 6

 Random variables associated with RLAN emitters for Radar 9

[image: DFS model Jun2013DistributionOfAdditionalLoss]



6.2	Radar 16 Analysis Results

Figure 7

Radar 16 results, 9 km

[image: Radar#16__el0__Bif1__Dir0__Omni5186__DFS_(off)-64__poc1__distctr@450__P528__pr0__#e111__le0]



Figure 8

 Random variables associated with RLAN emitters for Radar 16

[image: DistributionOfAdditionalLoss]



6.3	Radar 17 Analysis Results

Figure 9

 Radar 17 results, 9 km

[image: Radar#17__el-5__Bif0]







Figure 10

Random variables associated with RLAN emitters for Radar 17

[image: DistributionOfAdditionalLoss]



Summary & conclusion

The results of this study are summarized in Table.  Based on the technical and deployment characteristics and assumptions considered in this study, the aggregate interference from the RLAN emitters will exceed the airborne receiver protection threshold for Radar 9 by up 
to 15.8 dB, and will exceed the protection threshold for Radar 16 by up to 12.7 dB. RLAN emitters do not exceed the protection threshold for Radar 17.

The mitigation techniques assumed in this study are DFS (threshold of 64 dBm), predominately indoors (95%) and low power (maximum e.i.r.p. of 200 mW). Sharing between RLANs and airborne radiodetermination systems in the 5 350-5 470 MHz frequency bands is not feasible when mitigation is limited to these techniques. 

If different transmit powers or detection levels are applied, or if additional mitigation techniques are developed, the results may be different.  Additional studies would be required to evaluate any other mitigation measures to determine their efficacy for RLAN sharing with airborne radiodetermination systems.

[bookmark: _Ref372093044]Table 16

 Summary of Results

		Radar Identifier

		Maximum over Protection Threshold (dB)



		Radar 9, 40 dBi, 9 km

		+15.8



		Radar 9, 30 dBi, 9 km

		+9.8



		Radar 16, 9 km

		+12.7



		Radar 17, 9 km

		-8.1





Note: The values of 40 dBi or 30 dBi refer to the radar antenna main beam gain, and the value of 
9 km refers to the radar altitude.





______________



Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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1	Introduction

Joint Task Group 4-5-6-7 considered compatibility between radio local area network (RLAN) systems and radiolocation systems in the 5 350-5 470 MHz frequency band.

2	Conclusions

Studies were based upon various options of RLAN technical and deployment parameters.  
The study in Annex A found that without any RLAN mitigation measures, minimum separation distance of at least 45 km would be required. The study in Annex B indicated that sharing is not feasible for Probability of Coincidence of 90% or less when RLAN mitigation techniques are limited to the following: DFS (threshold of -64 dBm), predominately indoors (95%) and maximum e.i.r.p. of 200 mW. In addition, the efficiency of the DFS regarding the protection of frequency hopping radars and bi-static radars needs to be further studied.

Compatibility studies in the 5 725-5 850 MHz were not addressed in this report, as no RLAN parameters were agreed and available for study.



Annexes: A, B, C, D, E






ANNEX A

STUDIES IN COMPATIBILITY OF RLAN WITH RADIODETERMINATION RADARS IN THE FREQUENCY BAND 5 350-5 470 MHz 

1	Introduction

At the meetings of JTG 4-5-6-7 this frequency band was proposed for implementing radio local area network (RLAN) systems and studies in sharing between the RLAN systems and radiodetermination radars were commenced. Taking part in the studies Russian Federation estimated protection distances required for ensuring interference-free operation of radiodetermination radars in the frequency band 5 350-5 470 MHz. Results of the estimations are presented below.

2. 	RLAN technical characteristics

Parameters of RLAN systems operating in the frequency band 5 350-5 470 MHz have not been adopted by JTG 4-5-6-7 yet. Nevertheless previous JTG 4-5-6-7 meeting discussed contributions which assumed appropriate RLAN technical characteristics. Table 1 below presents assumed technical characteristics of RLAN systems as used for the sharing studies. The assumptions correspond to RLAN technical characteristics described in Document 4-5-6-7/393, Annex 6, Attachments 9 and 10.

TABLE 1

Assumed RLAN technical characteristics

		Parameter

		Value



		e.i.r.p., mW

		200; 25



		Antenna type

		omnidirectional



		Frequency band, MHz 

		20; 160



		Antenna height above the ground level, m 

		30



		Wall propagation losses, dB

		25



		Deployment

		Outdoor, indoor





3	Technical characteristics of radars operating in the band 5 350‑5 470 MHz 

The frequency band 5 350-5 470 MHz is used for operation of radiolocation, meteorological and aeronautical radionavigation radars. The radiolocation radars are designed for fulfilling multiple functions, such as:

–	tracking the space launch vehicles and aircraft in the course of their development and operational tests;

	maritime and aerospace surveillance;

–	environment monitoring (e.g. research of oceanic tides and such natural phenomena as hurricanes);

–	Earth remote imaging, etc.

Meteorological radars are used for detecting dangerous weather phenomena such as tornado, thunderstorms and hurricanes. They are also useful for measuring amounts of rainfalls in certain areas to provide for hydrological forecasting of potential floods. Such data are important for warning the population on expected threats and hence they are part of safety of life services.

Technical characteristics of radiodetermination radars operating in the frequency band 
5 250-5 850 MHz may be found in Recommendation ITU-R М.1638 and are summarized in Table 2 below. 

TABLE 2

Technical characteristics of ground-based radars 

		Radar

		Radar А

		Radar F

		Radar J

		Radar L

		Radar М

		Radar N

		Radar O

		Radar P

		Radar Q



		Purpose

		Meteorology

		Monitoring and measurements

		Surface/air search



		3 dB IF receiver pass-band, MHz 

		0.5

		0.91

		10

		4.8

		4

		8

		8

		1.5

		10



		Noise figure, dB

		7

		3

		3

		5

		5

		11

		5

		5

		10



		Antenna gain, dB

		39

		40

		45

		54

		47

		45

		42

		28

		30



		Noise temperature, К

		-140

		-143.2

		-131

		-132

		-133

		-124

		-130

		-137

		-124



		Protection criteria I/N, dB

		-6



		Receiver thermal noise power, dBW

		-146

		-149.2

		-137

		-138

		-139

		-130

		-136

		-143

		-130





4	Sharing study methodology

The studies in compatibility of RLAN systems with air-borne radars estimated effective e.i.r.p. of RLAN transmitter using the following equation:



			(1)

Wall penetration losses were estimated using the following equation: 



		, dBW;	(1a)

where:	 - extra attenuation, dB.

Then the receiver thermal noise power was estimated for each of the radars concerned using the following equations:



		 К,	(2)



		 dBW,	(3)



where: 	k – Boltzmann constant;

	NF – radar receiver noise figure;



	 - radar receiver IF pass-band.

Maximum acceptable noise power at radar receiver front end was estimated using he following equation:



		, dBW.	(4)

Estimation of interference caused to air-borne radars used a free space propagation model. In that case separation distance R required for protecting the radiodetermination radar was estimated using the following equatiion:



		,	(5)





where: 	 - radar antenna gain, dB;

	 λ – operational wavelength, m.

Compatibility of ground-based radars with RLAN was estimated using method of minimum coupled losses (MCL). The required attenuation in a radio path was estimated such as:



		, dB	(6)

Then the separation distance R was estimated considering minimum required losses. Estimation used a propagation model described in Recommendation ITU-R Р.452.

5	Estimation results for feasibility of sharing between RLAN and ground-based radiodetermination radars 

Protection distances for ground-based radars operating in the frequency band 5 350-5 470 MHz were also estimated. Table 3 shows minimal coupled losses requires for protecting the radars concerned. The estimation used equation (6) and covered all considered RLAN operation modes. 




TABLE 3

Minimal coupled losses for protecting the ground-based radars from single outdoor RLAN

		

		Minimal coupled losses, L, dB



		

		e.i.r.p. eff=-7 dBW

		e.i.r.p. eff=-16 dBW



		ΔFRLAN, MHz

		20

		160

		20

		160



		Radar А

		162

		153

		153

		144



		Radar F

		167

		158

		158

		149



		Radar J

		172

		163

		163

		154



		Radar L

		179

		171

		171

		162



		Radar M

		172

		163

		163

		154



		Radar N

		165

		156

		156

		147



		Radar O

		167

		158

		158

		149



		Radar P

		153

		144

		144

		135



		Radar Q

		150

		141

		141

		132





The obtained estimates of minimal coupled losses were used for estimating minimum protection distances. The results are shown in Table 4.

TABLE 4

Minimum separation distances for protection of ground-based radars from single outdoor RLAN 

		

		Separation distance R, km



		

		e.i.r.p. eff=-7 dBW

		e.i.r.p. eff=-16 dBW



		ΔFRLAN, MHz

		20

		160

		20

		160



		Radar А

		35

		27

		27

		23



		Radar F

		39

		32

		32

		24



		Radar J

		45

		36

		36

		29



		Radar L

		53

		44

		44

		35



		Radar M

		45

		36

		36

		29



		Radar N

		37

		30

		30

		24



		Radar O

		39

		32

		32

		24



		Radar P

		27

		22

		22

		16



		Radar Q

		26

		20

		20

		14





Analysis of Table 4 shows that separate types of ground-based radars would require protection distances exceeding 50 km to ensure their interference-free operation.

Table 5 below shows estimates of minimal coupled losses required for protecting the considered ground-based radars from interference caused by indoor RLAN.





TABLE 5

Minimal coupled losses for protecting the ground-based radars from indoor RLAN 

		

		Minimal coupled losses, L, dB



		

		e.i.r.p. eff=-7 dBW

		e.i.r.p. eff=-16 dBW



		ΔFRLAN, MHz

		20

		160

		20

		160



		Radar А

		137

		128

		128

		119



		Radar F

		142

		133

		133

		124



		Radar J

		147

		138

		138

		129



		Radar L

		154

		146

		146

		137



		Radar M

		147

		138

		138

		129



		Radar N

		140

		131

		131

		122



		Radar O

		142

		133

		133

		124



		Radar P

		127

		119

		119

		110



		Radar Q

		125

		116

		116

		107





The obtained estimates of minimal coupled losses were used for estimating the minimum protection distances. The results are shown in Table 6.

TABLE 6

Minimum separation distances for protection of ground-based radars from single outdoor RLAN 

		

		Separation distance R, km



		

		e.i.r.p. eff=-7 dBW

		e.i.r.p. eff=-16 dBW



		ΔFRLAN, MHz

		20

		160

		20

		160



		Radar А

		20

		12

		12

		



		Radar F

		23

		18

		18

		9



		Radar J

		28

		21

		21

		13



		Radar L

		34

		27

		27

		20



		Radar M

		28

		14

		14

		13



		Radar N

		22

		16

		16

		4.5



		Radar O

		23

		17

		17

		5



		Radar P

		10

		4

		4

		1.5



		Radar Q

		8

		3

		3

		1





The estimation results show that even with RLAN indoor transmitter and favorable propagation conditions (i.e. attenuation due to building wall would be above 25 dB that is not true in majority of cases) minimum protection distances may be 34 km as high.

It is obvious that in case of aggregate interference from multiple RLAN transmitters the protection distances would multifold increase. The level of increasing would be a function of deployment density related to RLAN transmitters and by their operation modes.

6	Conclusions and proposals

The conducted compatibility studies show that to ensure protection of air-borne radar receivers from emissions produced by both indoor and outdoor RLAN transmitters would require protection distances exceeding those of line-of-sight. 

Moreover to provide for sharing between RLAN and ground based radars would require protection distances of dozens (and hundreds in some cases) km. Taking the level of 
ground-based radars deployment one may arrive at conclusion that usage of proposed RLANs in the frequency band discussed would be rather difficult. 

Based on the above it is proposed:

–	to exclude the frequency band 5 350-5 470 MHz from consideration as a candidate band for deployment of the proposed RLAN systems;




ANNEX B

Compatibility studies between Radio Local Area Network (RLAN) systems and ground-based radiodetermination systems in the 5 350-5 470 MHz frequency bands

1	Introduction

The frequency range 5 350-5 470 MHz is comprised of two frequency bands: 5 350-5 460 MHz and 5 460-5 470 MHz. The 5 350-5 460 MHz band is allocated to the earth exploration-satellite (active), radiolocation, aeronautical radionavigation, and space research (active) services. 
The 5 460-5 470 MHz frequency band is allocated to the earth exploration-satellite (active), radiolocation, radionavigation, and space research (active) services.

This Report provides results of a study on the feasibility of RLAN systems operating in the 
5 350-5 470 MHz frequency bands with incumbent primary ground-based radiodetermination systems. It includes an analysis of Dynamic Frequency Selection (DFS) with a threshold of 
–64 dBm as a potential mitigation technique.

2	Background

This analysis uses the DFS procedures and modeling to determine the operating environment for discussion on DFS suitability in the 5 350-5 470 MHz bands. In particular, this study tested the current DFS threshold (-64 dBm) to detect ground-based radiodetermination systems in the 
5 350-5 470 MHz band while not exceeding the ground-based Receiver Protection Threshold based on an I/N = –6 dB (Recommendation ITU-R M.1638-1).  

3	Technical characteristics

3.1	Technical characteristics of ground-based radiodetermination systems

[bookmark: _Ref367897132][bookmark: _Ref374366381]The technical characteristics for the ground-based radiodetermination systems considered in this analysis are shown in (info taken from Recommendation ITU-R M.1638).




Table 1
Radar Characteristics

		Characteristics

		Radar 4[footnoteRef:1] [1:  In this study, Radar 4 will become Radar 4a and Radar 4b corresponding to the 2 and 8 MHz bandwidths, respectively.] 




		Function

		Instrumentation



		Platform type (airborne, shipborne, ground)

		Ground



		Tuning range (MHz) *

		5 400-5 900 (5400)



		Modulation

		Pulse/chirp pulse



		Tx power into antenna (kW)

		1 000



		Pulse width (us) *

		0.25-1 (unmodulated)
3.1-50 (chirp) (3.1)



		Pulse repetition rate (pps) *

		20-1 280 (20)



		Chirp bandwidth (MHz)

		4.0



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		Pencil



		Antenna type (reflector, phased array, slotted array, etc.)

		Phased array



		Antenna polarization

		Vertical/left-hand circular



		Antenna main beam gain (dBi)

		45.9



		Antenna elevation beamwidth (deg)

		1.0



		Antenna azimuthal beamwidth (deg)

		1.0



		Antenna horizontal scan rate (deg/sec)

		N/A (Tracking)



		Antenna horizontal scan type (continuous, random, 360, sector, etc.) (deg)

		N/A (Tracking)



		Antenna vertical scan rate (deg/sec)

		N/A (Tracking)



		Antenna vertical scan type (continuous, random, 360, sector, etc.) (deg)

		N/A (Tracking)



		Antenna Gain Pattern

		Statgain



		Antenna height (m) 

		20



		Receiver IF 3 dB bandwidth (MHz)

		2-8



		Receiver noise figure (dB)

		11





*The values contained in parenthesis are the ones used in this study

3.1.1	Description of Statgain antenna pattern

Figure 1 illustrates the general form of the antenna gain distribution in the Statgain model. 
The equations for the angles M (first side-lobe region), R (near side-lobe region), 
and B (far side-lobe region) are given in Table 2. The antenna gain, as a function of off-axis angle, is given in Table 3. The angle  is in degrees and all gain values are given in terms of dBi.




[bookmark: _Ref367896846]Figure 1

General Form of Antenna-Gain Distribution

[image: statgain]

[bookmark: _Ref367897197]Table 2

Angle Definitions

		High-gain
(22 < G < 48 dBi)



		M = 50 (0.25 G + 7)0.5/10G/20

R = 250/10G/20

B = 48





[bookmark: _Ref367897245]Table 3

Equations for High-Gain Antennas (22 < G < 48 dBi)

		Angular interval
(degrees)

		Gain
(dBi)



		0 to M

M to R

R to B

B to 180

		G – 4 × 10–4 (10G/10) 2

0.75 G – 7

53 – (G/2) – 25 log ()

11 – G/2









3.2	Mobile System Parameters and Deployment

The RLAN devices will be randomly distributed over three regions:  urban, suburban, and rural.  The three regions exist within concentric circles as shown in Figure 2. 

[bookmark: _Ref367896890][bookmark: _Ref371666524]Figure 2

RLAN Device Deployment Regions





Table provides the radius of each RLAN deployment zone.

[bookmark: _Ref367897282][bookmark: _Ref371666764]Table 4

Deployment Zones

		RLAN Deployment Region

		Radius from the Center

(km)



		Urban

		0 to 5



		Suburban

		5 to 15



		Rural

		15 to 30





The population used for the baseline is 5.25 million people. Table provides the population distribution within each zone in the RLAN device environment.

[bookmark: _Ref367897339][bookmark: _Ref371666787]


Table 5

Population Zones

		Total Population

		Population split

		Percent

		Population in Zone



		5250000

		Urban

		30%

		1575000



		

		Suburban

		50%

		2625000



		

		Rural

		20%

		1050000





Number of On-tune, Active RLAN devices

The following methodology was used to determine the number of on-tune active RLAN devices.

	Step 1:	Determine base population size by zone

	Step 2:	Apply a Busy Hour factor to determine the base population by zone

	Step 3:	Apply Market Factor (percent of users with devices) by zone

	Step 4:	Apply System Factor (determine number of cells) by zone

	Step 5:	Apply Activity Factor (percent of cells operating) by zone

	Step 6:	Apply Bandwidth Factor (percent of devices on-tune based on bandwidth 	distribution model)

Using the six step methodology, the number on-tune active RLAN devices per 20 MHz are forecasted in Table 6.

[bookmark: _Ref367897371][bookmark: _Ref371666813]Table 6

RLAN On-tune, Active Devices

		

		Population

		Step 2  Busy Hour Factor

		Busy Hour Population

		Step 3 †  Market

		Step 4 †   System

		Step 5 †   Activity

		Step 6 *   Bandwidth

		



		Urban

		1575000

		71%

		1118250

		894600

		62622

		15656

		 

		



		Suburban

		2625000

		64%

		1680000

		1344000

		94080

		23520

		 

		



		Rural

		1050000

		47%

		493500

		246750

		49350

		4935

		 

		



		Total

		

		

		

		 

		 

		44111

		5186

Per 20 MHz

		



		

		

		

		

		

		

		





[bookmark: _Ref367897385][bookmark: _Ref371666839]






Table 7

Market/System/Activity Factors

		†

		Market

		System

		Activity



		Urban

		80%

		7%

		25%



		Suburban

		80%

		7%

		25%



		Rural

		50%

		20%

		10%





The distribution of channel bandwidths for the number active RLAN devices in a 20 MHz bandwidth is shown in Table 8.

[bookmark: _Ref367897399][bookmark: _Ref371666861]Table 8

Distribution of RLAN Channel Bandwidths

		Start Channel

		*

		20 MHz

		40 MHz

		80 MHz

		160 MHz



		5150 MHz

		Percent

		10%

		25%

		50%

		15%



		End Channel

		Devices

		4411

		11028

		22055

		6617



		5850 MHz

		Channels

		35

		17

		8

		4



		

		On-tune

		126

		649

		2757

		1654





Technical Parameters 

The baseline will include RLAN devices employing omni-directional antennas. 
For each time step the RLAN device power, operating bandwidth, and height will be randomly determined.

The RLAN device equivalent isotropically radiated power (e.i.r.p.) level distribution for 
the baseline is shown in Table.



[bookmark: _Ref367897439][bookmark: _Ref371666878]




Table 9

RLAN Power Distribution[footnoteRef:2] [2:  The e.i.r.p. levels and percentages are derived from: 1) predictions of shipped devices for various devices classes; 2) expected e.i.r.p. of the device classes; 3) matching the percentages from the sum of the rows in device distribution and 4) traffic mix in a Basic Service Set between Access Point and client.
] 


		RLAN e.i.r.p. Level

		200 mW

(Omni-Directional)

		80 mW

(Omni-Directional)

		50 mW

(Omni-Directional)

		25 mW

(Omni-Directional)



		RLAN Device Percentage

(Indoor operation)

		18%

		26%

		14%

		37%



		RLAN Device Percentage

(Outdoor operation)

		0.9%

		1.3%

		0.8%

		2%





This study will consider a limit on the e.i.r.p. of 200 mW to determine sharing feasibility. 
If higher power levels are submitted, additional studies will be required.

The RLAN device transmitter bandwidth distribution for the baseline is shown in Table 10.

[bookmark: _Ref367897479][bookmark: _Ref371666929]Table 10

Bandwidth Distribution

		RLAN Transmitter Bandwidth

		20 MHz

		40 MHz

		80 MHz

		160 MHz



		RLAN Device Percentage

		10 %

		25 %

		50 %

		15 %





The RLAN antenna pattern in the azimuth orientations is omni-directional. The RLAN device elevation antenna pattern is described in Table. The angle elevation angle is with respect to the horizontal. Positive elevation angles are below the horizontal.

[bookmark: _Ref371667137]Table 11

RLAN Device Elevation Antenna Pattern

		Elevation Angle θ
(Degrees)

		Gain
(dBi)



		45  θ  90

		–4



		35  θ  45

		0



		0  θ  35

		3



		–15  θ  0

		–1



		–30  θ   –15

		–4



		–60  θ  –30

		–9



		–90  θ  –60

		–8





Table 12 provides the distribution of RLAN device antenna heights for each RLAN deployment zone.

[bookmark: _Ref371667182]Table 12

Distribution of RLAN Device Antenna Heights

		RLAN Deployment Zone

		Antenna Height 

(meters)



		Urban

		1.5 to 28.5 (3 meter increments)



		Suburban

		1.5, 4.5



		Rural

		1.5, 4.5





For omni-directional RLANs the antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps specified in Table  for the Urban, Suburban and Rural zones. 

This analysis examines a scenario comprised of 95 percent of the RLAN devices operating indoors and 5 percent operating outdoors.  

[bookmark: _Toc81192136][bookmark: _Toc90685059]4	Radar Deployments

The analysis will consider ground-based radars.

[bookmark: _Toc81192137][bookmark: _Toc90685060]4.1	Ground-Based Radars

In this study, the radars will be located at set increments from the RLAN distribution center with distance increments of 0, 10, 20, 50, and 70 km along a line -120° azimuth with respect to 
the center. 

Radar 4 uses a tracking antenna beam. For the tracking antenna beam, the beam begins at the horizontal (0°) pointed at an azimuth of 60°.[footnoteRef:3] The radar elevation angle increases in 0.4° increments until it reaches the zenith, and then begins to decrease in the opposite direction until it reaches 
the horizontal once more. The beam will then retrace itself until it finishes in the same orientation 
it started at. Thus, the beam will have moved through 360° of antenna rotation in 
0.4° increments. [3:  The antenna beam will be pointed at the center of the RLAN distribution.] 


The analysis distributes RLAN device locations randomly within the three zones of concentric circles described in Section 3.[footnoteRef:4] The analysis then begins by placing the radar at one of the distance increments from the center. The model then begins calculating IRLAN for each RLAN device.  [4:  Since the RLAN devices are distributed uniformly within the three zones defining the urban, suburban, and rural areas, and all RLAN emitters use omni-directional antennas, the actual location of the radar is not believed to be a critical parameter in the analysis.] 





The analysis then proceeds to compare each individual value of IRLAN to the DFS detection threshold. For each IRLAN that exceeds the DFS detection threshold, the corresponding RLAN device is eliminated from further consideration during the particular model run. IRADAR is then calculated for each RLAN device remaining in the simulation, and is then used to calculate IAGG. The radar antenna motion is then incremented by one degree and the calculations are repeated. This process is continued through the full motion of the antenna (as previously described). 
These aggregate values are then used to calculate the IAGG/N ratio as a function of radar rotation angle in degrees.

5	Analysis

5.1	Assumptions

a)	RLAN totals, densities and distribution: 

	The RLAN characteristics used in this study are the latest available or projected characteristics. For example, this study uses a total RLAN population of 44111.  

b)	Propagation Modeling:

	The propagation model utilized is from Recommendation ITU-R P.452-15 where the RLAN distribution center will be located near Los Angeles, CA.[footnoteRef:5]  The percentage of time will be set at 50 percent, and the surface refractivity will be set at 301. For cases where the distance between emitter and receiver is less than 1 km, free space loss will be used. [5:  33.976753° -118.108672°] 


c)	Building Loss:

	This analysis also includes an additional reduction for indoor RLANs due to building loss. Any values that would fall below 0 dB are set to 0 dB. This additional loss is a Gaussian random variable with mean 17 dB and standard deviation 7 dB. This can be modeled with the following Matlab code:

building_att_dB= 17+7*randn						(1)

	Note: the Matlab function randn(n) returns a pseudorandom value drawn from 
the standard normal distribution.

d)	Clutter Loss:

[bookmark: _Ref373248030]	This study also includes the clutter loss of Recommendation ITU-R P-452-15 equations 57 and 57a to account for the effects of ground cover in cases where the obstacles could typically intercede on the interfering signal path. For emitters in the rural area, the “High crop fields” clutter category of Table 4 of that Recommendation is utilized. For the suburban area, “Suburban” is utilized, and for the urban area, “Urban” is utilized. These clutter losses are shown in Table and they are applied only in cases where the elevation angle from the RLAN to the radar is less than the associated maximum elevation angle specified in Table. The latter maximum elevation angles were computed using the clutter heights and distances specified in Table 4 of Recommendation ITU-R P.452, and negative elevation angles were truncated at 0° because they will not occur in this analysis. No clutter loss is assumed when the elevation angle of the interfering signal path exceeds the applicable maximum elevation angle shown in Table 13. 

Table 13

Clutter losses values used in study

		Ht (m)

		Clutter Loss (dB)



		

		High crop fields

		Suburban

		Urban



		1.5

		17.3

		19.6

		19.7



		4.5

		[bookmark: _Ref373151102]0[footnoteRef:6] [6: 
] 


		16.0

		19.6



		7.5

		These cases do not occur given the assumed heights of RLAN devices (see Table)

		18.8



		10.5

		

		15.1



		13.5

		

		6.8



		16.5

		

		1.3



		19.5

		

		0



		22.5

		

		06



		25.5

		

		06



		28.5

		

		06





[bookmark: _Ref373248069]Table 14

Elevation angles below which clutter losses could typically occur

		Ht (m)

		Maximum Elevation Angle (degrees)



		

		High crop fields

		Suburban

		Urban



		1.5

		1.4

		16.7

		42.8



		4.5

		0.0

		10.2

		37.8



		7.5

		These cases do not occur given the assumed heights of RLAN devices  (see Table )

		32.0



		10.5

		

		25.4



		13.5

		

		18.0



		16.5

		

		9.9



		19.5

		

		1.4



		22.5

		

		0.0



		25.5

		

		0.0



		28.5

		

		0.0












a)	RLAN Channel Bandwidths: This study uses RLAN channel bandwidths of 20, 40, 
80 and 160 MHz.

b)	RLAN DFS detection threshold and Bandwidths: This study uses a DFS detection threshold of –64 dBm and DFS detection bandwidth of 20 MHz. If the radar power into an RLAN detector exceeds the detection threshold, that device is turned off for the remainder of the simulation.

c)	Probability of Coincidence (POC) and Pulse Widths: a range of values was considered for POC given that determination of a value is specific to equipment implementation and a value that can be addressed by operational changes to the RLAN listening periods.  The expected POC is highly dependent on the Pulse Repetition Rate (PRR) of the Radar system and at the lowest values for radars in this band could be low.  Adjustment of the RLAN listening periods can have impact on system throughput and is not addressed in this study.

5.2	Methodology:

5.2.1	DFS Detection Model Description

Dynamic Frequency Selection (DFS) is a mechanism that dynamically detects signals from other systems and avoids co-channel operation with these systems. When the DFS detection threshold is exceeded for a particular RLAN, the model generates a uniform random number between 0 and 1 and compares it to the probability of a radar pulse overlapping with an RLAN burst rest “listening” period, which in this model is referred to as the probability of coincidence (POC). The DFS detection occurs when coincidence has been declared and when the received power from the radar in the RLAN detector exceeds the detection threshold. The POC is based on the packet length and the timing of the RLAN transmissions. Recommendation ITU-R M.1652 describes the parameters and methodology for calculating the POC for the DFS RLAN devices.[footnoteRef:7] For the purpose of this analysis, a range of POC values was used.  [7:  Recommendation ITU-R M.1652, Dynamic Frequency Selection (DFS) in Wireless Access Systems Including Radio Local Area Networks for the Purpose of Protecting the Radiodetermination Service in the 5 GHz Band (2003), at Annex 4.] 


This received signal level from the radar at the input of the RLAN receiver is evaluated by using Equation 2.

	IRLAN = PRADAR + GRADAR + GRLAN – LRadar – LP – LC – LA – FDR		(2)



Where:

	IRLAN = Received interference power at the output of the RLAN antenna (dBm)

	PRADAR = Peak power of the radar (dBm)

	GRADAR = Antenna gain of the radar in direction of the RLAN (dBi)

	GRLAN = Antenna gain of the RLAN in direction of the radar (dBi)

	LRADAR = radar transmit insertion loss (dB)

	LP = Propagation loss (dB)

	LC = Clutter loss due to ground cover (dB)

	LA = building loss (dB)

	FDR = Frequency dependent rejection (dB)

If the receiver sampling rate is sufficiently high to capture the peak radar pulse power, the FDR in Equation 2 is zero; otherwise the FDR used is the following:



				(3)

Where:



= Bandwidth of the radar transmitter



= Bandwidth of the RLAN DFS receiver

5.2.2	Analysis Model Description 

Equation 2 is calculated for each RLAN in the distribution. The value obtained is then compared to the DFS detection threshold under investigation. Any RLAN for which the threshold has been exceeded will begin to move to another channel, and thus is not considered (for the remainder of 
the simulation) in the calculation of interference to the radar, as given by Equation 4.



    IRADAR = PRLAN + GRLAN + GRADAR - LRADAR – LP – LC – LA - FDR	                            (4)



Where:

	IRADAR = Received interference power at the input of the radar receiver (dBm)

	PRLAN = Power of the RLAN (dBm)

	GRLAN = Antenna gain of the RLAN in the direction of the radar (dBi)

	GRADAR = Antenna gain of the radar in the direction of the RLAN (dBi)

	LRADAR = radar receiver insertion loss (dB)

	LP = Radiowave Propagation loss (dB)

	LC= Clutter loss due to ground cover (dB)

	LA= Additional building loss (dB)

	FDR = Frequency dependent rejection (dB)




Using Equation 4, the values are calculated for each RLAN being considered in the simulation that has not detected energy from the radar in excess of the DFS detection threshold. 
These values are then used in the calculation of the aggregate interference to the radar by the RLANs using Equation 5.



								(5)

Where:

	IAGG = Aggregate interference to the radar from the RLAN devices (dBm)

	N = Number of RLANs remaining in the simulation

IRADAR = Interference into the radar from an individual RLAN device (Watts)

It is necessary to convert the interference power calculated in Equation 4 from dBm to Watts before calculating the aggregate interference seen by the radar using Equation 5.

The propagation model used in the analysis was Recommendation ITU-R P.452 except in cases where distance is less than 1 km, in which case free space loss was used.

In addition to the propagation loss, this analysis includes an additional reduction due to building losses. 

In this analysis the RLAN transmitters will be operating co-frequency with the radar receivers and the FDR is computed using Equation 6.



				(6)

	Where:



= Bandwidth of the RLAN transmitter



= Bandwidth of the radar receiver

6	Results 

For each radar in this section, a series of 5 outputs will be listed corresponding to the distance the radar is from the center of the RLAN distribution. 

6.1	Radar 4 Analysis Results for a 2 MHz bandwidth using POC of 100 Percent

Figure 3 shows the main output of this study for Radar 4a at a distance of 70 km from the distribution center. The first graph in Figure 3 shows the number of RLANs that are turned off as a result of DFS detection process during the simulation (53 emitters were turned off at the start of the simulation and no more were turned off during the remainder of the simulation). 
The second and third graphs show the aggregate received power from the RLANs at the output of the radar receiver as a function of simulation time and distance. The red line is the receiver protection threshold. 

The fourth graph is a function of distance showing the maximum received power level at the output of any of the RLAN receivers that are not turned off.

The red line is the DFS detection threshold (–64 dBm) utilized in the study. For this simulation, the maximum aggregate interference power at the output of the radar receiver is 27.815 dB below the ground-based receiver protection threshold and it happened 0 seconds into the simulation. In other words, in this scenario, the radar protection threshold is not exceeded. 
The analysis results in the remainder of this paper are presented as a series of these four graphs. The following table explains the title in each figure.

Table 15

Explantation of Header Values

		el:0

		The antenna elevation angle at the end of the simulation was 0° with respect to the horizontal.



		Dir:0

		There were no RLANs with directional antennas



		Bif:2

		The IF radar receiver bandwidth was 2 MHz



		Omni:5186

		There were 5186 RLANs with omni-directional antennas



		DFS(off):-64

		DFS turned any RLAN off (that exceeded a detection threshold of -64 dBm) for the remainder of the simulation.  



		poc:1

		The probability of coincidence was 1 (100%).



		distctr@70

		The radar started 70 km away from the RLAN distribution center



		P452

		The propagation model used was ITU-R P.452-15



		#e:0

		The number of interference events was 0



		le:

		The longest event in seconds



		RLAN transmit bandwidths were 20, 40, 80, and 160 MHz occurring in exactly the percentages of total RLANs listed, respectively



		The detection bandwidth was 20 MHz for 100% of the RLANs.



		Max overage:-30.8501 dB@0sec

		The maximum over threshold was -30.8501, which occurred when the radar was 0 seconds in the 2nd graph.



		outdoor:0.050039

		Exactly 5.0039% of the RLANs were outdoor
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Radar 4 with 2 MHz bandwidth at 70 km

[image: Radar#4a__el0__Bif2__Dir0__Omni5186__DFS_(off)-64__poc1__distctr@70__P452__pr0__#e0__le_outdoor[0]

Figure 4 is another output showing the normalized histograms of additional loss, emitter maximum e.i.r.p. and antenna heights used. The additional loss shows more than 5% of emitters at 0 dB because it includes not only the 5% of devices which are outdoors but also the indoor devices which fell below 0 dB when the Gaussian random variable was cast. Figure 4 will apply to all histograms of RLAN variables used in this study.
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Randomized RLAN Variables used throughout this study[image: DistributionOfAdditionalLoss]

Figure 5

Radar 4 with 2 MHz bandwidth at 50 km

[image: Radar#4a__el0__Bif2__Dir0__Omni5186__DFS_(off)-64__poc1__distctr@50__P452__pr0__#e0__le_outdoor[0]



Figure 6

Radar 4 with 2 MHz bandwidth at 20 km
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Figure 7

Radar 4 with 2 MHz bandwidth at 10 km
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Figure 8

Radar 4 with 2 MHz bandwidth at 0 km
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6.2	Radar 4 Analysis Results for a 8 MHz bandwidth using POC of 100 Percent

Figure 9

Radar 4 with 8 MHz bandwidth at 70 km
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Figure 10

Radar 4 with 8 MHz bandwidth at 50 km
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Figure 11

Radar 4 with 8 MHz bandwidth at 20 km 
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Figure 12

Radar 4 with 8 MHz bandwidth at 10 km
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Figure 13

1Radar 4 with 8 MHz bandwidth at 0 km
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6.3	Results using POC of less than 100%

Since the pulse repetition frequency for Radar 4 was very low (20 pps) the average POC was determined to be less than 100% for Radar 4.[footnoteRef:8] [8:  An example POC of 46.2% for Radar 4 is shown in the figures below.  A range of values was considered given the difficulty in determining a single value.   ] 


The results of a parametric study are shown below.

Table 16

POC parametric study

		Radar

		POC

		Maximum over Radar detection threshold (dB)for a Radar distance from City Center 



		

		

		70 km

		50 km

		20 km

		10 km

		0 km



		Radar 4b

		1

		–32.8

		–28.7

		–25.7

		–25.5

		–24.9



		Radar 4b

		0.9

		–32.0

		–21.5

		3.1

		9.6

		0.4



		Radar 4b

		0.8

		–30.8

		–19.1

		4.9

		13.2

		6.3



		Radar 4b

		0.7

		–25.0

		–14.8

		8.2

		18.4

		9.1



		Radar 4b

		0.6

		–25.0

		–14.3

		8.9

		20.4

		11.0



		Radar 4b

		0.5

		–24.8

		–13.5

		10.0

		21.6

		13.4



		Radar 4b

		0.4

		–22.8

		–12.8

		10.3

		22.1

		14.2



		Radar 4b

		0.3

		–22.6

		–12.1

		11.2

		22.3

		14.3



		Radar 4b

		0.2

		–22.4

		–12.0

		11.3

		22.5

		15.1



		Radar 4b

		0.1

		–20.4

		–11.7

		11.6

		23.2

		15.3



		Radar 4a

		1

		–32.8

		–28.7

		–25.7

		–25.5

		–24.9



		Radar 4a

		0.9

		–32.0

		–21.5

		3.1

		9.6

		0.4



		Radar 4a

		0.8

		–30.8

		–19.1

		4.9

		13.2

		6.3



		Radar 4a

		0.7

		–25.0

		–14.7

		8.2

		18.4

		9.1



		Radar 4a

		0.6

		–25.0

		–14.3

		8.9

		20.4

		11.0



		Radar 4a

		0.5

		–24.8

		–13.5

		10.1

		21.6

		13.4



		Radar 4a

		0.4

		–22.8

		–12.8

		10.3

		22.1

		14.2



		Radar 4a

		0.3

		–22.6

		–12.1

		11.2

		22.3

		14.3



		Radar 4a

		0.2

		–22.4

		–12.0

		11.3

		22.6

		15.1



		Radar 4a

		0.1

		–20.4

		–11.7

		11.6

		23.2

		15.3









6	Summary & Conclusion

This study investigated the feasibility of RLAN systems operating in the 5 350-5470 MHz frequency bands with incumbent primary ground-based radiodetermination systems. This study incorporated the following mitigation techniques: DFS (threshold of –64 dBm), predominately indoors (95%) and low power (maximum e.i.r.p. of 200 mW). Sharing between RLANs and ground-based radiodetermination systems in the 5 350-5 470 MHz frequency bands is not feasible when mitigation is limited to these techniques. 

The results of the study are summarized in Table 16 above. Based on the technical and deployment characteristics and assumptions considered in this study, the aggregate interference levels from the RLAN emitters exceed the protection threshold for a POC of  90%. One potential remedy that Administrations could investigate is whether POC could be maintained above that level taking into account, for example the features discussed in Section 5.1 g) above. 

If different transmit powers or detection levels are applied, or if additional mitigation techniques are developed, the results may be different. Additional studies would be required to evaluate any other mitigation measures to determine their efficacy for RLAN sharing with ground-based radiodetermination systems.




ANNEX C

Sharing between radio local area network systems and radiolocation service systems in the 5 350-5 470 MHz frequency range

1	Introduction

This initial study examines the potential for sharing between proposed radio local area network (RLAN) systems and radiolocation systems operating in the 5 350-5 470 MHz frequency range. 
The analysis considers example ground-based and ship-based radar systems operating in the radiolocation service (RLS). The analysis utilizes information provided by the United States of America to the JTG 4-5-6-7 Correspondence Group (CG) on RLAN parameters in the 5 GHz frequency range.

2	Methodology

The interference situation between RLAN devices and radars is determined using a model suggested to the CG on RLAN parameters in the 5 GHz frequency range by the United States. 
The CG input document is reproduced here as Appendix 1.

The RLAN positions, pointing vectors, and RF characteristics are distributed based on the model described in Appendix 1. The radar is initially located some distance from the city centre. 
At each time step in the simulation, the radar location and pointing vector is determined based on the position and scanning characteristics of the radar. Then the power received by the RLAN devices is computed based on the RLAN and radar positions, pointing vectors, and RF characteristics. Any RLAN devices with a receive power that is above the Dynamic Frequency Selection (DFS) threshold are turned off, and remain off for the duration of the simulation. 
The aggregate interference into the radar from any RLANs that remain active is computed. Results are presented in a graph of the aggregate interference into the radar as a function of time.

The RLAN receive power is calculated as follows:





where:

IRLAN	= Interference power into RLAN, dBm

PRadar	= Radar signal power, dBm

GRadar(θRadar)	= Radar antenna gain in direction of RLAN, dBi

FLRadar	= Radar insertion loss, dB

GRLAN(θRLAN)	= RLAN antenna gain in direction of radar, dBi

PL	= Propagation loss including clutter losses, dB

CL	= Clutter losses, dB

BL	= Building penetration loss, dB

FDRRLAN	= Frequency dependent rejection into RLAN, dB




The FDR applicable to the RLAN receiver is approximated as follows:





where:

BWRadar	= Bandwidth of radar signal, Hz

BWRLAN	= Detection bandwidth of RLAN device, Hz

The interference power into the RLAN is compared with the DFS threshold to determine which RLANs remains active.

The interference into the radar from each active RLAN is calculated as follows:





where:

IRadar	= Interference power into radar from individual RLAN, dBm

PDRLAN	= RLAN signal power density, dBm/Hz

The radar signal bandwidth is assumed to be fully occupied by RLAN emissions.

The aggregate interference into the radar from all active RLANs in the 20 MHz channel (NRLAN) is computed as follows:





where:

ITotal,Radar	= Aggregate interference power into radar, dBm

The calculations presented here are preliminary and the software tool used needs to be validated.

3	System Characteristics

The following tables summarize the RLAN and radar characteristics considered for this analysis. The RLAN characteristics are taken from the CG input included as Attachment 1. Radiolocation system characteristics are taken from Recommendation ITU-R M.1638.

Table 1

RLAN Characteristics

[image: ]

Table 2

Radar Characteristics



[image: ]

4	Propagation characteristics

Free space loss (FSL) is assumed in this analysis. The CG input by the United States did not propose a propagation model for the RLS case. Although FSL may not be the most appropriate model to use, it is chosen as a starting point while further investigation on propagation models is progressed within JTG 4-5-6-7.

Building losses for indoor RLAN devices are determined from a normal distribution with a mean of 17 dB and a standard deviation of 7 dB, with the restriction that the building loss cannot be less than zero.

Clutter losses at the radar and RLAN locations are determined using the elevation angle dependent model adapted from Recommendation ITU-R P.452-14 as described in Appendix 1.

5	Results

The following figures show the time-dependent interference into the radar systems from the assumed distribution of RLAN devices. Two figures are provided for the radar system: the first shows the interference situation without applying the DFS mechanism; the second figure shows the impact of applying DFS with a threshold value of –64 dBm.

Each figure consists of three plots. The first plot shows the number of RLAN devices remaining on as a function of time. The second plot shows the aggregate interference into the radar as a function of time. The last plot shows the range of detected power levels at the RLAN devices as a function 
of time.

This analysis utilized conservative assumptions (e.g. Free Space Loss propagation model) that overestimate interference into RLS. It is also important to note that the results shown below are the output of only a single run for each case. Due to the statistical nature of the analysis, multiple runs should be made to more accurately determine interference levels. These results should therefore be treated as preliminary. Further study is required.

Figure 1A - Radar a

No DFS Applied

[image: ]

Figure 1B – Radar A

DFS Threshold = –64 dBm

[image: ]


Figure 2A – Radar Q

No DFS Applied

[image: ]

Figure 2B – Radar Q

DFS Threshold = –64 dBm

[image: ]

The results shown in the figures above can be summarized as shown in Table 3.

Table 3

Summary of Results

[image: ]

These results show that in general, without the application of any mitigation technique, 
the interference into the radar system can be expected to exceed the protection requirement for some periods of time. The results also show that the DFS mechanism may be able to mitigate this interference. Further study is needed to determine the interference between proposed RLAN devices and systems operating in the 5 GHz frequency range.

6	Conclusions

This analysis examined the potential for sharing between RLAN and radiolocation systems operating in the 5 350-5 470 MHz frequency range. The analysis utilized information provided by the United States of America to the Correspondence Group on RLAN parameters in the 5 GHz frequency range. The interference situation was determined for example radar systems in the RLS. The impact of the DFS mechanism on the interference situation was also analysed.

These results show that in general, without the application of any mitigation technique, the interference into the radar system can be expected to exceed the protection requirement for some periods of time. The results also show that the DFS mechanism may be able to mitigate this interference. It is premature to draw any definitive conclusions as these results obtained here are preliminary. 

Furthermore, the analysis utilized free space loss propagation model which overestimates interference. The analysis also only considered a single example radar system of each type and it may be appropriate to examine additional radar systems. Also, multiple runs should be made for each case to produce more accurate results. Finally, the software tool used needs to be validated. Further study is needed determine the interference between proposed RLAN devices and systems operating in the 5 GHz frequency range.






Attachment 1 to Annex C

(Reproduced from input to 5 GHz Correspondence Group)

Baseline RLAN Deployment and Technical Parameters 

This document develops baseline RLAN deployment and technical parameters to be used in compatibility analyses.

Deployment Parameters 

The RLAN devices will be randomly distributed over three regions: urban, suburban, and rural. 
The three regions exist within concentric circles as shown in Figure 1.

[bookmark: _Ref11553281]Figure 1

RLAN Device Deployment Regions





Table 1 provides the radius of each RLAN deployment region.

Table 1

		RLAN Deployment Region

		Radius from the Center

(km)



		Urban

		0 to 5



		Suburban

		5 to 15



		Rural

		15 to 30







The population used for the baseline is 5.25 million people. Table 2 provides the population distribution within each region for each RLAN device environment.

Table 2

Population Zones

		Total Pop.

		Population split

		Percent

		Pop. In Zone



		5250000

		Urban

		30%

		1575000



		

		Suburban

		50%

		2625000



		

		Rural

		20%

		1050000





The number of active users in each region is computed based on factors such as the population, and estimates of market penetration, system factor, and activity rate as shown in Table 3 based on the corporate busy hour, which represents the peak traffic and activity for RLAN devices. Market penetration indicates the percentage of the population that uses 5 GHz RLAN devices. The system factor determines the ratio of user devices associated with an access point. Activity rate is the percentage of over-the-air activity time for an RLAN device and represents the percentage of devices actively associating with an access point. 

   

Number of On-tune, Active RLAN devices

Step 1: Determine base population size by zone

Step 2: Apply a Busy Hour factor to determine the base population by zone

Step 3: Apply Market Factor (% of users with devices) by zone

Step 4: Apply System Factor (% of devices actively transmitting <AP/Users>) by zone

Step 5: Apply Activity Factor (% of devices operating) by zone

Step 6: Apply Bandwidth Factor (% of devices on-tune based on bandwidth distribution model)




Calculations:

Table 3

RLAN On-tune, Active Devices

		

		Population

		Step 2  Busy Hour Factor

		Busy Hour Population

		Step 3 †  Market

		Step 4 †   System

		Step 5 †   Activity

		Step 6 *   Bandwidth

		



		Urban

		1575000

		71%

		1118250

		894600

		62622

		15656

		

		



		Suburban

		2625000

		64%

		1680000

		1344000

		94080

		23520

		

		



		Rural

		1050000

		47%

		493500

		246750

		49350

		4935

		

		



		Total

		

		

		

		

		

		44111

		5186

		per 20 MHz



		

		

		

		

		

		

		



		Factors

		

		

		

		

		

		



		†

		Market

		System

		Activity

		

		

		



		Urban

		80%

		7%

		25%

		

		

		



		Suburban

		80%

		7%

		25%

		

		

		



		Rural

		50%

		20%

		10%

		

		

		



		 

		 

		 

		 

		

		

		



		Bandwidth

		 

		 

		 

		

		

		



		Start Channel

		*

		20 MHz

		40 MHz

		80 MHz

		160 MHz

		



		5150

		Percent

		10%

		25%

		50%

		15%

		



		End Channel

		Devices

		4411

		11028

		22055

		6617

		



		5850

		Channels

		35

		17

		8

		4

		



		

		On-tune

		126

		649

		2757

		1654

		





Note:  The U.S. Federal Communications Commission initiated a notice of proposed rulemaking (NPRM) on February 20, 2013.  Although no final decision has been made in the U.S. regarding this proceeding, this NPRM is examining the proposed operation of RLANs in the 
5 350-5 470 MHz and 5 850-5 925 MHz bands while ensuring protection of incumbent users.  Considering the international mobile allocation at 5 850-5 925 MHz, spreading the devices over the 75 MHz of additional spectrum from 5 850-5 925 MHz would reduce RLAN density.

Technical Parameters 

The baseline will include RLAN devices employing omni-directional antennas. For each time step the RLAN device power, operating bandwidth, and height will be randomly determined.

For EESS studies: 

In the U.S. power will be parametrically modified to determine the maximum allowable power level that does not exceed the required protection criteria of I/N –6 dB.

For Aeronautical radar studies:

In the U.S. power will be parametrically modified to determine the Maximum allowable power level that does not exceed the required protection criteria of I/N –6 dB.

For Ground based/Shipborne radar studies: 

The RLAN device equivalent isotropically radiated power (e.i.r.p.) level distribution for the baseline is shown in Table 4.

Table 4

RLAN Power Distribution

		RLAN e.i.r.p. Level

		200 mW

(Omni-Directional)

		80 mW

(Omni-Directional)

		50 mW

(Omni-Directional)

		25 mW

(Omni-Directional)



		RLAN Device Percentage

(Indoor operation)

		18%

		26%

		14%

		37%



		RLAN Device Percentage

(Outdoor operation)

		0.9%

		1.3%

		0.8%

		2%





The e.i.r.p. in this table reflects what the actual transmit powers are likely to be, and that these in many cases will be below maximum power allowed based on adjusting the transmit power for capacity versus coverage. TPC therefore does not need to be separately modelled for the purposes of the analysis.

The e.i.r.p. levels and percentages in Table 4 are derived from: 1) predictions of shipped devices for various devices classes; 2) expected e.i.r.p. of the device classes; 3) matching the percentages from the sum of the rows in device distribution and 4) traffic mix in a Basic Service Set between Access Point and client.

Studies will consider a limit on the e.i.r.p. of 200 mW to determine sharing feasibility. If higher powers are submitted, additional studies will be required.

The RLAN device transmitter bandwidth distribution for the baseline is shown in Table 5.

Table 5

Bandwidth Distribution

		RLAN Transmitter Bandwidth

		20 MHz

		40 MHz

		80 MHz

		160 MHz



		RLAN Device Percentage

		10%

		25%

		50%

		15%





For EESS studies, the bandwidth distribution found in the Annex will determine the number of on-tune active devices.

For all other studies, the worst-case the sum of devices overlapping a 20 MHz channel was determined in Table 3 above. 

The RLAN antenna pattern in the azimuth orientations is omni-directional. The RLAN device elevation antenna pattern is described in Table 6.

Table 6

RLAN Elevation Antenna Pattern

		Elevation Angle θ
(Degrees)

		Gain
(dBi)



		45  θ  90

		–4



		35  θ  45

		0



		0  θ  35

		3



		–15  θ  0

		–1



		–30  θ   –15

		–4



		–60  θ  –30

		–9



		–90  θ  –60

		–8





Table 7 provides the distribution of RLAN device antenna heights for each RLAN deployment region. Distribution of antenna height is important for ground/shipborne radar interference cases and will have less impact on EESS and aeronautical case studies.

Table 7

RLAN Antenna Height Distribution

		RLAN Deployment Region

		Antenna Height 

(meters)



		Urban

		1.5 to 28.5



		Suburban

		1.5, 4.5



		Rural

		1.5, 4.5





For omni-directional RLANs the antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps specified in Table 7 for the Urban, Suburban and Rural zones.

Propagation Models:

Aeronautical radar case:

Recommendation ITU-R P.528 + angular clutter loss model from Recommendation ITU-R P.452 + building attention with a Gaussian distribution utilizing a mean of 17 dB and a standard deviation 
of 7 dB.

EESS radar case:

Recommendation ITU-R P.619 + angular clutter loss model from Recommendation ITU-R P.452 + building attention with a Gaussian distribution utilizing a mean of 17 dB and a standard deviation 
of 7 dB.

Angular Clutter Loss Model

The angular clutter loss model provided by the “RLAN User Defined Height” column of the attached worksheet should be used in conjunction with the Table 8 antenna heights. The clutter loss values calculated for the “sparse houses”, “suburban” and “urban” clutter (ground-cover) categories should be applied in the rural, suburban and urban zones of the RLAN deployment model, respectively.

Theta max (°) provides the angle from the RLAN transmitter to the top of the clutter height. Therefore, if the aircraft/spacecraft is at an elevation angle at or below theta max (°), clutter loss should be added.  If the aircraft/spacecraft is above theta max (°), there is no clutter loss.








APPENDIX 2 to annex C

Proposal for Distributing Active U-NII Devices Over 5 GHz Channels

The U.S. uniformly distributed active U-NII devices across all of the currently available channels and new channels 68-96 and 169-181. For each active U-NII device, the channel bandwidth would be based on the distribution in Table 1 and a channel number would be selected with a uniform distribution from the available channel bandwidths.

Table 1

U-NII Device Channel Bandwidth Distribution

		U-NII Device  Channel Bandwidth

		20 MHz

		40 MHz

		80 MHz

		160 MHz

80 MHz and 80 MHz (non-contiguous)



		Percentage of

U-NII Devices

		10%

		25%

		50%

		15%





The overall band is 5 150-5 850 MHz (indicated by dashed lines) as shown in the first graph of Figure 2. The first graph of the figure shows the U-NII device channels with a gap between them, the overlap algorithm considers that channel edges touch each other. This means that a receiver centered between channels will always overlap with both channels (because the radar bandwidth is always greater than 0 MHz). The gap is provided in the figures only as a visual aid to distinguish between channels.[footnoteRef:9] In the example shown in Figure 2 there is a receiver centred on 5 400 MHz with an 85 MHz bandwidth. A current proposal that is under consideration would deploy 44111 active U-NII devices in the 5 GHz frequency range (5 150-5 850 MHz). 
The second graph shows the number of U-NII devices that overlap when the receiver centre frequency is shifted throughout the band. [9:  The gap is created by clipping 2 MHz off each of the ends of a channel. ] 


Figure 1
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Of 44 111 active users based on the channel bandwidth distribution shown in Table 1, 10 percent are evenly spread in 20 MHz channels, 25 percent in 40 MHz channels, 50 percent in 80 MHz, and 15 percent in 160 MHz channels. There are 4 411 U-NII devices spread across the thirty five 20 MHz channels. There are 11 028 U-NII devices spread across the seventeen 40 MHz channels. There are 22 056 U-NII devices spread across the eight 80 MHz channels. There are 
6 616 U-NII devices spread across the four 160 MHz channels. The first 20 MHz channel has 127 U-NII devices and the remaining thirty four channels have 126 U-NII devices each. The first twelve 40 MHz channels have 649 U-NII devices each and the remaining five channels have 
648 emitters each. 

All eight 80 MHz channels have 2 757 U-NII devices each. All four 160 MHz channels have 
1 654 U-NII devices each.

The radar in the example shown in Figure 1 with an 85 MHz receiver bandwidth overlaps the eleventh through fifteenth 20 MHz channels, resulting in 5*126 =630 active co-channel U-NII devices. The 85 MHz radar receiver bandwidth overlaps with the sixth through eighth 40 MHz channels, resulting in 3*649=1947 active co-channel U-NII devices. The 85 MHz radar receiver bandwidth overlaps the third and fourth 80 MHz channel, resulting in 2*2757=5 514 active 
co-channel U-NII devices. The 85 MHz radar receiver bandwidth overlaps the second 160 MHz channels, resulting in 1 654 active co-channel U-NII devices. This results in a total of 
630 + 1 947 + 5 514 + 1 654 = 9 745 active co-channel U-NII devices falling within the 85 MHz receiver bandwidth.




Using this methodology with 44 111 U-NII devices for 1, 20, and 100 MHz receiver bandwidths centred at an arbitrarily chosen 5 452 MHz gives the following. The second subplot in each figure shows the number of U-NII devices that overlap when the receiver centre frequency is shifted throughout the band.

The results for the 1 MHz receiver bandwidth are shown in Figure 2.

Figure 2
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The results for the 20 MHz receiver bandwidth are shown in Figure 3.

Figure 3
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The results for the 100 MHz receiver bandwidth are shown in Figure 4.

Figure 4
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A summary of the maximum number of active co-channel U-NII devices for each receiver bandwidth is provided in Table 2.

Table 2

Summary of Maximum Number of Active Co-Channel U-NII Devices

		Receiver Bandwidth (MHz)

		Maximum Number of Active Co-Channel U-NII Devices



		1

		10 372



		20

		10 372



		100

		14 931





[Editor’s Note: Some administrations believe that this Annex should not be included in the PDN Report given that the characteristics in this Annex were received in WP 5B after the deadline expressed by the JTG for contributions on characteristics. This has given insufficient time to analyze these characteristics and determine their appropriateness related to studies within 
the JTG.]






Annex D

Initial analysis of Dynamic Frequency Selection (DFS) as mitigation measure for the co-existence of Radio Local Area (RLAN) systems and radiolocation service systems in the 5 350-5 470 MHz and 5 725-5 925 MHz band

1	Introduction

This initial analysis addresses the Dynamic Frequency Selection (DFS), as is currently described in the Recommendation ITU-R M.1652-1, and the ability of this mechanism to adequately detect signals of frequency hopping radars. 

The DFS mechanism was originally introduced in Resolution 229 (WRC-03) as mitigation method to avoid interference from RLAN systems in the bands 5 250-5 350 MHz and 
5 470-5 725 MHz to other systems in these bands including radars. In this Resolution 229
(Rev. WRC-12), ITU-R is invited to “continue studies on suitable test methods and procedures for the implementation of dynamic frequency selection, taking into account practical experience”. Information on the practical implementation and the experience with DFS can be found in documents within various organisations including ETSI, IEEE and CEPT.

Currently under WRC-15 agenda item 1.1 the bands 5 350-5 470 MHz and the 5 725-5 925 MHz are considered as potential candidate bands for International Mobile Telecommunications (IMT) and other terrestrial mobile broadband applications. In both frequency bands an primary allocation to the Radiolocation service exists. The existing radar systems, that are operating under this allocation, need to be considered in the sharing and compatibility studies that are undertaken within the scope of Resolution 233 (WRC-12).

2	Radiolocation service

Under the Radiolocation service in the bands 5 350-5 470 MHz and 5 725-5 850 MHz, several radar systems and applications are in operation. One of the radar applications is to monitor a certain part of the airspace. These radar systems are employed to detect, localise, classify and track all flying objects in the airspace; nearby as well as at large distances (well over 100 km) and from high altitude to low flying airborne vehicles. In fact the purpose of these radar systems is to obtain as much information as possible from all objects in the air space: range, height, velocity, direction of movement, size, etc. In order to be able to adequately perform different functions (searching, surveillance, tracking) and retrieve all required information in real-time, also under adverse conditions, radar systems are using sophisticated signal forms and schemes such as frequency hopping. Modern radars also apply phased array antenna technology which enables the fast steering of a pencil beam in any wanted direction to scan a sector of the air space in azimuth and elevation.

Radar systems, have to cope with a variety of objects and conditions. Large objects can be at close distance (giving strong echoes), small objects at large distances (that result in very weak echoes) and all have to be detected effectively and accurately. Also it is unknown where new objects may appear, and what characteristics these will have. 




The radar systems have to adopt to all these situations. In addition, radar operation is hampered by adverse weather conditions (variations in atmospheric diffraction, rain clutter), unintended reflections from nearby large objects (buildings), the reception of reflections to all fixed objects (land clutter) and the reception of echoes of moving reflection points of the sea surface (sea clutter). Also discernibility of the object under observation might be poor (for example an aircraft at maximum range just above the horizon). Almost all radar systems apply techniques to be as effective and accurate as possible even under adverse conditions. The more advanced the radar system and the higher the required performance, the more sophisticated these techniques will be. 

Most commonly applied techniques to enhance the radar system performance require versatility in operating frequency (frequency hopping), and variability in signal form (i.e. the applied pulse widths and Pulse Repetition Frequency (PRF)). In particular these techniques, that imply variability in the transmitted signals and frequencies are prone to impede the detection by DFS.

Recommendation ITU-R M.1638 lists the characteristics and protection criteria for a number of different radar systems. Recently, a proposal is done to add two additional types of radars for which it is explicitly stated that these apply frequency hopping. These are Radar 22 and Radar 23 included in Document 5B/475, Annex 12[footnoteRef:10] for which the characteristics are shown in Table 1.  [10:  	Annex 12 to Working Party 5B Chairman’s Report, ‘preliminary draft revision of Recommendation ITU-R M.1638-1’, ‘Characteristics of and protection criteria for sharing studies for radiolocation (except ground based meteorological radars) and, aeronautical radionavigation and meteorological radars operating in the frequency bands between 5 250 and 
5 850 MHz’, 9 January 2014.] 







TABLE 1

		Characteristics

		Unit

		Radar 22

		Radar 23



		Function

		

		Multi-function

		Multi-function



		Platform type (airborne, shipborne, ground)

		

		Surface and air search, ground-based on vehicle

		Search, ground-based on vehicle



		Tuning range

		MHz

		5 400-5 850

		5 250-5 850



		Modulation

		

		Coded pulse/barker code and Frequency hopping

		Coded pulse/barker code and Frequency hopping



		Tx power into antenna

		kW

		12 peak

		70



		Pulse width

		us

		4.0-20.0

		3.5/6.0/1.0



		Pulse rise/fall time 

		us

		0.2

		0.3



		Pulse repetition rate 

		pps

		1 000-7 800

		2 500-3 750



		Chirp bandwidth (MHz)

		MHz

		NA

		NA



		RF emission bandwidth - 3 dB

                                       - 20 dB

		MHz

		5

Not available

		5

Not available



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		

		Pencil

		Pencil



		Antenna type (reflector, phased array, slotted array, etc.)

		

		Phased array

		Phased array



		Antenna polarization

		

		Vertical

		Horizontal



		Antenna main beam gain 

		dBi

		35

		31.5



		Antenna elevation beamwidth 

		degrees

		30

		30



		Antenna azimuthal beamwidth 

		degrees

		2

		2



		Antenna horizontal scan rate 

		degrees/s

		Variable

		Variable



		Antenna horizontal scan type (continuous, random, 360, sector, etc.)

		degrees

		360

		360

sector



		Antenna vertical scan rate 

		degrees

		NA

		NA



		Antenna vertical scan type (continuous, random, 360, sector, etc.) 

		degrees

		Sector

		Sector



		Antenna side‑lobe (SL) levels (1st SLs and remote SLs) 

		dB

		-40

		–30



		Antenna height 

		m

		10

		6-13



		Receiver IF 3 dB bandwidth 

		MHz

		4

		5



		Receiver noise figure 

		dB

		5

		13



		Minimum discernable signal 

		dBm

		–103

		–108





Although not mentioned in Document 5B/475, Annex 12 the radars are hopping randomly with a hopping rate of 300 to 1500 hops/s (in accordance with ECC Report 68).

In practice modern radars show little regularity in signal composition. A small number of pulses (typically 3 to 16, and in some cases even less) is transmitted per burst for which the pulse width 
as well as the pulse spacing differs from pulse to pulse. The number of pulses per burst (hop) can be retrieved from the characteristics of Radar 22 and Radar 23 and results in the values shown 
in Table 2.

TABLE 2

		Pulse repetition rate

[pulses/s]

		Frequency hopping rate

[hops/s]

		Number of pulses per hop



		1000

		300

		3



		1000

		1500

		1



		7800

		300

		26



		7800

		1500

		5



		2500

		300

		8



		2500

		1500

		1



		3750

		300

		12



		3750

		1500

		2





An example of a radar burst of 3 pulses (3 pulses per hop) is shown in Figure  as illustration of the variability that can be expected in the signals transmitted by modern radars. Commonly, 
the PRI (pulse repletion interval) is staggered (irregular) in a random order, not only within a hop but also over multiple hops and also the pulse length may differ from pulse to pulse. 

[bookmark: _Ref378071119]Figure 1

Radar pulse burst on a single channel
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In order to be effective the DFS mechanism must be capable to detect these types of radar signals and react accordingly.

3	Dynamic Frequency Selection

The effectiveness of the DFS mechanism to detect frequency hopping radars has been an issue of discussion since the adoption of Resolution 229 (Rev. WRC-12).

3.1	DFS requirements in ITU recommendations

As stated in Recommendation ITU-R M.1652-1, interference mitigation techniques are required to enable sharing of WAS (including RLAN) with other services such as radar systems. 
This conclusion has been confirmed in a recent study (Document 4-5-6-7/364) dealing with sharing between RLAN systems and radiolocation service systems in the 5 350-5 470 MHz frequency range. 

DFS is seen as a mechanism which is intended to provide adequate protection to radars in the 
5 GHz band. Recommendation ITU-R M.1652-1describes the functional performance criteria for the DFS mechanism and leaves the implementation to equipment manufacturers. The remark is made that the effectiveness of the DFS mechanism to detect frequency hopping radars will depend on the pulse characteristics and the time for which the radar occupies the WAS channel; 
the dwell time.

For the probability of detection Recommendation ITU-R M.1652-1 distinguishes between channel availability and in-service monitoring. For in-service monitoring, the functional requirement is based on ‘quiet periods’ in which the WAS (RLAN) checks for the presence of radar signals. 
The concept is detailed out in Annex 4 of Recommendation ITU-R M.1652-1. In this annex the need for quiet periods is described as well as a method to calculate the probability of detection. 
A requirement for the probability of detection is not stated, however Recommendation
ITU-R M.2034[footnoteRef:11] mentions a detection fail rate of 1%. [11:  	Impact of radar detection requirements of dynamic frequency selection on 5 GHz wireless access system receivers] 


The probability of detection of radar pulses is depending both on physics and implementation. 
Here the achievable probability of detection is elaborated from physical point of view. Given frequency hopping radars can transmit in burst as short as 1 pulse, the single pulse detection probability is initially calculated. In a second stage the detection probability for multiple pulses is also calculated. 

The probability of detection is governed by four aspects:

Main beam probability:

Probability of the radar transmitting in the direction of the WAS, the WAS is in the main beam of the radar. For Radars 22 and 23, this probability is 2/360 = 0.0055. This is detailed out in Recommendation ITU-R M.1652-1 Annex 4 step 1. 

The scan rate is variable, so the analysis time cannot be determined. A value of 25-100 ms is assumed to be realistic. 

Channel probability:

Probability of the radar transmitting in a given channel. This aspect is not yet addressed in the 
ITU Recommendation. ITU input Document 4-5-6-7/319 which makes the assumption that the frequency band (5 250-5 850 MHz) is divided in 50 sub-bands of 10 MHz between which the radar transmissions hop randomly. In this case the probability for the radar to transmit on a certain channel is 0.02. Assuming that the WAS performs the radar detection in a 20 MHz band, 
the detection probability per 20 MHz band is 0.04.




Listening probability:

The probability of the pulses being received while the WAS is listening, thus during the  ‘quiet periods’. (Pulses received while the WAS is communicating[footnoteRef:12]  cannot be detected).
This is covered by Recommendation ITU-R M.1652-1 Annex 4 Step 3. The listening time stated here is (x)×9+50 ms, x being an integer 2….32. This listening time is at least 2×9 + 50 = 68 ms, whereas the maximum transmission is 2 ms (largest packet at lowest data rate). The listening probability is at least 68/(68+2) = 0.97. [12:  	Communicating implies both transmitting and receiving (receiving=another nearby WAS is active).] 


This listening time is however exceptional and is only achieved when the WAS is only transmitting Short Control Signaling, which is far from realistic for an operational system. ETSI 
(EN 301 893 V1.7.1, par 4.9) states that:

–	during in service monitoring, there shall be an idle period of at least 5%[footnoteRef:13], the occupancy period being between 1 and 10 ms. So a listening probability of 0.05 seems to be more appropriate;  [13:  	According to ETSI (EN 301 893 V1.7.1, par 4.7 & 4.9), idling occurs only to check for radars and other WAS (5%) and (for longer periods) to allow other WAS to communicate.] 


–	during Channel Availability Check, Short Control Signaling is allowed up to 5% duty cycle. In this case a listening probability of 0.95 seems to be more appropriate.

Excess threshold probability.

Probability of the radar pulse exceeding the threshold. The threshold needs to be exceeded by a given amount, to actually achieve the required detection probability. This is dealt with in Report ITU-R M.2034. Considering that frequency hopping radars only transmit one to a few pulses per hop, the single radar pulse scenario of Report ITU-R M.2034 is assumed to be relevant.

Following these steps the probability of detection can be calculated, according to the methodology recorded in the ITU recommendations. From an WAS (RLAN) point of view the need to detect radar pulses adequately and in particular the level of the detection threshold is competing might imply that DFS is triggered unnecessary, due to detected disturbances on the channel other than radar pulses, in which case there is a so-called ‘False Alarm’. In order to maintain a high level of service for the WAS an objective is to keep the False Alarm (FA) rate as low as possible. 

Same as for the Detection Probability there is no requirement for the False Alarm Rate provided in the ITU recommendations either. However Report ITU-R M.2034 par 3.2 mentions
“it is sufficient to be sure that the channel is not measured as occupied for some small percentage of the time”. Assuming a small percentage being 5%, it implies a FA of:



This false alarm rate is needed to achieve only one in 20 periods of 30 minutes to be erroneously marked as occupied. 




Figure 4 in Report ITU-R M.2034 shows the False Alarm rate and the Detection Failure probability, and can be extrapolated, indicating a required power comparison threshold[footnoteRef:14] of –76 dBm (or higher) is required to achieve the FA target. The particular graph is reproduced from the ITU recommendation and shown in FIGURE 2 of this document. [14:  	Report ITU-R M.2034 defines “power comparison threshold” (or rrs_threshold) is as the power level set at the detector. The input signal, containing noise, interference & radar signals is fed to the detector. Any excess of this power is discriminated as “signal”, anything lower than the level is considered noise. ] 


The calculation of FA in Report ITU-R M.2034 is not elaborated and cannot be checked. Concurrent calculations indicate that a FA of 2.8 × 10 -11 is achieved at a power comparison threshold of approximately 16.5 dB above the interference/noise floor[footnoteRef:15]  of –84 dBm, which is –67.5 dBm. [15:  	Report ITU-R M.2034 defines “interference/noise floor” as the equivalent input power resulting from noise+interference.] 


[bookmark: _Ref378162508]FIGURE 2 (Copy of Report ITU-R M.2034, Figure 4)

The two discussed power comparison thresholds are shown in green
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The resulting detection probability values for the different parameter settings of Radar 22 and Radar 23 are given in Table 4. Three variants are shown for each radar:

–	listening probability of 97% and a power comparison threshold of –76 dBm. 
As discussed, this variant is highly unrealistic, especially the listening probability;

–	listening probability of 0.05% and a power comparison threshold of –76 dBm. 
As discussed, this variant is still debatable, due to the method of calculating FA;

–	listening probability of 5% and a power comparison threshold of –67.5 dBm. 

TABEL 4

Detection probability for Radar 22 and Radar 23

		Radar

		Units

		22

		22

		22

		23

		23

		23



		Prf

		pulses/s

		1000

		1000

		1000

		2500

		2500

		2500



		Az. Beam width

		degree

		2

		2

		2

		2

		2

		2



		Main beam probability

		%

		0.56%

		0.56%

		0.56%

		0.56%

		0.56%

		0.56%



		Freq. Range

		MHz

		450

		451

		452

		600

		600

		600



		Channel probability

		%

		4,44%

		4,43%

		4,42%

		3,33%

		3,33%

		3,33%



		Listening probability[footnoteRef:16] [16:  	For CAC, a listening time of at least 95% is used.] 


		%

		97%

		5%

		5%

		97%

		5%

		5%



		Power comparison threshold

		dBm

		–76

		–76

		–67,5

		–76

		–76

		–67,5



		Detection Failure probablity

		%

		0.01

		0.01

		10

		0.01

		0.01

		10



		Excess threshold probability

		%

		99.99

		99.99

		90

		99.99

		99.99

		90



		Single pulse detection probability

		

		2,39E-04

		1,23E-05

		1,11E-05

		1,80E-04

		9,26E-06

		8,33E-06



		In service monitoring (ISM)

		

		

		

		

		

		

		



		Pulses in 10 sec channel move time

		

		10000

		10000

		10000

		25000

		25000

		25000



		ISM detection probability

		%

		91

		12

		10

		99

		21

		19



		Channel Availability Check (CAC)

		

		

		

		

		

		

		



		Pulses in 60 sec CAC time

		

		60000

		60000

		60000

		150000

		150000

		150000



		CAC detection probability

		%

		100

		100

		100

		100

		100

		100





From Table 4, it gets clear that, applying the ITU methodology for assessment of the DFS effectiveness, for the frequency hopping radars:

–	the suggested fail rate of 1% (Report ITU-R M.2034), equaling a detection probability of 99%, is not met for in-service monitoring, even not with the unrealistic propositions;

–	apparently, the DFS detection probabilities do not meet the requirements;

–	the detection probability is the maximum achievable and cannot be improved without elaboration of current ITU regulations. 

The values given here are first approximations. They should however be considered as a clear indication that the requirements for DFS specified in Recommendation ITU-R M.1652-1 are insufficient to guarantee effective protection of frequency hopping radars. Elaboration and concrete unambiguous specification of the requirements for DFS are needed. 

It should also be noted that in Recommendation ITU-R M.1652-1 the issue concerning the effective detection of frequency hopping radars is already raised, without providing guidance as to how to resolve this.

3.2	DFS requirements in regulations and standards

Currently several administrations and standards organizations have developed DFS test methodology. For instance ETSI and FCC have developed test methods which are used to evaluate if the DFS mechanisms implemented in RLAN systems complies with the requirements.

These test methods are based on the approach that a Unit Under Test is tested with a specified set of radar pulse patterns. It is verified if the unit’s DFS mechanism is capable of detecting the radar and react correctly by timely vacating the specific channel.

With respect to the DFS compliance testing 6 different radar test patterns are defined in Table D.4 of ETSI EN 301 893 V1.7.1. This particular table from the ETSI is copied and shown below.

TABLE 5

Reproduction of ETSI EN301893 V1.7.1 

[image: ]

As can be seen from the Table 5 the number of pulses per bursts for the specified radar test signals is between 10 and 25. This is significantly higher than the number of pulses that can be expected from the frequency hopping radars which in many cases is less than 10 as was shown on the basis of Table 1 and Table 2 of this document. This implies that the effectiveness of the DFS mechanism to detect burst with less pulse, which are operational in current practice, is not tested.

Another aspect is the variability of the burst composition. The ETSI EN301893 v1.7.1 specifies different radar test signals from which test signals 5 and 6 have a staggered PRF. The general structure of a single burst/single pulse based staggered PRF radar test signal is shown in Figure 3. As can be seen this radar pulse pattern shows regularity in pulse width and pulse repetition intervals. This does not correspond to the variability that can be expected in signals from modern radar systems of which an illustration is shown in Figure 1.

FIGURE 3

Copied from ETSI EN301893 V1.7.1

[image: ]

Probability of detection is specified in terms of the ability of DFS to detect the radar burst 
(pulse train) successfully. According to ETSI EN301893 v1.7.1 methodology each radar test signal is repeated 20 times and the radar test signal shall be detected at least 12 times out of the 20 trials in order to comply with the detection probability specified. This approach is significantly different from the methodology described in the ITU recommendations. Radars with a smaller number of pulses (less than 10) are not tested, so that according to the ETSI requirements the Unit Under Test may be compliant while radars applying shorter bursts are not detected.

Both theoretical analysis as well as laboratory and field testing (e.g. CEPT JPTBWA(04)36) have shown that DFS is not in all cases sufficient to protect frequency hopping radars adequately and RLAN effects on the radar performance are reported. Various documents (e.g. ECC Report 68, 
ECC Report 140) address the DFS mechanism in different scenarios. The overall observation it that suitable protection of frequency hopping radars is not ensured with DFS. In this context ETSI EN301 893 v1.7.1 states: “The DFS function as described in the present document is not tested for its ability to detect frequency hopping radar signals”.

4	Conclusions

Mitigation measures are required to enable the coexistence of the RLAN systems to be introduced in the bands 5 350-5 470 MHz and 5 725-5 925 MHz with the existing Radar systems. The DFS mechanism that is already applicable for RLAN systems in other parts of the 
5 GHz band (5 250-5 350 MHz and 5 470-5 725 MHz) to provide suitable protection to radar systems is also considered as mitigation measure to enable co-existence in the potential candidate bands in the 5 GHz that are currently studied under agenda item 1.1 (WRC-15).

This analysis shows that the DFS mechanism as currently specified is not sufficient to provide adequate protection. Frequency hopping radars, which transmit only one to few pulses per burst and/or apply variability in the PRF and pulse width on a per pulse basis, are insufficiently protected. 

The experience with the current DFS framework is that although the ITU resolution states that DFS shall be implemented to ensure compatible operation with radiodetermination systems, in practice it turns out that DFS is not sufficient to provide the suitable protection for various radars that are currently in operation. The reasons partly originate from the functional specification of the DFS mechanism in ITU that is not sufficiently specific and actual requirements are not always specified. This is for instance the case for the Detection Probability level that shall be achieved. 

With regard to the regulations for DFS specified by administrations and standardisation organisations the requirements for DFS do not comply with the intended functionality as foreseen in the ITU resolution and are not consistent with the relevant recommendations (in particular with regard to detection probability). It seems that developing a DFS implementation that is also effective for all types of radars operating in the 5 GHz band, including the frequency hopping radars is a great challenge. The implementation of DFS is a burden for the WAS and implies a compromise between RLAN transmission performance and radar detection probability. 
The protection of frequency hopping radars turns out to get the lower priority. DFS under current regulations is shown to be insufficient for the protection of certain frequency hopping radar systems

Overall we would like to come to the proposal that within ITU a sound basis for DFS is recorded, including the concrete functional requirements. Hence elaboration and concrete unambiguous specification of the requirements for DFS are needed. It might be that in order to achieve this objective some implementation issues have to be contained in the relevant recommendations and/or regulations. 








Editor’s Note:  Some administrations believe that this Annex should not be included in the PDN Report given that there were differences between the characteristics submitted in the study and those submitted to WP 5B in the revision to M.1638 were also noted.]

ANNEX E

Bistatic RADARS in the 5 GHz-Band

1	Introduction

Joint Task Group 4-5-6-7 was tasked to study issues related to WRC-15 agenda item 1.1, 
in particular to consider possible additional spectrum allocations to the mobile service (MS) on 
a primary basis and subsequent identification of these frequency bands for International Mobile Telecommunications (IMT). The frequency bands 5 350-5 470 MHz and 5 725-5 925 MHz are under consideration for an allocation to MS and/or use by Radio Local Area Network (RLAN) applications at WRC-15, respectively.

The bands between 5 250-5 850 MHz are in use for radiolocation on a primary basis. Mitigation techniques, such as DFS, have been defined in Resolution 229 (WRC-03) to protect radars against WAS/RLAN in the band 5 470-5 725 MHz. The corresponding Recommendation 
ITU-R M.1638 for the radar characteristics is under revision in ITU-R WP 5B. The revision will contain some new radars types, e.g. bistatic radars.

It is noted that the protection of bistatic radars have not yet been considered in the studies considered by the JTG 4-5-6-7. This document provides an evaluation of the impact of potential new RLANs on bistatic radars operating in the 5 GHz band.

2	Bistatic radars 

To describe bistatic radars the following passage is taken from the preliminary draft revision of Recommendation ITU-R M.1638.

“… radars are conventionally operated as monostatic radar with transmitter and receiver at the same location (Figure 1a). However, Radars 10 and 14 of Table 2 are additionally operated as bistatic radar where the transmitter and receiver are spatially separated (Figure 1b).

The advantage of the separation of transmitter and receiver is the possible enhancement of the radar cross section of an object. The effect is exemplarily shown in Figure 1c for a square plane. This is especially important if the object to be detected does not reflect much energy in the direction of the incident radar signal.

The distance between transmitter and receiver (baseline) is typically in the range of 30-50 km. Synchronisation of transmitter and receiver can be achieved by a radio link or global navigation satellite service or by time normals. This operation mode with passive receiver at a different location than the transmitter should be taken into account in compatibility studies. Since the receivers are not changed the protection criteria of the mono-static and bi-static radar receiver are equal. …”

Figure 

1a: Monostatic radar; 1b: bistatic radar; 1c: diffracted power of a simple square plane

  (
backscattered
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The technical characteristics of the bistatic radar types 10 and 14 are given in table below for illustration (Source: Preliminary Draft Revision of Recommendation ITU-R M.1638). 

Characteristics of radiolocation (except ground based meteorological radars) 
and aeronautical radionavigation radars

		Characteristics

		Unit

		Radar 10

		Radar 14



		Function

		

		Radionavigation, Surface and Air Search

		Radiolocation



		Platform type (airborne, shipborne, ground)

		

		Shipborne (monostatic),

Ground (monostatic and bistatic)

		Ground

(monostatic and bistatic)



		Tuning range 

		MHz

		5 250–5 875

		5 300-5 800



		Modulation

		

		Bi-phase
Barker Code

		NA



		Tx power into antenna

		kW

		90

		50 



		Pulse width 

		us

		0.30-14.0

		NA



		Pulse rise/fall time 

		us

		0.04-0.1

		.100/.100



		Pulse repetition rate 

		pps

		4 000-5 000

		NA



		Chirp bandwidth 

		MHz

		1.5

		NA



		RF emission bandwidth	–3 dB

		–20 dB



		MHz

		4

12

20 at –40dB

		470
490



		Antenna pattern type (pencil, fan, cosecant-squared, etc.)

		

		Fan

		Pencil



		Antenna type (reflector, phased array, slotted array, etc.)

		

		Passive Phased Array

		Phased array



		Characteristics

		Unit

		Radar 10

		Radar 14



		Antenna polarization

		

		Horizontal

		NA



		Antenna main beam gain 

		dBi

		33 (<55)

		40



		Antenna elevation beamwidth 

		degrees

		7

		2.5



		Antenna azimuthal beamwidth 

		degrees

		1.8

		2.5



		Antenna horizontal scan rate 

		degrees/s

		6 - 60

		30



		Antenna horizontal scan type (continuous, random, 360, sector, etc.) 

		degrees

		360

		360



		Antenna vertical scan rate 

		degrees/s

		N/A

		N/A



		Antenna vertical scan type (continuous, random, 360, sector, etc.) 

		degrees

		N/A

		Electronically Steered



		Antenna side‑lobe (SL) levels (1st SLs and remote SLs) 

		dB

		-29

		–40



		Antenna height 

		m

		45

		NA



		Receiver IF 3 dB bandwidth 

		MHz

		11

		NA



		Receiver noise figure 

		dB

		3

		4



		Minimum discernable signal 

		dBm

		–115

		–100





For radar 14 the receiver bandwidth was not given. The corresponding noise level at the receiver cannot be calculated directly. As approximation the minimum discernible signal was used instead for the noise level. The heights for the receiver antennas of the ground based radars were chosen to be below 45 km. They were set to a lower value of 20 m for this study.

3	RLAN Parameters

The RLAN-parameters were not fully agreed within JTG 4-5-6-7. For the interference calculation the following parameters are used, that are in line with the discussed parameters in fourth meeting of JTG 4-5-6-7:

PRLAN 		e.i.r.p.: 23 dBm (200 mW)

Bandwidth:		20 MHz.

hRLAN:		10 m (RLAN Access point)

Antenna: 		0dBi (omnidirectional)

4	Propagation Model

For the calculations the propagation model described in Recommendation ITU-R P. 452 was used. The frequency was chosen to be 5.4 GHz. 

The mean penetration loss used to describe the attenuation between indoor and outdoor of the building wall was assumed by 17 dB. 

5	Scenarios to be considered

Figures below shows the three cases a, b, c where a RLAN with its detection radius Rdet can be positioned to a bistatic radar. 



 (
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)5a. RLAN (a): Radar within detection radius Rdet



















If the RLAN (a) detects a radar transmission within the detection radius Rdet the DFS or DAA algorithm will change the frequency of the RLAN. In this case the passive radar receiver (Rx) is protected even if it is outside the detection radius. 

 (
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)5b. RLAN (b): Radar outside of the detection radius Rdet and sufficiently away from the passive receiver



















If the radar transmitter (Tx) is outside of the detection radius Rdet of the RLAN (b) receiver,
the RLAN (b) will not stop its transmission. In case the passive radar receiver (Rx) is sufficiently far away and the protection is given by the geographical separation. 






 (
Tx
Rx
c
)5c. RLAN (c): Radar transmitter (Tx) outside of the detection radius Rdet and the 
distance c-Rx is not sufficient to protect the passive radar receiver (Rx)



















If the radar transmitter is outside of the detection radius of the RLAN receiver, the RLAN will not stop its transmission. In case the distance between RLAN transmitter (c) and the passive radar receiver (Rx) is smaller or equal to a necessary protection distance the passive receiver will be interfered by the RLAN because DFS is not activated in the RLAN.

6	Calculation of the necessary protection distance between RLAN (c) transmitter and passive radar receiver (Rx) for RLAN (c)

For the calculation it is assumed, that there is only one interfering RLAN. The aggregation effect of multiple RLAN devices should be considered in further studies. 

The maximum interfering power Imax at the radar receiver can easily be calculated as follows by consideration of the receiver performance (1) and allowed interfering signal at the receiver 
input (2):

(1) 		Imax = N + Feeder loss + I/N 



(2)   	Imax = PRLAN + GReceiver + MCL + K. 

Where N is the noise level at the receiver and PRLAN = 23 dBm (200 mW) is the e.i.r.p. of 
the RLAN. The feeder loss and the gain of the radar receiver (GReceiver) were taken from the radar types 10 and 14 above.  Accounting for the different bandwidth of victim and interferer the bandwidth correction factor K = 10 log10(BRadar/BRLAN) was used. The correction factor 
K = 0 dB, if BRadar > BRLAN (e.g. radar type 14). The used protection criterion is I/N = -6 dB (noting that in some cases I/N = -10 dB might be necessary) was taken from Recommendation ITU-R M.1638. Combining (1) and (2), the MCL (Minimum Coupling Loss) results in:

(3)  	MCL =  N + Feeder loss + I/N - PRLAN - GReceiver - K



MCLRadar 10 = –104 dBm + 3 dB -  6 dB - 23 dBm –33 dBi - (–2.6 dB) ≈ - 160 dB  for Radar type 10 and

MCL Radar 14 = –100 dBm + 4 dB - 6 dB – 23 dBm – 40 dBi - 0 dB ≈ - 165 dB for Radar type 14.

The required separation distance between the RLAN and the radar receiver (protection radius) can be determined by applying the propagation model Recommendation ITU-R P.452. 
The values for both radar types are given in the Tables below for illustration: 

		Radar 10 

		protection distance between radar receiver and RLAN
 (Recommendation ITU-R P. 542)



		MCL outdoor  = –160 dB

		41 km



		MCL indoor = –143 dB (mean wall attenuation 17 dB) 

		32 km 







		Radar 14 

		protection distance between radar receiver and RLAN (Recommndation ITU-R P. 542)



		MCL outdoor  = –165 dB

		44 km 



		MCL indoor = –148 dB (mean wall attenuation 17 dB) 

		34 km 





7	Summary 

The protection of bistatic radars in the cases (scenarios) 5a and 5b can be ensured by applying of proper DFS detection algorithms. 

However, DFS cannot be applied for the bistatic radar in case 5c. The bistatic radars will only be protected for separation distances larger than 32 - 44 km between an RLAN and the radar receiver. For smaller distances, other mitigation techniques than DFS have to be applied. 

Further studies should additionally address aggregation effects due to multiple RLAN transmitters. 



______________





Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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Parameter RLAN


RLAN deployment


Radius (km) (5, 15, 30)


Percent users (%) (30, 50, 20)


Maximum height (m) (28.5, 4.5, 4.5)


Minimum height (m) (1.5, 1.5, 1.5)


Height increment (m) 3.0


Number 5186


RLAN pointing


Azimuth range (deg) (-180, 180)


Elevation range (deg) (0, 0)


RLAN RF


EIRP (mW) (200, 80, 50, 25)


EIRP percent indoor (%) (18, 26, 14, 37)


EIRP percent outdoor (%)  (0.9, 1.3, 0.8, 2)


Antenna peak gain (dBi) 3.0


Antenna pattern Appendix 1


Bandwidth (MHz) (20, 40, 80, 160)


Percent bandwidth (%) (10, 25, 50, 15)


DFS threshold (dBm) -64.0
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Parameter Ground Maritime


Radar deployment


Name Radar A Radar Q


Initial distance from city center (km) 25 35


Height (m) 30 40


Speed (km/hr) 0 0


Radar pointing


Azimuth scan type Continuous Sector


Azimuth scan rate (deg/s) 0.65 90


Azimuth scan range (deg)  [0, 360] [-120, 120]


Elevation scan type Fixed Fixed


Elevation scan rate (deg/s) - -


Elevation scan range (deg) 0 0


Radar RF


Power (dBm) 84.0 84.5


Pulse width (μs) 2.0 1.0


Pulse repetition rate (pps) 1200 750


Antenna gain (dBi) 46.0 30.0


Antenna gain pattern Rec. ITU-R M.1652 Rec. ITU-R M.1652


Feeder loss (dB) 2 2


Bandwidth (MHz) 0.5 1.2


Noise figure (dB) 7.0 10.0


Protection requirement (dBm) -116.0 -109.2
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Parameter Value Value


Radar name Radar A Radar Q


No DFS


Maximum interference level into radar (dBm) -80.7 -93.8


Maximum exceedance of protection requirement (dB) 35.3 15.4


Maximum detected signal into RLAN (dBm) 5.5 -11.5


With DFS


Maximum interference level into radar (dBm) -127.8 -122.5


Maximum exceedance of protection requirement (dB) -11.8 -13.3


Maximum detected signal into RLAN (dBm) -23.8 -15.7
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									This is the Only User Input =>			Frequency			5.35			GHz


									          Note: It has little effect on the final answer once above 1 GHz





									TABLE 4


									Nominal clutter heights and distances


									Clutter (ground-cover) category			Nominal height, ha			Nominal distance, dk			RLAN
User Defined
Height						UE any						Macro rural						Macro suburban						Macro urban						Small cell outdoor / micro urban						Small cell indoor / micro urban


												(m)			(km)			h=2 (m)			qmax (°)			h=1.5 (m)			qmax (°)			h=30 (m)			qmax (°)			h=25 (m)			qmax (°)			h=20 (m)			qmax (°)			h=6 (m)			qmax (°)			h=3 (m)			qmax (°)			ç Values of h taken from JTG 4-5-6-7/236 & JTG 5-6/180 Annex 2 (UE only)


						Rural			High crop fields			4			0.1			14.8 dB			1.1			17.3 dB			1.4			-0.3 dB			-14.6


									Park land


									Irregularly spaced sparse trees


									Orchard (regularly spaced)


									Sparse houses


									Village centre			5			0.07


									Deciduous trees (irregularly spaced)


									Deciduous trees (regularly spaced)			15			0.05


									Mixed tree forest


									Coniferous trees (irregularly spaced)			20			0.05


									Coniferous trees (regularly spaced)


									Tropical rain forest			20			0.03


						Suburban			Suburban			9			0.025			19.5 dB			15.6			19.6 dB			16.7									-0.3 dB			-32.6


									Dense suburban			12			0.02			19.7 dB			26.6			19.7 dB			27.7									-0.3 dB			-33.0


						Urban			Urban			20			0.02			19.7 dB			42.0			19.7 dB			42.8															-0.1 dB			0.0			19.4 dB			35.0			19.7 dB			40.4


									Dense urban			25			0.02			19.7 dB			49.0			19.7 dB			49.6															1.9 dB			14.0			19.6 dB			43.5			19.7 dB			47.7


									High-rise urban			35			0.02			19.7 dB			58.8			19.7 dB			59.2															12.8 dB			36.9			19.7 dB			55.4			19.7 dB			58.0


									Industrial zone			20			0.05


									é  This Table is taken from Rec ITU-R P.452-14 é									é     dBs of clutter loss calculated using equations (47) and (47a) of Rec. ITU-R P.452-14.       é


																		é           Maximum elevation angle of clutter, qmax, calculated using atan((ha-h)/dk).       é
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NOTE 1. Radar test signals 1 10 4 are constant PRF based signals. See figure D.1_ These radar test signals
are intended to simulate also radars using a packet based Staggered PRF. See figure D.2

NOTE 2: Radar test signal 4 is a modulated radar test signal. The modulation to be sed is a chirp
modulation with a +2,5 MHZ frequency deviation which s described below.

N 700,25
2
51
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4
=
B
o 2 P B P 100
% of tme (ofwidth pulse)

NOTE 3: Radar test signals 5 and 6 are single puise based Staggered PRF radar test signals using 2 or 3
different PRF values. For radar test signal 5, the difference between the PRF values chosen shall
be between 20 PPS and 50 PPS. For radar test signal 6, the difference between the PRF values
chosen shall be between 80 PPS and 400 PPS. See figure D.3.

INOTE 4: Apart for the Off-Channel CAC testing, the radar test signals above shall only contain a single
burst of pulses. See figures D1, D.3 and D.4
For the Off-Channel CAC testing, repetitive bursts shall be used for the total duration of the test.
See figures D.2 and D.5. See also clauses 4.7.2.2,5.3.8.2.1.3.1 and 5.3.62.13.2

NOTE 5: The total number of pulses in a burst is equal to the number of puises fora single PRF multplied
by the number of different PRFS used

NOTE 6: For the CAC and Off-Channel CAC requirements, the minimum number of puises (for each PRF)

for any of the radar test signals to be detected in the band 5 600 MHz to 5 650 MHz shall be 18.
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1	Introduction

This Report provides sharing and compatibility studies between aeronautical mobile/ground mobile applications and potential IMT systems in the 4 400-4 990 MHz band.

2	Related ITU-R Recommendations and Reports

Recommendation ITU-R M.1459 – “Protection criteria for telemetry systems in the aeronautical mobile service and mitigation techniques to facilitate sharing with geostationary broadcasting-satellite and mobile-satellite services in the frequency bands 1 452-1 525 MHz and 2 310-
2 360 MHz”

Report ITU-R M.2118 – “Compatibility between proposed systems in the aeronautical mobile service and the existing fixed-satellite service in the 5 091-5 250 MHz band”.

Report ITU-R M.2119 – “Sharing between aeronautical mobile telemetry systems for flight testing and other systems operating in the 4 400-4 940 and 5 925-6 700 MHz bands”

Report ITU-R M.2292 – “Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses”

3	Allocation information

Table 1 lists the allocations contained in Article 5 of the Radio Regulations (RR) (Edition of 2012) together with the associated footnotes for the mobile service in the frequency range 4 400-
4 990 MHz.

Table 1

Frequency allocations in the 4 400-4 990 MHz

		Allocation to services



		Region 1

		Region 2

		Region 3



		4 400-4 500	FIXED

		MOBILE  5.440A



		4 500-4 800	FIXED

		FIXED-SATELLITE (space-to-Earth)  5.441

		MOBILE  5.440A



		4 800-4 990	FIXED

	MOBILE  5.440A 5.442  

	Radio astronomy

	5.149  5.339  5.443







5.440A	In Region 2 (except Brazil, Cuba, French overseas departments and communities, Guatemala, Paraguay, Uruguay and Venezuela), and in Australia, the band 4 400-4 940 MHz may be used for aeronautical mobile telemetry for flight testing by aircraft stations (see No. 1.83). Such use shall be in accordance with Resolution 416 (WRC‑07) and shall not cause harmful interference to, nor claim protection from, the fixed-satellite and fixed services. Any such use does not preclude the use of this band by other mobile service applications or by other services to which this band is allocated on a co-primary basis and does not establish priority in the Radio Regulations.   (WRC-07)

5.442	In the bands 4 825-4 835 MHz and 4 950-4 990 MHz, the allocation to the mobile service is restricted to the mobile, except aeronautical mobile, service. In Region 2 (except Brazil, Cuba, Guatemala, Paraguay, Uruguay and Venezuela), and in Australia, the band 4 825-4 835 MHz is also allocated to the aeronautical mobile service, limited to aeronautical mobile telemetry for flight testing by aircraft stations. Such use shall be in accordance with Resolution 416 (WRC‑07) and shall not cause harmful interference to the fixed service.     (WRC-07)

4	Technical characteristics used in technical studies

4.1	System characteristics of aeronautical mobile applications

The system characteristics of aeronautical mobile applications evaluated in the document are summarized in Table 2 .

TABLE 2

System characteristics of aeronautical mobile applications in each technical study

(a) Study #1 (Annex 1): based on AMT

		Parameter

		Value



		Aircraft antenna pattern

		Omni-directional



		Peak aircraft antenna gain (dBi)

		3



		Average aircraft antenna gain (dBi)

		–4.8



		Maximum aircraft e.i.r.p. density (dB(W/MHz))

		–2.2



		Average aircraft e.i.r.p. density (dB(W/MHz))

		–10.0



		Peak aircraft antenna input power density (dB(W/MHz))

		–5.2



		Ground receiver antenna aperture (m)

		2 to 5



		Ground receiver antenna pattern 

		Rec. ITU-R F.1245



		Ground receiver antenna height (m)

		30



		Ground antenna elevation angles (degrees)

		0-20



		Nominal permissible long-term interference at receiver antenna output (dBW/MHz to be exceeded for no more than 20% of the time)

		–145.5



		Nominal permissible short-term interference at receiver antenna output (dBW/MHz to be exceeded for no more than 0.4% of the time)

		–142.5







(b) Study #2: based on Unmanned Aircraft Vehicle

		Parameter

		Value



		Bandwidth (MHz)

		1



		Thermal Noise (dBm)

		–110



		Antenna height (m)

		0 to 10000



		Antenna type and gain

		Omnidirectional 3dBi



		Protection criterion 

		I/N=–6dB







(c) Study #3: based on AMS and AMT

		Station Type

		AMS
Airborne

		AMS
Ground

		Mobile Ground

		Mobile Transportable

		AMT
Ground



		Bandwidth (MHz)

		10

		10

		18.5

		2.46

		10



		Modulation

		OQPSK

		OQPSK

		BPSK

		OQPSK

		Digital



		Antenna Gain (dBi)

		7.2

		 3

		 4

		24

		40



		Antenna Pattern

		Omni-directional

		Omni-directional 

		Omni-directional

		Rec.ITU-R F.1245, 0° elevation, 360° azimuth 

		Rec. ITU-R F.1245 0° elevation, 360° azimuth



		Antenna Height Above Ground (m)

		2,400
19,000

		10

		2

		10

		30



		Noise Figure (dB)

		 4.5

		4

		 3

		4

		Tsystem=250 K



		Interference Threshold I/N (dB)

		-6

		-6

		-6

		-6

		-4





4.2	IMT system characteristics

The IMT system characteristics used in the technical studies contained in the document are based on Report ITU-R M.2292 “Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses”. Details of the technical characteristics employed in the respective studies are contained in the corresponding Annexes.

5	Interference scenarios considered in each technical study

Table 3 summarizes interference scenarios considered in each technical study




TABLE 3

Interference scenarios considered in each technical study

		Interference

		Study #1 (Annex 1)

		Study #2 (Annex 2)

		Study #3 (Annex 3)



		From

		To

		

		

		



		IMT station

		Ground station

		YES

· IMT macro cell base station and IMT outdoor user terminal

· Adjacent-channel interference (single-entry)

		–

		YES

· IMT macro cell base station and user terminal

· Co-channel interference (single-entry and aggregate)



		IMT station

		Airborne station

		–

		YES

· IMT macro cell base station

· Co-channel interference (single-entry)

		YES

· IMT macro cell base station

· Co-channel interference (single-entry and aggregate)



		Ground station

		IMT station

		–

		–

		–



		Airborne station

		IMT station

		–

		–

		–





6	Summary of results in each technical study

Table 4 shows summary of results in each technical study in terms of required separation distances to achieve co-existence between aeronautical mobile applications and potential IMT systems.

TABLE 4

Summary of results in each technical study in terms of required separation distance

		Study #1

		With regard to the IMT (using 61 dBm EIRP, already including feeder loss) interfering into AMT ground station receiver (assuming 0 dBi antenna gain) in the band 4 400-4 500 MHz and 
4 800-4 990 MHz the following observations may be reached:

· For adjacent channel interference, with 43.6 dB frequency off-set factor, the separation distance  is 4.7 kilometres (for 4 800-4 990 MHz) to 5.2 kilometres (for 4 400-4 500 MHz) for long-term interference between a single IMT macro cell base station and AMT ground receiver based on Recommendation ITU-R P.452-15 (p = 20%) with no terrain;

· For adjacent channel interference, with 43.6 dB frequency off-set factor, the separation distance  is 3.3 kilometres (for 4 800-4 990 MHz) to 3.7 kilometres (for 4 400-4 500 MHz) for short-term interference between IMT macro cell base station and AMT ground receiver based on Recommendation ITU-R P.452-15 model (p = 0.4%) with no terrain;

· For adjacent channel interference, with 43.6 dB frequency off-set factor, the separation distance  is 40 to 60 metres for long-term interference and short-term interference between IMT outdoor user terminal and AMT ground receiver based on Recommendation 
ITU-R P.452-15 model (p = 20% and p = 0.4%) with no terrain;



		Study #2

		· For separation distances between IMT base station and airborne receiver close to 400 km, it is shown that IMT base stations emission levels are restricted to 38.8 dBm/MHz for one single interferer.



		Study #3

		· Under co-channel interference conditions, in the case of protecting airborne station receivers from IMT base station interference, the required single entry separation distances vary between 162 km for an aircraft at 2,400 m altitude to 509 km at 19,000 m altitude.  Aggregate interference analyses indicate that base station operations may be precluded within a distance of 446 km from the aircraft encompassing an area of about 623,318 km2 when the aircraft is at 2,400 m altitude.  For an aircraft at 19,000 m altitude, the corresponding distance and area are greater than 706 km and 1.5 million km2, respectively.

· Under co-channel interference conditions, separation distances between about 300 to 500 km may be required to satisfy the aggregate I/N protection requirement of ground based stations in the mobile service from IMT base stations without consideration of terrain. The area within which aggregate interference from IMT user terminals exceeds the mobile service receiver interference threshold will be smaller than the corresponding exclusion area identified for a base station.





7	Conclusions

This Report provides sharing and compatibility studies between aeronautical mobile / ground mobile applications and potential IMT systems in the 4 400-4 990 MHz band. The results of studies would be summarized as follows:

[Editor’s note: The reference to the input document to WP 5B below needs to be avoided when upgrading to DN Report status.]

–	For co-channel interference, two sharing studies show large separation distances are required to protect certain types of aeronautical mobile service stations.  In the case of protecting airborne station receivers from a single IMT base station interference, the required separation distances vary between ranges from 162-509 km for aircraft altitude (Working Party 5B in Document 5B/167 Annex 17 for the aeronautical mobile service (AMS)) at 2.4 km and 19 km respectively. Aggregate interference analyses indicate that IMT base station operations may be precluded within a distance of 706 km from the aircraft encompassing an area of about 1.5 million km2 when the aircraft is at 19 km altitude. Co-channel sharing between aeronautical mobile applications and IMT systems in the 4 400-4 990 MHz is not practical in the geographic areas located within the exclusion zones required up to 706 km.

[Editor’s note: Whether to include the texts below needs to be decided in relation to the studies focusing on adjacent channel compatibility.]

–	For adjacent channel interference, one study shows the separation distance required to protect one of three mobile ground receivers (i.e., AMT ground receiver) is approximately 5 km, with assuming a 43.6 dB frequency off-set factor. [Adjacent channel compatibility within given frequency band assumes that existing service should stop operation in a portion of the band currently allocated to this service to make it available to the systems of the new service. So adjacent channel compatibility puts regulatory restrictions on the existing service and stops operation and future development of the existing service within considered band. This assumption is not consistent with previous decisions of the JTG nor Resolution 233 with respect to protection of incumbent services and consideration of the future requirements of incumbent services.] Note that there are three types of mobile ground receivers.  With mitigation technique, sharing seems to be practical between IMT and AMT ground mobile receiver due to short separation distances.  This adjacent channel interference study does not address sharing studies between IMT and aeronautical mobile receivers. Sharing between IMT and aeronautical mobile in the 4 400-4 990 MHz band cannot be concluded from this study.



Annexes: 3




annex 1

Study #1

Adjacent band compatibility studies between potential IMT system and aeronautical mobile telemetry ground system in the frequency 
bands 4 400-4 500 MHz and 4 800-4 990 MHz

1	Introduction

1.1	Scope and objective

Fixed service and mobile service are the primary allocation in the frequency bands 4 400-4 500 and 4 800-4 990 MHz, and point-to-point fixed wireless system is the major application service in the frequency bands. However, according to footnote 5.440A in Radio Regulation (Edition of 2012) , the frequency band 4 400-4 940 MHz may be used for aeronautical mobile telemetry for flight testing by aircraft stations in Region 2 (except Brazil, Cuba, French overseas departments and communities, Guatemala, Paraguay, Uruguay and Venezuela), and in Australia. This document provides the detailed studies of adjacent band compatibility between IMT system and AMT ground system in the frequency bands 4 400‑4 500 MHz and 4 800-4 990 MHz.

1.2	Glossary of terms

ITU	International Telecommunication Union

IMT	International Mobile Telecommunications

AMT	Aeronautical mobile telemetry

EIRP	Effective isotropic radiated power

[bookmark: _Toc361662573]2	Characteristics and parameters

2.1	IMT parameters

IMT Base station and User terminal parameters for macro suburban deployment are shown in the following table based on Report ITU-R M.2292.




Table 1

Deployment-related parameters for frequency bands between 3 and 6 GHz for IMT suburban deployment

		Base station characteristics



		Cell radius / Deployment density

		0.3-2 km
(typical figure to be used in sharing studies 0.6 km)



		Antenna height

		25 m



		Sectorization

		3-sectors



		Downtilt

		6 degrees



		Frequency reuse[footnoteRef:1] [1:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 


		1



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10



		Antenna polarization

		Linear  / +- 45 degrees



		Below rooftop base station antenna deployment

		0%



		Feeder loss

		3 dB



		Maximum base station output power (20 MHz)

		46 dBm



		Maximum base station antenna gain

		18 dBi



		Maximum base station output power (e.i.r.p.)

		61 dBm



		Average base station activity

		50 %



		Average base station power/sector (to be used in sharing studies)

		58 dBm







		User terminal characteristics



		Maximum user terminal output power

		23 dBm



		Average user terminal output power

		–9 dBm



		Typical antenna gain for user terminals

		–4 dBi



		Antenna height

		1.5 m










2.2	AMT ground systems parameters

The table below provides the key AMT parameters to be used for these studies[footnoteRef:2]. [2:  	From Report ITU-R M.2119: Sharing between aeronautical mobile telemetry systems for flight testing* and other systems operating in the 4 400-4 940 and 5 925-6 700 MHz band.] 


TABLE 2

Representative AMT characteristics for use in compatibility studies

		AMT ground system parameters



		Parameter

		Symbol

		Value



		Aircraft antenna pattern

		–

		Omni-directional



		Peak aircraft antenna gain (dBi)

		Gtmax

		3



		Average aircraft antenna gain (dBi)

		Gtave

		–4.8



		Maximum aircraft e.i.r.p. density (dB(W/MHz))

		–

		–2.2



		Average aircraft e.i.r.p. density (dB(W/MHz))

		–

		–10.0



		Peak aircraft antenna input power density (dB(W/MHz))

		Pt

		–5.2



		Ground receiver antenna aperture (m)

		–

		2 to 5



		Peak Ground receiver antenna gain (dBi)

		

		0



		Ground receiver antenna pattern 

		–

		Rec. ITU-R F.1245



		Ground receiver antenna height (m)

		

		30



		Ground antenna elevation angles (degrees)

		

		0-20



		Nominal permissible long-term interference at receiver antenna output (dBW/MHz to be exceeded for no more than 20% of the time)

		

		–145.5



		Nominal permissible short-term interference at receiver antenna output (dBW/MHz to be exceeded for no more than 0.4% of the time)

		

		–142.5





3	Methodologies and propagation models used to assess compatibility

3.1	Possible types of interference to the AMT ground system

Possible types of interference from IMT system have been identified to impact AMT ground system:

a)	Unwanted emissions from IMT in adjacent channels

	Adjacent channel interference from unwanted emissions generated by IMT system to AMT ground system is studied. 

b)	Co-frequency emissions

	Co-channel interference case between IMT system and AMT ground system is not evaluated because it can be avoided by using different frequency bands between the two systems in the same geographical area. 




3.2	AMT interference criteria

The following methodology is adopted in Report ITU-R M.2119.

Nominal permissible long-term interference at AMT ground receiver antenna output is
 –145.5 dBW/MHz. This means permissible interference is to be exceeded for no more than 20% of the time.

Nominal permissible short-term interference at AMT ground receiver antenna output is –142.5dBW/MHz. This means permissible interference is to be exceeded for no more than 0.4% of the time.

3.3	Methodologies

Assuming one BS macro cell or user terminal deployment interfere AMT ground receiver, the received interference power level at the AMT ground receiver is calculated according to the equation:







	[footnoteRef:3]: 	the received interference power level in 1MHz bandwidth at the AMT ground receiver (dBm); [3:  	Consider the interference aggregation from multiple IMT small cell deployments.] 




	: 	transmission power per MHz bandwidth of IMT system (dBm);



	: 	antenna gain of IMT system (dB);



	: 	reception antenna gain of AMT ground system (dB);



	: 	the path loss (dB);



	: 	shadowing loss (dB) with standard deviation of 10 dB in log-normally distribution. In determined study, it is set to 0 dB;

	F: 	frequency offset factor dependant on the frequency offset between IMT macro base station/user terminal and AMT ground receiver. In determined study, it is set to 43.6 dB or 33 dB, which is IMT macro base station or user terminal transmission power suppression at the first adjacent frequency based on the table below.

TABLE 3

Macro BS operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth

		Frequency offset of measurement filter 
‑3 dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0.05 MHz  f_offset < 
5.05 MHz

		[image: ]

		100 kHz 



		5 MHz  f < 

min(10 MHz, fmax)

		5.05 MHz  f_offset < 

min(10.05 MHz, f_offsetmax)

		–14 dBm

		100 kHz 



		10 MHz  f  fmax

		10.5 MHz  f_offset < f_offsetmax 

		–15 dBm (Note 5)

		1 MHz 







3.4	IMT system scenario topology

IMT macro cell base station at the suburban scenario is deployed near the AMT ground receiver.

Figure 1

IMT macro cell scenario topology
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Where:

	dprotection 	Protection distance: the distance between the AMT ground receiver and IMT macro cell base station.

IMT outdoor user terminal is deployed near the AMT ground receiver.

Figure 2

IMT User Terminal scenario topology
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Where:

	dprotection 	Protection distance: the distance between the AMT ground receiver and IMT user terminal.

3.5	Propagation models

3.5.1	Propagation model A -  Recommendation ITU-R P.452-15

The propagation model is from Recommendation ITU-R P.452-15. 

Basic transmission loss is from Recommendation ITU-R P.452-15 as follows:



		Lbfsg  = 92.5 + 20 log f  + 20 log d  + Ld50                dB



where:

	f :	frequency (GHz);

	d :	path length (km);

	Ld50:	the median diffraction loss (dB): 	



		

where:

	Lm50:	the median knife-edge diffraction loss for the main edge (dB);

	Lt50:	the median knife-edge diffraction loss for the transmitter-side secondary edge (dB);

	Lr50: 	the median knife-edge diffraction loss for the receiver-side secondary edge (dB);

	m50: 	the diffraction parameter of the main edge (dB).

Recommendation ITU-R P.452-15 requires the terrain information as input for diffraction loss. The proposal below uses the typical terrain information contained in the Table 4 of Recommendation ITU-R P.452-15 and the method of applying height-gain correction in the Figure 3 of Recommendation ITU-R P.452-15.




Table 4

Nominal clutter heights and distances

		Clutter (ground-cover) category

		Nominal height
ha (m)

		Nominal distance
dk (km)



		High crop fields

Park land

Irregularly spaced sparse trees

Orchard (regularly spaced)

Sparse houses

		4

		0.1



		Village centre

		5

		0.07



		Deciduous trees (irregularly spaced)

Deciduous trees (regularly spaced)

Mixed tree forest

		15

		0.05



		Coniferous trees (irregularly spaced)

Coniferous trees (regularly spaced)

		20

		0.05



		Tropical rain forest

		20

		0.03



		Suburban

		9

		0.025



		Dense suburban

		12

		0.02



		Urban

		20

		0.02



		Dense urban

		25

		0.02



		High-rise urban

		35

		0.02



		Industrial zone

		20

		0.05





	ha:	Nominal clutter height (m) above local ground level.

	dk:	Distance (km) from nominal clutter point to the antenna.

Figure 3

Method of applying height-gain correction

[image: ]



For transmitter and receiver side, the terrain info is according to the above table. The concrete value is based on which scenario the node is located. It’s assumed that the path includes transmit terrain, receive terrain and dense suburban terrain in the middle path; the 20 m high terrain that characterizes the coniferous trees is chosen as default for the dense urban middle path. 

[Editor’s. note: During the JTG #4 meeting, the following view is presented and this issue would be further discussed in future JTG meetings.

“For low values of protection distances, and especially for very short protection distances, it will typically be the case that free-space propagation, with no clutter attenuation, should be assumed.  This is because it is normal practice to locate AMT ground station antennas at locations where local clutter, such as the building shown in Figure 3, is deliberately minimized.”]

3.5.2	Propagation model B – Free space 

The propagation model B is free space model. 

Basic transmission loss is as follows:



		PL  = 92.5 + 20 log f  + 20 log d                 dB



where:

	f :	frequency (GHz)

	d :	path length (km)

4	Studies and results of compatibility

Protection distance between IMT macro cell base station and AMT ground receiver in adjacent channels based on determined study is shown as following table.

Table 5

Protection distance between IMT macro cell base station and AMT ground receiver in adjacent 
channels based on Propagation model A

		Frequency (MHz)

		Frequency offset factor (dB)

		Interference criteria

		Min. protection distance (m)



		4 400-4 500 

		43.6

		Long-term interference

		5 213



		

		43.6

		Short-term interference

		3 696



		4 800-4 990

		43.6

		Long-term interference

		4 736



		

		43.6

		Short-term interference

		3 358





Table 6

Protection distance between IMT macro cell base station and AMT ground receiver in 
adjacent channels based on Propagation model B

		Frequency (MHz)

		Frequency offset factor (dB)

		Interference Criteria

		Min. protection distance (m)



		4 400-4 500

		43.6

		long-term interference

		5 262



		

		43.6

		short-term interference

		3 725



		4 800-4 990

		43.6

		long-term interference

		4 779



		

		43.6

		short-term interference

		3 383





Protection distance between IMT outdoor user terminal and AMT ground receiver in adjacent channels based on determined study is shown as following table.

Table 7

Protection distance between IMT outdoor user terminal and AMT ground receiver in 
adjacent channels based on Propagation model A

		Frequency (MHz)

		Frequency offset factor (dB)

		Interference criteria

		Min. protection distance (m)



		4 400-4 500 

		33

		Long-term interference

		60



		

		33

		Short-term interference

		40



		4 800-4 990

		33

		Long-term interference

		60



		

		33

		Short-term interference

		40





Table 8

Protection distance between IMT outdoor user terminal and AMT ground receiver in 
adjacent channels based on Propagation model B

		Frequency (MHz)

		Frequency offset factor (dB)

		Interference Criteria

		Min. protection distance (m)



		4 400-4 500

		33

		long-term interference

		224



		

		33

		short-term interference

		159



		4 800-4 990

		33

		long-term interference

		204



		

		33

		short-term interference

		144







5	Summary

With regard to the IMT (using 61 dBm EIRP, already including feeder loss) interfering into AMT ground station receiver (assuming 0 dBi antenna gain) in the band 4400-4500 MHz and 4 800-
4 990 MHz the following observations may be reached:

–	For adjacent channel interference, with 43.6 dB frequency off-set factor, the separation distance  is 4.7 kilometres (for 4 800-4 990 MHz) to 5.2 kilometres (for 4 400-4 500 MHz) for long-term interference between a single IMT macro cell base station and AMT ground receiver based on Recommendation ITU-R P.452-15 (p = 20%) with no terrain;

–	For adjacent channel interference, with 43.6 dB frequency off-set factor, the separation distance  is 3.3 kilometres (for 4 800-4 990 MHz) to 3.7 kilometres (for 4 400-
4 500 MHz) for short-term interference between IMT macro cell base station and AMT ground receiver based on Recommendation ITU-R P.452-15 model (p = 0.4%) with no terrain;

–	For adjacent channel interference, with 43.6 dB frequency off-set factor, the separation distance  is 40 to 60 metres for long-term interference and short-term interference between IMT outdoor user terminal and AMT ground receiver based on Recommendation ITU-R P.452-15 model (p = 20% and p = 0.4%) with no terrain;

[Editor’s note: No consensus was obtained in SWG3-4 during the JTG #5 meeting. Option A: To retain the first sentence only, Option B: To retain the first and second sentences, Option C: To delete the first and second sentences.]

–	[Co-channel interference analysis was not analysed in this study.] [Co-channel interference case between IMT system and AMT ground system can be avoided by using different frequency bands between the two systems in the same geographical area.]


annex 2

Study #2

Sharing study between aeronautical mobile applications and IMT systems 
in the bands 4 400-4 990 MHz

1	Introduction

The 4 400-4 990 MHz band is commonly used for aeronautical applications especially for Unmanned Aircraft Systems (UAS), in particular for unmanned aerial vehicles which are dedicated to sophisticated array of missions due to their small size and decreased radar, acoustical, and infrared signatures. There are diverse types of missions: ground mapping, life rescue, life search and communication relay over all the national territory and above the sea.

This application consists in a bidirectional data radio link between a fixed or nomad ground station (GS) and an Unmanned Aircraft Vehicle (UAV). Depending on the UAS type, the data links and the Command and Control (C&C) links between the UAV can be separated or multiplexed in a single line of sight channel. 

Each equipment is a transceiver, e.g. with telecommand (when GS transmits to onboard UAV) and telemetry (when UAV transmits to GS) purposes, as described in the figure below.

[image: ]

It has to be noted that the nature of the application influences the typical required bandwidth: larger bandwidth would be expected for applications that perform full-motion video with camera.

Automated aircraft can be designed by categories of altitudes. It is then considered that the following types of UAV would fly at different altitudes (medium altitude: from 3 to 6 km, high altitude: from 6 to 12 km).

2	Technical characteristics and parameters

a)	IMT Systems

IMT Base station parameters for macro suburban deployment are shown in the following table based on Report ITU-R M.2292.

Table 1

Deployment-related parameters for bands between 3 and 6 GHz for IMT suburban deployment

		Base station characteristics



		Feeder loss

		3 dB



		Maximum base station output power (20 MHz)

		46 dBm



		Maximum base station antenna gain

		18 dBi





b)	Aeronautical systems

The Unmanned Aircraft System (UAS) which characteristics are detailed below is a representative example of a system for governmental purposes in France using the 4.4-5 GHz band. Due to the lack of information in ITU-R Recommendations on aeronautical mobile systems operating within 
4 400-4 900 MHz band, it is proposed to consider I/N=–6dB as a protection criterion for the sharing studies.

		Unmanned Aircraft Vehicle



		Bandwidth (MHz)

		1



		Thermal Noise (dBm)

		–110



		Antenna height (m)

		0 to 10000



		Antenna type and gain

		Omnidirectional 3dBi



		Protection criterion 

		I/N=–6dB





[bookmark: _Toc361662576]3	Methodologies and propagation models

A Minimum Coupling Loss approach is used, modeling only a single interferer-victim pair 
(as to be BS-to-airborne receiver), taking into account that the UAV antenna is omnidirectional. 

According to the nature of the airborne aeronautical receiver, the propagation model separating the radar receiver from the IMT Base Stations within the urban area is assumed Free Space Loss FSL for distances lower than the horizon distance. 

For one BS macro cell interfering co-channel with airborne aeronautical receiver, we derive 
the required isolation to ensure the protection of the radar receiver:

Isolation(dB) ≥ e.i.r.p. (dBm/MHz)+ GR-I/N-Noise(dBm/MHz)

where      Isolation=PathLoss (dseparation)

GR is the antenna gain of the receiver. In cochannel sharing, restricted Inband level for BS could be required to ensure the protection of the airborne receiver:

InBand Emission level (dBm/MHz)e.i.r.p. +min(0, (Isolation(dB)- (e.i.r.p. + GR-I/N-Noise))).

4	Results 

We derive for different distance the required Inband emission level which would ensure 
the protection of the airborne receiver from one single base station. Some observations can be made, emphasizing this studied case as not 	a worst case:

–	the best case (for sharing case) corresponds to the large separation distance (more than 400 km), where 38.8 dBm/MHz e.i.r.p. level for IMT Base Station is required. 
This “best case” for one single base station corresponds to a maximum e.i.r.p. 9 dB lower than the assumption for a macrocell station in Report ITU-R M.2292, leading to a strong reduction of the coverage performance for macrocells (rural, urban)[footnoteRef:4].  [4:  Roughly half of the cell radius] 


–	In addition, if this band was be restricted to small cells deployment and high capacity deployment, the interferference assessment would require higher networks density assumptions and strong aggregation effect which is not taken into account in this calculation aggregation assumptions and/or with lower separation distance. 

		Distance(IMT BS Tx,Airborne Rx) (km)

		412

		132

		60

		29.7

		20.2

		15.6

		13.1

		11.6



		Required InBand Emission level (dBm/MHz) (IMT e.i.r.p.)

		38.8

		28.9

		22.1

		16.0

		12.6

		10.4

		8.9

		7.8





5	Summary

This document analyses the sharing studies between IMT macro base station systems and airborne systems within 4 400-4 900 MHz band. 

For separation distances (between IMT base station and airborne receiver) close to 400 km, it is shown that IMT base stations emission levels are restricted to 38.8 dBm/MHz for one single interferer. Such constraint strongly impacts cell radius reduction[footnoteRef:5] , making the deployment of 
the IMT macrocells within any (urban, suburban, rural) area in the same band unfeasible from a cross-border prospective. The agregate interference would lead to much more severe interference. For other radio environments (micro, pico and hotspots) IMT mobile networks would be subject to similar constraints, given that aggregation factor increases with the density of the network. [5:  At most one tenth of the cell radius] 





annex 3

Study #3

Technical assessment of potential interference between IMT systems and the mobile services in the 4 400-4 990 MHz band

1	Introduction

The frequency band 4 400-4 990 MHz is allocated on a primary basis to the fixed and mobile services in all three Regions.  In addition, 4 500-4 800 MHz is also allocated to the fixed-satellite service (space-to-Earth) on a primary basis in all three Regions in accordance with the allotment plan of Appendix 30B to the Radio Regulations.

The 4 400-4 990 MHz band is currently being used by fixed and mobile systems in the United States. This study assesses the impact of introducing IMT systems on current mobile systems operating in this band.  

2	IMT Interference into mobile systems operating in the 4 400-
4 990 MHz band

This analysis assesses the potential impact of introducing IMT systems on current mobile systems operating in the 4 400-4 990 MHz band.  Analyses are provided to identify the minimum required separation distance required to protect a receiver in the mobile service from a single IMT base station or user terminal under worst-case assumptions, as well as aggregate analyses to identify the area around a mobile station where the aggregate interference from multiple IMT base stations may exceed the protection criteria.

2.1	System parameters

Parameters of IMT base stations and user terminals are taken from Table D of Report ITU-R M.2292 “Characteristics of Terrestrial IMT-Advanced Systems for Frequency Sharing/Interference Analyses”.

With the exception of Recommendation ITU-R M.1459, which has been applied successfully to the protection of aeronautical mobile telemetry (AMT) systems in the 1.5 GHz, 2.3 GHz, and 4-6 GHz bands, there are no ITU-R recommendations that provide mobile system parameters to be used for sharing studies involving mobile systems operating in the 4 400-4 990 MHz band.  However, parameters for certain systems for the aeronautical mobile service (AMS), in the 14.5 15.35 GHz band appear to be representative of mobile systems operating in the 4 400-4 990 MHz band.  An earlier study in Report ITU-R M.2119 with respect to the potential sharing of an AMT system operating in the 4 400-4 990 MHz bands also provides sample ground station parameters for a type of system addressed in this study.  A second report, Report ITU-R M.2118, also includes relevant descriptions of AMT system parameters and AMT system operation.  Report ITU-R M.2119 notes that the elevation from the ground station to the aircraft was below 20º for 98% of the time and below 5º for 85% of the time.

Table 5 provides the parameters of the different types of mobile service stations assumed for the purposes of this study.

Table 5

Mobile system parameters

		Station Type

		AMS
Airborne

		AMS
Ground

		Mobile Ground

		Mobile Transportable

		AMT
Ground



		Bandwidth (MHz)

		10

		10

		18.5

		2.46

		10



		Modulation

		OQPSK

		OQPSK

		BPSK

		OQPSK

		Digital



		Antenna Gain (dBi)

		7.2

		 3

		 4

		24

		40



		Antenna Pattern

		Omni-directional

		Omni-directional 

		Omni-directional

		Rec.ITU-R F.1245, 0° elevation, 360° azimuth 

		Rec. ITU-R F.1245 0° elevation, 360° azimuth



		Antenna Height Above Ground (m)

		2,400
19,000

		10

		2

		10

		30



		Noise Figure (dB)

		 4.5

		4

		 3

		4

		Tsystem=250 K



		Interference Threshold I/N (dB)

		-6

		-6

		-6

		-6

		-4



		Propagation Model

		P.528
p=1%

		P.452
p=1%

		P.452
p=1%

		P.452
p=1%

		P.452
p=20%





2.2	Single entry interference analyses

Single entry analyses were performed to determine the separation distance required to protect the mobile service receivers listed in Table 5 from IMT base station interference operating on the same frequency.  It is assumed that base stations are operating at a maximum IMT base station e.i.r.p. of 61 dBm in the direction of the mobile system and the Recommendation ITU-R F.1336 antenna pattern is assumed for the base station with a base station antenna height of 25 meters.  As indicated in Table 5, the Recommendations ITU-R P.528 or P.452 propagation model is used to calculate path loss at 4 695 MHz without consideration of terrain.

The I/N contours for mobile and AMS/AMT ground terminals are circular because:

•	An omnidirectional pattern is assumed for mobile stations with low gain antennas,

•	High gain antennas at AMS/AMT ground stations are assumed to point at any azimuth (0 – 360º) at a minimum elevation angle of 0º (or even negative, depending on how the AMT antenna is sited on local terrain), or

•	High gain antennas at mobile ground stations (transportable stations) are assumed to point at any azimuth (0 – 360º) at an elevation angle of 0º.

For the case of interference from an IMT base station into an airborne receiver, I/N contours are presented in Figure 4 for the two aircraft heights listed in Table 5 assuming the maximum base station power and a base station antenna pattern based on Recommendation ITU-R F.1336.

Figure 4

 I/N Contours for IMT base station Interference into an airborne receiver

		[image: ]
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		I/N Contours for Aircraft Height = 2.4 km

		I/N Contours for Aircraft Height = 19 km







Single entry I/N contours for interference from a single IMT base station and from a single user terminals operating at their maximum power levels were computed for all of the other cases listed in Table 5.  Table 6 summarizes the required separation distances for these single entry interference cases

Table 6

 Required single entry separation distances for
IMT Interference into mobile systems

		Mobile Station

		AMS
Airborne (2.4 km)

		AMS
Airborne (19 km)

		AMS
Ground

		Mobile Ground

		Mobile Transportable

		AMT
Ground



		IMT Base Station Interference

		170 km

		535 km

		231 km

		218 km

		353 km

		136 km



		IMT User Terminal Interference

		36 km

		29 km

		7 km

		8 km

		147 km

		20 km





2.3	Aggregate interference analyses

An aggregate analysis of IMT base station interference into an airborne receiver at 2,400 m altitude was performed by constructing a rectangular grid of base stations at 1.2 km separations corresponding to the 0.6 km radius for suburban macro cells, with each base station operating at a 58 dBm average e.i.r.p..  Figure 5 displays a plot of these grid cells, with the color of gray, red or green assigned to each pixel.  A pixel is colored gray if the I/N produced by a base station at the location of the pixel exceeds the AMS service I/N threshold of -6 dB and is not included in the calculation of the aggregate interference.  An initial aggregate I/N from base stations at the other grid points is then calculated.  In this case the initial aggregate I/N from base stations located outside of the gray area was 39.1 dB.

In order to achieve an aggregate I/N interference level of -6 dB, the remaining grid cells were sorted by the I/N produced by the base station at the airborne receiver in the order of highest I/N to lowest I/N.  Cells were then removed one-by-one from the aggregate I/N calculation, starting with the highest I/N and working downwards, until the aggregate I/N reached -6 dB.  These removed cells are colored red in Figure 5.  The remaining cells are colored green to indicate that base stations could be operated at these points without the aggregate I/N exceeding the I/N threshold.

Figure 5

Potential IMT Base Station Exclusion Area
to Protect an Airborne Receiver at 19 km Altitude
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		I/N Contours For Airborne Station at 19 km Altitude
and Average IMT Base Station Power

		Area (Green) Outside of Which IMT Base Station Operations Satisfy Aggregate I/N Criterion







The dimensions of the affected areas around the airborne receiver are presented in Table 7. The maximum distance for a single interferer (162 km) is slightly smaller than the corresponding distance in Table 6 (170 km) because the average IMT base station e.i.r.p. is used instead of the maximum e.i.r.p..

Table 7

 Dimensions of Base Station Excluded Areas to Protect Airborne Receiver

		Aircraft Altitude

		2,400 m

		19,000 m



		Distance from an airborne receiver where I/N threshold could be exceeded by a single terminal

		162 km

		509 km



		Area covered by cell sites producing interference exceeding I/N threshold

		86,289 km2

		813,612 km2



		Distance from an airborne receiver where cell site excluded in order to satisfy aggregate I/N threshold

		446 km

		>706 km



		Area covered by cell sites not exceeding single entry I/N threshold but excluded in order to satisfy aggregate I/N threshold

		537,029 km2

		>702,908 km2



		Total exclusion area needed to protect an airborne receiver

		623,318 km2

		>1,516,521 km2





Aggregate analyses were performed for the other mobile systems listed in Table 3 and the results are presented in Table 8.

Table 8

Dimensions of base station Excluded Areas to Protect Mobile Receivers

		Mobile System

		AMS Ground

		Mobile Ground

		Mobile Transportable

		AMT Ground (1)



		Distance from the mobile service receiver where I/N threshold could be exceeded by a single terminal

		208 km

		192 km

		339 km

		132 km



		Area covered by cell sites producing interference exceeding I/N threshold

		135,171 km2

		117,184 km2

		359,259
km2

		54,752 km2



		Distance from the mobile service receiver where cell site are excluded in order to satisfy aggregate I/N threshold

		438 km

		435 km

		526 km

		307 km



		Area covered by cell sites not exceeding single entry I/N threshold but excluded in order to satisfy the aggregate I/N threshold

		461,227 km2

		469,846 km2

		503,903
km2

		235,589 km2



		Total exclusion area needed to protect the mobile system

		596,398 km2

		587,031 km2

		863,162
km2

		290,341 km2



		(1) The aggregate interference analysis for the AMT ground station was performed for a 5º elevation angle.





The separation distances required for protecting a mobile receiver from a single IMT user terminal operating at maximum power is less than the corresponding single entry separation distance for an IMT base station.  Consequently, the area within which aggregate interference from use terminals exceeds the mobile receiver interference threshold will also be small than the corresponding exclusion area identified for a base station.

3	Summary

Large separation distances are required to protect certain types of mobile service stations.  In the case of protecting airborne station receivers from IMT base station interference, the required single entry separation distances vary between 162 km for an aircraft at 2,400 m altitude to 509 km at 19,000 m altitude.  Aggregate interference analyses indicate that base station operations may be precluded within a distance of 446 km from the aircraft encompassing an area of about 
623,318 km2 when the aircraft is at 2,400 m altitude.  For an aircraft at 19,000 m altitude, the corresponding distance and area are greater than 706 km and 1.5 million km2, respectively.  Separation distances between about 300 to 500 km may be are required to satisfy the aggregate I/N protection requirement of ground based stations in the mobile service from IMT base stations.  The area within which aggregate interference from IMT user terminals exceeds the mobile service receiver interference threshold will be smaller than the corresponding exclusion area identified for a base station. Co-channel sharing between aeronautical mobile applications and IMT systems in the 4 400-4 990 MHz is not practical in the geographic areas located within the exclusion zones required up to 706 km.





______________





Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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1	Introduction

The frequency band 1 452-1 492 MHz is currently allocated to the broadcasting satellite service and the mobile service on a co-primary basis.

Several countries are already using this frequency band for IMT systems or are considering introducing IMT in this frequency band.

Many administrations have submitted the coordination request of satellite networks for application in this band. Consequently, in considering identification to IMT, there was a need to analyse technical and regulatory aspects for coexistence of IMT systems and BSS systems. The studies are limited to co-existence between IMT and BSS and currently do not address the relationship between IMT and services other than BSS to which the band is allocated.

2	Background

WARC-92 allocated the band 1 452-1 492 MHz on a co-primary  worldwide basis to the broadcasting satellite service (sound) (BSS(S))[footnoteRef:1], RR No. 5.345 limits the use of band 1 452‑1 492 MHz by the BSS and BS, to digital audio broadcasting. Resolution 528 (Rev.WRC‑03) limits the current use of the broadcasting-satellite allocation to the upper 25 MHz for digital audio broadcasting.  [1: 	Subject to the provisions of RR Resolution 528 (WARC-92).
] 





In the current situation:

a)	[Administrations have to coordinate BSS in this frequency band with terrestrial services, pursuant to RR No. 9.11. Appendix 5 of the RR only includes overlapping bandwidth as the criteria for triggering coordination. In accordance to RR No. 9.52 and Appendix 5 §1 g), only existing terrestrial assignments, or those to be brought into use within the next three months from the date of the publication of the coordination request of the BSS(sound) satellite network, can be used as a basis for disagreement. ]

[Editorial note : The text above will need to be checked ]

b)	Under RR No. 9.19, terrestrial services shall coordinate with BSS earth stations taking into account the criteria referred to in RR Appendix 5.

3	Technical characteristics

a)	Receiver Terminals of the mobile service

Recommendation ITU-R M.1646 “Parameters to be used in co-frequency sharing and pfd threshold studies between terrestrial IMT-2000 and BSS (sound) in the 2 630-2 655 MHz band” contains in particular the interference criterion that was used to protect IMT from BSS space stations. 

This interference criterion was assessed in terms of Isat/Nth, where:

‑	Isat is the level of aggregate interference from BSS (sound) systems;

‑	Nth is the thermal noise at any IMT receiver. 

A value of Isat/Nth = –10 dB is recommended as a trigger value for sharing studies with the view to protect IMT stations from BSS (sound) (see recommends 2 of Recommendation ITU-R M.1646). Because of the similarities between the two sharing situations (i.e. protect IMT from BSS stations covering a very wide area), the same value is proposed to be used in the band 1 452-1 492 MHz. Because of the omnidirectional nature of the BSS(sound) terminals, BSS(sound) systems cannot share the same frequency over the same geographical area therefore the level of aggregate interference from BSS (sound) systems is assumed to be predominantly caused by only one satellite and Isat is therefore not apportioned.

Other parameters are taken from recommends 3 of Recommendation ITU-R M.1646 because they are considered applicable to future IMT user equipment in the band 1 452-1 492 MHz. 

Table 1

SDL system characteristics 

		Parameters

		Values

		Units



		Maximum noise figure

		9

		dB



		Thermal noise level (N0=kTB)

		–135

		dB(W/MHz)



		Isat/Nth

		[bookmark: _Ref380841264]-6 or –10[footnoteRef:2] [2:  Different protection criteria correspond to different interference situations: I/N = -6 dB (corresponding to 1 dB reduction of the receiver sensitivity) is applicable to cases where interference affects one or a few cells, or when the IMT-2000 system is interference limited. In other cases I/N = -10 dB (corresponding to 0.4 dB reduction of the receiver sensitivity) is applicable.] 


		dB



		Antenna gain

		–3

		dBi



		Body loss

		4

		dB





b)	Receivers of base stations of the mobile service

Table 2 summarizes base station receiver characteristics of the mobile service used in the study, which are based on Report ITU-R M.2039 and PDN Report ITU-R M.[IMT.ADV.PARAM].

Table 2

Base station receiver characteristics in the mobile service

		Parameters

		Values

		Units



		Noise figure

		5

		dB



		Thermal Noise Level (N0=kTB)

		–139

		dB(W/MHz)



		Isat/Nth

		-6 or –102

		dB



		Antenna gain (including feeder losses)

		13-15

		dBi



		Antenna down tilt

		3-6

		Degree





[bookmark: OLE_LINK18][bookmark: OLE_LINK19]c)	Typical parameters of BSS (sound) systems for compatibility study with IMT systems on the 1 452-1 492 MHz frequency band

[bookmark: OLE_LINK24][bookmark: OLE_LINK25][Based on the Recommendation ITU-R S.1432, the I/N ratio of -12.2dB is proposed as the protection criteria to be used in compatibility studies between BSS (sound) systems and IMT systems. ]

[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Table 3 provides some example of GSO BSS (sound) system carrier characteristics.

Table 3

BSS (sound) system carrier characteristics

		Carrier type

		1

		2



		Occupied bandwidth

		1.836 MHz

		1.485MHz



		Noise bandwidth

		2.57 MHz

		1.71 MHz



		Out of Band Emission (OoB)

		-27 dB[footnoteRef:3] [3:  	Refer to Recommendation ITU-R BO.1504.] 






Table 4 provides some example of typical characteristics of the BSS (sound) earth stations.

[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Table 4

BSS (sound) system earth station characteristics

		Receiver type

		A

		B

		M1

		M2



		Maximum antenna gain 

		5 dBi

		11 dBi

		2 dBi

		2 dBi



		Radiation pattern

		Figure 1

		Figure 2

		Figure 3

		Figure 4



		G/T

		−19.5 dB/K

		−12 dB/K

		−22.5 dB/K

		−22.5 dB/K



		Adjacent Channel Selectivity (ACS)

		35 dB2





Table 5 provides some examples of typical GSO BSS (sound) satellite transponder e.i.r.p. levels per carrier type corresponding to the different receivers.

Table 5

Satellite transponder e.i.r.p. levels per carrier (dBW)1 

		Carrier type

		1

		2



		Receiver type

		

		



		A

		49.7

		52.5



		B

		42.2

		45.0



		M1

		52.7

		55.5



		M2

		52.7

		55.5





FIGURE 1

Type A antenna co-polar radiation pattern diagram (vertical plane)

[image: ]

Plane is rotationally symmetric in the horizontal plane.

FIGURE 2

Type B antenna co-polar radiation pattern diagram (vertical plane)

[image: ]

Plane is rotationally symmetric in the horizontal plane.



FIGURE 3

Type M1 antenna co-polar radiation pattern diagram (vertical plane)

[image: ]

Plane is rotationally symmetric in the horizontal plane.



FIGURE 4

Type M2 antenna co-polar radiation pattern diagram (vertical plane)

[image: ]

Plane is rotationally symmetric in the horizontal plane.

4	Analysis

a)	Interference from BSS into mobile service

User terminals

Study 1

Editor’s note: Parameters of IMT-Advanced systems should be further considered for this study.] 

The maximum allowable pfd limit can be calculated at 1 492 MHz using the following equation:

PFD(dBW/m²/MHz)= 24.9 + Thermal noise (dBW/MHz) + Isat/Nth(dB) - Antenna Gain (dBi) + Body loss (dB)

Based on the parameters of section 3.a), the pfd for the protection of UE terminals is –113.1 dB (W/m²) in 1 MHz for any angle of arrival. The I/N criteria used in the calculation is -10 dB, taking into account the statistical nature of body loss which may in some case be 0 dB. 

[Study 2

The study in the Annex, based on BSS characteristics as listed in the Annex, shows that the interference from the BSS satellite results in 1.25 dB excess of interference compared to the IMT UE allowable interference level.]




Base stations

Study 1-1

Under WRC-07 agenda item 1.9, “to review the technical, operational and regulatory provisions applicable to the use of the band 2 500‑2 690 MHz by space services in order to facilitate sharing current and future terrestrial services without placing undue constraints on the services to which the band is allocated”,  appropriate pfd values at the Earth’s surface produced by emissions from a space station in the light of protecting terrestrial services including IMT systems were studied and the derived values in the studies as shown below were reflected into Table 21-4 of the Radio Regulations:

	–136 dBW/m2 in 1 MHz for a vertical arrival angle of 0 – 5°;

	–136 + 11/20(δ – 5) dBW/m2 in 1 MHz for a vertical arrival angle of 5 – 25°,

	–125 dBW/m2 in 1 MHz for a vertical arrival angle of 25 – 90°.

These values are based on the base station antenna pattern using Recommendation ITU-R F.1336-1 with a k value of 0.2, while the latest considerations in recommends 3.1 of Recommendation 
ITU-R F.1336 assume improved base station antenna patterns. Furthermore, the antenna down tilt values recently reported in Report ITU-R M.2292 consider 3-6 degrees, which would be larger as those assumed in the studies under WRC-07 agenda item 1.9. Taking into consideration the recent development of antenna characteristics of IMT base stations, the pfd values could be relaxed by 3 dB for low arrival angles and 4-11 dB for high arrival angles, respectively, compared to those in the RR Table 21-4. With respect to the difference in frequency between 2.6 GHz (for WRC-07 agenda item 1.9) and 1.4 GHz (for WRC-15 agenda item 1.1), stringent value by 5 dB from corresponding pfd values considered in the 2.6 GHz band should be applied for pfd values in the 1.4 GHz band. Isat/Nth applied for IMT base stations is -6 dB, as reported in the Report ITU-R M.2292, which relaxes interference threshold level for IMT base stations by 4 dB. Those differences are summarized in the Table 6 below. 

Table 6

Summary for differences between parameter values of WRC-07 agenda item 1.9 
and latest parameter values

		Parameters

		Low arrival angle

		High arrival angle



		Antenna pattern

		+ 3 dB

		+ 4 – 11 dB



		Frequency difference

		- 5 dB

		- 5 dB



		Isat/Nth

		+ 4 dB

		+ 4 dB



		Total

		+ 2 dB

		+ 3 – 10 dB





“ + ” indicates improvement from values in WRC-07 agenda item 1.9 and “ - ” indicates degradation from those values.



Based on these considerations, the pfd mask for the protection of base stations in the mobile service can be derived as follows:

	–134 dBW/m2 in 1 MHz for a vertical arrival angle of 0 – 5°,

	–134 + 12/20(δ – 5) dBW/m2 in 1 MHz for a vertical arrival angle of 5 – 25°,

	–122 dBW/m2 in 1 MHz for a vertical arrival angle of 25 – 90°.

Study 1-2

Single entry interference study from a BSS space station to an IMT base station is conducted.

The maximum allowable pfd limit can be calculated at 1 492 MHz using the following equation:

PFD(dBW/m²/MHz) = 24.9 + Thermal noise (dBW/MHz)  +  Isat/Nth(dB) - Antenna Gain (dBi) + Antenna discrimination (dB)[footnoteRef:4] [4:  Values of antenna discrimination should be determined for high elevation angle (25o) and low elevation angle (0o), respectively.] 


Based on the parameters provided in section 3.b) and Report ITU-R M.2292, the pfd mask for the protection of IMT base stations is as follows:

	–132 dBW/m2 in 1 MHz for a vertical arrival angle of 0 – 5°,

	–132 + 16/20(δ – 5) dBW/m2 in 1 MHz for a vertical arrival angle of 5 – 25°,

	–116 dBW/m2 in 1 MHz for a vertical arrival angle of 25 – 90°.



Study 2

The study in the Annex, based on BSS characteristics as listed in the Annex, shows that the interference from the BSS satellite results in 5.86 dB, 6.46 dB and 8.64 dB excess of interference in urban, suburban and rural areas respectively, compared to the IMT BS allowable interference level with an elevation angle of 26°.

b)	Protection of the BSS receiving earth stations

When IMT system is deployed co-frequency and co-coverage with BSS the required separation distances from IMT-Advanced base stations and/or user terminals to protect BSS receiving earth stations would make it very difficult to deploy these two high-density applications in the same geographical area. 

The pfd limit for the protection of earth stations from interference from the horizon can be calculated on the basis of an I/N criteria of –10 dB or -12.2 dB and the characteristics of BSS receiving earth stations above. It results in the following maximum interfering pfd:



		Receiver type

		A

		B

		M1

		M2



		Maximum interfering pfd from an IMT stations 

		–119/-121

(dBW/m²/MHz)

		–121/-123

(dBW/m²/MHz)

		–128/-130

(dBW/m²/MHz)

		–119/-121

(dBW/m²/MHz)







These values are only slightly lower than the value for the protection of IMT SDL terminal (-113 dBW/m²/MHz) taking into account that this calculation does not account for other loss such as body loss for handset terminal (i.e. M1).

Therefore, when IMT system is deployed co-frequency in neighbouring countries, coordination between countries will not be significantly more difficult than when coordinating different SDL networks at the border.




[

The study in the Annex, based on a specific system with BSS receivers close to M1, derives the corresponding co-channel isolation requirement:



		Interference case

		Co-channel isolation requirement (dB)



		

		Urban (dB)

		Suburban

		Rural



		IMT BS -> BSS

		174.8

		174.8

		176.8



		IMT UE -> BSS

		45

		33

		10





5	Adjacent band compatibility

The study in the Annex shows that there is no adjacent band compatibility issue for interference from BSS to IMT.

For interference from IMT to BSS, based on a specific system with BSS receivers close to M1, the adjacent band isolation requirement are as follows:



		Interference case

		Adjacent channel isolation requirement (dB)



		

		Urban (dB)

		Suburban

		Rural



		IMT BS -> BSS

		136

		136

		138



		IMT UE -> BSS

		10

		0

		0





]

6	Summary

Co-frequency sharing between BSS and IMT is not feasible in the same area.

In case of one neighbouring administration implementing IMT and another implementing BSS, the maximum pfd values produced by IMT equipment at the location of BSS earth stations is ranging from -119 to -130 dBW/m²/MHz. [This would not result in significant more coordination constrains than in the case of two neighbouring administrations deploying IMT.]

[In order to allow effective operation of receiver terminals of the mobile service including IMT, the maximum power flux‑density of BSS satellite in the band 1 452-1 492 MHz should not exceed]–113 dB(W/(m².MHz)).

[In order to allow effective operation of  receivers of base stations of the mobile service including IMT, the maximum power flux‑density of BSS satellite in the band 1 452-1 492 MHz should not exceed]:

	–134 dBW/m2 in 1 MHz for a vertical arrival angle of 0 – 5°,

	–134 + 12/20(δ – 5) dBW/m2 in 1 MHz for a vertical arrival angle of 5 – 25°,

	–122  dBW/m2 in 1 MHz for a vertical arrival angle of 25 – 90°.



Annex:  1




ANNEX [To BE UPDATED oR REMOVED]

Compatibility studies between IMT system in the band 1 427-1 518 MHz and broadcasting-satellite service in the band 1 452-1 492 MHz

1	Scope

This Report provides the preliminary studies of compatibility between IMT system in the band 1 427-1 518 MHz and broadcasting-satellite service in the bands 1 452-1 492 MHz.

2	Technical characteristics and parameters

2.1	BSS system parameters

[bookmark: _Ref366159114]The technical characteristics and system parameters of BSS are shown in the following table:

Table 2.1-1

BSS technical characteristics and parameters 

		Parameters

		Values



		Frequency band (MHz)

		1 467-1 492



		Satellite location

		105°E



		Typical transponder e.i.r.p. (peak) (dBW)

		53.5



		Bandwidth (MHz)

		1.84



		Distance (km)

		38 612.6



		Free space loss (dB)

		187.6



		Receiver antenna height (m)

		1.5



		Noise temperature (K)

		160



		Receiver thermal noise level (dBm/1.84 MHz)

		–113.9



		Interference criterion, I/N (dB)

		–12.2



		

Interference threshold, (dBm/MHz)

		–128.8



		Equivalent out-of-band (OoB) emission in the adjacent channel relative to the in-channel power (dB)

		–27



		Adjacent channel selectivity at the receiver (dB)

		40



		Receiver antenna gain (dBi)

		0







[Editorial note : the receiver antenna gain and the noise temperature will be made consistent in a revision of the study for the next meeting.]




2.2	IMT system parameters

[bookmark: _Ref353797016]The technical characteristics and system parameters of IMT are shown in the following Table 2.2-1.

[bookmark: _Ref366160847]Table 2.2-1 

IMT technical characteristics and parameters

		Parameters

		Values（LTE）



		

		Macro base station

		User terminal



		Maximum output power(dBm/20 MHz)

		46

		23



		Bandwidth (MHz)

		20



		Cell radius(m)

		Macro urban: 500

Macro suburban: 1 000

Macro rural: 5 000



		Antenna height (m)

		Macro urban: 25

Macro suburban: 30

Macro rural: 30

		1.5



		Maximum base station antenna gain(dBi)

		Macro urban: 16

Macro suburban: 16

Macro rural: 18

		–3



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna pattern” section)

ka = 0.7

kp = 0.7

kh = 0.7

kv = 0.3



Horizontal 3 dB beamwidth: 
65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336.

		Omni-direction



		Downtilt (degree)

		Macro urban: 10

Macro suburban: 6

Macro rural: 3

		—



		Feeder loss/
body loss(dB)

		3

		4



		Noise figure(dB)

		5

		9



		Receiver thermal noise level (dBm/MHz)

		–109

		–105



		Interference criterion, I/N (dB)

		–10

		–10



		

Interference threshold, (dBm/MHz)

		–119

		–115



		ACLR
(dB @ ± BW MHz)

		45

		30



		ACS (dB)

		40(1)

		27







NOTE 1– Based on Note 31 relative to Table 10a and 10b in Report ITU-R M.2039-2[5], the following conversion formula can be used to derive relative ACS values, where M is the margin (dB) used in the ACS test, which is the useful signal level above the reference sensitivity level. For both IMT‑2000 CDMA direct spread and IMT‑2000 CDMA TDD (time code), M = 6 dB. ACS relative values are often used in sharing studies.

ACS_relative = ACS_test – Noise_floor – 10 log10 (10M/10 – 1)	(2-1)

3	Compatibility study

3.1	BSS system interfering IMT system

3.1.1	Co-channel interference analysis

3.1.1.1	Methodology

The deterministic calculation is used to analysis the compatibility study between the BSS transmitter and IMT system receiver. The detailed formula for co-channel scenario is given below. 



			(3-1)

where



	(dBm):	Maximum output power e.i.r.p. of BSS transmitter;



	(dBi):	Antenna gain of IMT system receiver towards the interference link from BSS transmitter to IMT receiver, it is related to the down tilt of IMT BS and elevation angle of BSS satellite. According to China's geographical range and the location of BSS satellite, the elevation angle falls into the range [26.55°, 80.37°];



	(dB):	Feeder loss of IMT BS or body loss of IMT UE;



	(dB):	Path loss between BSS transmitter and IMT receiver;



	(dBm): 	Maximum allowable interference level of IMT system receiver, it can be derived from I/N criteria and noise floor of IMT receiver;



	(dB): 	Isolation requirement for compatibility between IMT system and BSS.




3.1.1.2	Analysis results

The co-channel analysis results for BSS transmitter interfering IMT system receiver are listed in Table 3.1.1.2-1.

Table 3.1.1.2-1

Co-channel analysis results for BSS system interfering IMT BS/UE

		Parameters

		BS
(Urban)

		BS
(Suburban)

		BS
(Rural)

		UE



		

		I/N = –10 dB

		I/N = –10 dB

		I/N = –10 dB

		I/N = –10 dB



		BSS Typical transponder e.i.r.p. (peak) (dBW)

		53.5

		53.5

		53.5

		53.5



		BSS Bandwidth (MHz) 

		1.84

		1.84

		1.84

		1.84



		BSS Typical transponder e.i.r.p density (peak) (dBm/MHz)

		80.85

		80.85

		80.85

		80.85



		Path loss (dB)

		187.6

		187.6

		187.6

		187.6



		IMT Antenna Gain(dBi)

		–3.39

		–2.79

		–0.61

		–3



		IMT feeder loss/body loss (dB)

		3

		3

		3

		4



		IMT received interference level（dBm/MHz）

		–113.14

		–112.54

		–110.36

		–113.75



		IMT allowable interference level (dBm/MHz)

		–119

		–119

		–119

		–115



		Isolation requirement(dB)

		5.86

		6.46

		8.64

		1.25





3.1.2	Adjacent channel interference analysis

3.1.2.1	Methodology

The analysis methodology for adjacent channel scenario is given below.



			(3-2)

The parameter ACIR can be calculated by ACLR of BSS transmitter and ACS of IMT receiver. 



			(3-3)

where:



	(dB):	adjacent channel leakage ratio of transmitter;



	(dB):	adjacent channel selectivity of receiver.

3.1.2.2	Analysis results

The adjacent channel analysis results for BSS transmitter interfering IMT system receiver are listed in Table 3.1.2.2-1.






Table 3.1.2.2-1

Adjacent channel analysis results for BSS system interfering IMT BS/UE

		Parameters

		BS
(Urban)

		BS
(Suburban)

		BS
(Rural)

		UE



		

		I/N = –10 dB

		I/N = –10 dB

		I/N = –10 dB

		I/N = –10 dB



		BSS typical transponder e.i.r.p. (peak) (dBW)

		53.5

		53.5

		53.5

		53.5



		BSS bandwidth (MHz) 

		1.84

		1.84

		1.84

		1.84



		BSS typical transponder e.i.r.p density (peak) (dBm/MHz)

		80.85

		80.85

		80.85

		80.85



		ACLR of BSS (dB)

		27

		27

		27

		27



		ACS of IMT (dB)

		40

		40

		40

		27



		ACIR (dB)

		26.79

		26.79

		26.79

		24



		Path loss (dB)

		187.6

		187.6

		187.6

		187.6



		IMT antenna gain(dBi)

		–3.39

		–2.79

		–0.61

		–3



		IMT feeder loss/body loss (dB)

		3

		3

		3

		4



		IMT received interference level (dBm/MHz)

		–139.93

		–139.33

		–137.15

		–137.75



		IMT allowable interference level (dBm/MHz)

		–119

		–119

		–119

		–115



		Isolation requirement(dB)

		0

		0

		0

		0





3.2	IMT system interfering BSS system

3.2.1	Co-channel interference analysis

3.2.1.1	Methodology

The deterministic calculation is used to analysis the compatibility study between the IMT BS transmitter and BSS receiver. The detailed formula for co-channel scenario is given below.



			(‎0‑4)

where:



	:	maximum output power of IMT system(dBm);



	:	antenna gain of IMT system (dBi);



	:	antenna gain of BSS receiver (dBi);



	:	isolation requirement including pathloss for compatibility between IMT system and BSS (dB);



	 :	maximum allowable interference level of BSS receiver (dBm).

The Monte Carlo simulation is used to analysis the compatibility study between the IMT UE transmitter and BSS receiver and the aggregate interference from IMT UEs is taken into account. The IMT system is represented by a topology with 19 sites (57 sectors). There are 3 IMT users randomly distributed into each sector. 3 BSS terminals are located in the centre of the IMT topology. The probability of interference from IMT UEs to BSS terminals is a statistic average of multiple snapshots. The simulation topology is given below.




Figure 3.2.1.1-1

Simulation topology for IMT UE interfering BSS







3.2.1.2	Analysis results

The co-channel analysis results for IMT system transmitter interfering BSS receiver are given below.

Table 3.2.1.2-1

Co-channel analysis results for IMT BS transmitter interfering BSS receiver

		Parameter

		Value



		IMT BS output power (dBm/20 MHz)

		46



		IMT BS antenna gain (dBi)

		Urban:16

Suburban:16

Rural:18



		IMT BS feeder loss (dB)

		3



		BSS receiver protection criteria I/N (dB)

		–12.2



		BSS receiver allowable interference level (dBm/MHz)

		–128.8



		Isolation requirement(dB) -Urban

		174.8



		Isolation requirement(dB)-Suburban

		174.8



		Isolation requirement(dB)-Rural

		176.8







Table 3.2.1.2-2

Co-channel analysis results for IMT UEs transmitter interfering BSS receiver

		Scenarios

		Isolation requirement (dB)



		Urban

		45



		Suburban

		33



		Rural

		10





3.2.2	Adjacent channel interference analysis

3.2.2.1	Methodology

The analysis methodology for adjacent channel scenario is given below. 



			(3-5)

3.2.2.2	Analysis results

The adjacent channel analysis results for IMT system transmitter interfering BSS receiver are listed in the tables below.

Table 3.2.2.2-1

Adjacent channel analysis results for IMT BS transmitter interfering BSS receiver 

		Parameter

		Value



		IMT BS output power (dBm/20 MHz)

		46



		IMT BS ACLR (dB)

		45



		BSS ACS (dB)

		40



		ACIR (dB)

		38.8



		IMT BS antenna gain (dBi)

		Urban:16

Suburban:16

Rural:18



		IMT BS feeder loss (dB)

		3



		BSS receiver protection criteria I/N (dB)

		–12.2



		BSS receiver allowable interference level (dBm/MHz)

		–128.8



		Isolation requirement (dB) - Urban

		136



		Isolation requirement (dB) - Suburban

		136



		Isolation requirement (dB) - Rural

		138





Table 3.2.2.2-2

Adjacent channel analysis results for IMT UEs transmitter interfering BSS receiver

		Scenarios

		Isolation requirement (dB)



		Urban

		10



		Suburban

		0



		Rural

		0





4	Summary

This Report conducts the preliminary compatibility study between IMT system and BSS in the band 1 427-1 518 MHz. The analysis results could be summarized as below.

Table 4-1

Summarized analysis results between IMT and BSS 

		Interference Case

		Co-channel isolation requirement (dB)

		Adjacent channel isolation requirement (dB)



		

		Urban (dB)

		Suburban

		Rural

		Urban (dB)

		Suburban

		Rural



		BSS->IMT BS

		5.85

		6.46

		8.64

		0

		0

		0



		BSS->IMT UE

		1.25

		0

		0

		0



		IMT BS -> BSS

		174.8

		174.8

		176.8

		136

		136

		138



		IMT UE -> BSS

		45

		33

		10

		10

		0

		0







In addition, according to the coordination request and/or notification of the satellite networks for BSS application, ASIABSS satellite network at 105 E orbital position for example, the maximum e.i.r.p. of the BSS satellite system may exceed the above assumption. Therefore, the isolation requirement for BSS interfering IMT system may be needed more than the above calculation results. 
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attachment 2

Compatibility studies of the mobile service with the mobile-satellite service in the frequency bands 1 518-1 559 MHz, 
1 626.5-1 660.5 MHz and 1 668-1 675 MHz



1	Introduction

The frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 1 668-1 675 MHz are allocated to the MSS in Regions 1, 2 and 3 on co-primary basis. These frequency bands are included in the range of “suitable frequency bands” identified by WP 5D and the frequency band 1 518-1 525 MHz is included in the list of frequency bands where studies have been called for, as contained in Annex 8 of the JTG 4-5-6-7 Chairman’s Report with title of: “Summary of  Joint Task Group 4-5-6-7 Input Contributions on Studies Relating to Certain Frequency Bands which may be Considered under WRC-15 agenda item 1.1” (Document 4-5-6-7/113).

2	Background

The frequencies in the frequency bands 1 525-1 559 MHz (space-to-Earth) and 1 626.5-1 660.5 MHz (Earth‑to‑space) are currently in use by some GSO MSS operators, and globally, shared among GSO MSS operators like Inmarsat (UK), Thuraya (UAE), RSCC (Russia), ESA, Optus (Australia), Telecom Mexico (Mexico), LightSquared (USA), SkyTerra Canada (Canada), ACeS (Indonesia) and MLIT (Japan). These frequency bands are used globally and extensively for MSS operations, among other things for safety related services for the land, maritime and aeronautical communities.

The frequency bands 1 518-1 525 MHz and 1 668-1 675 MHz were allocated to the MSS at
 WRC-03 and are in the process of being brought into use by some MSS operators such as Inmarsat. Inmarsat will use those bands in the Inmarsat “Alphasat” satellite that was launched in July 2013.

In addition, these bands are also identified as being available for the satellite component of IMT and some of the services offered by some MSS operators form part of the satellite component for IMT‑2000, as defined by Recommendation ITU-R M.1850-1.

3	Technical characteristics and analysis

3.1	MSS downlinks (space-to-Earth)

Regarding potential use of the MSS downlink frequencies (1 518-1 559 MHz), interference could be caused by terrestrial IMT transmitters to receiving mobile earth stations (MESs). Mobile earth stations receivers are required to be highly sensitive to allow them to receive the wanted signal transmitted by the geostationary satellite. MESs would therefore be vulnerable to interference from terrestrial IMT transmitters operating in the same band.

MESs in these bands may be operated on land, on aircraft and on ships. The characteristics of the MESs do not differ significantly depending on whether terminals are used on land, in the air or at sea. Recommendation ITU-R M.1184 contains a range of characteristics of MSS systems operating in these bands. Only a single set of MSS characteristics is used here. The characteristics are within the range of characteristics contained in the Recommendation, but are not worst case from an interference perspective.

Using characteristics of an IMT-Advanced mobile station and an IMT-Advanced macro base station, the required separation distance to protect a typical MES receiver is shown in the table below.

Table 1

Baseline analysis of interference from IMT-Advanced station to MES

		IMT station type

		Mobile station

		Base station



		IMT station e.i.r.p. (dBm)

		23

		58



		Emission bandwidth (kHz)

		5 000

		5 000



		Reference bandwidth (kHz)

		200

		200



		IMT station e.i.r.p. in reference BW (dBW)

		–21.0

		14.0



		Polarisation loss (dB)

		3

		3



		MES receiver temp (K)

		316

		316



		MES antenna gain (dBi)

		2

		2



		MES noise in reference BW (dBW)

		–150.6

		–150.6



		I/N criterion (dB)

		–10

		–10



		Maximum interference in ref BW (dBW)

		–160.6

		–160.6



		Minimum coupling loss (dB)

		138.6

		173.6



		Distance based on FSL (km)

		133

		7 505






The calculated required separation distances using free space loss are 133 kilometres for an IMT mobile station and 7 505 kilometres for an IMT base station. In a real deployment situation free space loss would not apply when the IMT station and MES are beyond radio line-of-sight, and hence in reality, the required separation distances would be smaller in many cases. However these results demonstrate that any MES at least within line-of-sight of an IMT mobile station or base station, and some MESs beyond line-of-sight, could suffer harmful interference.

Appendix 1 to this document contains more detailed analysis of the required separation distance to achieve the above minimum coupling loss figures for different scenarios.

Interference could also be caused in the downlink (space-to-Earth) bands by the MSS satellite emissions being received by the IMT mobile station and base station. MSS satellites use very large antennas – a satellite antenna diameter of around 10 metres is typical, and some L-band MSS operators have deployed antennas of around 20 metres in diameter. The large antenna reflector allows high gain spot beams to be used, which lead to a high power flux density (pfd) on the earth surface. This is necessary to provide sufficient signal power to small MSS user terminals, which include hand portable devices with small antennas, mainly using (quasi-) omni-directional antennas. 

In the case that MSS downlinks are required to protect MS receivers, this could lead to constraints on the downlink pfd. The table below shows the interference from an example MSS downlink carrier to terrestrial IMT stations.


Table 2

Baseline analysis of interference from MSS downlinks to IMT-Advanced stations

		IMT station type

		Mobile station

		Base station



		MSS e.i.r.p. (dBW)

		43

		43



		Reference bandwidth (kHz)

		200

		200



		pfd on earth surface (dBW/m2) (slant range 36,000 km)

		–119.1

		–119.1



		IMT station thermal noise (for 5 MHz receiver BW) (dBm)

		-98

		-102



		IMT station thermal noise in reference BW (dBm)

		–112.0

		–116.0



		Antenna gain in direction of satellite (dBi)

		0

		18



		Feeder loss (dB)

		0

		3



		I/N criterion (dB)

		–10

		–10



		Maximum interference in reference BW (dBW)

		–152.0

		–156.0



		Polarisation loss (dB)

		3

		3



		Ae iso (dBm2)

		–25.1

		–25.1



		Interference received (dBW)

		–147.2

		–132.2



		Interference excess (dB)

		4.8

		23.8






Interference exceeds the criterion by 4.8 dB for the mobile station and by 23.8 dB for the base station. Hence, if the MSS downlink emissions needed to protect terrestrial IMT systems, it would constrain MSS operations such that some current services could no longer be provided and development of future services would be constrained. It is important to stress here that limiting the pfd in a particular beam affects the entire beam coverage area, and hence could constrain MSS not only in any particular country which might deploy terrestrial IMT systems, but also in the neighbouring seas and countries.

3.2	MSS uplinks (Earth-to-space)

Regarding potential use of the MSS uplink frequencies (1 626.5-1 660.5 MHz and 1 668-1 675 MHz), interference could be caused by terrestrial IMT transmitters to MSS satellite receivers.

This interference issue has been studied by the ITU in Recommendation ITU-R M.1799 for the frequency band 1 668.4‑1 675 MHz.  The Recommendation considers several different types of mobile system, including “cellular or similar high-density mobile systems” for which the characteristics are based on terrestrial IMT systems. The Recommendation includes the following conclusion: “The study confirms Report ITU-R M.2041 (for frequency bands around 2.5 GHz) that co-frequency sharing between MSS uplinks and mobile is not possible in the same geographic area. Furthermore, interference from such mobile service systems may cause harmful interference to any visible satellite operating in the same band. Hence if systems with characteristics similar to those assumed in § 3.3 [cellular or similar high-density mobile systems] were to be used, the impact on MSS could be significant – potentially preventing use of the band for MSS.” Although this study is related to the frequency band 1 668.4-1 675 MHz, the characteristics of MSS satellite systems are the same for all of the frequency range 1 626.5-1 660.5 MHz and 1 668-1 675 MHz, and hence these conclusions are equally applicable to all these MSS uplink frequencies.

4	Summary

The frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 1 668-1 675 MHz are used by the MSS, or are about to the used by the MSS.

In the MSS downlink bands, geographic separation between IMT stations and MES would be required to avoid harmful interference to MESs. The minimum separation distances depend on a number of factors, including the operational scenario for the mobile earth stations (whether land, maritime or aeronautical), and including the propagation conditions between the two stations. Example minimum separations distances calculated here range from 1 km to 830 km. It should be noted that some of the assumptions used here are not necessarily worst case (including the IMT station height above ground, the MES characteristics and the IMT station characteristics), and consequently minimum separation distances could be larger in some cases. The IMT systems would also receive excessive interference from MSS downlinks.

In the MSS uplink bands, existing ITU-R studies have shown that the operation of IMT systems is not feasible.

Given that MSS MESs are operating in these bands over very large regions (e.g. the visible earth surface as seen from a geostationary satellite), it is not feasible to deploy terrestrial IMT systems in these bands. 

5	Recommendations

The frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 1 668-1 675 MHz should be considered as not feasible for operation of terrestrial IMT systems.
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APPENDIX 1 (to attachment 2)

Example separation distances for interference from IMT station
to mobile earth stations

A1	Land based mobile earth stations

Figure 1 shows the predicted loss versus the minimum separation distances for interference from an IMT mobile station to an MSS MES for a land path. The Hata propagation model and 
the Recommendation ITU-R P.452 propagation model were used.  The Hata model is not strictly relevant in this context as it does not consider temporal variations in propagation conditions.  It is intended primarily for coverage prediction rather than for interference analysis and hence has a tendency to overestimate the basic transmission loss.  Its inclusion may provide a “lower bound” to the required separation distances.  Both the MES and the MS were assumed to be 2 metre height above ground level.  For the Recommendation ITU-R P.452 calculations, a smooth earth surface (no terrain) was assumed and the percentages of time of 20% and 0.1% are used to represent nominal and anomalous propagation conditions.

Figure 1

Minimum separation distance for interference from IMT mobile station (land path)
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The minimum separation distance to meet the minimum coupling loss of 138.6 dB is 1 kilometre for the Hata Urban and Suburban models, 3 km for the Hata Open model, 18 km for Recommendation ITU-R P.452 (p=20%) and 138 kilometres for Recommendation ITU-R P.452 (p=0.1%).

Figure 2 shows the predicted loss versus the minimum separation distances for interference from an IMT base station to an MES for a land path. The Hata propagation model and the Recommendation ITU-R P.452 propagation model were used. The MES was assumed to be 2 metres height above ground level and the IMT base station was assumed to be 30 metres above ground level. For the Recommendation ITU-R P.452 calculations, a smooth earth surface (no terrain) was assumed and the percentages of time of 20% and 0.1% are used to representative nominal and anomalous propagation conditions.

Figure 2

Minimum separation distance for interference from IMT base station (land path)
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The minimum separation distance to meet the minimum coupling loss of 173.6 dB is 18 kilometres for the Hata Urban model, 30 kilometres for the Hata Suburban model, 60 km for the Hata Open model, 78 kilometres for Recommendation ITU-R P.452 (p=20%) and 396 kilometres for Recommendation ITU-R P.452 (p=0.1%).

A2	Sea based mobile earth stations

Figure 3 shows the predicted loss versus the minimum separation distances for interference from an IMT mobile station to a ship earth station, assuming a 100% sea path. The Recommendation ITU-R P.452 propagation model was used. The MES was assumed to be located 10 metres above sea level and the MS was assumed to be 2 metres height above sea level. A smooth earth surface (no terrain) was assumed and the percentages of time of 20% and 0.1% are used to represent nominal and anomalous propagation conditions.



Figure 3

Minimum separation distance for interference from IMT mobile station (sea path)

[image: ]



The minimum separation distance to meet the minimum coupling loss of 138.6 dB is 24 kilometres in nominal propagation conditions and 228 km in anomalous propagation conditions.

Figure 4 shows the predicted loss versus the minimum separation distances for interference from an IMT base station to a ship earth station, assuming a 100% sea path. The Recommendation 
ITU-R P.452 propagation model was used. The MES was assumed to be located 10 m above sea level and the IMT base station was assumed to be 30 metres height above sea level. A smooth earth surface (no terrain) was assumed and the percentages of time of 20% and 0.1% are used to represent nominal and anomalous propagation conditions.

Figure 4

Minimum separation distance for interference from IMT base station (sea path)
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The minimum separation distance to meet the minimum coupling loss of 173.6 dB is 132 kilometres in nominal propagation conditions and 834 km for anomalous propagation conditions.

A3	Aircraft based mobile earth stations

Figures5 and 6 show the predicted loss versus the minimum separation distances for interference from an IMT mobile station and base station to an aircraft earth station.  The curves contained in Recommendation ITU-R P.528 were used, interpolated to be applicable for the frequency 1 518 MHz. Curves applicable to 50% time were used to represent nominal propagation conditions (Figure 5) and curves applicable to 1% time were used to represent anomalous propagation conditions (Figure 6). The three curves in each figure show the distance required for an IMT station at 1.5 metres, 30 metres and 1000 metres height (the first two are representative of an IMT MS and BS at sea level; the latter may be representative of an IMT station on a mountain or other high terrain). The aircraft height is taken as 10 000 metres (33,000 feet).

Figure 5

Minimum separation distance for interference from IMT mobile station and base station
(nominal propagation conditions)
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Figure 6

Minimum separation distance for interference from IMT mobile station and base station
(anomalous propagation conditions)
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For an IMT mobile station, the minimum separation distance ranges from 129 kilometres to 310 kilometres. For an IMT base station, the minimum separation distance ranges from 411 kilometres to 594 kilometres.
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Scope

This Report describes sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 MHz and 4 500-4 800 MHz bands.
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1	Introduction

This Report provides a summary of the sharing studies between IMT‑Advanced systems and geostationary satellite networks in the fixed-satellite service (FSS) in the 3 400-4 200 MHz and 
4 500-4 800 MHz frequency bands. 

This Report supplements but does not replace other existing Reports on similar subject matters, for example Report ITU-R M.2109 “Sharing studies between IMT‑Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 and 4 500-
4 800 MHz frequency bands," and Report ITU-R S.2199 “Studies on compatibility of broadband wireless access systems and fixed-satellite service networks in the 3 400-4 200 MHz band. ”

2	FSS parameters and deployment information

FSS receiving earth stations operate in the space-to-Earth direction in the 3 400-4 200 MHz frequency band. These earth stations can generally be grouped into four categories: earth stations deployed ubiquitously and/or without individual licensing or registration; individually licensed earth stations; telemetry earth stations; and earth stations that are feeder links for mobile-satellite systems.

The 3 400-4 200 MHz frequency band has been used by the FSS since the 1970’s. The technology is mature and equipment is available at low cost. The low gaseous atmospheric absorption combined with lower attenuation due to rain enables highly reliable space-to-Earth communication links. This, together with the wide coverage beams possible in this band, has led to satellites in this band being an important part of the telecommunications infrastructure in many countries. This band is the band of choice for a multitude of services, including very small aperture terminal (VSAT) networks, internet providers, point-to-multipoint links, satellite news gathering, TV and data broadcasting to satellite master antenna television (SMATV), direct-to-home (DTH) receivers, and disaster relief.  In many countries receive only earth stations or VSAT terminals are not individually licensed and their number, location or detailed characteristics are not typically available. This band is also used by governments in conjunction with international commitments, for example, WMO uses this band to distribute meteorological data through commercial satellite systems.

Further information on FSS space stations and earth stations deployment in the 3 400-4 200 MHz and 4 500‑4 800 MHz frequency bands are detailed in Section 4 of Report ITU-R M.2109.

Typical downlink fixed-satellite service parameters are provided in Tables 1 and 2 below:




TABLE 1 

Typical space-to-Earth FSS parameters in the 3 400-4 200 MHz and 4 500-4 800 MHz frequency bands

		Parameter

		Typical value



		Range of operating frequencies

		3 400-4 200 MHz, 4 500-4 800 MHz



		Antenna diameters (m)

		1.2, 1.8, 2.4, 3.0, 4.5, 8, 16, 32



		Antenna reference pattern

		Recommendation ITU-R S.465



		Range of emission bandwidths

		40 kHz - 72 MHz



		Receiving system noise temperature

		100 K for small antennas (1.2-3 m)
70 K for large antennas (4.5 m and above)



		Earth station deployment

		All regions, in all locations (rural, semi-urban, urban)1



		Power flux-density at the Earth’s surface produced by emissions from a space station

		In accordance with RR No. 21.16, Table 21-4



		1	FSS antennas in this band may be deployed in a variety of environments. Smaller antennas 
(1.8-3.8 metres) are commonly deployed on the roofs of buildings or on the ground in urban, semi-urban or rural locations, whereas larger antennas are typically mounted on the ground and deployed in semi‑urban or rural locations. 

2	5° is considered as the minimum operational elevation angle.





TABLE 2

Typical MSS feeder link receiving earth station parameters in the 3 GHz bands

		Parameter

		Units

		System-1
Feeder link 
earth station

		System-2
Feeder link
earth station



		Range of operating frequencies

		MHz

		3 550-3 700

		3 550-3 700



		Antenna reference pattern

		

		RR Appendix 7

		RR Appendix 7



		System noise temperature (TS)

		K

		71

		52.5



		IF bandwidth (BIF)

		MHz

		40

		40







System-1 satellites are currently used to provide different types of services in land, maritime and aeronautical environments.

System-2 satellites will be used in the near future to continue the existing and evolved services in land, maritime and aeronautical environments. In addition, these satellites will be used for enhanced data services up to 432 kbit/s from small portable Mobile Earth Station (MES) terminals.

3	IMT-Advanced parameters

Deployment-related parameters for terrestrial IMT-Advanced systems between 3 and 6 GHz are provided in Table 3 below. 




TABLE 3

Deployment-related parameters for IMT-Advanced systems between 3 and 6 GHz bands

		

		Macro suburban

		Macro
urban

		 Small cell outdoor

		Small cell indoor



		Base station characteristics / Cell structure

		

		

		

		



		Cell radius / Deployment density

		0.3-2 km
(typical figure to be used in sharing studies 0.6 km)

		0.15-0.6 km
(typical figure to be used in sharing studies 0.3 km)

		1-3 per urban macro cell[footnoteRef:1]
<1 per suburban macro site [1:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 


		depending on indoor coverage/capacity demand



		Antenna height

		25 m

		20 m

		6 m

		3 m



		Sectorization

		3-sectors

		3-sectors

		single sector

		single sector



		Downtilt

		6 degrees

		10 degrees

		n.a.

		n.a.



		Frequency reuse[footnoteRef:2] [2:  	If the IMT-Advanced network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 


		1

		1

		1

		1



		Antenna pattern

		Recommendation ITU-R F.1336

(recommends 3.1)

–	ka = 0.7

–	kp = 0.7

–	kh = 0.7

–	kv = 0.3

Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336
omni



		Antenna polarization

		linear / +- 45 degrees

		linear / +- 45 degrees

		linear

		linear



		Indoor base station deployment

		n.a.

		n.a.

		n.a.

		100 %



		Indoor base station penetration loss

		n.a.

		n.a.

		n.a.

		20 dB (3-5 GHz)

25 dB (5-6 GHz)
(horizontal direction)
P.1238, Table 3 (vertical direction)



		Below rooftop base station antenna deployment

		0%

		50 %

		100 %

		n.a.



		Feeder loss

		3 dB

		3 dB

		n.a

		n.a



		Maximum base station output power (5/10/20 MHz)

		43/46/46 dBm

		43/46/46 dBm

		24 dBm

		24 dBm



		Maximum base station antenna gain

		18 dBi

		18 dBi

		5 dBi

		0 dBi



		Maximum base station output power/sector (e.i.r.p)

		58/61/61 dBm

		58/61/61 dBm

		29 dBm

		24 dBm



		Average base station activity

		50 %

		50%

		50 %

		50 %



		Average base station power/sector  taking into account activity factor

		55/58/58 dBm

		55/58/58 dBm

		26 dBm

		21 dBm







		User terminal characteristics

		

		

		

		



		Indoor user terminal usage

		70 %

		70 %

		70 %

		100%



		Indoor user terminal penetration loss

		20 dB

		20 dB

		20 dB

		20 dB (3-5 GHz)

25 dB (5-6 GHz)

(horizontal direction)

P.1238, Table 3 (vertical direction)



		User terminal density in active mode to be used in sharing studies 

		2.16 / 5MHz/km2

		3 / 5MHz/km2

		3 / 5MHz/km2

		depending on indoor coverage/capacity demand



		Maximum user terminal output power

		23 dBm

		23 dBm

		23 dBm

		23 dBm



		Average user terminal output power

		-9 dBm

		–9 dBm

		–9 dBm

		–9 dBm



		Typical antenna gain for user terminals

		-4 dBi

		–4 dBi

		–4 dBi

		–4 dBi



		Body loss 

		4 dB

		4 dB

		4 dB

		4 dB







3.1	Adjacent Channel Leakage power Ratio[footnoteRef:3] [3:  	The information in this section is extracted from section 6.6.2 from the 3GPP Document TS 36.104 v.11.2.0.] 


Adjacent channel leakage power ratio (ACLR) is the ratio of the filtered mean power centered on the assigned channel frequency to the filtered mean power centered on an adjacent channel frequency.

The requirements shall apply whatever the type of transmitter considered (single-carrier or multi-carrier). It applies for all transmission modes foreseen by the manufacturer's specification. For a multi-carrier base station, the requirement applies for the adjacent channel frequencies below the lowest carrier frequency transmitted by the base station and above the highest carrier frequency transmitted by the base station for each supported multi-carrier transmission configuration or carrier aggregation configurations.

Minimum requirement

The ACLR is defined with a square filter of bandwidth equal to the transmission bandwidth configuration of the transmitted signal (BWConfig) centered on the assigned channel frequency and a filter centered on the adjacent channel frequency according to the tables below.

For Category A Wide Area base station, either the ACLR limits in the tables below or the absolute limit of -13dBm/MHz apply, whichever is less stringent.

For Category B Wide Area base station, either the ACLR limits in the tables below or the absolute limit of -15dBm/MHz apply, whichever is less stringent.

For Local Area base station, either the ACLR limits in the tables below or the absolute limit of
 -32dBm/MHz shall apply, whichever is less stringent.

For Home base station, either the ACLR limits in the tables 4 and 5 below or the absolute limit of 
-50dBm/MHz apply, whichever is less stringent.

Table 4

Base station ACLR in paired spectrum

[image: ]



Table 5

Base station ACLR in unpaired spectrum with synchronized operation

[image: ]

4	Propagation Models

The propagation model defined in Recommendation ITU-R P.452 is used in the sharing studies.

5	FSS Interference Information

There are four known interference mechanisms from IMT-Advanced into FSS. These are as follows:

a)	Interference from in-band IMT-Advanced emissions: Due to the long distance to the satellite and the power limitations of the satellite, the incoming FSS signal’s power flux density at the earth station location is very low. IMT-Advanced equipment which is much closer to the earth station can produce significantly higher power levels at the input to the FSS receiver than the desired satellite signal;

b)	Interference from adjacent band IMT-Advanced emissions (or  IMT-Advanced unwanted emissions): Due to the very low power level of the incoming FSS signals, unwanted emissions generated by IMT-Advanced  base stations or user terminals operating in an adjacent frequency band, can create interference to FSS;

c)	LNA/LNB overdrive: Earth station low noise amplifiers (LNAs) and low noise block downconverters (LNBs) are optimized for reception of the very low power level of the incoming satellite signal and, hence, have a very high sensitivity. Incoming IMT-Advanced signals at much higher power levels can severely affect the operating point of the LNA/LNB and drive it out of its dynamic range to where it  exhibits a non-linear behaviour. This results in the creation of intermodulation products and gain compression (within the device) that in turn result in distortion of the FSS signal. Typically LNAs and LNBs are wideband devices with a low noise figure and flat frequency response over the wanted frequency range.  FSS receivers have the bandwidth defining filtering only at intermediate frequency (IF) stage, not at the LNA/LNB; and




d)	LNA/LNB Intermodulation (IM): A non-linear device, such as an amplifier, can self-generate intermodulation products. There are input levels that would cause the LNA/LNB to  exhibit non-linear behaviour.  IM is analysed based on the entry into the non-linear device of two or more interfering signals that exceed the IM input level threshold, the third-order intercept point, and the fact that the input/output response slope for the desired RF input is 1, while the slope for 3rd order IM is 3. The onset of IM translated to the 3rd order results in an IM threshold.

5.1 	Interference Criteria

Two interference criteria are identified for use when assessing the interference mechanisms of “In-band emissions” and “Adjacent band emission (out-of-band or spurious emission)” from IMT‑Advanced to FSS as discussed below.

Long-term interference criterion: 

–	Based on Recommendation ITU-R S.1432

–	In-band sharing studies: I/N = 12.2 dB (T/T = 6%) corresponding to the total interference from other systems having co-primary status, for 100% of the worst month or I/N = 10 dB (T/T = 10%) corresponding to the aggregate interference from 
co-primary allocation for 20% of any month

–	Adjacent band sharing studies: I/N = 20 dB (T/T = 1%) corresponding to the aggregate interference from all other sources of interference, for 100 % of the time.

where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.

Short-term interference criterion:

–	Based on Recommendation ITU-R SF.1006

–	In-band sharing studies: I/N = 1.3 dB that may be exceed by up to 0.001667% time (single entry)

Apportionment of interference allowance

In the absence of specific recommendations on how to apportion these allowances among the competing potential sources of interference, it is suggested that the long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) should be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it should be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.

LNA/LNB overdrive 

The gain compression threshold at the LNB input is determined by subtracting a typical LNB gain of 63 dB from a gain compression level of 2 dBm at the LNB output.  The resulting input threshold level for gain compression is -61 dBm.

The LNB 1 dB compression point is -50 dBm at the LNB input.  The LNB would typically start to show non-linear behavior at an input level of approximately 10 dB below the 1 dB compression point.  Therefore, the LNB would start to show non-linear behaviour at an LNB input level equal to -60 dBm.

Based on the above, for the purpose of the sharing studies, a value of -61/-60 dBm should be used.




Intermodulation

An LNB would start to show non-linear behavior at an input level approximately 10 dB below the gain compression level, at which point the onset of intermodulation will occur.  Considering a gain compression level of 2 dBm, the onset of intermodulation occurs at a level of -8 dBm at the output of the LNB.  The equivalent level at the LNB input is -71 dBm, as determined by subtracting the LNB gain of 63 dB from the -8 dBm LNB output level.  Third-order intermodulation interference is based on the third-order intercept point, and the fact that the input/output response slope for the desired RF input is 1, while the slope for third-order intermodulation interference is 3.  The onset of intermodulation translates to a third-order intermodulation threshold at the LNB input of
 -55.7 dBm.

Based on the above, for the purpose of the sharing studies, a value of -55.7 dBm should be used.

[bookmark: _Toc163030884]6	Technical studies

A number of studies were conducted that investigated the impact of potential IMT-Advanced transmissions on receiving FSS earth stations

Short descriptions of the individual technical studies are addressed in the sub-sections below. It should be noted that the details of each technical study are contained in the corresponding Annex of this Report. Reference to adjacent channel in the Annexes to this Report is understood to refer to compatibility between IMT-Advanced systems in the bands or parts of the bands 3 300-3 400 MHz / 4 400-4 500 MHz / 4 800-4 990 MHz and FSS systems in the bands 3 400-4 200 MHz/ 4 500‑4 800 MHz.

When the below studies refer to IMT-Advanced parameters, these parameters are according to Report ITU-R M. 2292 (these are also provided in Table 3).

6.1	Study #1 in Annex 1 

This study considered non-site specific conditions using a smooth earth surface model (i.e., not using any specific terrain information) in the sharing studies. Similar studies to Report ITU-R M.2109 were conducted. This study considers additional deployment scenarios of IMT-Advanced systems which are provided in Report ITU-R M.2292. 

6.2	Study #2 in Annex 2 

This study considered non-site specific conditions both in-band and adjacent-band cases including short and long-term interference criteria were evaluated, as well as non-linear effects, such as the FSS earth station front end receiver saturation.  Macro cell and outdoor / indoor small cell IMT‑Advanced deployment scenarios were analysed in the urban, suburban and rural environments. 

One of the aims of this study is to assess how much the feasibility of sharing between IMT‑Advanced systems and FSS earth stations has changed since Report ITU-R M.2109 was developed. In particular, with reference to the propagation model, the more recently updated Recommendation ITU-R P.452-14  is adopted which allows adding terrain or cluttering factors to the smooth earth model by defining the diffraction loss part in detail. Most sharing studies that contributed to the Report ITU-R M.2109 referred to Recommendation ITU-R P.452-12 (now superseded) utilizing the smooth earth propagation model simplification.




6.3	Study #3 in Annex 3 

This study considered the interference caused by IMT-Advanced into FSS earth station taking into account specific deployment scenarios, with specific conditions and parameters to the scenarios, for the FSS earth station and the IMT-Advanced base station, including geographical and terrain conditions. 

6.4	Study #4 in Annex 4 

This sharing study analysed the potential interference caused by IMT-Advanced  into the Fixed Satellite Service (FSS) (According to Table 1)space-to-Earth downlink receivers in the frequencies from 3 400-4 200 MHz. Both in-band and adjacent-band cases including short and long-term interference criteria were evaluated, as well as non-linear effects, such as gain compression, Low noise block downconverter (LNB) overload, and intermodulation.  Both macro cell and small cell IMT-Advanced deployment scenarios were analysed.  An investigation into the utilization of an RF front end filter was performed.  An aggregate adjacent band analysis was performed to investigate the effects of varying the size of a guard band between IMT-Advanced and FSS on the required protection distance.

6.5	Study #5 in Annex 5 

This study provides in-band and adjacent band compatibility studies to assess the technical feasibility of deploying IMT-Advanced systems in the 3 400-4 200 MHz band based on IMT-Advanced parameters.  in Report ITU‑R M.2292.

6.6	Study #6 in Annex 6 

This study examines the potential for coexistence between IMT-Advanced and FSS in the band 3 400-4 200 MHz for an example sharing scenario. The study considers co-channel interference from an IMT-Advanced network into an FSS earth station. Protection contours are calculated for short- and long-term I/N criteria both with and without the effects of terrain. Results obtained using Recommendation 
ITU-R P.452-14 are also compared with those using Recommendation ITU-R P.452-12.

6.7	Study #7 in Annex 7 

The study  provided  adjacent band compatibility analysis between FSS in the frequency band 3 400-4 200 MHz and 4 500-4 800 MHz, and IMT-Advanced in the frequency bands 3 300-3 400 MHz, 4 400-4 500 MHz and 4 800-4 990 MHz.The key FSS parameters and interference criteria refer to Report ITU-R M.2109. Recommendation ITU-R P.452-15 was used as propagation model. IMT-Advanced macro cell/small cell/ small cell indoor scenario were evaluated.

6.8	Study #8 in Annex 8 

This study provides information related to the potential use of all or parts of the band 3 400-4 200 MHz by IMT-Advanced systems.

One of the aims of this study to assess how the feasibility of sharing between IMT-Advanced systems and FSS earth stations might have changed since Report ITU-R M.2109 was developed.  In particular, it is known that the Recommendation ITU-R P.452 propagation model has been updated since Report ITU-R M.2109 was developed, and some of the IMT-Advanced parameter values have been revised.

Another aim of this study to examine how the size of the separation zone for new proposed IMT‑Advanced systems varies as a consequence of different terrain around the earth station.  To this end, two example earth station locations in the UK have been examined: one surrounded by high hills and the other less well protected by the natural terrain.  The former earth station (“Madley”), is also examined in Study #4.  Furthermore, example plots are provided for the Yamaguchi earth station in Japan which is a naturally well shielded site, and which is also examined in Study #3.

6.9	Study #9 in Annex 9 

This compatibility study analysed the potential interference caused by IMT-Advanced-macros and outdoor small cell outdoor networks into ubiquitously deployed small FSS earth stations. The study looked at aggregate interference from IMT-Advanced in an adjacent band and used guard band between the two services as a study parameter.

One of the aims of the study was to characterise out of band transmit performance of the IMT-Advanced base stations and the FSS receiver sensitivity in  a way that allows a net filter discrimination to be calculated as a function of guard band size between the two services. Using this method, the study then aimed to determine the minimum required frequency guard band between the IMT-Advanced and the FSS, in conjunction with the minimum physical separation that is inherent in the high-rise urban scenario. 

6.10	Study #10 in Annex 10 

This study examined the non site specific geographic and frequency separation that would be necessary to permit compatible operation between IMT-Advanced and FSS earth stations. The study investigated in-band and adjacent band compatibility with the FSS allocation. 

6.11	Study #11 in Annex 11

This study considered the additional required attenuation levels between interfering transmit IMT base stations and interfering IMT fixed user terminals and a satellite receive earth station. Characterization of IMT base stations and user terminals was based on actual parameter values taken from deployed BWA networks in Brazil. Interfering signal level limits were not calculated but rather set from levels actually measured in typical LNAs/LNBs under controlled conditions. Earth station antenna performance was referred to ITU Recommendations based on actual data taken from antenna patterns submitted by certified labs. 

7	Summary of results

7.1	Major assumptions and evaluated interference mechanisms in individual technical studies

Table 6 is a comparison table regarding major assumptions and evaluated interference mechanisms in the individual technical studies detailed in the corresponding Annexes of this Report.
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TABLE 6

Summary of major assumptions and evaluated interference mechanisms in individual technical studies

		Study #

		#1

		#2

		#3

		#4

		#5

		#6

		#7

		#8

		#9

		#10

		#11



		Parameter settings of IMT-Advanced and FSS earth stations



		Use of the FSS parameters in Section 2

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

(B.0)



		Use of the IMT-Advanced parameters in Section 3

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

		YES

(B.0)







		Propagation model



		Use of Rec. P.452-14

		YES

		YES

		YES

		YES

		YES

		YES

		NO
(P.452-15)

		YES

		YES

		YES

		YES (B.1)



		Use of actual terrain profile

		NO

		NO (generic)

		YES

		YES

		YES

		NO

		NO

		YES

		NO

		NO

		NO



		Evaluated interference mechanisms



		In-band emissions evaluation using interference criteria in Section 5

		YES

		YES

		YES

		YES

		YES

		NO

		NO

		YES

		NO

		YES

		NO



		Adjacent band emissions evaluation using interference criteria in Section 5

		NO

		YES

		YES

		YES

		YES

		YES

		YES

		NO

		YES

		YES

		NO



		LNA/LNB overdrive evaluation using interference criteria in Section 5

		NO

		NO

		YES

		YES

		NO

		NO

		NO

		NO

		NO

		NO

		NO



		Intermodulation evaluation

using interference criteria in Section 5

		NO

		NO

		NO

		YES

		NO

		NO

		NO

		NO

		NO

		NO

		NO







Note B.0 Partial use of parameters, derived from actual networks installed in Brazil

Note B.1 Free Space and Free Space with  penalty
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Further details of the assumptions used in the individual technical studies are contained in the embedded file below.









7.2	Summary of results in individual technical studies

Tables 7 – 9 summarize the required separation distances presented in the individual technical studies to protect FSS earth stations for the respective interference mechanisms, in-band emissions, adjacent band emissions, and LNA/LNB overdrive, respectively.
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TABLE 7

Required separation distances to protect FSS earth stations associated with in-band emissions

		Study #

		#1

		#2

		#3

		#4

		#5

		#6

		#7

		#8

		#9

		#10

		#11



		Scenario

		IMT-Advanced networks using suburban macro-cell deployment



		Long-term interference

		61 – 84 km

(FSS antenna elevation angle of 5°)

		56-61km

(FSS antenna elevation angle from 48° to 5°)

		30 – 40km /

 10 – 20km
(FSS antenna elevation angle of 6.5/36degrees with mountain

terrain profile)



		Single entry: 58.1 km

Aggregate:

63.0 km

(FSS antenna elevation angle of 5°)

		57.1 - 87.1 km (FSS antenna elevation angle of 5°) (

		N/A

		N/A

		About

100 km

(FSS antenna elevation angle of 9.4°)

		N/A

		27 – 50 km

(FSS antenna elevation angle of 5°)

		N/A



		Short-term interference

		486 – 628 km

(FSS antenna elevation angle of 5°)

		44-224 km, main lobe

2-62.7 km, side lobe

(FSS antenna elevation angle from 48° to 5°)

		30 – 70 km/

10 – 26 km (FSS antenna elevation angle of 6.5/36degrees with mountain

terrain profile)

		525 km

(FSS antenna elevation angle of 5°)

		312.2 - 487.6 km (FSS antenna elevation angle of 5°)



		N/A

		N/A

		About

450 km on partly over-sea path; about 300 km on  overland path

(FSS antenna elevation angle of 9.4°)

		N/A

		N/A

		N/A



		Scenario

		IMT-Advanced networks using urban macro-cell deployment



		Long-term interference

		46 – 62  km

(FSS antenna elevation angle of 5°)

		67-72 km

(FSS antenna elevation angle from 48° to 5°)

		N/A

		Single entry: 51.2 km

Aggregate: 53 km

(FSS antenna elevation angle of 5°)

		45.5 - 93.0

km (FSS antenna elevation angle of 5°) 

		N/A

		N/A

		About

100 km

(FSS antenna elevation angle of 9.4°)

		N/A

		28 – 48 km

(FSS antenna elevation angle of 5°)

		N/A



		Short-term interference

		364 – 510 km

(FSS antenna elevation angle of 5°)

		250-450 km, main lobe

110-280 km, side lobe

(FSS antenna elevation angle from 48° to 5°)

		N/A

		477 km

(FSS antenna elevation angle of 5°)

		266.4 - 467.3 km (FSS antenna elevation angle of 5°) 

		N/A

		N/A

		About

420 km on partly over-sea path, about 250 km on  overland path

(FSS antenna elevation angle of 9.4°)

		N/A

		N/A

		N/A












		Scenario

		IMT-Advanced networks using small-cell outdoor deployment



		Long-term interference

		25 km

(FSS antenna elevation angle of 5°)

		0.5-5 km

(FSS antenna elevation angle from 48° to 5°)

		15 – 25 km (FSS antenna elevation angle of 6.5/36degrees with mountain

terrain profile)

		Single entry: 20.3km

Aggregate: 20.3 km

(FSS antenna elevation angle of 5°)

		4.9 - 35.1 km (FSS antenna elevation angle of 5°) 

		N/A

		N/A

		80 km

		N/A

		3 – 16 km

(FSS antenna elevation angle of 5°)

		N/A



		Short-term interference

		26 km

(FSS antenna elevation angle of 5°)

		3 km or less

(FSS antenna elevation angle from 48° to 5°)

		15 – 25km (FSS antenna elevation angle of 6.5/36degrees with mountain

terrain profile)

		225 km

(FSS antenna elevation angle of 5°)

		up to 262.7 km (FSS antenna elevation angle of 5°) 

		N/A

		N/A

		120 km for an overland path; 350 km for a partly oversea path

		N/A

		N/A

		N/A

(FSS Antenna elevation greater than 48°)



		Scenario

		IMT-Advanced networks using small-cell indoor deployment



		Long-term interference

		< 5 km to 16 km when penetration loss = 20 to 0 dB

(FSS antenna elevation angle of 5°)

		0.5-4 km, 20 dB indoor loss

1.5-5 km, 10 dB indoor loss

(FSS antenna elevation angle from 48° to 5°)

		N/A

		Single entry: 4.1 to 8.4 km when building penetration loss = 20 to 5 dB

Aggregate: 4.1 to 8.4 km when building penetration loss = 20 to 5 dB (FSS antenna elevation angle of 5°)

		

N/A

		N/A

		N/A

		60 km

		N/A

		< 1 km when penetration loss = 20 (FSS antenna elevation angle of 5°)

		N/A

(FSS Antenna elevation greater than 48°)



		Short-term interference

		< 5 km to 16 km when penetration loss = 20 to 0 dB 
(FSS antenna elevation angle of 5°)

		10 and 20dB indoor loss:I/N criterion met provided the presence of a 20m (40m) high obstacle at 200m (100m) distance from FSS ES

		N/A

		3.8 to 8.3 km when building penetration loss = 20 to 5 dB

(FSS antenna elevation angle of 5°)

		

N/A

		N/A

		N/A

		120 km for an overland path; 300 km for a partly oversea path

		N/A

		N/A

		N/A

(FSS Antenna elevation greater than 48°)






TABLE 8 

Required separation distances to protect FSS earth stations associated with adjacent band emissions

		Study #

		#1

		#2

		#3

		#4

		#5

		#6

		#7

		#8

		#9

		#10

		#11



		

		IMT-Advanced networks using suburban macro-cell deployment



		Long-term interference

		N/A

		< 0.6 -1.4 km, 0MHz GB

< 0.6 -1.3 km, 5MHz GB

(FSS antenna elevation angle from 48° to 5°)

		10 – 15 km (FSS antenna elevation angle of

6.5/36degrees with mountain terrain profile)

		Single entry: 13.8 km or 13.4 km with RF filter 

Aggregate: 19.0 km or 18.0 km with RF filter

(FSS antenna elevation angle of 5°) 

		13.6 - 33.6 km (FSS antenna elevation angle of 5°)



		N/A

		1.4 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		~30 km

(FSS antenna elevation angle of 5°)

		N/A



		Scenario

		IMT-Advanced networks using urban macro-cell deployment



		Long-term interference

		N/A

		39-49 km, 0-10 MHz GB

(FSS antenna elevation angle from 48° to 5°)

		N/A

		Single entry: 9.3 km

both with and without RF filter

Aggregate: 12.0 km both with and without RF filter

(FSS antenna elevation angle of 5°) 

		11.0 - 40.2 km (FSS antenna elevation angle of 5°)



		N/A

		N/A

		N/A

		N/A

		~30 km

(FSS antenna elevation angle of 5°)

		N/A



		Scenario

		IMT-Advanced networks using small-cell outdoor deployment



		Long-term interference

		N/A

		< 0.3, 0MHz GB

 (FSS antenna elevation angle from 48° to 5°)

		5 – 10 km/

less than2km

 (FSS antenna elevation angle of

6.5/36degrees with mountain terrain profile)

		Single entry: 3.8 km both with and without RF filter 

Aggregate: 3.8 km both with and without RF filter 

(FSS antenna elevation angle of 5°)

		4.7 km (FSS antenna elevation angle of 5°) 





		N/A

		50 m

(FSS antenna elevation angle of 5°)

		N/A

		related to frequency separation and assumptions about filtering and OOB emissions. Some cases show co-existence in same geographic area is possible

		~5 km

(FSS antenna elevation angle of 5°)

		N/A



		Scenario

		IMT-Advanced networks using small-cell indoor deployment



		Long-term interference

		N/A

		< 0.3, 0MHz GB,

20dB indoor loss;

< 0.4, 0MHz GB,

10dB indoor loss

 (FSS antenna elevation angle from 48° to 5°)

		N/A

		Single entry and aggregate: 0.5 to 1.5 km when building penetration loss = 20 to 5 dB 

(FSS antenna elevation angle of 5°): 

		N/A

		N/A

		60 m

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		<5 km

(FSS antenna elevation angle of 5°)

		N/A







TABLE 9

Required separation distances to protect FSS earth stations associated with LNA/LNB overdrive

		Study #

		#1

		#2

		#3

		#4

		#5

		#6

		#7

		#8

		#9

		#10

		#11



		Scenario

		IMT-Advanced networks using suburban macro-cell deployment



		IF filter

		N/A

		N/A

		

N/A

since aggregate case

		9.0 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		IF and RF filter

		N/A

		N/A

		N/A

since aggregate case

		8.8 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		Scenario

		IMT-Advanced networks using urban macro-cell deployment



		IF filter

		N/A

		N/A

		N/A

		8.7 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		IF and RF filter

		N/A

		N/A

		N/A

		8.5 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		Scenario

		IMT-Advanced networks using small-cell outdoor deployment



		IF filter

		N/A

		N/A

		N/A

		1.1 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		IF and RF filter

		N/A

		N/A

		N/A

		0.9 km

(FSS antenna elevation angle of 5°)

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A
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Only one of the studies (Study #4) determined the required separation distance to protect FSS earth station receivers from intermodulation interference from IMT-Advanced.  The required separation distances are:

	In the case of an IMT-Advanced suburban macro-cell deployment, the required separation distance is 8.5 km.  If an RF front-end filter is installed on the FSS earth station receiver, the required separation distance is 8.4 km.

	In the case of an IMT-Advanced urban macro-cell deployment, the required separation distance is 8.0 km.  If an RF front-end filter is installed on the FSS earth station receiver, the required separation distance is 7.9 km.

	In the case of an IMT-Advanced small cell outdoor deployment, the required separation distance is 0.6 km.  If an RF front-end filter is installed on the FSS earth station receiver, the required separation distance is 0.5 km.

8	Real interference cases[footnoteRef:4] [4:  Information on whether the WiMAX systems discussed in this section are in line with IEEE 802.16d or IEEE 802.16e is yet to be provided.] 


8.1	Interference from WiMAX systems to FSS earth stations in Bangladesh

8.1.1	Introduction

This section contains information about interference from WiMAX systems to FSS earth stations operating in Bangladesh.  

8.1.2	Summary

Bangladesh is one of many developing countries in Asia where WiMAX is widely deployed by ISPs as a cheap alternative to ADSL. A field test was carried out by a regional FSS operator in 20‑22 March 2012 in Dhaka, after it had received a number of serious quality degradation complaints from cable operators who receive TV channels from satellite.

The test found out the problem was caused by transmissions from WiMAX repeaters being deployed throughout the city. It mainly examined and proved the “saturation effect” of WiMAX interference into FSS, i.e. the powerful influx of WiMAX transmission making the satellite receiving system working in saturation mode, since these WiMAX transmitters are located in distances ranging from 50 metres to a few hundred meters and all the transmitters are visible from the test sites. The WiMAX transmitter power is limited to 4W. The test result was compared with the values benchmarked in Hong Kong, where no WIMAX interference existed, and with those derived by theoretical calculations.

8.1.3	Test Plots

Figure 1

Satellite Dish and a nearby WIMAX Transmitter
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Figure 2

WiMAX everywhere in Dhaka
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Figure 3

Plot of WiMAX Signals side by side with FSS signals
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Figure 4

Plot of WiMAX Signals
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Figure 3 and Figure 4 are the plots of the WiMAX signal and its interference caused to satellite spectrum. The WiMAX transmitters are located in various distances ranging from 50 metres to a few hundred meters. All transmitters are visible from the test sites. The plots show the WiMAX interference has seriously distorted the noise floor of the satellite receiving system, due to compression of LNB performance, and consequently causes degradation on the G/T performance and inferior TV reception qualities.

8.1.4	Test Data

Table 10

G/T degradation in Dhaka as compared to Hong Kong

		Parameter

		Mesh 3 meter @HK

		Solid 3 meter @HK

		Solid 3.7 meter @BGD*



		C/N

		41.0

		43.0

		38.0



		CW EIRP

		19.8

		19.8

		18.8



		Path Loss

		196.1

		196.1

		196.1



		C/No

		69.3

		71.3

		66.3



		Experimental G/T

		17.0

		19.0

		15.0



		Theoretical G/T

		17.4 (40% efficiency)

		19.5

		21.3



		Reason for inconsistency

		Within error range

		Within error range

		LNB compression due to WiMAX influx





Table 11

Margin loss in Dhaka as compared to Hong Kong

		

		Downlink H-pol

		Downlink V-pol



		TV Channels

		TV-1

		TV-2

		TV-3

		TV-4

		TV-5



		Freq

		3 787 MHz

		3 920 MHz

		4 163 MHz

		3 747 MHz

		3 993 MHz



		Readings

		Eb/No

		Margin

		Eb/No

		Margin

		Eb/No

		Margin

		Eb/No

		Margin

		Eb/No

		Margin



		Satellite TV Margin@HK

		10.5

		5.4

		10.4

		4.3

		10.4

		4.9

		10.5

		5.0

		13.4

		7.9



		Satellite TV Margin@Dhaka

		7.6

		2.6

		8.3

		2.3

		10.8

		5.3

		7.8

		2.3

		11.6

		6.1





8.1.5	Conclusions

This report has presented the experimental analysis of interference impacts on the C-band satellite TV receiving station caused by the WiMAX. It was found that, although WiMAX operates in extended C-band, i.e. 3 400 to 3 700 MHz, it did cause systematic degradation on the performance of the satellite links operating in standard C-band, i.e. 3 700 to 4 200 MHz, due to the “saturation effect”. The deterioration on the TV reception quality varied from 2 to 6 dB depending on the interfering scenarios. More WiMAX transmitters in close proximity also cause more interference because of the aggregated effect.




8.2	Interference case from Brazil

In early 2007/2008, the first BWA technology equipments began to be installed in Brazil by a national telecommunications operator. At that time, several cases of harmful interference in 
C-Band satellite systems (Cable TV head-end or Local TV Signals and VSAT networks) operating in the range of 3 600‑4 200 MHz started to pop-up in the country, due to the large difference in power flux densities between the BWA transmitters and the receiving C-Band antennas. 

During that period, the total number of BWA stations was approximately 400 and the number of reported interference cases reached percentages as high as 15% of the installed stations

Taking into account those reported interference cases, a number of field interference tests were performed that validate the interference model described previously. One of testes is described as follows.

8.2.1	Test results 

Tests were performed during September, 2009. 

Main test data were as follows:

●	Satellite station

–	C-band (and extended C-band) digital receiver

–	2.6 meter antenna

–	Receiving frequencies

●	3 628 MHz – Extended C-Band

●	3 955 MHz – Standard C-Band 

–	LNBs used in the tests

●	Regular- 3 400 to 4 200 MHz

●	Greatek non-professional – 3 700 to 4 200 MHz 

●	Norsat professional – 3 700 to 4 200 MHz

●	BWA station

–	Maximum output power of 1 W

–	Transmitting frequency  – 3 550 MHz

●	Distance between BWA stations and earth station

–	100 meters

Tests were performed for the following situations:

●	Satellite station with unfiltered Low Noise Block Downcoverter (LNBF) operating in extended C-Band 

●	Satellite station with unfiltered LNBF operating in standard C-Band 

●	Satellite station with filtered Greatek LNBF operating in standard C-Band

●	Satellite station with filtered Norsat LNBF filter operating in standard C-Band

The tests results are shown in the table below, noting that both extended and standard C-band are susceptible to harmful interference. 



Table 12

Minimum distance without interference (m)







8.2.2	Registered interference cases 

The following table provides a list of actual interference cases registered by large TVRO user groups, TV broadcast headends with satellite receive stations and VSAT operators in Brazil during the 2008-2009 time period, with the initial deployment by one national operator of  a WiMax fixed access network operating at 3550 MHz.

Table 13

Actual registered interference cases

		LOCALITY

		DATE

		USER



		Joinville – SC

		Dec 2008

		TVRO



		Blumenau -SC

		Nov 2008

		TVRO



		Camboriú - SC

		Nov 2008

		TVRO



		Florianópolis - SC

		Oct 2008

		Corporate Data Network



		Criciúma - SC

		Oct 2008

		TVRO



		Curitiba - PR

		Aug 2008

		TV Network



		Chapecó - SC

		Sep 2008

		Corporate Data Network



		Cascavel - PR

		Oct 2008

		TVRO



		Bagé - RS

		Oct 2009

		TVRO



		Telêmaco Borba - PR

		Nov 2009

		TVRO



		Cornélio Procópio - PR

		Nov 2009

		TVRO



		Vacaria - RS

		Nov 2009

		TVRO



		Caçador - SC

		Nov 2009

		TVRO



		Lajeado - RS

		Aug 2008

		TV Network - Cable



		Caxias do Sul - RS

		May 2009

		TV Network



		Porto Alegre - RS

		Jun 2009

		TV Network



		Cornélio Procópio - PR

		Nov 2009

		Corporate Data Network



		Umuarama - PR

		Jan 2009

		Corporate Data Network



		São Luiz - MA

		Oct 2008

		TV Network



		São Luiz - MA

		Oct 2008

		TV Network



		Caruaru – PE

		Oct 2008

		TV Network



		Recife - PE

		Oct 2008

		TV Network



		Salvador – BA

		Aug 2008

		TV Network



		Belo Horizonte - MG

		Sep 2009

		Private Data Network



		Belo Horizonte - MG

		Aug 2009

		TVRO



		Contagem - MG

		Nov 2008

		TVRO



		Divinópolis - MG

		Jul 2009

		TV Network



		Divinópolis - MG

		Jul 2009

		Private Data Network



		Divinópolis - MG

		Jul 2009

		TVRO



		Governador Valadares - MG

		Aug 2008

		Private Data Network



		Sete Lagoas - MG

		Aug 2008

		TVRO



		Sete Lagoas - MG

		Aug 2008

		Private Data Network



		Barbacena – MG

		Nov 2009

		TVRO



		Vila Velha Jaburuna - MG

		Nov 2008

		Satellite Radio



		Itabuna - BA

		Apr 2009

		TV Network



		Juazeiro – BA

		Jun 2009

		TV Network



		Araçatuba - SP

		Jul 2008

		Corporate Data Network



		Taquacequetuba - SP

		May 2008

		TVRO



		Nova Friburgo - RJ

		Aug 2008

		Private Data Network



		Nova Friburgo - RJ

		Oct 2009

		Private Data Network



		Campos - RJ

		Jun 2008

		TVRO



		Imperatriz - MA

		Jun 2009

		TV Network



		Imperatriz - MA

		Jun 2009

		TV Network



		Imperatriz - MA

		Jul 2009

		TV Network





 

9	Summary

This Report has assessed technical feasibility of deploying IMT-Advanced networks considering sharing and compatibility with geostationary satellite networks in the FSS in the 3 400-4 200 MHz and 4 500-4 800 MHz frequency bands. 

The required separation distances to protect FSS receiving earth stations are summarized as follows with respect to the following different interference mechanisms.




(1)	In-band emissions

In the case of IMT-Advanced suburban/urban macro-cell deployment scenarios:

	For the long-term interference criterion, the required separation distances are at least in the tens of km. For the short-term interference criterion, the required separation distances, including when the effects of terrain are taken into account, exceed 100 km for most of the cases. Both the long-term and short-term interference criteria would have to be met.

In some cases, the required separation distances are larger, up to 525km. In other cases, the required separation distances could be reduced by taking into account additional effects of natural and artificial shielding. However these effects are site specific. 

In the case of IMT-Advanced small-cell outdoor deployment scenarios:

	For the long-term interference criterion, the required separation distances are in the tens of kms. For the short-term interference criterion, the required separation distances, including when the effects of terrain and clutter are taken into account, are around 30 km in typical IMT-Advanced small-cell deoployment using low antenna height in urban environment. In some cases the required separation distances were found to exceed 100 km. Both the long-term and short-term interference criteria would have to be met.

In the case of IMT-Advanced small-cell indoor deployment scenarios:

	The required protection distance for an indoor small cell deployment was smaller relative to small cell outdoor due to the fact that some degree of building attenuation was assumed, as well as lower base station eirp and antenna height.  	

	For the long-term interference criterion, the required separation distances vary from about 5km to tens of kms. For the short-term interference criterion, the required separation distances vary from about 5 km to tens of kms, and in some instances up to 120km. Both the long-term and short-term interference criteria would have to be met.

	The wide range of distances is a consequence of earth stations in a variety of terrain conditions, assumed clutter loss, and different assumptions for the building penetration loss (0 to 20dB).

The above mentioned separation distances were derived assuming an IMT Advanced deployment limited to indoor. If a percentage of IMT-Advanced user terminals are used outdoors, the required separation distances would normally be larger.

FSS earth station receivers that are deployed with low elevation angles require a path between space and earth to and from the satellite that is clear of ground clutter.  For this reason, it should not be assumed that clutter is available to attenuate emissions from an IMT-Advanced device that is located in the azimuth of the main beam of the FSS earth station receiver, especially those that have been installed with low elevation angles.

(2)	Adjacent band emissions

Adjacent band compatibility between IMT-Advanced systems in the bands or parts of the bands 3 300-3 400 MHz / 4 400-4 500 MHz / 4 800-4 990 MHz and FSS systems in the bands 3 400‑4 200 MHz/4 500-4 800 MHz have been studied. 

· Using the long-term interference criteria, the required separation distance is from 5 km up to tens of km for IMT-Advanced macro-cell and from 900m to less than 5 km for IMT-Advanced small-cell outdoor deployments, respectively, with no guard band. 

· In the case of IMT-Advanced deployment in the adjacent band, the separation distance between IMT Advanced base stations and a single FSS receiver earth station could be reduced by employing a guardband between the edge of the IMT-Advanced emission and FSS allocation. 

· For a specific macro-cell deployment scenario studied, the required separation distances from the edge of the IMT-Advanced deployment area are in the range of 30 km to 20 km with an associated guardband of 2 MHz to 80 MHz respectively. Likewise, for a specific small-cell deployment studied, the required separation distances from the edge of the IMT-Advanced deployment area are in the range of 20 km to 5 km with an associated guardband of 1 MHz to 2 MHz respectively. 

One study shows that the use of a common representative FSS receive LNA/LNB front-end RF filter provides an insignificant decrease in the required separation distance to protect the FSS earth station receiver from adjacent band emissions.  Moreover, inclusion of an RF filter provides little additional rejection of adjacent band emissions over what is already provided by the IF selectivity of the tuner.

(3)	LNA/LNB overdrive

The results show that emissions from one IMT-Advanced station can overdrive the FSS receiver LNA, or bring it into non-linear operation, if a macro cell deployment is closer than a required protection distance that ranges from 4 kilometres to 9 kilometres to an earth station in the band 3 400-4 200 MHz and 4 500-4 800 MHz.  The required protection distance to prevent overdrive of the FSS receiver by IMT-Advanced emissions ranges from one hundred metres to 900 metres for the case of small cell deployments.

(4)	Intermodulation

The required protection distance to prevent intermodulation interference produced in the receiver of the FSS earth station from being caused by multiple IMT-Advanced stations ranges from 2 kilometres to 8 kilometres in the case of macro cell deployments.  The required protection distance in the small cell deployment scenario to limit the possibility of intermodulation interference being caused into the earth station receivers in the band 3 400-4 200 MHz and 
4 500-4 800 MHz is at least 100 metres to as high as half a kilometre.

Conclusions

The sharing between IMT-Advanced and FSS is feasible only when FSS earth stations are at known, specific locations, and deployment of IMT-Advanced is limited to the areas outside of the minimum required separation distances for each azimuth to protect these specific FSS earth stations. In this case, the FSS protection criteria should be used to determine the necessary separation distances to ensure protection of the existing and planned FSS earth stations.

When FSS earth stations are deployed in a typical ubiquitous manner or with no individual licensing, sharing between IMT-Advanced and FSS is not feasible in the same geographical area since no minimum separation distance can be guaranteed. 

Deployment of IMT-Advanced would constrain future FSS earth stations from being deployed in the same area in the bands 3 400-4 200 MHz and 4 500-4 800 MHz as shown by the studies.






Annex 1

Study #1

1	Introduction

This study considered non-site specific conditions using smooth earth surface (i.e., not using any specific terrain information) in the sharing studies. This study employs the latest considerations on possible deployment scenarios of IMT-Advanced systems which are not fully taken into account in the similar studies in Report ITU-R M.2109.

As already indicated in Report ITU-R M.2109, in the case of calculations using short-term criterion, distances derived using a smooth earth surface are provided to assess the maximum range of distances and should not be applied by default to define an exclusion zone around an earth station, as it is not representative of all areas around the world.

2	Technical characteristics used in sharing studies

The parameters employed in the sharing study are summarized below, which are compliant with those defined in the main body of this Report.

TABLE 1 

FSS earth stations parameters

		Parameter

		Value used in the study



		Range of operating frequencies

		3 400-4 200 MHz and 4 500-4 800 MHz



		Antenna diameters

		2.4 m and 16 m



		Antenna reference pattern

		Recommendation ITU-R S.465



		Antenna elevation angle

		5 degrees and 48 degrees



		Antenna height

		3 m and 30 m



		Receiving system noise temperature

		100 K for 2.4 m antenna and 70 K for 16m antenna












TABLE 2 

IMT-Advanced base stations parameters

		Cell structure

		Macro suburban

		Macro
urban

		 Small cell outdoor

		Small cell indoor



		Antenna height

		25 m

		20 m

		6 m

		3 m



		Downtilt

		6 degrees

		10 degrees

		n.a.

		n.a.



		Antenna pattern

		Recommendation ITU-R F.1336

(recommends 3.1)

–	ka = 0.7

–	kp = 0.7

–	kh = 0.7

–	kv = 0.3

Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336
omni



		Antenna polarization

		+- 45 degrees

		+- 45 degrees

		linear

		linear



		Indoor base station penetration loss

		n.a.

		n.a.

		n.a.

		20 dB



		Maximum base station output power/sector (EIRP)

		61 dBm/20 MHz

		61 dBm/20 MHz

		29 dBm/20 MHz

		24 dBm/20 MHz







The propagation model defined in Recommendation ITU-R P.452-14 is employed in the sharing study. In order to evaluate non-site specific conditions, any specific terrain information is not assumed, but smooth earth surface model is assumed. Furthermore, in the studies, impact of additional clutter losses defined in Section 4.5 of Recommendation ITU-R P.452-14 is evaluated.

Two interference criteria are used to assess the interference mechanisms of “In-band emissions” from an IMT-Advanced base station to an FSS earth station.

Long-term interference criterion: 

–	In-band sharing studies: I/N = 10 dB (T/T = 10%) corresponding to the aggregate interference from co-primary allocation for 20% of any month.

Where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.

In the absence of specific recommendations on how to apportion these allowances among the competing potential sources of interference, the long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) should be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it should be limited to half of the afore mentioned values of 10% of the total noise. This 50% apportionment of interference is applicable to the case where two other allocated services (e.g. fixed and mobile) are contributing the same level of interference in the same geographical area and this results in a reduction of 3dB in the I/N value above (I/N = 13 dB).

Short-term interference criterion:

–	In-band sharing studies: I/N = 1.3 dB that may be exceed by up to 0.001667% of the time (single entry).

3	Evaluation methodology

In order to assess interference from an IMT-Advanced base station to an FSS earth station, the following equation is used to calculate the interference power level at the input to the FSS earth station, Iinterference,

		Iinterference = PIMT_eirp + Gt – PL + Gr,

where PIMT_eirp, Gt, PL, and Gr represent e.i.r.p of IMT base station, off-axis antenna gain of the IMT base station, propagation path loss and off-axis antenna gain of the FSS earth station, respectively. The required separation distance is calculated in order to meet the interference criteria described in section 2 above.

4	Results of studies

4.1	In-band emissions

The calculated results of required separation distance in the two operating frequency bands 3 400‑4 200 MHz and 4 500-4 800 MHz are summarized in Tables 3 and 4, respectively. As the required separation distances for the bands between 3 400-4 200 MHz and 4 500-4 800 MHz are almost the same, the band 3 400-4 200 MHz is mainly investigated by changing the simulation parameters. 

It should be also noted that Table 3(c) contains the results of studies when the local clutter losses at both IMT-Advanced base station and FSS earth station sides are not available. However, the results in this Table 3(c) should not be default to define an exclusion zone around an FSS earth station, since they are derived using a smooth earth surface model without any clutter losses which is not representative of all areas around the world.

TABLE 3 

Required separation distance to meet interference criteria for 3 400-4 200 MHz

(a) Local clutter losses at both IMT-Advanced base station and earth station sides

		IMT-Advanced 
base station

		Scenario

		Macro suburban

		Macro
urban

		Small cell outdoor

		Small cell indoor



		

		Clutter category

		Suburban

		Urban

		Urban

		Urban



		Earth station 

		Antenna height

		3 m

		3 m

		30 m

		30 m



		

		Antenna size

		2.4 m

		16 m

		2.4 m

		16 m

		2.4 m

		2.4 m



		

		Clutter category

		Village centre

		Village centre

		Village centre

		Village centre

		Urban

		Urban



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		61 km

		63 km

		46 km

		48 km

		25 km

		< 5 km



		

		

		Short-term interference

		486 km

		504 km

		364 km

		383 km

		26 km

		< 5 km



		Earth station elevation angle = 48°

		

		Long-term interference

		35 km

		36 km

		20 km

		22 km

		6 km

		< 5 km



		

		

		Short-term interference

		199 km

		221 km

		74 km

		89 km

		< 5 km

		< 5 km





(b) Local clutter losses at IMT-Advanced base station side only

		IMT-Advanced 
base station

		Scenario

		Macro suburban

		Macro
urban

		Small cell outdoor

		Small cell indoor



		

		Clutter category

		Suburban

		Urban

		Urban

		Urban



		Earth station

		Antenna height

		3 m

		3 m

		30 m

		30 m



		

		Antenna size

		2.4 m

		16 m

		2.4 m

		16 m

		2.4 m

		2.4 m



		

		Clutter category

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		78 km

		84 km

		59 km

		62 km

		25 km

		< 5km



		

		

		Short-term interference

		610 km

		628 km

		491 km

		510 km

		26 km

		< 5km



		Earth station elevation angle = 48°

		

		Long-term interference

		46 km

		48 km

		33 km

		35 km

		6 km

		< 5km



		

		

		Short-term interference

		337 km

		356 km

		205 km

		227 km

		< 5km

		< 5 km







(c) No local clutter loss neither at IMT-Advanced base station nor earth station side

		IMT-Advanced 
base station

		Scenario

		Macro suburban

		Macro
urban

		Small cell outdoor

		Small cell indoor



		

		Clutter category

		N/A

		N/A

		N/A

		N/A



		Earth station

		Antenna height

		3 m

		3 m

		30 m

		30 m



		

		Antenna size

		2.4 m

		16 m

		2.4 m

		16 m

		2.4 m

		2.4 m



		

		Clutter category

		N/A

		N/A

		N/A

		N/A

		N/A

		N/A



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		78 km

		84 km

		59 km

		62 km

		42 km

		17 km



		

		

		Short-term interference

		610 km

		628 km

		491 km

		510 km

		233 km

		15 km



		Earth station elevation angle = 48°

		

		Long-term interference

		46 km

		48 km

		33 km

		35 km

		24 km

		< 5 km



		

		

		Short-term interference

		337 km

		356 km

		205 km

		227 km

		26 km

		< 5km





NOTE - Propagation loss is calculated at 3 600 MHz.

TABLE 4

Required separation distance to meet interference criteria for 4 500-4 800 MHz

(a) Local clutter losses at both IMT-Advanced base station and earth station sides

		IMT-Advance

base station

		Scenario

		Macro suburban

		Macro
urban

		Small cell outdoor

		Small cell indoor



		

		Clutter category

		Suburban

		Urban

		Urban

		Urban



		Earth station

		Antenna height

		3 m

		3 m

		30 m

		30 m



		

		Antenna size

		2.4 m

		16 m

		2.4 m

		16 m

		2.4 m

		2.4 m



		

		Clutter category

		Village centre

		Village centre

		Village centre

		Village centre

		Urban

		Urban



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		57 km

		59 km

		43 km

		45 km

		25 km

		< 5 km



		

		

		Short-term interference

		431 km

		448 km

		318 km

		336 km

		27 km

		< 5 km



		Earth station elevation angle = 48°

		

		Long-term interference

		31 km

		34 km

		20 km

		21 km

		6 km

		< 5 km



		

		

		Short-term interference

		165 km

		185 km

		55 km

		69 km

		< 5 km

		< 5 km





NOTE - Propagation loss is calculated at 4 500 MHz.

Based on the Tables 3 and 4 above, the results of studies for interference scenario from an IMT‑Advanced macro cell base station into an FSS earth station are summarized as follows:

–	For the long-term interference criterion, the required separation distance is tens of kilometres.

–	For the short-term interference criterion, the required separation distance exceeds one hundred kilometres except for some cases. However, it should be also noted that these separation distance values should not be applied by default to define an exclusion zone around an FSS earth station, since the results are derived using a smooth earth surface model which is not representative of all areas around the world.

Meanwhile, the results of studies for the interference scenarios from an IMT-Advanced small cell base station into an FSS earth station are summarized as follows:

–	For both the long-term and short-term interference criteria, the required separation distance is about less than 30 kilometres in the outdoor IMT-Advanced small cell base station scenario when the effect of local clutter losses at IMT-Advanced base station side is available. When such clutter losses are not available, the required separation distance reaches two hundred kilometres for the short-term interference criterion as shown in Table 3(c). However, such a scenario is not realistic for IMT-Advanced small cell base stations, since they are deployed using low antenna height in dense urban environment surrounded by tall buildings.

–	For both the long-term and short-term interference criteria, the required separation distance is less than 5 km in the indoor IMT-Advanced small cell base station scenario.




In order to assess improved sharing possibilities between an IMT-Advanced macro base station and an FSS earth station, Table 5 investigates the required separation distance considering the effect of additional losses. These additional losses can be obtained through taking into account local terrain information as well as clutter losses by artificial shielding effect at an FSS earth station. Effect and example values for these additional losses could be found in the Study #2 of this Report (for shielding effect by local terrain) as well as in the past ITU-R studies, such as in Recommendation ITU-R SF.1486 (for shielding effect at an FSS earth station), Report ITU-R M.2109 (for shielding effect by local terrain).

TABLE 5 

Required separation distance for IMT-Advanced macro cell base station
considering additional loss to meet interference criteria for 3 400-4 200 MHz

(a) Local clutter losses at both IMT-Advanced base station and earth station sides

		IMT-Advanced base station type (Clutter category)

		Macro urban (Urban)



		Additional loss

		0 dB

		10 dB

		20 dB

		30 dB

		35 dB



		Earth station

		Antenna height

		3 m



		

		Antenna size

		2.4 m



		

		Clutter category

		Village centre



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		46 km

		35 km

		22 km

		17 km

		14 km



		

		

		Short-term interference

		364 km

		233 km

		99 km

		15 km

		13 km







(b) Local clutter losses at IMT-Advanced base station side only

		IMT-Advanced base station type (Clutter category)

		Macro urban (Urban)



		Additional loss

		0 dB

		10 dB

		20 dB

		30 dB

		35 dB



		Earth station 

		Antenna height

		3 m



		

		Antenna size

		2.4 m



		

		Clutter category

		None



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		59 km

		47 km

		36 km

		25 km

		19 km



		

		

		Short-term interference

		491 km

		372 km

		243 km

		106 km

		58 km





Impact of employing different values of indoor bases station penetration loss is investigated for IMT-Advanced small-cell indoor deployment scenarios as shown in Table 6.

TABLE 6 

Required separation distance when employing different level of penetration loss 
for IMT-Advanced small-cell indoor base station in 3 400-4 200 MHz

		IMT-Advanced 
base station

		Scenario

		Small cell indoor



		

		Clutter category

		Urban



		

		Penetration loss

		20 dB

		10 dB

		0 dB



		Earth station 

		Antenna height

		30 m



		

		Antenna size

		2.4 m



		

		Clutter category

		N/A



		Earth station elevation angle = 5°

		Required separation distance

		Long-term interference

		< 5 km

		7 km

		16 km



		

		

		Short-term interference

		< 5km

		< 5 km

		16 km










Annex 2

Study #2



1	Introduction

The 3 400-4 200 MHz frequencyprovides large contiguous spectrum for mobile broadband services and applications using IMT macro and small cell rollout scenarios forming parts of new advanced Heterogeneous Networks (HetNet).

The 3 400-4 200 MHz frequency range was part of the candidate bands for IMT services taken into considerations for the WRC-07 Conference. Report ITU-R M.2109 ‎[1] contains the summary of technical studies which were based on assumptions on FSS and IMT systems available in 2007. Report ITU-R M.2109 provides conclusions on terrestrial service (IMT systems) and satellite service (FSS systems) that are based on worst case assumptions which may not always lead to the most efficient spectrum utilization. Building upon studies from 2007, there is a need to update the sharing studies in order to account for updated methodologies, parameters and assumptions for both FSS and IMT systems. 

[bookmark: _Toc379818883]2	Background (References)

The following Recommendations, Reports, Specifications, Submissions are used in the analysis.

[bookmark: _Ref359595410][bookmark: _Ref365577689][bookmark: _Ref365622600][bookmark: _Ref359593296]Report ITU-R M.2109 (2007) “Sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 and 4 500-4 800 MHz frequency bands” 

[bookmark: _Ref365773547][bookmark: _Ref365705521]3GPP TR 36.814 “3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA);  Further advancements for E-UTRA physical layer aspects (Release 9)”

[bookmark: _Ref359596042]Recommendation ITU-R S.1323-2 (2002) “Maximum permissible levels of interference in a satellite network (GSO/FSS; non-GSO/FSS; non-GSO/MSS feeder links)* in the fixed-satellite service caused by other codirectional FSS networks below 30 GHz”

[bookmark: _Ref359596044][bookmark: _Ref373517408]Recommendation ITU-R S.1432 (2006) “Apportionment of the allowable error  performance degradations to Fixed-Satellite Service (FSS) hypothetical  reference digital paths arising from time invariant interference for systems operating below 15GHz”

[bookmark: _Ref365574198]Recommendation ITU-R P.452-12 (2005) “Prediction procedure for the evaluation of microwave interference between stations on the surface of the Earth at frequencies above about 0.7 GHz”

[bookmark: _Ref365574216]Recommendation ITU-R P.452-14 (10/2009) “Prediction procedure for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz”

Recommendation ITU-R P.1238-7 (02-2012) “Propagation data and prediction methods for the planning of indoor radiocommunication systems and radio local area networks in the frequency range 900 MHz to 100 GHz”

[bookmark: _Ref365575974]Recommendation ITU-R P.526-12 (02-2012) “Propagation by diffraction”

[bookmark: _Ref365575836]Recommendation ITU-R S.465-6 (01-2010) “Reference radiation pattern for earth station antennas in the fixed-satellite service for use in coordination and interference assessment in the frequency range from 2 to 31 GHz”

[bookmark: _Ref365577372]Report ITU-R M.2135 (10-2008) “Guidelines for evaluation of radio interface technologies for IMT-Advanced” 

Recommendation ITU-R P.1546-4 (09-2010) “Method for point-to-area predictions for terrestrial services in the frequency range 30 MHz to 3 000 MHz”

3	Technical characteristics

[bookmark: _Toc379818836]3.1	Methodology

[bookmark: _Ref374507492][bookmark: _Ref374507511][bookmark: _Toc379818837]3.1.1	IMT interference calculation

Assuming one base station or an indoor IMT small cell system interferes with an FSS earth station, the received interference power level at the earth station is calculated according to the following equation:





IIMT:	Received interference power level in 1MHz bandwidth at the earth station receiver caused by the transmission from the IMT system (dBm)

PIMT:	IMT system transmission power in 1MHz bandwidth (dBm)

GIMT:	IMT system antenna gain (dB)

GEs(φ):	ES reception antenna gain (dB)

Φ:	ES antenna elevation angle

L(f, d):	Path loss (dB)



Adjacent channel interference

The following parameters are specifically used for the IMT interference calculation for the adjacent channel interference analysis.

FDR:	Frequency dependent rejection (dB) [footnoteRef:5]  [5:  FDR = 0dB for co-channel analysis.] 


Δf:	Frequency offset (Hz)

The following tables provide the IMT transmission power suppression at the first adjacent frequency based on the 3GPP 36.104 v.11.2.0, § 6.6.2 specifications.

Furthermore, ACLR shall be no less than 45dB.

For Wide Area BS, either the ACLR limits or the absolute limit of -15dBm/MHz apply, whichever is less stringent.

For Local Area BS, either the ACLR limits or the absolute limit of -32dBm/MHz shall apply, whichever is less stringent.

If the band is larger than the ACLR region, the operating band unwanted emission limits will refer to the following tables from 3GPP 36.104 v.11.2.0, § 6.6.3:

Table 1

IMT Wide Area base station operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidths (Table 6.6.3.2.1-6 in 3GPP 36.104 v.11.2.0).

		Frequency offset of measurement filter ‑3dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0.05 MHzf_offset<5.05MHz

		[image: ]

		100 kHz



		5 MHz  f <

min(10 MHz, fmax)

		5.05 MHz  f_offset <

min(10.05 MHz, f_offsetmax)

		-14 dBm

		100 kHz



		10 MHz  f  fmax

		10.5 MHz  f_offset < f_offsetmax

		-15 dBm (Note 5)

		1 MHz





Table 2

IMT Local Area base station operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidths (Table 6.6.3.2a-3 in 3GPP 36.104 v.11.2.0).

		Frequency offset of measurement filter ‑3dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0.05 MHz  f_offset < 
5.05 MHz

		



		100 kHz



		5 MHz  f < 
min(10 MHz, Δfmax)

		5.05 MHz  f_offset < min
(10.05 MHz, f_offsetmax)

		-37 dBm

		100 kHz



		10 MHz  f  fmax

		10.05 MHz  f_offset < f_offsetmax

		-37 dBm (Note 5)

		100 kHz







[bookmark: _Ref373769310][bookmark: _Ref373769343][bookmark: _Ref373769349][bookmark: _Toc379818838]3.1.2	Interference criteria (from Report ITU-R M.2109) 

The following methodology is adopted in Report ITU-R M.2109 ‎[1] to evaluate the Earth station tolerable long-term and short-terms interference from other systems. 

[bookmark: _Toc379818839]3.1.2.1	Co-channel sharing studies – long term criterion

The following long-term interference criterion is identified for use when assessing the interference mechanisms within in-band sharing studies and adjacent band sharing studies (out-of-band or spurious emission) from IMT‑Advanced to FSS as discussed below. [footnoteRef:6], [footnoteRef:7] [6:  Based on Recommendation ITU-R S.1432-1.]  [7:  This criterion was adopted in 2007 by Report ITU-R M.2109.] 




 (
I/N = 
10 dB (ΔT/T = 10%)
)



Corresponding to the aggregate interference from co-primary allocation for 20% of any month. [footnoteRef:8] [8:  For typical BER vs. C/N characteristics of PSK/FEC demodulators, the two criteria are effectively the same: if one is met the other will be met).] 


[bookmark: _Ref374770831][bookmark: _Toc379818840]3.1.2.2	Co-channel sharing studies – short term criterion

The ITU-R reference for this criterion is Recommendation ITU-R SF.1006. This criterion also appears in Annex 7 (see both text and Table 8b) of RR Appendix 7:



 (
I
/
N
 = 
1.3 dB
)



Which may be exceeded by up to 0.001667% time (single entry)

It is noted that:

•	The criterion above is also used to define a coordination area as defined in Annex 7 of RR Appendix 7, in conjunction with the methodology (e.g. propagation model) and other parameters described therein.

•	Recommendation ITU-R SF.1006 recommends the methods that may be used for assessing interference potential between Earth stations and the specific stations in the fixed service within the coordination area. 

[bookmark: _Toc379818841]3.1.2.3	Adjacent channel sharing studies – long term criterion



 (
I/N = 
20 dB (ΔT/T = 1%)
)



Corresponding to the aggregate interference from all other sources of interference, for 100 % of the time.

Where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.

[bookmark: _Toc379818842]3.1.3	Apportionment of interference allowance

50% apportionment of the allowable interference is assumed among the competing potential sources of interference.

Long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) is considered to be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it is considered to be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.

[bookmark: _Toc379818843]3.2	Sharing Scenarios and Topologies

This sharing and compatibility report focuses on the simultaneous operation of the FSS and IMT systems within the 3 400-4 200 MHz frequency range.

Three main scenarios are assessed for the IMT systems:

•	IMT macro cells scenario in the suburban and urban environments;

•	Outdoor IMT small cells scenario in the urban environment;

•	Indoor IMT small cells scenario in the urban environment.

[bookmark: _Toc379818844]3.2.1	Topology for IMT MACRO and OUTDOOR IMT SMALL CELL scenarios

Report ITU-R M.2109 ‎[1] is taken as reference. The adopted topology is described below. [footnoteRef:9] [9:  The topology considered in this proposal is consistent with Report ITU-R M.2109, and it is the most conservative (elevation only off-set) topology. However in a significant number of practical cases less conservative situations will happen involving elevation as well as azimuth off-set.] 


Figure 1

IMT MACRO and OUTDOOR IMT SMALL CELL scenarios’ topology

[image: ]



d(i):	The radius of the i-th ring:

d(i) = dprotection + ( i-1)* dintersite

N(i):	The number of IMT base stations located on the i-th ring. It is assessed based on the corresponding distance d(i) and the base station inter-site distance range:

N(i) = pi / (arc sin (dintersite/ (2*d(i))))

In order to avoid the case in which the Earth station antenna main lobe is directed between the cells, thus providing an optimistic result, 1 000 snapshots are performed and for each snapshot the FSS earth station antenna’s bore sight is randomly simulated.

Two rings of interfering IMT base stations are considered for this scenario, in line with the topology adopted by Report ITU-R M.2109 ‎[1].

NOTE: the uniform distribution of outdoor IMT Small Cells represents a conservative assumption. Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present.

[bookmark: _Toc379818845]3.2.2	Topology for INDOOR IMT SMALL CELL scenario

Multiple buildings are distributed in a ring-shaped topology around the FSS earth station. Each building contains an indoor IMT small cell system comprising multiple IMT small cells.

The spacing between the terrestrial IMT and the satellite FSS systems corresponds to the distance between the FSS earth station and the nearest IMT small cell base station within an identified building.

An indoor IMT small cell system topology considered for the sharing scenario is distributed in buildings of 6 floors. The topology of each floor is based on Figure 2.1.1.5-1 from the 3GPP specification 3GPP TR 36.814 ‎[2].

Figure 2

 IMT small cell indoor system building: floor topology.

[image: ]



As shown in the figure above:

· The size of the building where IMT small cell indoor system is located: 120 m x 50 m, including rooms and corridor;

· Number of rooms in the building: 16;

· Room size: 15 m x 15 m;

· Corridor size: 120 m x 20 m;

· 4 indoor IMT small cell base stations on each floor [footnoteRef:10]; [10:  4 small cells are considered in each floor instead of 2 the cells per floor considered in 3GPP TR 36.814.] 


· All terminals are deployed in the rooms;

· The IMT indoor base stations are deployed in 4 floors randomly selected among the 6 available floors in the building (i.e. 16 IMT small cell base stations are  considered in each building);

· Height of each floor: 3 m;

· Building penetration loss:

· Building penetration loss (horizontal): 20 dB / wall;

NOTE: sensitivity analysis performed for: 12 and 15 dB is performed in paragraph 8.4.1.

· Building penetration loss (vertical): 18 dB / floor (Recommendation ITU-R P.1238, Table 3).




NOTE: this value is only used when the protection distance becomes very small. For larger protection distances, the interference is considered in the horizontal direction only (no vertical penetration loss applies). As described in the diagram below, at short enough distances, the radio signal will pass through the floor in addition to the wall.

Figure 3

 Building penetration loss (horizontal and vertical).







The buildings are uniformly distributed around the FSS earth station as described in the diagram below (the topology given in Report ITU-R M.2109 ‎[1] is considered).

Figure 4

 Indoor IMT small cell scenario topology.



[image: ]




Where:

dprotection:	Protection distance, between the FSS Earth station and the central position of IMT small cell indoor system

dbuilding:	Distance between two IMT small cell indoor systems



As shown in the figure above, the number of indoor IMT small cell systems (i.e. number of buildings) is:





The system-level compatibility simulation assumes dbuilding = 300 m.

The number of buildings is calculated by taking into account the buildings containing one of the IMT small cell indoor systems, the distance between buildings is calculated according to the average distribution.

In order to avoid the case in which the earth station antenna main lobe is directed between the buildings, thus providing an optimistic result, 1 000 snapshots are performed and for each snapshot the FSS earth station antenna’s bore sight is randomly simulated. 

NOTE: The uniform distribution of the buildings containing indoor IMT small cells represents a conservative assumption. Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present.

[bookmark: _Toc353353203][bookmark: _Toc365219492][bookmark: _Toc379818846]3.3	Propagation model 

Most sharing studies that contributed to the Report ITU-R M.2109 ‎[1] refer to Recommendation ITU-R P.452-12 ‎[5] (now superseded) utilizing the smooth earth propagation model. This assumption treats the propagation path as smooth earth which does not seem to be a realistic assumption.

This contribution adopts the more recently updated Recommendation ITU-R P.452-14 ‎[6] which allows adding terrain or local clutter factors to the smooth earth model by defining the diffraction loss part in detail. 

Recommendation ITU-R P.452-14 requires the terrain information as input for diffraction loss. The proposal below uses the typical terrain information contained in the table 4 of Recommendation ITU-R P.452-14.




Table 3

 Nominal clutter heights and distances according to the table 4 of Recommendation ITU-R P.452-14

		Clutter (ground-cover) category

		Nominal height

ha (m)

		Nominal distance

dk (km)



		High crop fields

Park land

Irregularly spaced sparse trees

Orchard (regularly spaced)

Sparse houses

		4

		0.1



		Village centre

		5

		0.07



		Deciduous trees (irregularly spaced)

Deciduous trees (regularly spaced)

Mixed tree forest

		15

		0.05



		Coniferous trees (irregularly spaced)

Coniferous trees (regularly spaced)

		20

		0.05



		Tropical rain forest

		20

		0.03



		Suburban

		9

		0.025



		Dense suburban

		12

		0.02



		Urban

		20

		0.02



		Dense urban

		25

		0.02



		High-rise urban

		35

		0.02



		Industrial zone

		20

		0.05





ha:	Nominal clutter height (m) above local ground level

dk:	Distance (km) from nominal clutter point to the antenna

For transmitter and receiver side, the terrain info is selected according to the above table. The concrete value is based on which specific scenario the node is located. 

It is assumed that the path includes transmit terrain, receive terrain and dense suburban terrain in the middle path; the propagation estimation is based on ITU-R Recommendation P.452 employing a smooth earth model merged with a 12m obstacle in the middle of the path for a diffraction loss estimation with additional losses introduced due to clutters, at the locations of a receiving station in the FSS and transmitting station in the MS, to acquire the separation distance. 

If the transmitter or receiver side terrain is lower than 12 m, the minimum value among the transmitter and receiver is chosen for the middle path terrain’s height.

For the indoor IMT small cell scenario, additional penetration loss will be considered as follows:

· [bookmark: _Ref374770227][bookmark: _Toc379818847]Building penetration loss:

· Building penetration loss (horizontal): 20 dB / wall;

NOTE: sensitivity analysis performed for: 12 and 15 dB is performed in paragraph 8.4.1.

· Building penetration loss (vertical): 18 dB / floor (Recommendation ITU-R P.1238, Table 3).

NOTE: this value is only used when the protection distance becomes very small. For larger protection distances, the interference is considered in the horizontal direction only (no vertical penetration loss applies). As described in the diagram below, at short enough distances, the radio signal will pass through the floor in addition to the wall.

3.4	FSS Earth stations and IMT base stations parameters

The following tables summarize the parameters that have been adopted for the various scenarios. 

[bookmark: _Toc379818848]3.4.1	IMT MACRO CELL scenario – SUBURBAN, URBAN environments

Table 4

FSS Earth station and IMT base station parameters for IMT MACRO cell scenario - SUBURBAN environment

		IMT MACRO CELL scenario -
SUBURBAN environment

		
(*) According to Report ITU-R M.2292- Table D



		FSS antenna diameter (m)

		10 m



		FSS antenna pattern

		Rec. ITU-R S.465-6



		FSS antenna Height (m)

		7 m



		FSS antenna Elevation angle (degrees)

		5° , 15°, 48°



		FSS receiving system noise temperature (K)

		100 K



		FSS bandwidth (MHz)

		36 MHz



		FSS filter characteristics

		IMT filter



		 

		 



		IMT interference model / deployment

		Aggregate for long term analysis
Single entry for short term analysis
NOTE: Continuous, homogeneous IMT base stations coverage around the FSS ES. Hexagonal pattern. Consistent with Report ITU-R M.2109.



		Number of cells

		N/A
NOTE: # cells depends on the calculated protection distance from FSS ES



		Number of sectors per cells

		3 (*)



		Cell radius (km)

		0.6 km  (*)



		 

		 



		IMT base station antenna height (m)

		25 m  (*)



		IMT base station antenna gain (dBi)

		18 dBi



		IMT base station antenna pattern

		Rec. ITU-R F.1336 (recommends 3.1) (*)



		IMT downtilt (degrees)

		6° (*)



		IMT bandwidth (MHz)

		20 MHz



		IMT base station max power output (dBm)
Average base station activity: 50% (***) (i.e. -3dB from max pwr)

		46 dBm



		IMT feeder loss (dB)

		3 dB



		Max IMT base station e.i.r.p. (dBm)

		61 (max. e.i.r.p. value used for the single entry interference analysis, avg. value (i.e. 50%) for aggregate interference analysis)



		IMT base station filter characteristics / ACLR

		3GPP TS 36.104 v.11.2.0, § 6.6.2



		 

		 



		Terrain model

		Statistical model, based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Terrain profile

		Base station side: suburban (avg. height: 9 m)
Earth station side: suburban (avg. height: 9 m)
Middle path: dense suburban terrain (12 m terrain's height), If the terrain on the tx. or rx. side is < 12 m, the minimum value among the tx. and rx. is chosen for the middle path terrain’s height.



		Clutter category

		Base station side: suburban
Earth station side: suburban
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14



		Nominal height (m)

		Base station side: 9 m
Earth station side: 9 m
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14



		Nominal distance (km)

		Base station side: 0.025 km
Earth station side: 0.025 km
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14



		Building penetration loss (dB)

		0 dB    outdoor





Table 5

FSS earth station and IMT base station parameters for IMT MACRO cell scenario - URBAN environment

		IMT MACRO CELL scenario - 
URBAN environment

		
(*) According to Report ITU-R M.2292-  Table D



		FSS antenna diameter (m)

		2.4m



		FSS antenna pattern

		Rec. ITU-R S.465-6



		FSS antenna Height (m)

		30m



		FSS antenna Elevation angle (degrees)

		5° , 15°, 48°



		FSS receiving system noise temperature (K)

		100 K



		FSS bandwidth (MHz)

		36 MHz



		FSS filter characteristics

		IMT filter



		 

		 



		IMT interference model / deployment

		Aggregate for long term analysis
Single entry for short term analysis
NOTE: Continuous, homogeneous IMT base stations coverage around the FSS ES. Hexagonal pattern. Consistent with Report ITU-R M.2109.



		Number of cells

		N/A
NOTE: # cells depends on the calculated protection distance from FSS ES



		Number of sectors per cells

		3 (*)



		Cell radius (km)

		0.3 km  (*)
NOTE different ISD for different scenarios



		 

		 



		IMT base station antenna height (m)

		20 m   (*)



		IMT base station antenna gain (dBi)

		18 dBi



		IMT base station antenna pattern

		Rec. ITU-R F.1336 (recommends 3.1) (*)



		IMT downtilt (degrees)

		10°  (*)



		IMT bandwidth (MHz)

		20 MHz



		IMT base station max power output (dBm)
Average base station activity: 50% (***) (i.e. -3dB from max pwr)

		46 dBm



		IMT feeder loss (dB)

		3 dB



		Max IMT base station e.i.r.p.  (dBm)

		61 (max. e.i.r.p.  value used for the single entry interference analysis, avg. value (i.e. 50%) for aggregate interference analysis)



		IMT base station filter characteristics / ACLR

		3GPP TS 36.104 v.11.2.0, § 6.6.2



		 

		 



		Terrain model

		Statistical model, based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Terrain profile

		Base station side: suburban (avg. height: 9 m)
Earth station side: suburban (avg. height: 9 m)
Middle path: dense suburban terrain is used in the middle path: 12 m terrain's height, If the terrain on the tx. or rx. side is < 12 m, the minimum value among the tx. and rx. is chosen for the middle path terrain’s height.



		Clutter category

		Base station side: urban
Earth station side: urban
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Nominal height (m)

		Base station side: 20 m
Earth station side: 20 m
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Nominal distance (km)

		Base station side: 0.02 km
Earth station side: 0.02 km
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Building penetration loss (dB)

		0 dB    outdoor





[bookmark: _Toc379818849]

3.4.2	OUTDOOR IMT SMALL CELL scenario – URBAN environment

Table 6

FSS Earth station and IMT base station parameters for: 
OUTDOOR IMT SMALL CELL scenario - URBAN environment.

		OUTDOOR IMT SMALL CELL scenario - URBAN environment

		
(*) According to Report ITU-R M.2292-  - Table D



		FSS antenna diameter (m)

		2.4 m



		FSS antenna pattern

		Rec. ITU-R S.465-6



		FSS antenna Height (m)

		30 m



		FSS antenna Elevation angle (degrees)

		5° , 15°, 48°



		FSS receiving system noise temperature (K)

		100 K



		FSS bandwidth (MHz)

		36 MHz



		FSS filter characteristics

		IMT filter



		 

		 



		IMT interference model / deployment

		Aggregate for long term analysis
Single entry for short term analysis
NOTE: Continuous, homogeneous IMT base stations coverage around the FSS ES. Hexagonal pattern. Consistent with Report ITU-R M.2109.



		Number of cells

		N/A
NOTE: # cells depends on the calculated protection distance from FSS ES



		Number of sectors per cells

		1   (omnidirectional antenna) (*)



		Cell radius (km)

		N/A (*)



		 

		 



		IMT base station antenna height (m)

		6 m  (*)



		IMT base station antenna gain (dBi)

		5 dBi



		IMT base station antenna pattern

		Rec. ITU-R F.1336 omni  (*)



		IMT downtilt (degrees)

		N/A (***)



		IMT bandwidth (MHz)

		20 MHz



		IMT base station max power output (dBm)
Average base station activity: 50% (***) (i.e. -3dB from max pwr)

		24 dBm



		IMT feeder loss (dB)

		0 dB



		Max IMT base station e.i.r.p.  (dBm)

		29dBm (max. e.i.r.p.  value used for the single entry interference analysis, avg. value (i.e. 50%) for aggregate interference analysis)



		IMT base station filter characteristics / ACLR

		3GPP TS 36.104 v.11.2.0, § 6.6.2



		 

		 



		Terrain model

		Statistical model, based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Terrain profile

		N/A



		Clutter category

		Base station side: urban
earth station side: urban
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Nominal height (m)

		Base station side: 20 m
earth station side: 20 m
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Nominal distance (km)

		Base station side: 0.02 km
earth station side: 0.02 km
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Building penetration loss (dB)

		0dB    outdoor
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Table 7

FSS Earth station and IMT base station parameters for the
INDOOR IMT SMALL CELL scenario - URBAN environment

		INDOOR IMT SMALL CELL scenario URBAN environment

		
(*) According to Report ITU-R M.2292- - Table D



		FSS antenna diameter (m)

		2.4 m



		FSS antenna pattern

		Rec. ITU-R S.465-6



		FSS antenna Height (m)

		30 m



		FSS antenna Elevation angle (degrees)

		5° , 15°, 48°



		FSS receiving system noise temperature (K)

		100 K



		FSS bandwidth (MHz)

		36 MHz



		FSS filter characteristics

		IMT filter



		 

		 



		IMT interference model / deployment

		Aggregate



		Number of cells

		N/A
16 IMT small cell BSs are always considered in each building.
The number of buildings depends on the calculated protection distance from FSS ES.



		Number of sectors per cells

		1   (omnidirectional antenna) (*)



		Cell radius (km)

		According to the indoor building topology.



		 

		 



		IMT base station antenna height (m)

		3 m above the floor   (*)



		IMT base station antenna gain (dBi)

		0



		IMT base station antenna pattern

		Rec. ITU-R F.1336 omni  (*)



		IMT downtilt (degrees)

		N/A (*)



		IMT bandwidth (MHz)

		20 MHz



		IMT base station max power output (dBm)
Average base station activity: 50% (***) (i.e. -3dB from max pwr)

		24 dBm 



		IMT feeder loss (dB)

		0 dB



		Max IMT base station e.i.r.p. (dBm)

		24 dBm (max. e.i.r.p. value used for the single entry interference analysis, avg. value (i.e. 50%) for aggregate interference analysis)



		IMT base station filter characteristics / ACLR

		3GPP TS 36.104 v.11.2.0, § 6.6.2



		 

		 



		Terrain model

		Statistical model, based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Terrain profile

		N/A



		Clutter category

		Base station side: urban
Earth station side: urban
Based on the Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Nominal height (m)

		Base station side: 20 m
Earth station side: 20 m
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Nominal distance (km)

		Base station side: 0.02 km
Earth station side: 0.02 km
Based on Table 4 in par. 4.5.3 of Rec. ITU-R P.452-14 



		Building penetration loss (dB)

		Building penetration loss (horizontal): 20 dB / wall (***)
(NOTE: Sensitivity analysis for: 10dB, 12 dB and 15 dB)
Building penetration loss (vertical): 18 dB / floor (Rec. ITU-R P.1238, Table 3 )  (*)





NOTE: The assumed FSS antenna height is in line with what was considerd in ITU-R Report M.2109. However with respect to the receiving FSS Earth station antenna, the assumed antenna height may not  sufficiently represent the typical FSS Earth station located in the given operational environment.

4	Analysis

[bookmark: _Ref375330183][bookmark: _Toc379818851]4.1	Co-channel interference analysis

[bookmark: _Toc379818852]4.1.1	Long term analysis

[bookmark: _Toc379818853][bookmark: _Toc365219499]4.1.1.1	IMT MACRO CELL scenario – SUBURBAN and URBAN

The Monte Carlo statistical method provides the following results:

Table 8 

Minimum protection distance for:
IMT MACRO CELL scenario – SUBURBAN and URBAN environments,
co-channel, long term criterion

		I/N criterion

(dB)

		FSS elevation

angle

		Min. protection distance (km)



		

		

		Suburban

		Urban



		-13

(incl. -3 dB for 50% interference apportionment)

		5°

		60.5

		72



		

		15°

		58.2

		69



		

		48°

		55.6

		67





.

[bookmark: _Toc379818854]4.1.1.2	OUTDOOR IMT SMALL CELL scenario – URBAN

The Monte Carlo statistical method provides the following results:

Table 9

Minimum protection distance for:
OUTDOOR IMT SMALL CELL scenario - URBAN environment,
co-channel, long term criterion.

		I/N criterion

(dB)

		FSS elevation
angle

		Min. protection

distance (km)



		-13

(incl. -3 dB for 50% interference apportionment)

		5°

		5



		

		15°

		1.2



		

		48°

		0.53
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[bookmark: _Toc365219522]The Monte Carlo statistical method provides the following results:

Table 10

Minimum protection distance for:
INDOOR IMT SMALL CELL scenario - URBAN environment,
co-channel, long term criterion,
building penetration loss (horizontal): 10 dB and 20 dB.

		I/N criterion

(dB)

		Building penetration loss

(dB)

		FSS elevation
angle

		Min. protection

distance (km)



		-13

(incl. -3 dB for 50% interference apportionment)

		20

		5°

		4



		

		20

		15°

		1



		

		20

		48°

		0.55



		

		10

		5°

		5



		

		10

		15°

		3



		

		10

		48°

		1.5
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This paragraph provides a deterministic calculation to assess the worst case for the single entry interference. While earth station and the IMT base station parameters listed in chapter ‎ apply, the main difference from the aggregated analysis lies in the fact that the antennae directions, elevation angle and down-tilt are selected in order to determine the maximum interference towards the earth station

The following table provides the results for such worst case analysis.

Table 11

worst case analysis (deterministic calculation for single entry interference).

		I/N criterion
(dB)

		Elevation angle

		Min. protection  distance (km)



		

		

		MACRO CELL

		OUTDOOR
SMALL CELL
URBAN

		INDOOR
SMALL CELL URBAN



		

		

		URBAN

		SUBURBAN

		

		



		-13

(incl. -3 dB for 50% interference apportionment)

		5°

		67.5

		56.5

		2.8

		1.45



		

		10°

		62.5

		51.4

		1.2

		<1



		

		20°

		57.5

		46

		<1

		<1



		

		48°

		42

		28.6

		<1

		<1





[bookmark: _Toc379818857]4.1.3	Short term interference analysis with deterministic calculation

Larger protection distances apply compared to the long term interference when applying the short term criterion as described in paragraph ‎0. Such increase is determined by the combination of the following two factors:

•	The level of interference that can be tolerated for short periods is higher and given by: I/N = -1.3 dB. 

•	The % of time to be used in the propagation models is smaller: 0.0017%

While the first factor would determine smaller protection distances, the first factor will dominate leading to an actual increase of the protection distance.

[bookmark: _Toc379818858]4.1.3.1	IMT MACRO CELL scenario – SUBURBAN and URBAN

Table 12

Minimum protection distance for:
IMT MACRO CELL scenario – SUBURBAN and URBAN environments,
co-channel, short term criterion.

		I/N criterion (dB)

		IMT main lobe /

side lobe

		FSS

elevation angle

		Min. protection
distance (km)



		

		

		

		Suburban

		Urban

		Urban 1



		-1.3

		Main lobe

		5°

		223.8

		450

		55



		

		

		10°

		157

		390

		40



		

		

		20°

		90.9

		330

		35



		

		

		48°

		44.3

		250

		3



		

		Side lobe

(20 dB front-to-back

ratio)

		5°

		62.7

		280

		5



		

		

		10°

		42.5

		220

		2.5



		

		

		20°

		21.6

		170

		<2



		

		

		48°

		2

		110

		<2





The ”Urban” scenario assumes 30 m Earth station antenna height while the ”Urban 1” scenario assumes 3 m earth station antenna height.

Although the co-existence will be difficult for the macro scenario in general terms, when feasible, the proper antennae setting (e.g. lower antenna height and higher antenna elevation angle) can mitigate the impact on the protection distances.

[bookmark: _Toc379818859]4.1.3.2	OUTDOOR IMT SMALL CELL scenario – URBAN

Table 13

Minimum protection distance for:
OUTDOOR IMT SMALL CELL scenario - URBAN environment,
co-channel, short term criterion.

		I/N criterion

(dB)

		FSS elevation

angle

		Min. protection
distance (km)



		-1.3

		5°

		3



		

		10°

		<2



		

		20°

		<2



		

		48°

		<2







According to the results in the table above, coexistence is still feasible for outdoor IMT small cell scenario in urban environment.

[bookmark: _Toc379818860]4.1.3.3	INDOOR IMT SMALL CELL scenario – URBAN

Table 14

Minimum protection distance for:
INDOOR IMT SMALL CELL scenario - URBAN environment,
co-channel, short term criterion,
Building penetration loss (horizontal): 10 dB and 20 dB.

		I/N criterion

(dB)

		Building penetration loss  (dB)

		FSS elevation

Angle

		Required outdoor 
propagation loss (dB)



		-1.3

		20

		5°

		125.8



		

		20

		10°

		118.3



		

		20

		20°

		110.8



		

		20

		48°

		101.3



		

		10

		5°

		135.8



		

		10

		10°

		128.3



		

		10

		20°

		120.8



		

		10

		48°

		111.3







If the indoor IMT small cell is located on the first floor (which is 3 m high), the required propagation loss (see table above for both 10 dB and 20dB building penetration loss) would be achieved by only one 20 m high obstacle at less than 200 m distance from the base station.

If the indoor IMT small cell is located on the sixth floor (which is 18 m high), the required propagation loss (see table above for both 10 dB and 20dB building penetration loss) would be achieved by only one 40 m high obstacle at less than 100 m distance from the base station.

The coexistence is therefore still feasible for the indoor IMT small cell scenario in urban environment.

[bookmark: _Ref373515844][bookmark: _Toc379818861]4.2	Adjacent channel interference analysis

In simple terms, the interference in the adjacent channel case is made up of two components as shown in the diagram below: 

•	The transmitter unwanted emissions falling within the receiver pass-band;

•	The transmitter main emission falling in the receiver selectivity skirt.

The total impact is in fact a convolution of the interfering transmitter emission mask (its in-band and out-of-band characteristic combined) and the victim receiver selectivity (its in-band and out-of-band characteristic combined). Another factor to be accounted for (for ground path interference) is overload of the earth station receiver front-end which is often wideband.




Figure 5

Adjacent channel interference components.
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The total received interference from IMT base station is derived as follows: 

IMT_Tx_power*10^(-0.1*ACSFSS) + IMT_Tx_power*10^(-0.1*ACLRIMT)



The 36 MHz ACLR is calculated as follows:

ACLR = in band power of IMT (46 dBm) / adjacent 36 MHz emission power (which will slightly differ according to the different guard band values between IMT and FSS).

The emission power will be calculated based on chapter ‎0.

[bookmark: _Toc379818862]4.2.1	IMT MACRO CELL scenario – SUBURBAN and URBAN

The Monte Carlo statistical analysis provides the following results:

[bookmark: _Toc379818863]4.2.1.1	Adjacent frequencies (0 MHz guard band)

Table 15

Minimum protection distance for
IMT MACRO CELL scenario – SUBURBAN and URBAN environments,
adjacent frequencies.

		I/N criterion

(dB)

		FSS elevation

angle

		Min. protection distance (km)



		

		

		Suburban

		Urban



		-23

(incl. -3 dB for 50% interference apportionment)

		5°

		1.4

		49



		

		15°

		<0.6

		43.5



		

		48°

		<0.6

		39







[bookmark: _Toc379818864]4.2.1.2	5 MHz frequency protection (guard band)

Table 16

Minimum protection distance for
IMT MACRO CELL scenario – SUBURBAN and URBAN environments.
5 MHz frequency protection

		I/N criterion

(dB)

		FSS elevation

Angle

		Min. protection distance (km)



		

		

		Suburban

		Urban



		-23

(incl. -3 dB for 50% interference apportionment)

		5°

		1.3

		49



		

		15°

		<0.6

		43



		

		48°

		<0.6

		39





.

[bookmark: _Toc379818865]4.2.1.3	10 MHz frequency protection (guard band)

Table 17

Minimum protection distance for
IMT MACRO CELL scenario – SUBURBAN and URBAN environments,
10MHz frequency protection.

		I/N criterion

(dB)

		FSS elevation

angle

		Min. protection distance (km)



		

		

		Suburban

		Urban



		-23

(incl. -3 dB for 50% interference apportionment)

		5°

		1.3

		49



		

		15°

		<0.6

		43



		

		48°

		<0.6

		38.5







[bookmark: _Toc379818866]4.2.2	OUTDOOR IMT SMALL CELL scenario – URBAN

[bookmark: _Toc379818867]4.2.2.1	Adjacent frequencies (0 MHz guard band)

Table 18

Minimum protection distance for
OUTDOOR IMT SMALL CELL scenario – URBAN environment,
adjacent frequencies.

		I/N criterion

(dB)

		FSS elevation

angle

		Min. protection

distance (km)



		-23

(incl. -3 dB for 50% interference apportionment)

		5°

		<0.3



		

		15°

		<0.3



		

		48°

		<0.3







[bookmark: _Toc379818868]4.2.3	INDOOR IMT SMALL CELL scenario – URBAN

[bookmark: _Toc379818869]4.2.3.1	Adjacent frequencies (0 MHz guard band)

Table 19

Minimum protection distance for:
INDOOR IMT SMALL CELL scenario – URBAN environment,
adjacent frequencies.

		I/N criterion

(dB)

		Building penetration loss (dB)

		FSS elevation

angle

		Min. protection

distance (km)



		-23

(incl. -3 dB for 50% interference apportionment)

		20

		5°

		<0.3



		

		20

		15°

		<0.3



		

		20

		48°

		<0.3



		

		10

		5°

		<0.4



		

		10

		15°

		<0.4



		

		10

		48°

		<0.4







[bookmark: _Toc379818870]4.3	Front-end saturation

This paragraph presents some considerations on the impact of FSS earth station receiver intermediation LNA/LNB overdrive and inter-modulation (large signal analysis).

The LNBs employed by satellite earth stations are wideband and tend to receive standardised frequency bands e.g. 3 400–4 200 MHz, 3 600–4 200 MHz and 3 700-4 200 MHz. As such these devices receive signals from any system, terrestrial included, operating anywhere in the frequency band even if later parts of the receive chain target much smaller amounts of bandwidth.

Signal levels that give rise to front-end saturation are described variously and with different levels.  These levels generally fall in the range of -60 to -50 dBm.  For the purpose of analysis a level 
of ‑55 dBm might reasonably be assumed.

No meaningful interference impact is therefore expected as the above described criterion is looser than the criteria which have already been considered in previous paragraphs.

5	Summary

Coexistence criteria and parameters

The I/N criteria defined within Report ITU-R M.2109 ‎[1] are adopted together with the specified parameters for both FSS systems and IMT systems.  

Updated propagation model

As for the propagation model, the more recently updated Recommendation ITU-R P.452-14 ‎[6] is adopted which allows adding terrain or cluttering factors to the smooth earth model by defining the diffraction loss part in detail. Most sharing studies that contributed to the Report ITU-R M.2109 ‎[1] referred to Recommendation ITU-R P.452-12 ‎[5] (now superseded) utilizing the smooth earth propagation model simplification.




Updated scenarios

Both indoor and outdoor small cells are addressed in addition to the outdoor macro base stations, small cells represent a clear trend in the ongoing evolution of mobile broadband networks. The following scenarios and environments have been analysed in detail:

•	Outdoor IMT macro cell scenario in suburban and urban environments;

•	Outdoor IMT small cell scenario in urban environment;

•	Indoor IMT small cell scenario in urban environment.

This study is based on Monte Carlo statistical analysis to obtain stable and accurate results while accounting for the randomness in the FSS antenna horizontal bore sight and in the small cells location. 

The above scenarios have been assessed in the following two cases:

•	Co-channel interference analysis;

•	Adjacent channel interference analysis.

Summary of results

The required protection distance is in the range of 50km in a suburban environment and in the range of 70 km in an urban environment in the case of an IMT macro cell system interfering (long term analysis) an Earth station operating in the same frequency channel.

The required protection distance is in the range from 500 m to 5 km (depending on the FSS earth station antenna elevation angle) in the case of an outdoor IMT small cell system interfering (long term analysis) an earth station in an urban environment operating in the same frequency channel.

The required protection distance is in the range from 550 m to 4km (depending on the FSS earth station antenna elevation angle) in the case of an indoor IMT small cell system interfering (long term analysis) an earth station in an urban environment operating in the same frequency channel.It is noted that, for the indoor IMT small cell scenario in the urban environment, the assumed FSS antenna height is in line with what was considerd in ITU-R Report M.2109. However with respect to the receiving FSS Earth station antenna, the assumed antenna height may not  sufficiently represent the typical FSS Earth station located in the given operational environment.

Significantly lower protection distances are reached (long term analysis) in case of IMT and FSS systems operating in adjacent channels: from 49 km, for an IMT macro base station operating in an adjacent frequency channel with the FSS earth station operating channel (0 MHz guard band) in an urban environment, to less than 300 m for an outdoor IMT small cell always operating in an adjacent frequency channel with the FSS earth station operating channel (0 MHz guard band) in an urban environment.

In case of outdoor IMT small cells, the short term analysis determines protection distances smaller than 3 km in the urban environment.

With respect to the studies performed in the context of the WRC-07, this sharing study therefore provides somewhat reduced protection distances compared to those of ITU-R Report M.2109.




Table 20

Summary of sharing study results
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ANNEX 3

Study #3



1	Introduction

The sharing study was performed in the frequency band 3 400-4 200 MHz between IMT-Advanced base station (BS) and FSS earth station (ES) taking into account the actual conditions and parameters, including but not limited to geographical and terrain conditions.

2	Background

Following recommendations and reports are used in the analysis. 

‑	Recommendation ITU-R P.452-14

‑	Report ITU-R M.2109

‑	Recommendation ITU-R SF.1486 

‑	Report ITU-R S.2199

‑	Recommendation ITU-R S.465-6

‑	Recommendation ITU-R S.1432

‑	Recommendation ITU-R SF.1006

3	Technical characteristics

The systems used in the sharing study are as follows:

IMT-Advanced base station (BS) 

Following parameters were used in accessing the interference from IMT system to the earth station receiver.



IMT base station parameters (typical)

		Parameter

		Values in the evaluations



		

		Macro cell
(suburban)

		Small cell
(outdoor)



		Maximum base station output power

		33 dBm/MHz

		17 dBm/MHz



		Maximum base station antenna gain

		18 dBi

		5 dBi



		Average base station activity

		50 %

		50 %



		Downtilt

		6 degree

		0 degree



		Antenna height

		25 m

		6 m



		Feeder loss

		3 dB

		0 dB



		Adjacent channel leakage power ratio

		–45 dB

		–45 dB





FSS earth station (ES)

Downlink FSS parameters to be used in calculation

		Parameter

		Values



		Operating frequencies

		3 400 – 4 200 MHz



		Satellite Orbital location

		60°,  166° E



		FSS Earth Station Elevation Angle

		6.5°,  36° 



		Antenna pattern

		Recommendation ITU-R S.465-6



		Antenna gain

		56 dBi



		Antenna size

		18 m in diameter



		Antenna height

		12 m in center of the antenna



		System noise temperature

		91.2 K







4	Analysis

Following assumptions and methodologies are used for the simulation. 

1)	Interference criteria for FSS ES

Long-term interference criterion 

‑	Recommendation ITU-R S.1432

‑	Recommendation ITU-R SF.1006

Short-term interference criterion 

‑	Recommendation ITU-R SF.1006

‑	Annex 7 of RR Appendix 7

2)	Propagation condition.

‑	Recommendation ITU-R P.452-14

3)	Actual system parameters of FSS ES and IMT-Advanced BS are used as indicated in Technical characteristics above.  

The results are shown in the Attachment, which proves that there is a case that the sharing between FSS ES and IMT BS could be achieved with separation distance acceptable for both IMT-Advanced system and FSS system, and it was recognized that it is effective to include following conditions into consideration. In particular, geographical conditions have substantial effects on the propagation characteristics in the frequency band over 1 GHz. It is worth noting that sufficient measures to exchange these conditions among concerned parties are important.

–	Geographical conditions around earth stations:

–	surrounded by mountains with appropriate height so as to be shielded from the terrestrial radio systems,

–	use of shielding wall, such as effect of shielding isolation in a range about 30 dB as explained in Recommendation ITU-R SF.1486, whose effect should be considered with the location of each ES,

–	location of the earth station and beam direction for satellites (e.g. an earth station is located near the sea shore and its beams for satellite are directed 
to the sea) .




–	Conditions of IMT systems:

–	Frequency separation between IMT and FSS, 

–	Use of filters suitable for individual interference scenario,

–	Use of small cell whose parameters are as indicated in Table 2 of the Attachment,

–	Distance between IMT and FSS stations in co-channel case, and so on.

5	Summary

1)	In order to pursue possibilities to share the spectrum between FSS and IMT with acceptable separation distance, the contribution proposes that sharing studies should be conducted using typical parameters of FSS and IMT together with some practical assumptions (geographic data, etc., if available). The results of such studies should be used to assess the sharing possibilities between FSS and IMT related to WRC-15 agenda item 1.1. 

2)	This study also proposes for the parameters to take into account of the methodology shown above in carrying out the sharing studies.



Attachment: 1






Attachment to Annex 3 (to Attachment 3)

Sharing studies between IMT systems and fixed satellite service networks 
in the 3 400-4 200 MHz frequency band

1	Introduction

The 3 400-4 200 MHz frequency band is allocated to the fixed satellite service (FSS) and to 
the mobile service. This band is used worldwide by the FSS for space-to-Earth transmissions. 
The 3 400-3 600 MHz frequency band is identified for use by International Mobile Telecommunications (IMT) in a number of countries in Regions 1 and 3. In these regions, 
many administrations are introducing IMT systems in all or portions of this frequency band.

2	Scope of the Attachment

This Attachment presents the results of the sharing studies performed between the particular FSS earth station using the geostationary satellite orbit (GSO) and IMT systems. The FSS earth station evaluated in this Attachment is located in Yamaguchi prefecture, western part of Japan 
(called Yamaguchi earth station). The earth station is surrounded by mid-altitude hills on three sides and used for satellites in the IOR (Indian Ocean Region) and POR (Pacific Ocean Region) as shown in Figure 1. With its unique characteristics of the terrain, the earth station has been taking advantage of natural screening to increase obstructive/ diffraction losses in sharing between the fixed service (FS) and FSS as described in some ITU-R Recommendations (e.g. Recommendation
ITU-R SF.1486).

The sharing studies were performed based on the current band usage of the Yamaguchi earth station as well as the associated technical and geographic characteristics, and the assumptions on the characteristics and future deployment of IMT system. 

Figure 6

Yamaguchi earth station, Japan
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3	FSS parameters including the interference criteria

The parameters listed in Section 3.1 provide key FSS parameters to be used in the evaluation of interference into receivers of the earth station. Section 3.2 provides the interference criteria for FSS.

3.1	System parameters

[bookmark: _Ref351051760]Table 21

Downlink FSS parameters to be used in calculation

		Parameter

		Values



		Operating frequencies

		3 400-4 200 MHz



		Satellite Orbital location

		60°,  166° E



		FSS Earth Station Elevation Angle

		6.5°,  36° 



		Antenna pattern

		Recommendation ITU-R S.465-6



		Antenna gain

		56 dBi



		Antenna size

		18 m in diameter



		Antenna height

		12 m in center of the antenna



		System noise temperature

		91.2 K





3.2	FSS interference criteria

Based on the descriptions in Section 6.2 of Report ITU-R M.2109 and Annex B of Report
ITU-R S.2199, the following interference criteria were used when accessing the interference from IMT system to the earth station.

3.2.1	Long-term interference criterion

As described in the Recommendations ITU-R S.1432 and SF.1006, the long-term interference should be less than I/N = −10 dB (ΔT/T = 10%) corresponding to the interference from co-primary allocation (IMT) for 20% of any month, where N is the clear-sky satellite earth station system noise as described in Recommendation ITU-R S.1432.

3.2.2	 Short-term interference criterion

This criterion is referred to Recommendation ITU-R SF.1006 and Annex 7 (in both text and table 8b) of RR Appendix 7: I/N = −1.3 dB which may be exceeded by up to 0.001667% of any month.

3.2.3	 Apportionment of interference allowance

Regarding apportionment of interference allowance; it is recommended that the long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) should be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it should be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.

3.2.4	Low Noise Amplifiers (LNAs) saturation 

As low noise amplifiers (LNAs) and low noise block converters (LNBs) of FSS earth stations are optimized for the reception of very low level satellite signals, the dynamic range is also designed accordingly. Typically, an LNA/LNB will be saturated with a total input power of around –50 to 
–60 dBm. This value is considered as the saturation criterion in the evaluation.

4 IMT parameters

The following typical parameters were used when accessing the interference from IMT system to the earth station receiver. 

Table 22

IMT base station parameters (typical)

		Parameter

		Values in the evaluations



		

		Macro cell
(suburban)

		Small cell
(outdoor)



		Maximum base station output power

		33 dBm/MHz

		17 dBm/MHz



		Maximum base station antenna gain

		18 dBi

		5 dBi



		Average base station activity

		50 %

		50 %



		Downtilt

		6 degree

		0 degree



		Antenna height

		25 m

		6 m



		Feeder loss

		3 dB

		0 dB



		Adjacent channel leakage power ratio

		–45 dB

		–45 dB







5	Propagation Models

The propagation model Recommendation ITU-R P.452 is used in the sharing between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400‑4 200 MHz frequency band.



6	Sharing methodology

The method in the following sections or a combination of these methods can be used for determining whether an IMT base station proposed to operate in the 3 400-4 200 MHz frequency band would meet the interference criteria.

6.1	Method 1

Method 1 is simple but admittedly conservative. This method produces the protection distance using a smooth Earth model. 

An IMT base station deployed at a distance greater than or equal to the minimum separation distance is assumed to meet the sharing criterion. No further analyses are required. Note that deployment in areas excluded by this method is still possible provided a potential site can be shown to meet the sharing criterion through application of an adapted form of Method 2.

In order to calculate the value of the distance, some basic assumptions and propagation models are required. Those in Recommendation ITU-R P.452 have been used in many similar sharing situations and would appear to be the most appropriate to be used here.

6.2	Method 2

The basis of this method is to perform a case-specific analysis for each IMT base station to be deployed. Deployment may go forward if the analysis shows that the interference does not exceed the interference criteria. The analysis is accomplished by using digital terrain data in conjunction with the IMT base station parameters, appropriate propagation models and any other mitigation techniques that may be used (e.g., sector disabling or multiple input, multiple output). It is expected that this method will only be employed when a potential deployment site cannot be shown to be compliant with the interference criteria using either the Method 1.

The description of the method is as follows:

1)	Digital terrain data that includes the IMT base station site and surrounding area is required. The data should encompass a sufficient area to reasonably perform the interference analysis.

2)	The parameters of the IMT base station to be deployed will be required for the analysis. This includes the peak gains, beamwidths and pointing angles of the base station’s antenna beam in the horizontal and vertical planes, the height of the antenna above terrain, and the IMT carrier spectral density. The appropriate reference earth station radiation pattern for this method could be the one provided by the earth station operator or the one found in the relevant ITU-R Recommendation (e.g. Recommendation ITU-R F.1336).

3)	As with the Method 1, the propagation model best suited to the site-specific analysis is Recommendation ITU-R P.452.

4)	The IMT base station parameters, digital terrain data, and propagation models enable calculation of the path loss in all directions around the potential site. This in turn yields the interference level at the input of FSS earth station receivers. If the interference criteria are met, then deployment may proceed. Otherwise, additional interference mitigation techniques may need to be applied.

6.3	Calculation of interference from IMT stations into FSS earth stations

The interference power is given by subtracting the path loss, the feeder loss, the isolation from the site shielding and the center frequency offset factor from the sum of the e.i.r.p of the base station in the direction of the earth station and the receive antenna gain of the earth station in the direction of the base station. Therefore:



			(1)

where:

a)	Pt, BS : maximum transmit power at the base station’s antenna input flange (dBW).

b)	Gt, BS :  transmission antenna gain of the base station in the direction of the earth station (dBi).

c)	Lb (d, ps): path loss (dB)

d: the distance between the base station and the FSS earth station;

ps : percentages of the time during which the interference may exceed the permissible level.

Recommendation ITU-R P.452 defines the clear-air propagation models for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz considering all the factors associated the terrain profile such as diffraction, tropospheric scattering, ducting/layer reflection and clutter losses.

d)	Gr,FSS : receive antenna gain of the earth station in the direction of the base station (dBi).

e)	F : earth station antenna feeder loss (dB).

f)	R: the isolation from the site shielding.

g)	F: center frequency offset factor.

	Depending upon the mobile system frequency plan, it may be possible to select a center frequency of an FSS carrier which is completely outside of the assigned bandwidth of an interfering carrier. In this example, we assume 0 dB frequency offset improvement factor, the worst case.

6.4	Required separation distance

When the interference criteria of I/N is given, the maximum permissible interference power is given by:



			dBW	(2)

where:

a)	(I/N)th: interference to thermal noise power ratio defined in interference criterion (dB).

b)	k : Boltzman’s constant (W/(K-Hz))

Tsys : system noise temperature of earth station receiver (K)

B : bandwidth of earth station receiver (Hz).

The required separation distance, d, can be found by combining equations (1) and (2) with I = Imax.

7	Sharing study results

The studies presented in this Attachment have considered both co-frequency and adjacent interference case. The studies examined effects of single entry interference from IMT base stations (BS), incorporating site specific conditions and terrain profile surrounding the earth station site using Method 2.

It is noted that the aggregated interference should be also evaluated with appropriate calculation conditions, taking account of location of BS, terrain geographical features between BS and ES, architectures building conditions between BS and ES, and other required conditions, as an earth station receives interference from multiple IMT base stations.

The saturation of the low noise amplifier (LNA) of the earth station is also studies.

7.1	Single-entry interference analysis

In order to evaluate the interference from the IMT BS with using the specific terrain profile information, in each trial of the calculation, it is assumed that the IMT BS is located within a particular mesh (with the resolution of 250 metres × 250 metres) in the area of 160 kilometres × 110 kilometres around the earth station, and then the interference into the earth station is computed. This computation is repeated by changing the location of the IMT BS over the above mentioned area.

The result plots for a co-frequency condition in a macro suburban deployment are given in Figures 2 and 3 for the elevation angle of 6.5 and 36 degrees, respectively.  In each Figure, the protection areas for the long-term and short-term interference criteria are depicted as a contour plot (red color) and a block plot (blue color), respectively. Thus it is shown that, although terrain causes some irregularity in area shapes, the long-term protection areas  are up to 20 kilometres in radius, and the short-term protection areas spreads larger than the long-term one in specific directions, i.e. westward directions. If the macro-cell outdoor deployment is employed (Figures 4 and 5), both the long-term and short-term protection areas shrink up to 15 kilometres in radius.

The result plots for an adjacent frequency condition are given in Figures6, 7, 8 and 9.  The protection areas are limited up to approximately 15 kilometres in radius for the macro suburban deployment, while only nearby areas to the earth station may cause interference in a case of the small-cell outdoor deployment.

Thus, the terrain profile around the Yamaguchi earth station provides great benefit for the sharing.

Figure 7 

Areas that exceeds long-term and short-term interference criteria 
(Macro suburban deployment, co-frequency, elevation angel of 6.5 degrees, 3.4 GHz)
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Figure 3 

Areas that exceeds long-term and short-term interference criteria 
(Macro suburban deployment, co-frequency, elevation angel of 36 degrees, 3.4 GHz)
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Figure 4

Areas that exceeds long-term and short-term interference criteria 
(Small-cell outdoor deployment, co-frequency, elevation angle of 6.5 degrees)
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Figure 5

Areas that exceeds long-term and short-term interference criteria 
(Small-cell outdoor deployment, co-frequency, elevation angle of 36 degrees)
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Figure 6

Areas that exceeds long-term and short-term interference criteria 
(Macro suburban deployment, adjacent-frequency, elevation angle of 6.5 degrees)
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Figure 7

Areas that exceeds long-term and short-term interference criteria 
(Macro suburban deployment, adjacent-frequency, elevation angle of 36 degrees)
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Figure 8

Areas that exceeds long-term and short-term interference criteria 
(Small-cell outdoor deployment, adjacent-frequency, elevation angle of 6.5 degrees)
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Figure 9

Areas that exceeds long-term and short-term interference criteria 
(Small-cell outdoor deployment, adjacent-frequency, elevation angle of 36 degrees)
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7.2	LNAs saturation

Typical LNAs and LNBs receive over the entire 3 400-4 200 MHz range or more. Therefore, even if IMT BSs operate in portions of 3400-3600 MHz range, due to the characteristics of the wide band of the LNA/LNB receiver, there is a potential saturation for earth stations operating in 
3 600-4 200 MHz range.

In evaluating the LNA saturation, it is assumed that RF carriers from IMT BSs are transmitted uniformly over the 3 400-3 600 MHz range as an example. 

The input power to LNA is summed up from multiple IMT BSs in cities A to G in Yamaguchi prefecture, Japan as shown in Figure 10. It should be noted that the number of IMT BSs depends on an area of each city; approximately 20 and 80 stations for thickly-populated and thinly-populated city, respectively. Although power from BSs in totally 7 cities is aggregated in the result, power from BSs in the remaining cities and towns should be aggregated actually.

Table 3 shows the input power to LNA in a condition that the aggregated interference from multiple IMT BSs exists across the bandwidth of 3 400-3 600 MHz (200 MHz band). The result shows the input power both including and excluding City G, the closest city to the earth station. 

It should be noted that the receiving signal power from satellites are also aggregated to the input power. Although the input power including City G may saturate the LNA, the input power excluding City G is lower than the saturation level when comparing with the value indicated in section 3.2.3 of this Attachment.

It is noted that the saturation characteristics should be evaluated using actual LNA/LNB devices.

Figure 10

Cities in Yamaguchi Prefecture for LNA saturation analysis
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Table 23

LNA saturation (macro-cell deployment)

		

		Aggregate Interference Level (dBW/MHz)



		Tx location

		Long-term (20%)

		Short-term (0.005%)



		City A

		–157.9

		–143.3



		City B

		–170.7

		–163.4



		City C

		–175.2

		–156.7



		City D

		–129.6

		–120.7



		City E

		–175.4

		–166.2



		City F

		–166.7

		–148.6



		City G

		–107.7

		–103.4



		

		

		



		Input power to LNA including City G

		–107.6 dBW/MHz

		–103.3 dBW/MHz



		

		–54.6 dBm/200 MHz

		–50.3 dBm/200 MHz



		

		

		



		Input power to LNA excluding City G

		–129.6 dBW/MHz

		–120.6 dBW/MHz



		

		–76.6 dBm/200 MHz

		–67.6 dBm/200 MHz







8	Summary

This Attachment presents the result of the sharing studies between IMT systems and the Yamaguchi earth station in the 3 400-4 200 MHz frequency band. The Yamaguchi earth station is surrounded by mid-altitude hills on three sides, that provides great benefit for the sharing.

Although each earth station has its own operating characteristics and terrain profile conditions, the result shows that sharing between an IMT base station and an FSS earth station is possibly feasible under practical sharing conditions with the minimum required separation distances.

Some practical possible mitigation techniques as required should be taken into consideration for further sharing study between IMT systems and earth stations.




ANNEX 4

Study #4



1.1 Requirement

This sharing study analysed the potential interference caused by IMT-Advanced (IMT-A) into the fixed satellite service (FSS) space-to-Earth downlink receivers in the  frequencies from 3 400-4 200 MHz. Both in-band and adjacent-band cases including short and long-term interference criteria were evaluated, as well as non-linear effects, such as gain compression, low noise block (LNB) overload, and intermodulation.  Both macro cell and small cell IMT-A deployment scenarios were analysed.

1.2 Study elements

The objective of this analysis was to perform a sharing study of IMT-A systems operating in-band and adjacent band to FSS earth stations in the 3 400-4 200 MHz band Fixed-Satellite Service (FSS) primary allocation.

2 Background

In North America, the band is used for satellite downlink of video and television broadcasts of programming materials and other data.

A search of United States Federal Communications Commission (FCC) database records indicated that approximately 5000 earth stations are licensed in the 3700-4200 MHz band[footnoteRef:11] in the United States.  Since receive-only systems are not required to be licensed, there are additional, but largely unknown, numbers of unlicensed earth stations.  For example, as of December 2005, there were approximately 122,000 receive-only earth stations that received programming from the Public Broadcasting System (PBS)[footnoteRef:12], a provider of public television programming in the United States, on the 3 700‑4 200 MHz band.  There are more than 1,300 earth stations that are registered for this band in the Industry Canada database.  In addition to these, there are currently over 1,700 unregistered cable head-ends operating in Canada.  Figure 8 shows the deployment of FSS earth stations in the band 3 700-4 200 MHz in the United States. [11:  	http://fjallfoss.fcc.gov/General_Menu_Reports/engineering_search.cfm?accessible=NO, Frequency select performed from Federal Communications Commission (FCC) International Bureau website, 28 March 2013.]  [12:  This information is provided by the Public Broadcasting Systems in USA] 
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Receiving FSS earth stations in the band 3 700-4 200 MHz in the United States
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This band has been in use for this service for many decades and such earth stations are ubiquitous.

3 Technical characteristics

3.1 FSS earth stations

This study used the technical characteristics for FSS earth stations as specified in this Report. 

3.2 International mobile telecommunications-advanced system technical characteristics

The technical characteristics are the same as those, provided Report ITU-R M.2292. 

4 Analysis

This analysis consisted of performing a sharing study to evaluate the potential interference caused by IMT-A systems operating in-band and adjacent band to FSS earth stations operating in the 3 400-4 200 MHz band FSS primary allocation.




4.1 Assumptions

The study considered single entry and aggregate interference effects of suburban and urban macro cell and urban small cell broadband IMT-A base station deployments in the frequency range 3 400‑4 200 MHz to FSS users. In-band and adjacent-band interactions from outdoor and indoor deployment scenarios were examined.  The current version of propagation model Recommendation ITU-R P.452-14 was incorporated into the analysis model for this study. Since this propagation model includes the effects of terrain, a representative location with moderate terrain characteristics was used for this analysis.  Figure 9 shows the terrain profile for the single-entry path of the base station relative to the FSS earth station.

FIGURE 2

Terrain profile for single-entry analysis
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For this analysis, only base stations were modelled.

4.2 Methodology with formulas

4.2.1	Mutual coupling characterization

Frequency-Dependent Rejection (FDR) is used in the computation of received interference levels.  More information on FDR can be obtained from Recommendation ITU-R SM.337-6 (current version).

IMT-A transmitter emissions were modelled using the Adjacent-Channel Leakage Power Ratio (ACLR) specification documented in Report ITU-R M.2109. The FSS earth station receiver intermediate frequency (IF) selectivity characteristic was assumed.

The calculated FDR curves that were used in this analysis are shown in Figure 3.

Figure 3

Input data and mutual coupling results
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4.2.2	Interference criteria

The analysis used ITU-R-defined protection criteria as specified in Recommendations ITU-R S.1432 and ITU-R SF.1006. 

4.2.3	Apportionment of interference

Per Document 4-5-6-7/133, the apportionment was assumed for this study that 50% of the interference to the FSS earth station receiver was allocated to IMT-A systems for which the long-term interference criteria applied. For the cases in which the short-term interference criteria were applicable, and also the large-signal analysis, 100% of the interference was allocated to IMT-A systems.  

4.3 Calculations

4.3.1	Small signal analysis (in-band and out-of-band emissions)

For the single-entry analysis, a single IMT-A base station was placed along a path relative to the earth station location, aligned with the antenna azimuth.  For the adjacent-band cases, it was assumed that the IMT-A base station was tuned to the closest adjacent-band channel to the lowest FSS earth station receiver channel.  For the in-band cases, it was assumed that the IMT-A base station was co-channel with the FSS earth station receiver.  The IMT-A base station was moved along this path and a protection distance was determined based on the separation distance necessary to reduce the interference level below the interference threshold.

For the aggregate analysis, the frequency for each IMT-A base station was randomly selected for each model iteration from the available pool of frequencies.  For the three-sector base stations, each sector was assigned a random channel.  The model incrementally increases the protection distance relative to the FSS earth station receiver and calculates the received aggregate interference power.  IMT-A base stations are shut off within this protection distance.  For the minimum protection distance, if the calculated aggregate interference at a FSS earth station receiver remained below the interference threshold for a minimum of 100 model iterations, this result was reported.  For each deployment scenario, the base stations were spaced in a grid with the FSS earth station receiver in the centre.  The aggregate scenario includes the single-entry base station.  It is positioned at the inner radius of the grid scenario and along the azimuth axis of the earth station antenna.  The IMT-A system bandwidth was assumed to be 10 MHz, so the channels were spaced at 10-MHz intervals.  IMT-A base stations were modelled using three-sector or omnidirectional antennas, depending on the type of scenario.  

4.3.1.1	Outdoor deployments

For the outdoor deployments, both macro and small cell IMT-A base station scenarios were analyzed.  Each simulation was performed for FSS earth station antenna elevation angles of 5, 10, 20, and 30.  

An adjacent-band aggregate analysis was also performed to investigate the use of a guard band adjacent to the 3400-4200 MHz band.  The guard band was made up of the difference in frequency between the high frequency channel edge of the adjacent-band base stations tuned closest to the FSS earth station receiver channel and the low frequency channel edge of the FSS earth station receiver.  The size of guard band was varied parametrically and protection distances were determined.

4.3.1.2	Indoor deployments

For the indoor deployment portion of the analysis, only small cell IMT base stations were considered.  Simulations were performed for FSS earth station elevation angles of 5 and 30.  Scenarios were examined using building attenuation values equal to 5, 10, 15, and 20 dB.

The indoor deployments were analysed for in-band and adjacent band both for single-entry (long-term and short-term interference) and aggregate (long-term interference only).  

4.3.2	Large Signal Analysis (LNB Overdrive, and Intermodulation)

Large-signal interactions were also analysed.  These interactions include gain compression and receiver intermodulation (IM).  FSS earth station systems with and without RF filters were considered.  For interfering signals in the adjacent frequency band, RF filter attenuation will reduce the potential for degradation.  No IF attenuation was considered for this analysis because gain compression and IM products occur prior to the IF filtering.

Distances to mitigate potential gain compression were determined.  This is referred to as LNB overdrive. These calculations were performed using the Recommendation ITU-R P.452-14 propagation model. 

Intermodulation interference effect on the earth station LNA/LNB from IMT operation was also analysed. For the LNB under analysis, the onset of IM occurs at 10 dB below the gain compression level of 2 dBm, or –8 dBm at the LNB output. The onset of IM at the input of the LNB was determined by subtracting the LNB gain of 63 dB from the –8 dBm output level resulting in -71 dBm at the LNB input. IM was analysed based on the third-order intercept point, and the fact that the input/output response slope for the desired RF input is 1, while the slope for 3rd order IM is 3.  The onset of IM translated to the 3rd order results in an IM threshold at the LNB input of -55.7 dBm.

4.4	Results

4.4.1	Small signal results (in-band and out-of-band emissions)

4.4.1.1	Outdoor deployments

Results for the in-band, long-term interference threshold case with IF filtering only are presented in Table 24.

Table 24

In-band, long-term interference threshold protection distances from IMT-Advanced 
base stations to FSS earth stations, with IF filtering only

		Receiver antenna elevation angle, degrees

		Single-entry protection distance, on Azimuth, km

		Aggregate protection distance, km



		Macro Cell Suburban



		5

		58.1

		63.0



		10

		50.5

		55.0



		20

		45.7

		53.0



		30

		44.6

		52.0



		Macro Cell Urban



		5

		51.2

		53.0



		10

		45.2

		48.0



		20

		40.0

		45.0



		30

		35.7

		44.0



		Small Cell Urban



		5

		20.3

		20.3



		10

		9.0

		10.0



		20

		8.3

		9.0



		30

		6.2

		9.0










Results for the adjacent-band, long-term interference threshold case with IF filtering only are presented in Table 25.

Table 25

Adjacent-band, long-term interference threshold protection distances from IMT-Advanced 
base stations to FSS earth stations, with IF filtering only

		Receiver antenna elevation angle, degrees

		Single-entry protection distance, on Azimuth, km

		Aggregate protection distance, km



		Macro cell suburban



		5

		13.8

		19.0



		10

		9.4

		18.0



		20

		8.7

		17.0



		30

		8.2

		17.0



		Macro cell urban



		5

		9.3

		12.0



		10

		8.5

		10.0



		20

		6.4

		9.0



		30

		5.1

		9.0



		Small cell urban



		5

		3.8

		3.8



		10

		2.8

		2.8



		20

		1.5

		1.5



		30

		0.90

		0.90







Results for the adjacent-band, long-term interference threshold case with IF and RF filtering are presented in Table 26.

Table 26

Adjacent-band, long-term interference threshold protection distances from IMT-Advanced 
base stations to FSS earth stations, with IF and RF filtering

		Receiver antenna elevation angle, degrees

		Single-entry protection distance, on Azimuth, km

		Aggregate protection distance, km



		Macro cell suburban



		5

		13.4

		18.0



		10

		9.4

		17.0



		20

		8.6

		17.0



		30

		8.2

		15.0



		Macro cell urban



		5

		9.3

		12.0



		10

		8.4

		10.0



		20

		6.4

		9.0



		30

		5.0

		9.0



		Small cell urban



		5

		3.8

		3.8



		10

		2.8

		2.8



		20

		1.4

		1.4



		30

		0.90

		0.90







The results can be seen to be comparable to those presented in Error! Reference source not found..  This is due to the similarity of the FDR curves in these two cases.

Results for the in-band, short-term interference threshold case with IF filtering only are presented in Table 27.

TABLE 27

In-band, short-term interference threshold protection distances from IMT-Advanced 
base stations to FSS earth stations, with IF filtering only

		Receiver antenna elevation angle, degrees

		Single-entry protection distance, on Azimuth, km



		Macro cell suburban



		5

		525



		10

		498



		20

		393



		30

		312



		Macro cell urban



		5

		477



		10

		393



		20

		311



		30

		262



		Small cell urban



		5

		225



		10

		119



		20

		54.1



		30

		5.1







Results for the guard band aggregate analysis performed to investigate the use of a guard band adjacent to the 3400-4200 MHz band are presented in Figure 4.  The results show the required protection distance as the guard band size is increased.  The guard band size was increased by parametrically eliminating the base station 10 MHz transmit channels closest to the earth station receive channel.  There is an initial decrease in the required separation distance as the guard band increases from 0 to 10 MHz, however, as the guard band increases to 20 MHz and beyond, the separation distance does not continue to decrease.  The reason for this plateau in the required protection distance from 20 MHz and beyond is due to the fact that the ACLR emissions specification does not continue to “roll-off” with additional frequency separation. It can be concluded from Figure 8 that increasing the size of the guard band beyond 20 MHz has no effect on reducing the separation distance required to protect the FSS receiving earth station, i.e. for example if the guard band were to increase from 20 MHz to100 MHz, the same separation distance would still be required to ensure protect the FSS receiving earth station from harmful interference from IMT-A systems.

Figure 4

Aggregate protection distance versus guard band size
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4.4.1.2	Indoor deployments

Small cell urban indoor deployment results for the in-band, long-term interference threshold case with IF filtering only are presented in Table 5.  

Table 5

Small cell indoor urban in-band, long-term interference threshold protection distances from IMT-Advanced 
base stations to FSS earth stations, with IF filtering only

		Receiver antenna elevation angle, degrees

		Building attenuation, dB

		Single-entry protection distance, on Azimuth, km

		Aggregate protection distance, km



		5

		5

		8.4

		8.4



		30

		

		3.9

		4.0



		5

		10

		8.1

		8.1



		30

		

		3.8

		3.8



		5

		15

		4.2

		4.2



		30

		

		3.0

		3.0



		5

		20

		4.1

		4.1



		30

		

		1.5

		1.5







Small cell urban indoor deployment results for the adjacent-band, long-term interference threshold case with IF filtering only are presented in Table 6.

Table 6

Small cell indoor urban adjacent-band, long-term interference threshold protection distances from IMT-Advanced base stations to FSS earth stations, with IF filtering only

		Receiver antenna elevation angle, degrees

		Building attenuation, dB

		Single-entry protection distance, on Azimuth, km

		Aggregate protection distance, km



		5

		5

		1.5

		1.5



		30

		

		0.4

		0.4



		5

		10

		1.4

		1.4



		30

		

		0.2

		0.2



		5

		15

		1.1

		1.1



		30

		

		0.2

		0.2



		5

		20

		0.5

		0.5



		30

		

		< 0.1

		< 0.1







Small cell urban indoor deployment results for the in-band, short-term interference threshold case with IF filtering only are presented in Table 7.

Table 7

Small cell indoor urban in-band, short-term interference threshold protection distances from IMT-Advanced base stations to FSS earth stations, with IF filtering only

		Receiver antenna elevation angle, degrees

		Building attenuation, dB

		Single-entry protection distance, on Azimuth, km



		5

		5

		8.3



		30

		

		3.7



		5

		10

		4.2



		30

		

		1.5



		5

		15

		4.0



		30

		

		1.4



		5

		20

		3.8



		30

		

		1







4.4.2	Large signal results (LNB overdrive, and intermodulation)

Table 8 presents the results for gain compression and onset of non-linear interactions for co-channel interference.

Table 8

Large-signal protection distances for FSS earth station without RF filtering 

		E/S Antenna

		Gain compression computation (LNA Input Threshold = -61 dBm)



		Off-Axis Angle, degrees

		Gain, dBi

		Required distance to mitigate, km



		Macro cell suburban



		5

		14.5

		9.0



		10

		7.0

		8.3



		20

		-0.5

		6.2



		30

		-4.9

		4.8



		Macro cell urban



		5

		14.5

		8.7



		10

		7.0

		7.9



		20

		-0.5

		4.9



		30

		-4.9

		4.4



		Small cell urban



		5

		14.5

		1.1



		10

		7.0

		0.5



		20

		-0.5

		0.2



		30

		-4.9

		0.1



		* For distances less than 1 km, free-space propagation loss was used.





Table 9 presents the results for FSS earth systems with RF filtering and assuming immediately adjacent-channel interference ( 0 MHz separation between edges of channels).

Table 9

Large-signal protection distances for FSS earth stations, with RF filtering

		E/S Antenna

		Gain compression computation (LNA Input Threshold = -61 dBm)



		Off-Axis Angle, degrees

		Antenna

gain, dBi

		Required distance to mitigate, km



		Macro cell suburban



		5

		14.5

		8.8



		10

		7.0

		8.1



		20

		-0.5

		5.1



		30

		-4.9

		4.1



		Macro cell urban



		5

		14.5

		8.5



		10

		7.0

		6.4



		20

		-0.5

		4.8



		30

		-4.9

		4.1



		Small cell urban



		5

		14.5

		0.9



		10

		7.0

		0.4



		20

		-0.5

		0.2



		30

		-4.9

		0.1



		* For distances less than 1 km, free-space propagation loss was used.







Tables 10 and 11 present the results for the IM protection distances required.  It is assumed that the IM source signals are not co-channel with the desired signal, but operating within the pass- band of the LNB.

Table 10

Intermodulation protection distances for FSS earth stations, without RF filtering 

		Earth station system

		IM protection zone

(LNA Input 

Threshold = -55.7 dBm)



		Off-Axis Angle, degrees

		Antenna

gain, dBi

		Required distance to mitigate, km



		Macro cell suburban



		5

		14.5

		8.5



		10

		7.0

		6.4



		20

		-0.5

		4.3



		30

		-4.9

		2.6



		Macro cell urban



		5

		14.5

		8.0



		10

		7.0

		5.8



		20

		-0.5

		4.3



		30

		-4.9

		2.6



		Small cell urban



		5

		14.5

		0.6



		10

		7.0

		0.2



		20

		-0.5

		0.1



		30

		-4.9

		0.1



		* For distances less than 1 km, free-space propagation loss was used.









Table 11

Intermodulation protection distances for FSS earth stations, with RF filtering

		Earth station system 

(1.4 dB RF filter attenuation)

		IM protection zone

(LNA Input 

Threshold = -55.7 dBm)



		Off-Axis Angle, degrees

		Antenna

gain, dBi

		Required distance to mitigate, km



		Macro cell suburban



		5

		14.5

		8.4



		10

		7.0

		6.3



		20

		-0.5

		3.7



		30

		-4.9

		2.2



		Macro cell urban



		5

		14.5

		7.9



		10

		7.0

		5



		20

		-0.5

		3.6



		30

		-4.9

		2.2



		Small cell urban



		5

		14.5

		0.5



		10

		7.0

		0.2



		20

		-0.5

		0.1



		30

		-4.9

		0.1



		* For distances less than 1 km, free-space propagation loss was used.







5 Summary

This sharing study determined the protection distances that are required to prevent interference from IMT-A devices and ensure compliance with the requisite protection criteria at FSS space‑to-Earth downlink receivers operating in the 3 700-4 200 MHz band.  The range of required protection distances provided in this summary section is dependent on the FSS earth station receiver elevation angle.

In order to mitigate long term interference:

The required protection distance for IMT-A operating in-band with the FSS earth stations for both the single entry case and aggregate case, were found to be at least tens of kilometres for the macro cell cases considered in this study. The required protection distance for the small cell urban outdoor deployment in-band cases ranged from several kilometres to over twenty kilometres.  Depending on the amount of building attenuation assumed, the required protection distance for the small cell urban indoor deployment in-band cases ranged from over one kilometre to over several kilometres.  Similarly, the required protection distance for IMT-A operating in the band adjacent to the FSS earth stations for both the single entry case and aggregate case, were found to be at least several kilometres for the macro cell cases considered in this study.  The required protection distance for the small cell urban outdoor deployment adjacent band cases ranged from approximately one kilometre to over several kilometres.  Depending on the amount of building attenuation assumed, the required protection distance for the small cell urban indoor deployment adjacent-band cases ranged from less than one hundred metres to several kilometres.   

Moreover, since the required protection distance for IMT-A operating in the band adjacent to the FSS earth stations with RF filters were found to be in the same order of magnitude of those without RF filters, it can be concluded that RF filters would not have an appreciable effect in mitigating interference received from IMT-Advanced systems into FSS receiver earth stations. 

In order to mitigate short term interference:

The required protection distance for IMT-A operating in-band with the FSS earth stations for both the single entry case and aggregate case, were found to be at least several hundred kilometres for the macro cell cases considered in this study.  The required protection distance for the small cell urban outdoor deployment in-band cases ranged from several kilometres to several hundred kilometres.  Depending on the amount of building attenuation assumed, the required protection distance for the small cell urban indoor deployment in-band cases ranged from one kilometre to over several kilometres.

6 Conclusions

The results of the study showed that the required protection distances were dependent on the type of base station scenario with the macro cell cases requiring the largest exclusion zones.  

For the in-band case, the required protection distance for a macro cell deployment regardless of environment (i.e. in both a suburban and urban environment) was found to be several hundred kilometres.  The required protection distance for an outdoor small cell deployment in an urban environment ranges were found to be several kilometres and extend up to hundreds of kilometres. The required protection distance for an indoor small cell deployment was not as extensive due to the fact that some degree of building attenuation was assumed.  However, the required protection distance was found to be more than several kilometres in cases where an indoor small cell might be operating close to a window where building attenuation is significantly reduced.

For the adjacent band case, the deployment of IMT-A systems will create unacceptable restrictions to avoid RF interference or large-signal interactions with FSS earth stations for macro cell base station scenarios.  For the small cell scenario, the size of the exclusion zones was smaller due to the fact that they have been specified to be installed lower to the ground and limited in transmit power.  However, the required protection distances would still prevent small cell urban deployments over a protection area centred about a FSS earth station receiver ranging from 2.5 to over 45 sq km – a result which makes sharing not feasible.  The protection distance required to avoid RF interference to FSS earth stations from small cell indoor deployments was found to range from one kilometre to several kilometres, even with up to 15 dB of building attenuation assumed, for the lower receiver elevation angles.

The results show that an IMT implementation of any deployment scenario sterilizes large geographical areas preventing future deployment of satellite earth stations, e.g., VSATs.

The results also show that the use of a common representative front-end RF filter provides an insignificant decrease in the required separation distance.  Moreover, inclusion of an RF filter provides little additional rejection over what is already provided by the IF selectivity of the tuner.

The conclusion of this study is that sharing the band from 3 400 MHz to 4 200 MHz is not feasible due to the size of the needed exclusion zones, up to an area of over 865,000 sq km, and the large number of FSS earth stations that would need to be protected.  Prior ITU studies, as are summarized in Report ITU-R M.2109, drew the same conclusions.






ANNEX 5

Study #5

1	Introduction

This study provides in-band and adjacent band compatibility studies between IMT-Advanced systems and fixed satellite service (“FSS”) receive earth stations operating in the 3 400-4 200 MHz and 4 500-4 800 MHz bands. The analysis is based on the latest IMT-Advanced and FSS and FSS parameters as provided by the expert Working Parties (and referenced in Tables 1-5 of this Report), and provides an assessment of the impact of IMT-Advanced system transmissions into the receiving systems of the FSS under agenda item 1.1.

2	FSS earth stations parameters

The parameters listed below have been used in assessing the interference into FSS receive earth stations for the purpose of the studies in this Annex. These values have been extracted fromReport ITU-R M.2109 (and also contained in Sections 2 and 5 of this Report) and typical downlink parameters for FSS earth stations.

TABLE 1

Downlink FSS earth station parameters

		Parameter

		Value



		Range of operating frequencies

		3 400-4 200 MHz, 4 500-4 800 MHz



		FSS earth station sample location

		Orlando, Florida



		Satellite Orbital location	

		155.24° W, 127.87° W



		FSS Earth station Elevation Angle

		5°, 30°



		FSS Antenna reference pattern

		Recommendation ITU‑R S.465 (up to 85°)



		Range of emission bandwidths

		40 kHz – 72 MHz



		FSS Receiving system noise temperature

		100 K



		FSS Earth station antenna diameter

		2.4 m



		FSS Earth station antenna height

		3 m (rural deployment case), 30 m (urban deployment case)



		FSS Earth station receiver filter

		Assumed to be ideal



		Earth station deployment

		All regions, in all locations (rural, semi-urban, urban)1



		1	FSS antennas in this band may be deployed in a variety of environments. Smaller antennas (1.8 -3.8 metres) are commonly deployed on the roofs of buildings or on the ground in urban, semi-urban or rural locations, whereas larger antennas are typically mounted on the ground and deployed in semi‑urban or rural locations.





3	FSS parameters and interference criteria

Both long term and short term interference criteria are considered when assessing the interference from IMT-Advanced systems into FSS receiver earth stations.

For long-term interference, two cases can be considered depending on the type of the scenarios studied based on Recommendation ITU-R S.1432:




–	in-band sharing studies: I/N = 12.2 dB (T/T = 6%) corresponding to the total interference from other systems having co-primary status, for 100% of the worst month or I/N = 10 dB (T/T = 10%) corresponding to the aggregate interference from 
co-primary allocation for 20% of any month;

–	adjacent band sharing studies: I/N = 20 dB (T/T = 1%) corresponding to the aggregate interference from all other sources of interference, for 100 % of the time.

Where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.

For short-term interference, Recommendation ITU-R SF.1006 is used. This criterion also appears in Annex 7 (see both text and Table 8b) of RR Appendix 7:

0	I/N = −1.3 dB which may be exceed by up to 0.001667% time (single entry)

Apportionment of interference allowance

In the absence of specific ITU-R recommendations on how to apportion these allowances among the competing potential sources of interference, ; an expert Working Party of the fixed-satellite service in ITU-R recommended that the long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) should be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it should be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.

This 50% apportionment of interference is applicable to the case where two other allocated services (e.g. fixed and mobile) are contributing the same level of interference in the same geographical area and this results in a reduction of 3dB in the I/N values.

4	IMT Advanced systems parameters

Table 2 contains the IMT-Advanced systems parameters, extracted from Table D of 
Report ITU-R M.2292-,. The scenario for small cell base station indoor was not studied.




TABLE 2

Technical and operational characteristics of IMT- Advanced base stations 

		IMT-Advanced base station type

		Macro cell base station suburban

		Macro cell base station urban

		 Small cell base station outdoor



		Antenna height

		25 m

		20 m

		6 m



		Maximum base station antenna gain

		18 dBi

		18 dBi

		5 dBi



		Sectorization

		3-sectors

		3-sectors

		single sector



		Downtilt

		6 degrees

		10 degrees

		n.a.



		Antenna pattern

		Recommendation ITU-R F.1336

(recommends 3.1)

ka = 0.7

kp = 0.7

kh = 0.7

kv = 0.3

Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.

		Recommendation ITU-R F.1336 omni



		Building penetration loss

		0 dB

		0 dB

		0 dB



		Base station bandwidth

		10 MHz

		10 MHz

		10 MHz



		Maximum base station output power

		46 dBm

		46 dBm

		24 dBm



		Feeder Loss

		3 dB

		3 dB

		n.a.



		Maximum base station output power (EIRP)

		61 dBm

		61 dBm

		29 dBm



		Adjacent-Channel Leakage Power Ratio (ACLR)

		3GPP Document TS 36.104 v.11.2.0, § 6.6.2.

		3GPP Document TS 36.104 v.11.2.0, § 6.6.2.

		3GPP Document TS 36.104 v.11.2.0, § 6.6.2.





5	Methodology for sharing studies

For the purpose of this compatibility study, the macro suburban, macro urban, and small cell outdoor, for the single entry case, were modeled in Visualyse[footnoteRef:13] using the parameters for the FSS receive earth stations and the IMT-Advanced base station from sections 2 and 4 respectively.  In all cases, the IMT-Advanced base station antenna was assumed to be pointed towards the FSS receiving earth station and down-tilted below the horizon by the amount specified in Table 2. Terrain information was taken into account and an example location was considered with an FSS earth station location in Orlando, Florida corresponding to a flat terrain profile.  [13: 	Visualyse Professional Version 7.710 (Transfinite Systems Ltd).] 


For both the macro suburban and macro urban deployment the effect of clutter was considered with the following characteristics in accordance with Recommendation ITU-R P.452[footnoteRef:14].  [14: 	A brief description of the various propagation modes that are considered in Recommendation ITU-R P.452 for the determination of short-term and long-term propagation losses is provided in the appendix to this document.] 


–	for the suburban deployment case, a nominal clutter distance of 25m and a nominal clutter height of 9m were used;

–	for the urban deployment case, a nominal clutter distance of 20m and a nominal clutter height of 20m were used

For the small cell outdoor scenario, the Shuttle Radar Topography Mission (SRTM) database was used, which includes in addition to terrain information, building or vegetation heights. The SRTM is a surface database taken by radar measurements from a Space Shuttle mission and contains measurements of where the radar waves are reflected off the surface of the earth.

The simulation was performed with two elevation angles for the FSS earth station: 5 degrees and 30 degrees.

Through the “Area Analysis” tool in Visualyse, the location of the IMT-Advanced base station was placed within a pre-defined area around the FSS receive earth station.  At each point, the elevation angle (at the IMT-Advanced base station antenna’s boresight height) towards the FSS earth station was determined, from which the off-axis angle of the IMT-Advanced base station antenna, relative to its maximum gain lobe, was determined. The e.i.r.p. level of the IMT-Advanced base station towards the earth station was then calculated using the aforementioned off-axis gain of the IMT-Advanced base station antenna. Taking into account the propagation loss between the IMT-Advanced base station and FSS earth station, the I/N level at the FSS earth station location was computed. Contour lines were then drawn through those (IMT-Advanced base station) points/locations where the computed I/N value at the FSS earth station was the minimum required level. Accordingly, an IMT-Advanced base station operating in accordance with the parameters specified in Table 2 (as appropriate for the specific scenario under consideration) at any point within the bounded contour area would result in an I/N level at the FSS earth station that did not meet the minimum required level. 

6	Sharing study results

For each elevation angle (5° and 30°) of the FSS receiving earth station, the following cases were examined:

–	a macro suburban scenario;

–	a macro urban scenario;

–	a suburban small cell outdoor scenario.

The results of the study are provided in Figures 1 through 18 of Appendix A and the following observations can be made: 

a)	For the case of an IMT-Advanced macro cell base station deployed in 
	a suburban environment: 

	In order to mitigate long term interference and ensure that the FSS receiving earth station is not subjected to excessive levels of in-band interference from the transmitting IMT-Advanced base station: 

–	a distance separation of 57.1 to 87.1 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  51.8 to 58.6 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

In order to mitigate short term interference and ensure that the FSS receiving earth station is not subjected to excessive levels of in-band interference from the transmitting IMT-Advanced base station: 

–	a distance separation of 312.2 to 487.6 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  312.2 to 368.3 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

Similarly, in order to ensure that the FSS receiving earth station is not subjected to excessive levels of out-of-band emissions from the transmitting IMT-Advanced base station:

–	a distance separation of 13.6 to 33.6 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  13.6 to 16.5 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

b)	For the case of an IMT-Advanced macro cell base station deployed in 
	an urban environment: 

In order to mitigate long term interference and ensure that the FSS receiving earth station is not subjected to excessive levels of in-band interference from the transmitting IMT-Advanced base station: 

–	a distance separation of 45.5 to 93.0 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  45.4 to 52.9 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

In order to mitigate short term interference and ensure that the FSS receiving earth station is not subjected to excessive levels of in-band interference from the transmitting IMT-Advanced base station: 

–	a distance separation of 266.4 to 467.3 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of 266.4 to 318.9 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

Similarly, in order to ensure that the FSS receiving earth station is not subjected to excessive levels of out-of-band emissions from the transmitting IMT-Advanced base station:

–	a distance separation of 11.0 to 40.2 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  10.9 to 20.0 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

c)	For the case of an IMT-Advanced small cell outdoor base station deployed 
	in Orlando, Florida: 

In order to mitigate long term interference and ensure that the FSS receiving earth station is not subjected to excessive levels of in-band interference from the transmitting IMT-Advanced base station: 

–	a distance separation of 4.9 to 35.1 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  3.4 to 15.8 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

In order to mitigate short term interference and ensure that the FSS receiving earth station is not subjected to excessive levels of in-band interference from the transmitting IMT-Advanced base station: 

–	a distance separation of up to 262.7 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  up to 72.7 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.

Similarly, in order to ensure that the FSS receiving earth station is not subjected to excessive levels of out-of-band emissions from the transmitting IMT-Advanced base station:

–	a distance separation of  up to 4.7 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 5 degrees;

–	a distance separation of  up to 1.8 kilometres, depending on direction, should be maintained between the transmitting IMT-Advanced base station and the receiving FSS earth station operating at an elevation angle of 30 degrees.




7	FSS Deployment in the US



[image: ]



The figure above depicts the  FSS earth stations in the USA in the 3 400-4 200 MHz and 4 500-4 800 MHz bands. These FSS earth stations are primarily deployed in the 3 700-4 200 MHz frequency range.




8	Conclusion

Sharing studies have been performed to assess the technical feasibility of deploying IMT-Advanced systems using the characteristics in Tables 1-5 of this Report. To provide protection of the FSS receive earth stations operating in the 3 400-4 200 MHz and 4 500-4 800 MHz bands, required separation distances were derived relative to the IMT-Advanced base station location. As can be seen from the results found in section 6, the magnitude of those required separation distances to protect the FSS receive earth stations depend on the topography, parameters of the networks and the deployment of the two services. The results found in this study show that:

–	for in-band, co-channel operations, the minimum separation distances associated with long-term interference criterion have been found to be at least several kilometres for the small cell outdoor scenario and at least in the tens of kilometres for the macro cell scenario. The minimum separation distances associated with short term interference criterion have been found to be at least tens of kilometres and extend up to several hundred kilometres in the considered cases with similar assumptions as the ones used for the long term;

–	for adjacent-band operations, in order to ensure that the FSS receiving earth station is not subjected to excessive levels of out-of-band emissions from the transmitting IMT-Advanced base station, the minimum separation distances have been found to be at least several kilometres for the small cell outdoor scenario and at least in the tens of kilometres for the macro cell scenario. 

It may be concluded that macro urban, macro suburban and small cell outdoor IMT deployments in this band would likely face sharing problems for the scenarios studied.
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APPENDIX A TO annex 5

Contours obtained for the case of an IMT-Advanced macro cell base station deployed in a suburban environment:

Figure 1

Contour in order to mitigate long term interference for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 57.1 to 87.1 kilometres depending on direction.
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Figure 2

Contour in order to mitigate long term interference for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 51.8 to 58.6 kilometres depending on direction.
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Figure 3

Contour in order to mitigate short term interference for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 312.2 to 487.6 kilometres depending on direction.
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Figure 4

Contour in order to mitigate short term interference for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 312.2 to 368.3 kilometres depending on direction.
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Figure 5

Contour in order to protect from out-of-band emissions for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 13.6 to 33.6 kilometres depending on direction.
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Figure 6

Contour in order to protect from out-of-band emissions for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 13.6 to 16.5 kilometres depending on direction.
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Contours obtained for the case of an IMT-Advanced macro cell base station deployed in an urban environment:

Figure 7

Contour in order to mitigate long term interference for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 45.5 to 93.0 kilometres depending on direction.
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Figure 8

Contour in order to mitigate long term interference for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 45.4 to 52.9 kilometres depending on direction.
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Figure 9

Contour in order to mitigate short term interference for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 266.4 to 467.3 kilometres depending on direction.
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Figure 10

Contour in order to mitigate short term interference for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 266.4 to 318.9 kilometres depending on direction.
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Figure 11

Contour in order to protect from out-of-band emissions for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 11.0 to 40.2 kilometres depending on direction.
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Figure 12

Contour in order to protect from out-of-band emissions for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 10.9 to 20.0 kilometres depending on direction.
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Contours obtained for the case of an IMT-Advanced small cell outdoor base station deployed in Orlando, Florida:

Figure 13

Contour in order to mitigate long term interference for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of 4.9 to 35.1 kilometres depending on direction.
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Figure 14

Contour in order to mitigate long term interference for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of 3.4 to 15.8 kilometres depending on direction.
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Figure 15

Contour in order to mitigate short term interference for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of up to 262.7 kilometres depending on direction.
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Figure 16

Contour in order to mitigate short term interference for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of up to 72.7 kilometres, depending on direction.
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Figure 17

Contour in order to protect from out-of-band emissions for the receiving FSS earth station operating at an elevation angle of 5 degrees, showing a distance separation of up to 4.7 kilometres depending on direction.
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Figure 18

Contour in order to protect from out-of-band emissions for the receiving FSS earth station operating at an elevation angle of 30 degrees, showing a distance separation of up to 1.8 kilometres depending on direction.
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APPENDIX B to annex 5

Additional explanatory material from Recommendation ITU-R P.452-14 related to interference propagation mechanisms

Interference may arise through a range of propagation mechanisms whose individual dominance depends on climate, radio frequency, time percentage of interest, distance and path topography. 
At any one time a single mechanism or more than one may be present. The principal interference propagation mechanisms are as follows:

Long term interference

In the case of long term interference, the principal interference propagation mechanisms are: line of sight, diffraction and tropospheric scatter. The figure below depicts the propagation mechanisms that are involved in the long term interference case:

FIGURE 1
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–	Line-of-sight (Fig. 1): The most straightforward interference propagation situation is when a line-of-sight trans-mission path exists under normal (i.e. well-mixed) atmospheric conditions. However, an additional complexity can come into play when subpath diffraction causes a slight increase in signal level above that normally expected. Also, on all but the shortest paths (i.e. paths longer than about 5 km) signal levels can often be significantly enhanced for short periods of time by multipath and focusing effects resulting from atmospheric stratification (see Fig. 2).

–	Diffraction (Fig. 1): Beyond line-of-sight (LoS) and under normal conditions, diffraction effects generally dominate wherever significant signal levels are to be found. For services where anomalous short-term problems are not important, the accuracy to which diffraction can be modelled generally determines the density of systems that can be achieved. The diffraction prediction capability must have sufficient utility to cover smooth-earth, discrete obstacle and irregular (unstructured) terrain situations.




–	Tropospheric scatter (Fig. 1): This mechanism defines the “background” interference level for longer paths (e.g. more than 100-150 km) where the diffraction field becomes very weak. However, except for a few special cases involving sensitive earth stations or very high power interferers (e.g. radar systems), interference via troposcatter will be at too low a level to be significant.

Short term interference:

In the case of short term interference, surface ducting is the most important short term interference mechanism over water and in flat coastal land areas, and can give rise to high signal levels over long distances (more than 500 km over the sea). Such signals can exceed the equivalent 
“free-space” level under certain conditions.

In addition, in the case of elevated terrain, the treatment of reflection and refraction from layers at heights up to a few hundred metres is of major importance as these mechanisms enable signals to overcome the diffraction loss of the terrain very effectively under favourable path geometry situations. Again the impact can be significant over quite long distances (up to 250-300 km).

The figure below depicts the propagation mechanisms that are involved in the short term interference case:

FIGURE 2
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–	Surface ducting (Fig. 2): This is the most important short-term interference mechanism over water and in flat coastal land areas, and can give rise to high signal levels over long distances (more than 500 km over the sea). Such signals can exceed the equivalent 
“free-space” level under certain conditions.

–	Elevated layer reflection and refraction (Fig. 2): The treatment of reflection and/or refraction from layers at heights up to a few hundred metres is of major importance as these mechanisms enable signals to overcome the diffraction loss of the terrain very effectively under favourable path geometry situations. Again the impact can be significant over quite long distances (up to 250-300 km).

–	Hydrometeor scatter (Fig. 2): Hydrometeor scatter can be a potential source of interference between terrestrial link transmitters and earth stations because it may act virtually omnidirectionally, and can therefore have an impact off the great-circle interference path. However, the interfering signal levels are quite low and do not usually represent a significant problem.

Therefore in the case of short term interference, because of these specific propagation mechanisms, one can expect the interfering signals to propagate farther within the medium and therefore one can expect longer separation distances or protection zones around the FSS receive earth station.






ANNEX 6

Study #6



1	Introduction

This Annex presents an example sharing study using a realistic sharing scenario in order to demonstrate the range of results that can be seen under a variety of propagation assumptions. The study uses an example scenario where a small cell IMT network intended to enhance capacity in urban areas would like to coexist with a nearby licensed FSS site. 

The FSS site chosen for the study, Madley in the UK, is a BT owned teleport between Madley and Kingstone in Herefordshire. It has a number of assignments in the Master International Frequency Register (MIFR) which allow us to extract a range of operational parameters.

Two links have been chosen, both operating to Intelsat satellites, one at 60° east and one at 27.5° west. This provides a variation in both elevation angle and FSS antenna azimuth. The higher elevation link has an elevation angle of 26.2° whilst the lower has an elevation angle of 7.69°

The analysis in this study is in terms of short- and long-term I/N thresholds that could be considered as coordination triggers. 

As will become clear later, local clutter and obstacles are important and so the picture below of the Madley site is useful to show that the antennas are generally above the local foliage.

Figure 10

Photograph of the Madley teleport site
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2	Technical characteristics

IMT parameters

This study looks at the type of IMT network that would be used in urban locations to enhance capacity of an existing network. This type of network would typically be deployed in populated urban areas, out of town shopping areas, sports stadia etc.

The table below shows the relevant parameters for the IMT system that have been used in the analysis. These parameters are taken from Table D of Report ITU-R M.2292-.

Table 28

IMT small cell outdoor base station parameters

		Parameter

		Value

		Unit

		



		EIRP density (maximum)

		19

		dBm/MHz

		



		EIRP density (maximum)

		−11

		dBW/MHz

		



		Tx antenna gain

		

		5

		dBi

		



		Antenna pattern

		

		Rec. F.1336

		

		



		Downtilt

		

		0

		degrees

		



		Antenna height

		

		6

		metres

		



		Frequency reuse

		all cells use same frequency







FSS parameters

The following parameters are used to represent the Madley site. They are derived from entries in the MIFR.

Location -- 52.0194° N, 2.8466° W

Operating satellite locations 60° E and 27.5° W

Calculated Link angles 

	Link to 60° E – elevation = 7.69°, azimuth = 112°

	Link to 27.5° W – elevation = elevation 26.2°, azimuth = −149.8

Antenna performance 

	Recommendation ITU-R S.465

	Peak gain = 53.1 dBi

	Beamwidth =  0.44°

Link temperature = 100 K

Trigger levels 

A reference I/N value of −15.2 dB for long-term sharing has been used. This is a conservative value and assumes 50% of apportionment to IMT.

For short-term interference, a reference value of −1.3 dB has been used.

3	Analysis

3.1	Methodology

Coordination zones

In the analysis, the area around Madley has been studied within which an IMT station may cause interference. This approach is based on an I/N calculation and the specification of a maximum acceptable I/N value as discussed above. If the value is exceeded this indicates that interference is possible and further analysis is needed.

In the first part of the analysis a smooth earth model is used. In this case the monotonic increase in path loss with range allows to consider the concept of a coordination contour. In each azimuth around the earth station, the distance at which the I/N is exceeded is calculated and anywhere closer than this is considered as requiring closer attention or detailed coordination.

This is not an exclusion zone but a coordination area and it is an important distinction to make. There are very many cases where FSS earth stations coexist with high power fixed links that theoretically exceed the I/N trigger level and lie within the zone. 

Auxiliary contours

It is also useful for the presentation of the results to draw an analogy with Auxiliary Contours - which like coordination contours are also familiar from earth station coordination. 

The coordination zone is plotted under worst-case assumptions and smooth earth by drawing a contour at the trigger I/N level. On the same map, contours at higher I/N levels are also plotted – in this document, it is chosen to show steps of 5 dB. 

To know what the coordination contour would look like if there was an extra 10 dB local clutter loss this can be seen by looking at the higher value contour.

The motivation for this is that the reader can then see on one plot the potential effect of various mitigation techniques or additional propagation losses. 

3.2	Results 

Comparison of Recommendation ITU-R P.452 revisions and smooth earth contours

The following two figures show long-term I/N contours using Revision 14 of Recommendation ITU-R P.452 without terrain data, and Revision 12 using the smooth earth model from Recommendation ITU-R P.526. 

As discussed earlier, the Revision 14 does not leave the user with any decision to make with respect of Recommendation ITU-R P.526 whereas Revision 12 was more relaxed in this respect. 

In both cases the red contour is −15.2 dB and the others increase in 5 dB steps.

Figure 11

Smooth earth I/N contours derived using Recommendation ITU-R P.452-14
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Figure 12

Smooth earth I/N contours derived using Recommendation ITU-R P.452-12

[image: ]



There are some significant differences in the contours – especially along the azimuth of the FSS antenna main lobe.

The following two figures place both sets of contours on the same map and show long and short-term contours for the link operating to 27.5 W. Red contours are for Revision 12 and green for Revision 14.

Figure 13

Long-term interference contours for link operating to 27.5W at −15.3 dB and 5 dB intervals. 20% time.
Red contours use Recommendation ITU-R P.452-12, green use Recommendation ITU-R P.452-14
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Differences are also seen in the short-term case. The following figure shows the Revision 12 contours in red and the smaller Revision 14 contours in green.

Figure 14

Short-term interference contours for link operating to 27.5W at −1.3 dB and 5 dB intervals. 0.001667% time.
Red contours use Recommendation ITU-R P.452-12, green use Recommendation ITU-R P.452-14
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From the figures above it is concluded that changing the version of the recommended propagation model reduces the size of the coordination zone in this case. It does this significantly in the limiting direction along the azimuth of the FSS antenna boresight.

For the lower elevation link, operating to the satellite at 60° E the same data are shown on the two following figures.

Figure 15

Long-term interference contours for link operating to 60° E at −15.3 dB and 5 dB intervals. 20% time.
Red contours use Recommendation ITU-R P.452-12, green use Recommendation ITU-R P.452-14
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Figure 16

Short-term interference contours for link operating to 60° E at −15.3 dB and 5 dB intervals. 0.001667% time.
Red contours use Recommendation ITU-R P.452-12, green use Recommendation ITU-R P.452-14
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For the lower elevation link in the two figures above, Revision 14 of Recommendation ITU-R P.452 results in smaller long-term contours but slightly larger short-term contours. This is consistent with the results in Figures 1 and 2.

Having shown that the lower elevation link has a fairly large contour under both assumptions it is important now to consider the additional factors of terrain and clutter.

Terrain and clutter in Recommendation ITU-R P.452 Revision 14

Results in this section are all based on Recommendation ITU-R P.452 Revision 14 and concentrate on the low elevation link towards the satellite at 60° E which is the limiting case, as we have seen in Figure 9.

The effect of the addition of terrain data and the use of that data in diffraction loss modelling has a major effect on potential interference. If the victim receiver is shielded interference levels are generally reduced. If the victim is located on low ground interference will be lower still. On the other hand, if the interferer is on high ground potential interference levels at long range may be enhanced.

In order to show the effect of adding terrain data and local clutter loss, the following figures show colour-coded plots of I/N where the dark red areas are at or above the relevant trigger level. Other colours show decreasing I/N levels.

The following figures show the effect of added high resolution terrain on the short- and long-term I/N levels.

Figure 17

Red pixels show where I/N is −15.2 dB or higher for 20% of time when high resolution terrain is taken
into account. Red areas are where the long-term I/N criterion is exceeded
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Figure 18

Red pixels show where I/N is −1.3 dB or higher for 0.00167% of time when high resolution terrain is taken
into account. Red areas are where the long-term I/N criterion is exceeded
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Adding the terrain has taken into account the local geography around Madley – the mountains and the bowl in which the teleport is set. This has had a dramatic effect on the area in which coordination would actually be needed. 

In fact no population centres seem to be affected, although there is a possibility that some small areas of high ground around Gloucester (South East of Madley) may violate the short-term I/N. This could occur if a much higher resolution was looked at.

However, what is missing from the two figures above is any account for local clutter. The terrain database used is not a surface database and a path independent value for local terminal loss can be added. 

The simplest way to do this is to consider the actual deployments it is attempted to simulate.

As shown in Figure 15 the LNBs and substantial parts of most of the dishes at Madley are above the level of the local foliage. With this in mind no additional clutter losses at the receive site should be assumed.

For the IMT system nodes are considered that would be deployed on the sides of buildings or perhaps on street furniture such as lamp posts. These nodes would be close to and below the local clutter. In Recommendation ITU-R P.452, two parameters can be added – local clutter height and distance to local clutter. If conservatively assuming the clutter 2 metres above the base stations and at a distance of 5 m it can be seen that all the red pixels disappear. 

In practice, it would be expected that most locations would have a larger clutter loss than this implies and using the value of 15 dB as used in some Report ITU-R M.2109 studies, this is more than sufficient to remove all I/N excesses.

4	Summary

The smooth earth contours indicate, for the example scenario, that: 

1)	Sharing with a link with elevation angle above 26°, operating to a satellite at 27.5° W may not be problematic. Only one populated area falls with the worst-case I/N contour and then only slightly.

2)	The lower elevation link (7.6° operating to 60° E) requires more analysis – the worst-case contour extends significantly over several population areas.

For the high elevation link, the worst-case contour for both short and long-term propagation conditions encompass only one populated area (Newport) where a micro network is likely to be employed. The same contours indicate that a small improvement of less than 5 dB in the results would put Newport outside the contour.

For the low elevation link, the contour is much larger, but  the addition of terrain and the use of Recommendation ITU-R P.452-14 is found to reduce the affected areas significantly. The addition of a very conservative clutter loss value that might apply to the IMT network under consideration eliminates any residual issues.






ANNEX 7

Study #7



1	Introduction

[bookmark: _Toc361662569][bookmark: _Toc361662570]1.1	Scope and objective

[bookmark: _Toc361662571]Fixed-satellite service (space-to Earth) is the primary allocation in the frequency bands 3 400‑4 200 MHzand 4 500‑4 800 MHz which are the adjacent bands with the frequency bands 3 300-3 400 MHz, 4 400-4 500 MHz and 4 800‑4 990 MHz. This report provides the detailed studies of adjacent band compatibility between IMT system and FSS system in the bands respectively.

1.2	Glossary of terms

3GPP	3rd generation partnership project

BER	Bit error rate

C/N	Carrier-to-noise power ratio

LTE	Long term evolution

EIRP	Effective isotropic radiated power

FEC	Forward error correction

FSS	Fixed-satellite service

IMT	International Mobile Telecommunications

ITU	International Telecommunication Union

LNA	Low noise amplifier

LNB	Low noise block down converter

PSK	Phase shift keying

VSAT	Very small aperture terminal

SMATV	Satellite master antenna television

DTH	Direct-to-home

[bookmark: _Toc361662572][bookmark: _Toc361662573]2	Characteristics and parameters

[bookmark: _Toc361662574]2.1	IMT parameters

IMT Base station parameters are taken from Table 3 in the main document

[bookmark: _Toc361662575]2.2	FSS parameters

The table below provides the key FSS parameters to be used for these studies[footnoteRef:15]. [15:  	From Report ITU-R M.2109 (2007): Sharing studies between IMT Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 MHz and 4 500‑4 800 MHz frequency bands.] 


TABLE 2

Typical downlink FSS parameters in the 4 GHz frequency band

		Parameter

		Typical value



		Range of operating frequencies

		3 400-4 200 MHz, 4 500-4 800 MHz



		Earth station off-axis gain towards the local horizon (dBi)(1)

		Elevation Angle(2)

		5°

		10°

		20°

		30°

		48°

		>85°



		

		Off-axis gain

		14.5

		7.0

		–0.5

		–4.9

		–10

		0



		Antenna reference pattern

		Recommendation ITU‑R S.465 (up to 85°)



		Range of emission bandwidths

		40 kHz – 72 MHz



		Receiving system noise temperature

		100 K



		Earth station deployment

		All regions, in all locations (rural, semi-urban, urban) (3)



		(1)	The values were derived by assuming a local horizon at 0° of elevation.

(2)	5° is considered as the minimum operational elevation angle.

(3)	FSS antennas in this band may be deployed in a variety of environments. Smaller antennas (1.8 m-3.8 m) are commonly deployed on the roofs of buildings or on the ground in urban, semi-urban or rural locations, whereas larger antennas are typically mounted on the ground and deployed in semi‑urban or rural locations.







In order to conduct the simulations, the additional parameters were considered:

	Antenna diameter: 2.4 metres and 11 metres (feeder link).

	Antenna height: 30 metres (urban case) and 3 metres (rural case).

NOTE 1  This set of parameters is representative of most of the earth stations deployed.

FSS filter characteristics is referring to IMT filter, 45dB ACS is assumed.

3	Methodologies and propagation models

[bookmark: _Toc361662577]3.1	Possible types of interference to the FSS

The possible types of interference from IMT system has been identified to impact FSS system: 

a)	Unwanted emissions from IMT base station to FSS earth station in adjacent channels

	Interference from unwanted emissions generated by IMT base station to FSS earth station in adjacent channels is studied. 

b)	Unwanted emissions from IMT user terminal to FSS earth station in adjacent channels

	Interference from unwanted emissions generated by IMT user terminal to FSS earth station in adjacent channels is not evaluated because it can be referred to the studies on IMT base station with larger Maximum output power, especially when taking into consideration the lower average user terminal output power in IMT system[footnoteRef:16].  [16:  	See section 2.1.] 


[bookmark: _Toc361662578]3.2	FSS interference criteria

The following methodology is adopted in Report ITU-R M.2109 to evaluate the ES tolerable long-term interference from other IMT systems.

In line with ITU-R S.1432-1, the Report utilizes the following I/N value for the long term interference criterion: [footnoteRef:17] [17:  	Adjacent interference criterion is used.] 


[bookmark: _Toc361662579]I/N = -20.0dB (Δ T/T = 1%)

The aggregate interference from all other sources of interference is considered for 100 % of the time where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.

[bookmark: _Toc377741366][bookmark: _Toc376877593]Apportionment of interference allowance

50% apportionment of the allowable interference is assumed among the competing potential sources of interference.

Long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) is considered to be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it is considered to be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.

3.3	Methodologies

Assuming one IMT macro cell base station interfere FSS receiver, the received interference power level at the FS receiver is calculated according to the equation:







	: 	the received interference power level in 1MHz bandwidth at the FS receiver (dBm);



	: 	transmission power per MHz bandwidth of IMT system (dBm);



	: 	antenna gain of IMT system (dB);



	: 	reception antenna gain of FSS system (dB);



	: 	the path loss (dB);

Adjacent channel interference

The following parameters are specifically used for the IMT interference calculation for the adjacent channel interference analysis.

FDR:        Frequency dependent rejection (dB) [footnoteRef:18]  [18:  	FDR = 0dB for co-channel analysis.] 


Δf:	Frequency offset (Hz)

Based on the 3GPP 36.104 v.11.2.0, § 6.6.2 specifications.

At first, ACLR shall be no less than 45dB.

In addition, 

–	For Wide Area BS, either the ACLR limits or the absolute limit of -15dBm/MHz apply, whichever is less stringent.

–	For Local Area BS, either the ACLR limits or the absolute limit of -32dBm/MHz shall apply, whichever is less stringent.

If the band is larger than the ACLR region, the operating band unwanted emission limits will refer to the following tables from 3GPP TS 36.104 v.11.2.0 § 6.6.3: 

TABLE 3

Macro BS operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth

		Frequency offset of measurement filter ‑3dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0.05 MHz  f_offset < 
5.05 MHz

		[image: ]

		100 kHz 



		5 MHz  f < 

min(10 MHz, fmax)

		5.05 MHz  f_offset < 

min(10.05 MHz, f_offsetmax)

		-14 dBm

		100 kHz 



		10 MHz  f  fmax

		10.5 MHz  f_offset < f_offsetmax 

		-15 dBm (Note 5)

		1MHz 





TABLE 4

Local Area BS operating band unwanted emission limits for 5, 10, 15 and 20 MHz channel bandwidth

		Frequency offset of measurement filter ‑3dB point, f

		Frequency offset of measurement filter centre frequency, f_offset

		Minimum requirement

		Measurement bandwidth



		0 MHz  f < 5 MHz

		0.05 MHz  f_offset < 
5.05 MHz

		



		100 kHz 



		5 MHz  f < 
min(10 MHz, Δfmax)

		5.05 MHz  f_offset < min(10.05 MHz, f_offsetmax)

		-37 dBm

		100 kHz 



		10 MHz  f  fmax

		10.05 MHz  f_offset < f_offsetmax 

		-37 dBm (Note 5)

		100 kHz 







In simple terms, the interference in the adjacent channel case is made up of two components as shown in the diagram below: 

–	The transmitter unwanted emissions falling within the receiver pass-band;

–	The transmitter main emission falling in the receiver selectivity skirt.

The total impact is in fact a convolution of the interfering transmitter emission mask (its in-band and out-of-band characteristic combined) and the victim receiver selectivity (its in-band and out-of-band characteristic combined). Another factor to be accounted for (for ground path interference) is overload of the earth station receiver front-end which is often wideband.

Figure 1

Adjacent channel interference components.

[image: Untitled.bmp]

The total received interference from IMT base station is derived as follows: 

IMT_Tx_power*10^(-0.1*ACSFSS) + IMT_Tx_power*10^(-0.1*ACLRIMT)

The 36 MHz ACLR is calculated as follows:

ACLR = in band power of IMT (46 dBm) / adjacent 36 MHz emission power (which will slightly differ according to the different guard band values between IMT and FSS).



[bookmark: _Toc365219483][bookmark: _Toc361662580]3.4	IMT network topology

3.4.1	Indoor IMT small cell scenario topology

Multiple buildings are distributed in a ring-shaped topology around the FSS Earth station. Each building contains an IMT small cell indoor system comprising multiple IMT small cells. The spacing between the terrestrial IMT and the FSS systems corresponds to the separation distance between the FSS Earth station and the nearest IMT small cell base station within an identified building.

The IMT small cell indoor system topology is distributed in buildings of 6 floors, the topology of each floor is based on the below figure from the 3GPP specification 3GPP TR 36.814. As shown in figure below:

•	IMT small cell indoor system buildings size: 120 m x 50 m, including rooms and corridor;

•	Number of rooms in the building (per floor): 16;

•	Room size: 15 m x 15 m;

•	Corridor size: 120 m x 20 m;

•	4 indoor IMT small cell BSs in each floor[footnoteRef:19]; [19:  	Four small cell base stations are considered in each floor instead of the two base stations per floor considered in 3GPP TR 36.814.] 


•	All terminals are deployed in the rooms;

•	6 floors in each building, the IMT indoor BS are deployed in 4 floors randomly selected among the 6 available floors in the building (i.e. 16 IMT small cell BSs are always considered in each building):

•	Height of each floor: 3 m;

•	External wall loss: 20 dB;

•	Floor penetration loss: 18 dB for each floor (in line with Recommendation ITU-R P.1238, Table 3).

[bookmark: _Toc279134892][bookmark: _Toc299717342][bookmark: _Toc353353294]Figure 2

IMT small cell indoor system building: floor topology
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The buildings are uniformly distributed around the FSS Earth station as described in the diagram below (same topology adopted as in Report ITU-R M.2109).

[bookmark: _Toc299717341]Figure 3

IMT small cell indoor scenario topology
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[bookmark: _Toc353353293]

Where:

	dprotection 	Protection distance: the distance between the FSS Earth station and the central position of IMT small cell indoor system;

	dbuilding	Distance between two IMT small cell indoor systems.

As shown in the figure above, the number of IMT small cell indoor systems (i.e. number of buildings) is:





The system-level compatibility simulation assumes dbuilding = 300 m.

The number of buildings containing one of the IMT small cell indoor systems is calculated, the distance between buildings is calculated according to the average distribution.

[bookmark: _Toc365219484]3.4.2	IMT macro cell / IMT small cell outdoor scenarios topology

Report ITU-R M.2109 is taken as reference with few exceptions. The adopted topology is described below. [footnoteRef:20] [20:  	The topology considered in this document, consistently with Report ITU-R M.2109, is the most conservative (elevation only off-set). However in a significant number of practical cases less conservative situations will happen to involve elevation as well as azimuth off-set.] 


Figure 4

IMT macro cell / IMT small cell outdoor scenarios topology
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	d(i) 	The radius of the i-th ring:

		d(i) = dprotection + ( i-1)* dintersite

	N(i)	The number of IMT base stations located on the i-th ring. It is assessed based on the corresponding distance d(i) and the base station inter-site distance range:

		N(i) = pi / (arc sin (dintersite/ (2*d(i))))



3.5	Propagation models

[bookmark: _Toc361662581]The propagation model is from Recommendation ITU-R P.452-15. 

Basic transmission loss is from Recommendation ITU-R P.452-15 as follows:





		L  = 92.5 + 20 log f  + 20 log d   + Ag + Ld50                 dB



where:

	L:	transmission loss due to free-space propagation and attenuation by diffraction loss (dB);

	f :	frequency (GHz);

	d :	path length (km);

	Ld50:	the median diffraction loss (dB): 



		

where:

	Lm50:	the median knife-edge diffraction loss for the main edge (dB);

	Lt50:	the median knife-edge diffraction loss for the transmitter-side secondary edge (dB);

	Lr50: 	the median knife-edge diffraction loss for the receiver-side secondary edge (dB);

	m50: 	the diffraction parameter of the main edge (dB).

	Aht,hr :	additional losses to account for clutter shielding the transmitter and receiver.

Recommendation ITU-R P.452-15 requires the terrain information as input for diffraction loss. The proposal below uses the typical terrain information contained in the Table 4 of Recommendation ITU-R P.452-15 and the method of applying height-gain correction in the Figure 3 of Recommendation ITU-R P.452-15.




Table 5

Nominal clutter heights and distances

		Clutter (ground-cover) category

		Nominal height

ha (m)

		Nominal distance

dk (km)



		High crop fields

Park land

Irregularly spaced sparse trees

Orchard (regularly spaced)

Sparse houses

		4

		0.1



		Village centre

		5

		0.07



		Deciduous trees (irregularly spaced)

Deciduous trees (regularly spaced)

Mixed tree forest

		15

		0.05



		Coniferous trees (irregularly spaced)

Coniferous trees (regularly spaced)

		20

		0.05



		Tropical rain forest

		20

		0.03



		Suburban

		9

		0.025



		Dense suburban

		12

		0.02



		Urban

		20

		0.02



		Dense urban

		25

		0.02



		High-rise urban

		35

		0.02



		Industrial zone

		20

		0.05





	ha:	Nominal clutter height (m) above local ground level.

	dk:	Distance (km) from nominal clutter point to the antenna.

Figure 5

Method of applying height-gain correction

[image: ]



For transmitter and receiver side, the terrain info is according to the above table. The concrete value is based on which scenario the node is located. It’s assumed that the path includes transmit terrain, receive terrain and dense suburban terrain in the middle path; the 12 m high terrain that characterizes the dense suburban is chosen as default for the dense urban middle path. If the transmitter or receiver side terrain is lower than 12 m, the minimum value among the transmitter and receiver is chosen for the middle path terrain’s height.

4	Studies and results of compatibility

The statistical method provides the following average value statistics for Min. protection distance between IMT base stations for macro cell deployment in suburban and rural area in the bands 3 300-3 400/4 400-4 500/4 800-4 990 MHz and FSS earth station in the adjacent bands 3 400‑4 200/4 500-4 800 MHz.



		

		IMT macro cell deployment in suburban and rural area



		IMT antenna height (m)

		FSS antenna height (m)

		I/N criterion (dB)

		FSS elevation angle

		Min. protection distance (m)

		Isolation (dB)



		25

		3 m for suburban

		-23.0 (incl. -3dB for 50% interference apportionment)

		5°

		1400

		146



		

		

		

		15°

		467

		135



		

		

		

		48°

		315

		131







The statistical method provides the following average value statistics for Min. protection distance between IMT base stations for small cell outdoor deployment in urban area in the bands 3 300‑3 400/4 400-4 500/4 800-4 990 MHz and FSS earth station in the adjacent bands 3 400‑4 200/4 500-4 800 MHz.



		

		IMT small cell outdoor deployment in urban area



		IMT antenna height (m)

		FSS antenna height (m)

		I/N criterion (dB)

		FSS elevation angle

		Min. protection distance (m)

		Isolation (dB)



		6

		30m for urban

		-23.0 (incl. -3dB for 50% interference apportionment)

		5°

		50[footnoteRef:21] [21:  	Note that: the Min. protection distance is limited by the scenario of 452 model.] 


		124



		

		

		

		15°

		50

		120



		

		

		

		48°

		50

		118







The statistical method provides the following average value statistics for Min. protection distance between IMT base stations for small cell indoor deployment in urban area in the bands 3 300‑3 400/4 400-4 500/4 800-4 990 MHz and FSS earth station in the adjacent bands 3 400‑4 200/4 500-4 800 MHz.



		

		IMT small cell indoor deployment in urban area



		IMT antenna height (m)

		FSS antenna height (m)

		I/N criterion (dB)

		FSS elevation angle

		Min. protection distance (m)

		Isolation (dB)



		3m above each floor

		30m for urban

		-23.0 (incl. -3dB for 50% interference apportionment)

		5°

		60[footnoteRef:22] [22: 	Note that: the Min. protection distance is limited by the building model.] 


		120



		

		

		

		15°

		60

		116



		

		

		

		48°

		60

		115





[bookmark: _Toc361662582]5	Summary

With regard to the results in this report, they were directed to protect FSS system i in the bands 3 400-4 200/4 500-4 800 MHz from IMT system in the bands 3 300-3 400/4 400-4 500/ 4 800‑4 990 MHz. The following observations may be reached:

–	It may be possible to deploy IMT system in the area with the Min. protection distance of about 1400 metres (for IMT macro cell deployment in suburban and rural area) or 50 metres (for IMT small cell outdoor deployment in urban area) or 60 metres (for IMT small cell indoor deployment in urban area).




ANNEX 8

Study #8



1	Introduction

This document provides information related to the potential use of all or parts of the frequency band 3 400-4 200 MHz.  

One of the aims of this contribution is to assess how the feasibility of sharing between IMT‑Advanced systems and FSS earth stations might have changed since Report ITU-R M.2019 was developed.  In particular, it is known that the Recommendation ITU-R P.452 propagation model has been updated since Report ITU-R M.2109 was developed, and some of the IMT‑Advanced parameter values have been revised.

Another aim of this contribution is the examine how the size of the separation zone for new proposed IMT-Advanced systems varies as a consequence of different terrain around the earth station.  To this end, two example earth station locations in the UK have been examined: one surrounded by high hills and the other less well protected by the natural terrain.  Furthermore, example plots are provided for the Yamaguchi earth station in Japan which is a naturally well shielded site, and which is also examined in Study #3.

These studies also examine the impact of the IMT-Advanced macro base station antenna downtilt angle. 

2	Background

The frequency band 3 400-4 200 MHz has been suggested as a potential band for use by 
IMT-Advanced applications.  This band is widely used by the FSS, with receiving earth stations deployed throughout the world.

The potential use of this band for IMT-Advanced systems has been analysed in Report ITU-R M.2109, which was prepared in response to WRC-07 agenda item 1.4.

3	Technical characteristics

The technical characteristics of FSS earth stations and IMT-Advanced systems contained in sections 2 and 3 of the main body of this Report have been used.  Specific example FSS earth stations are considered, and hence where possible, specific characteristics of those earth stations have been used. 

Regarding the interference criteria for FSS earth stations, the following values are used

TABLE [3]

FSS earth station interference criteria

		Long term

		I/N = 13 dB,  which may be exceeded for up to 20% of the time



		Short term

		I/N = 1.3 dB that may be exceed by up to 0.001667% time





The above criteria are applicable for the aggregate interference from all IMT-Advanced stations and hence when considering interference from a single IMT-Advanced base station, a further accommodation might be required to account for interference from other co-frequency base stations. For the time being, no such accommodation is included, but this might be reviewed in a future contribution. 

4	Analysis

Two types of analysis are provided.  The first provides a comparison of the results in Report 
ITU-R M.2109.  The second analysis shows the required minimum

4.1	Assessment of applicability of results in Report ITU-R M.2109.

The analysis in this section makes a comparison of the results contained in Report ITU-R M.2109 with those derived with the latest propagation model and the latest IMT-Advanced characteristics.  As a reference, example earth station contours contained in Report ITU-R M.2019 were used.  Figure A1 and A2 from Report ITU-R M.2109 are reproduced below.

Figure 1

Example of zone for long-term interference protection* in moderately hilly area
(Figure A1 in Report ITU-R M.2109)

 (
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*    I/N not to exceed -10.0 dB for more than 20% of the time.

The maximum separation distance in Figure 1 is about 75 kilometres.

Figure 2

Example of zone for short-term interference protection* in moderately hilly area
(Figure A2 in Report ITU-R M.2109)

 (
1
25
 km
 
radius
 
circle
) (
FSS earth station
) (
Protection contour
) (
  
)[image: ]

The maximum separation distance in Figure 2 is about 225 kilometres.

Table 4 below shows the parameter values use to developed the figures in Report ITU-R M.2109, which were based on assumed parameters for IMT-Advanced macro base stations at that time.  
The new parameter values are also values are also shown, based on for IMT-Advanced macro base stations, following the most recent parameters.

TABLE 4

Comparison of study parameter values

		Parameter

		Original value

		New value



		Maximum IMT base station eirp

		16 dBW/MHz

		28 dBW in 5 MHz 
(= 21 dBW/MHz)



		IMT base station antenna height agl

		30 m

		25 m



		FSS earth station antenna pattern

		Rec. ITU-R S. 465

		Rec. ITU-R S. 465



		Earth station antenna height agl

		2 m

		2 m



		Earth station receiver temperature

		100 K

		100 K



		Long term criterion

		I/N =‒10 dB, which may be exceeded for 20% of the time

		I/N =‒10 dB, which may be exceeded for 20% of the time



		Short term criterion

		I/N= ‒1.3 dB, which may be exceeded for 0.001667% of the time.

		I/N= ‒1.3 dB, which may be exceeded for 0.001667% of the time.



		Propagation model

		Rec. ITU-R P.452
 (version not specified)

		Rec. ITU-R P.452-14



		Terrain data

		Not specified

		Aster





Figures 3 and 4 below show the results for the same earth station, using the new parameter values shown in the table above. 

Figure 3

Zone for protection based on long-term interference criterion
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The red dotted circle has a radius of 35 kilometres.  The maximum separation distance, is about 85 kilometres.

Figure 4

Zone for protection based on short-term interference criterion





The red dotted circle is radius 125 kilometres.  The maximum separation distance is about 400 kilometres from the earth station.

Comparing Figure 3 with Figure 1, shows that when using the latest propagation model and the latest IMT-Advanced macro cell characteristics, the protection area derived by considering the long-term protection criterion is slightly increased.  Considering the long term criterion only, the maximum separation distance is increased from about 75 to 85 kilometres.

Comparing Figure 4 with Figure 2, shows that when using the latest propagation model and the latest IMT-Advanced macro cell characteristics, the protection area derived by considering the short-term criterion is increased.  Considering the short-term criterion, the maximum separation distance is increased from about 225 kilometres to about 400 kilometres. 

4.2	Example separation areas for FSS earth stations

As examples of the required separation distances, plots are developed for three example FSS earth stations.  Brookmans Park is a teleport to the north of London in the UK, at a site with little natural site shielding.  Madley as a teleport near the Wales/England border in the UK, in an area with a high level of natural shielding from surrounding hills.  This earth station is also examined in Study#5.  It should be noted that the band 3 400-3 600 MHz is not allocated to the FSS in the UK but this study has used these two stations as examples with respect to the potential deployment of IMT.  The third earth station examined is the Yamaguchi earth station in Japan, which operates as a land earth station for the Inmarsat network.  This earth station was examined in Study#2.  The interference criteria indicated in section 5.1 in the main body of this Report are used.  In all figures, the Recommendation ITU-R P.452-14 is used, along with the “Aster” terrain data (see http://www.jspacesystems.or.jp/ersdac/GDEM/E/index.html).



TABLE 5

FSS earth station parameters used in the figures below

		

		Brookmans Park (UK)

		Madley (UK)

		Yamaguchi (Japan)



		Location

		N51:43:44, W0:10:39

		52.0194° N, 2.8466° W

		34.214° N, 131.558° E



		Antenna height agl

		5 m

		12 m

		12 m



		Antenna elevation and azimuth

		9.4 ° elevation, 114.2° azimuth (Satellite at 60°E) 

		7.7 ° elevation, 112.0 ° azimuth (satellite at 60E)

		6.5° elevation, -100.6° azimuth (satellite at 60E



		Reference antenna pattern

		Recommendation 
ITU-R S.465

		Recommendation
 ITU-R S.465

		Recommendation ITU-R S.465



		Receiver temperature

		70 K

		70 K

		91 K



		Interference criteria (long term)

		I/N = -13 dB, which may be exceeded for up to 20% time

		I/N = -13 dB, which may be exceeded for up to 20% time

		I/N = -13 dB, which may be exceeded for up to 20% time



		Interference criteria (short term)

		I/N = -1.3 dB, which may be exceeded for up to 0.001667% time

		I/N = -1.3 dB, which may be exceeded for up to 0.001667% time

		I/N = -1.3 dB, which may be exceeded for up to 0.001667% time







Example plots are presented for IMT Macro stations with the parameters shown in Table 6.  For the “macro suburban” base station, two examples are used: one assuming no antenna downtilt (“Macro suburban (1)”) and the other assuming 6° downtilt (“Macro suburban (2)”).  Similarly, two examples are used for the “macro urban” base station: one assuming no antenna downtilt (“Macro urban (1)”) and the other assuming 10° downtilt (“Macro urban (2)”).  In a future update of these studies the IMT-Advanced “small cell” might also be used.

TABLE 6

IMT Macro station parameters used in the figures below



		

		Macro suburban (1)

		Macro suburban (2)

		Macro
urban (1)

		Macro
urban (2)



		Antenna height a.g.l.

		25 m

		25 m

		20 m

		20 m



		Downtilt

		0 degrees

		6 degrees

		0 degrees

		10 degrees



		Antenna pattern

		Rec ITU-R F.1336

		Rec ITU-R F.1336

		Rec ITU-R F.1336

		Rec ITU-R F.1336



		Feeder loss

		3 dB

		3 dB

		3 dB

		3 dB



		base station output power 5 MHz

		43 dBm

		43 dBm

		43 dBm

		43 dBm



		Maximum base station antenna gain

		18 dBi

		18 dBi

		18 dBi

		18 dBi



		Maximum base station output power (e.i.r.p)

		58 dBm

		58 dBm

		58 dBm

		58 dBm







Example plots are also presented for IMT Small Cells, with the parameters shown in Table 7.  For the indoor Small Cell case, three difference values of building penetration loss have been considered: 0 dB, 10 dB and 20 dB. 

TABLE 7

IMT Macro station parameters used in the figures below



		

		Small cell outdoor

		Small cell indoor
(1)

		Small cell indoor
(2)

		Small cell indoor
(3)



		Building penetration loss (dB)

		0 dB

		0 dB

		10 dB

		20 dB



		Antenna height a.g.l.

		6 m

		3 m



		Downtilt

		n.a.

		n.a.



		Antenna pattern

		omni

		omni



		Feeder loss

		n.a.

		n.a.



		base station output power 5 MHz

		24 dBm

		24 dBm



		Maximum base station antenna gain

		5 dBi

		0 dBi



		Maximum base station output power (e.i.r.p)

		29 dBm

		24 dBm





In the figures below the red pixels show where the long-term interference criterion would be exceeded and the yellow pixels show where the short-term interference criterion would be exceeded.

4.3	 Results for Brookmans Park earth station

Figure 5

Protection zone for Brookmans Park earth station with respect to Macro Suburban (1)

[image: C:\Users\paul deedman\Desktop\Picture.jpg]

Note – the black dotted circles are radius 100, 200, 300 and 400 kilometres.

Figure 6

Protection zone for Brookmans Park earth station with respect to Macro Suburban (2)
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Note – the black dotted circles are radius 100, 200, 300 and 400 kilometres.

Figure 7

Protection zone for Brookmans Park earth station with respect to Macro Urban (1)
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Note – the black dotted circles are radius 100, 200, 300 and 400 kilometres.

Figure 8

Protection zone for Brookmans Park earth station with respect to Macro Urban (2)
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Note – the black dotted circles are radius 100, 200, 300 and 400 kilometres.




Figure 9

Protection zone for Brookmans Park earth station with respect to Small Cell Outdoor
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Note – the black dotted circles are radius 100, 200 and 300 kilometres.

Figure 10

Protection zone for Brookmans Park earth station with respect to Small Cell Indoor (1)
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Note – the black dotted circles are radius 100, 200 and 300 kilometres.

Figure 11

Protection zone for Brookmans Park earth station with respect to Small Cell Indoor (2)
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Note – the black dotted circles are radius 50 and 100 kilometres.



Figure 12

Protection zone for Brookmans Park earth station with respect to Small Cell Indoor (3)
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	Note – the black dotted circles are radius 50 and 100 kilometres.

4.4	Results for the Madley earth station

Figure 13

Protection zone for Madley earth station with respect to Macro Suburban (1)
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Note – the black dotted circles are radius 100, 200, 300 and 400 kilometres.

Figure 14

Protection zone for Madley earth station with respect to Macro Suburban (2)
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Note – the black dotted circles are radius 100, 200 and 300 kilometres.

Figure 15

Protection zone for Madley earth station with respect to Macro Urban (1)
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Note – the black dotted circles are radius 100, 200, 300 and 400 kilometres.

Figure 16

Protection zone for Madley earth station with respect to Macro Urban (2)
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Note – the black dotted circles are radius 100, 200 and 300 kilometres.

Figure 17

Protection zone for Madley earth station with respect to Small Cell Outdoor 
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Note – the black dotted circles are radius 100 and 200 kilometres.

Figure 18

Protection zone for Madley earth station with respect to Small Cell Indoor (1\ 
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Note – the black dotted circles are radius 25 and 50 kilometres.



Figure 19

Protection zone for Madley earth station with respect to Small Cell Indoor (2)

[image: C:\Users\paul deedman\Desktop\Picture.jpg]

Note – the black dotted circles are radius 25 and 50 kilometres.

Figure 20

Protection zone for Madley earth station with respect to Small Cell Outdoor (3)
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Note – the black dotted circles are radius 25 and 50 kilometres.



4.5	Results for the Yamaguchi earth station

Figure 21

Protection zone for Yamaguchi earth station with respect to Macro Suburban (1)
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Note – the blue dotted circles are radius 25, 50, 75 and 100 kilometres.

Figure 22

Protection zone for Yamaguchi earth station with respect to Macro Suburban (2)
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Note – the blue dotted circles are radius 25, 50, 75 and 100 kilometres.

Figure 23

Protection zone for Yamaguchi earth station with respect to Macro Urban (1)
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Note – the blue dotted circles are radius 25, 50, 75 and 100 kilometres.

Figure 24

Protection zone for Yamaguchi earth station with respect to Macro Urban (2)
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Note – the blue dotted circles are radius 25, 50, 75 and 100 kilometres.

Figure 25

Protection zone for Yamaguchi earth station with respect to Small Cell Outdoor
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Note – the blue dotted circles are radius 25 and 50 kilometres.



Figure 26

Protection zone for Yamaguchi earth station with respect to Small Cell Indoor (1)
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Note – the blue dotted circles are radius 25 and 50 kilometres.

Figure 27

Protection zone for Yamaguchi earth station with respect to Small Cell Indoor (2)
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Note – the blue dotted circles are radius 25 and 50 kilometres.

Figure 28

Protection zone for Yamaguchi earth station with respect to Small Cell Indoor (3)
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Note – the blue dotted circles are radius 25 and 50 kilometres.



5	Summary

The results in section 4.1 indicate that in comparison with the assumptions used in Report 
ITU-R M.2109, the use of the new IMT-Advanced system characteristics and the use of the latest version of propagation model Recommendation ITU-R P.452 lead to larger separation distances.

The results for the three example earth stations shown in section 4.2 are summarised in the following table.



		IMT-Advanced station

		Brookmans Park

		Madley

		Yamaguchi



		Macro Suburban (1)

		Maximum separation distance = about 450 km on partly over-sea path, about 350 km on overland path

		Maximum separation distance = about 350 km on partly over-sea path, about 300 km on overland path

		Maximum separation distance = about 110 km on partly over-sea path, about 60 km on overland path.  Almost all locations 
>25 km from the earth station are acceptable.



		Macro Suburban (2)

		Maximum separation distance = about 450 km on partly over-sea path, about 300 km on overland path

		Maximum separation distance = about 300 km on partly over-sea path, about 270 km on overland path

		Maximum separation distance = about 110 km on partly over-sea path, about 60 km on overland path.  Almost all locations 
>25 km from the earth station are acceptable.



		Macro Urban (1)

		Maximum separation distance = about 450 km on partly over-sea path, about 350 km on overland path

		Maximum separation distance = about 350 km on partly over-sea path, about 300 km on overland path

		Maximum separation distance = about 125 km on partly over-sea path, about 60 km on overland path.  Almost all locations
 >25 km from the earth station are acceptable.



		Macro Urban (2)

		Maximum separation distance = about 420 km on partly over-sea path, about 250 km on overland path

		Maximum separation distance = about 250 km (on overland path)

		Maximum separation distance = about 90 km on partly over-sea path, about 25 km on overland path.  Almost all locations 
>25 km from the earth station are acceptable.



		Small Cell Outdoor

		Maximum separation distance = about 300 km on a partly over-sea path, about 120 km on an overland path

		Maximum separation distance = about 70 km (on overland path)

		Maximum separation distance = about 15 km



		Small Cell Indoor (1)

		Maximum separation distance = about 240 km on a partly over-sea path, about 120 km on an overland path

		Maximum separation distance = about 55 km (on overland path)

		Maximum separation distance = about 15 km 



		Small Cell Indoor (2)

		Maximum separation distance = about 90 km on an overland path

		Maximum separation distance = about 30 km (on overland path)

		Maximum separation distance = about 15 km 



		Small Cell Indoor (3)

		Maximum separation  distance = about 7 km, on an overland path

		Maximum separation distance = about 20 km (on overland path)

		Maximum separation distance = about 10 km 





 

These example earth stations have very different levels of natural shielding which lead to quite different results.  Considering macro IMT base stations, in the best case of these examples, a maximum separation distance of more than 100 kilometres may be required and in the worst case of these examples, a maximum separation distance of more than 450 kilometres may be required.  Considering small cell IMT base stations, in the best case of these examples, the maximum separation distances is about 7 km.  In the worst case of these examples, the maximum separation distances is about 300 km for a partly oversea path, and is about 120 km for a fully overland path.

The operation of IMT base stations at closer distances is feasible in many cases as a consequence of additional terrain shielding.  In principle, it might be possible to coordinate IMT macro cell base stations with FSS earth stations.  However in practice, large holes would have to exist in the IMT coverage as a consequence of the exclusion areas around each earth station.  If earth stations are located within a few hundred km of one-another, the exclusion areas would join up, creating even larger exclusion areas.

IMT small cells require smaller separation distances than macro cells, but the maximum separation distances are still tens and sometimes hundreds of km.  It is not clear whether coordination of IMT small cell base stations is a viable proposition considering: a) the very large number (potentially millions) of base stations that would be required to achieve good coverage; and b) that IMT small cells might be installed in individual homes and offices by the home owners and office workers – not by specialist radio engineers.

These distances also demonstrate the difficulties that could be faced for the deployment of new FSS earth stations in or near to countries which have deployed IMT systems in this band.  If IMT base stations were to be deployed in this band, new earth stations would need to be separated by the same distances - of tens or hundreds of km.

6	Conclusions

The study in section 4 has shown that when comparing with the studies contained in Report 
ITU-R M.2109, the new analysis leads to larger separation distances.  This is most likely due to the higher e.i.r.p spectral density now assumed for the IMT-Advanced base station.  

Based on results presented for IMT-Advanced macro cell and small cell base stations, and considering the widespread deployment of FSS earth stations throughout the world, the band 3 400‑4 200 MHz is not a practical band for identification for IMT.




ANNEX 9

Study #9

1	Introduction

This document looks at interference from IMT base stations into a small FSS dish that may be ubiquitously deployed in some urban areas for the delivery of VSAT services. 

The study considers IMT stations operating in part of the band adjacent to the band used by the FSS. An earth station location have been arbitrarily selected and two satellite locations have been looked at that give low and typical elevation angles.

The aim of the study is to quantify the size of guardband needed to reduce the calculated interference level to below the coordination trigger level. The adjacent band advantage from a convolution of an IMT transmit emission mask and an FSS receiver sensitivity mask has been calculated. The convolution is a function of the frequency separation or guardband. 

This convolution gives a number called Net Filter Discrimination (NFD), and the calculation of the NFD is explained briefly in Section 3.4. This number is fixed for each pair of masks and each value of frequency separation.

This preliminary study considers a small set of variables which are considered parametric and useful for further study and sensitivity analysis:

•	Minimum centre frequency separation (or alternatively, size of guardband)

•	IMT transmit emissions mask

•	FSS receive mask

•	FSS carrier bandwidth

•	IMT carrier bandwidth.

2	Technical characteristics

Scenario description

The scenario modelled is high rise urban case in which a single test point FSS small dish is placed at the centre of a deployment of IMT base stations that extends to a radius of 3 kilometres. 

The IMT networks considered include a macro network and a network of outdoor small cells. Each is modelled separately. 

Each IMT macro base station is assumed to have 3 sectors with one antenna pointing directly on an azimuth towards the FSS station, with a downtilt angle of 10° (for the macro base station). This is a pessimistic assumption.

The outdoor small cell base stations are assumed to have omnidirectional antennas with 5 dB gain. 

Each IMT station has a transmit carrier in a 10 MHz channel with a given separation from a 36 MHz FSS channel. 

The aggregate interference into the FSS receiver on a co-channel basis is calculated and then an adjustment based on the pre-calculated NFD for each pair of transmit and receive masks and for each value of guardband is applied.

The calculation is compared to a long-term I/N threshold of −20 dB.

2.1	FSS earth station, satellite and link

The following parameters are used to represent a typical small dish in a high rise urban environment. Two operational satellite locations have been considered – one gives a very low elevation angle of 5° and the other a more typical angle of 27.5°.

Location – 25.73° S, 28.22° E (Pretoria, South Africa)

Operating satellite locations – 100.5° E and 22° W

Antenna height – 35 m above terrain

Calculated link angles 

	Link to 100.5° E – elevation = 5 °, azimuth = 84.17 °

	Link to 22° W – elevation = 27.5 °, azimuth = −70.12 °

Antenna performance 

	Recommendation ITU‑R S.465-*

	Dish Size = 1.8 m

	Efficiency = 65%

Link temperature = 100 K

2.1.1	FSS receive sensitivity mask

Two options for modelling the FSS receive channel have been considered – both are very conservative and are used in the absence of better information.

The first option is based on Reference [1][footnoteRef:23], a study reported by IDA Singapore. In that study a 36 MHz channel is simulated and the receive filter mask is derived by superimposing an rf bandpass filter on an assumed IF surface acoustic wave filter. [23:  [1] “Project WIFSS, Test Report of Potential Interference of WBA on FSS in Singapore”, R-J6375-TR002] 


The figure below shows the relative mask (dBc) as a function of offset from the centre frequency – which is assumed to be symmetric. 

This mask has a reasonably fast roll off at the channel edge but is defined over a range of frequencies approximately 5 times the nominal bandwidth.

Figure 1

36 MHz channel FSS receive mask sourced from the study in Reference 1
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The following table gives the values that are used in the calculations:

Table 1

FSS receive filter mask from Reference 1

		Frequency offset (MHz)

		Relative sensitivity (dBc)



		0

		0



		18

		0



		19

		−15



		20

		−30



		24

		−48



		50

		−61



		100

		−78







Another approach that may be applied to different bandwidth channels is to assume a Gaussian roll off with a −30 dB point at twice the channel bandwidth. This mask is given for a 36 MHz channel in the table below:




Table 2

FSS receive filter mask based on a Gaussian filter

		Frequency offset (MHz)

		Relative sensitivity (dBc)



		0

		0



		2.4

		0.13



		4.8

		−0.51



		7.2

		−1.16



		9.6

		−2.06



		12

		−3.22



		14.4

		−4.63



		16.6

		−6.31



		19

		−8.24



		21.4

		−10.42



		23.8

		−12.87



		26.2

		−15.57



		28.6

		−18.53



		31

		−21.75



		33.4

		−25.22



		36

		−28.95







2.2	IMT parameters

For this study, the base station macro and micro parameters summarized in the table below is used. These parameters are taken from Table D of Report ITU-R M.2292-.

Table 3

IMT base station parameters

		Base station characteristics

		Macro urban

		Small cell outdoor



		Cell radius

		0.3 km

		1 per macro site



		Antenna height

		20 m

		6 m



		Antenna pattern

		Recommendation ITU‑R F.1336-3

ka = 0.7

		Recommendation ITU‑R F.1336
omni



		Sectorization

		3-sectors

		single sector



		Downtilt

		10 degrees

		n.a.



		Frequency reuse

		1

		1



		Antenna polarization

		linear /±45 degrees

		Linear



		Below rooftop base station antenna deployment

		50 %

		100 %



		Maximum base station output power (10 MHz)

		46 dBm

		24 dBm



		Maximum base station antenna gain

		18 dBi

		5 dBi



		Average base station activity

		50%

		50 %



		Average base station EIRP 
(to be used in sharing studies)

		58 dBm

		26 dBm





2.2.1	Unwanted emissions from IMT base stations 

In this study, the unwanted emissions are modelled through the use of transmit emission masks. The baseline mask is defined in a 3GPP Standard (3GPP TS 36 104).

This mask is considered conservative and actual equipment will be better than this. Consequently,  the following mask is used and the far out of band unwanted emissions level are treated as a study parameter.

In order to consider the implications of practical unwanted emissions from IMT BS, additional masks have been generated by suppressing the 3GPP masks by 10 and 20 dB. These masks have also been used in the analysis. 

The figure below shows these masks as dBm/MHz from the −3 dB point of the main lobe of the mask. A flat main lobe is considered and these masks are applied from the nominal carrier bandwidth.

Figure 2

3GPP mask and modified masks used for IMT base stations
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The table below give the relative mask values as a function of offset from the centre frequency, for the 10 MHz carrier we are using in our study:




Table 4

IMT base station transmit emission masks

		

		Macro base stations

		Outdoor small cells



		Frequency off-set

		3GPP

		3GPP − 10 dB

		3GPP − 20 dB

		3GPP

		3GPP − 10 dB

		3GPP − 20 dB



		−50

		−81

		−91

		−101

		−49

		−59

		−69



		−30

		−81

		−91

		−101

		−49

		−59

		−69



		−15.1

		−81

		−91

		−101

		−49

		−59

		−69



		−15

		−55

		−65

		−75

		−23

		−33

		−43



		−10

		−55

		−65

		−75

		−23

		−33

		−43



		−5.1

		−55

		0

		0

		−23

		0

		0



		−5

		−48

		0

		0

		−16

		0

		0



		−4.99

		0

		0

		0

		0

		0

		0



		0

		0

		0

		0

		0

		0

		0



		4.99

		0

		0

		0

		0

		0

		0



		5

		−48

		0

		0

		−16

		0

		0



		5.1

		−55

		0

		0

		−23

		0

		0



		10

		−55

		−65

		−75

		−23

		−33

		−43



		15

		−55

		−65

		−75

		−23

		−33

		−43



		15.1

		−81

		−91

		−101

		−49

		−59

		−69



		30

		−81

		−91

		−101

		−49

		−59

		−69



		50

		−81

		−91

		−101

		−49

		−59

		−69







3	Analysis – Method

A deployment of IMT base stations around a single FSS test point earth station have been simulated. The aggregate interference level from these base stations is calculated under various combinations of assumptions and parameter variations.

The baseline case assumes FSS and IMT operate in different but adjacent parts of the band and that the IMT carrier is at top end of its sub-band and the FSS carrier at the bottom of its sub-band, i.e. the guardband is zero. 

This baseline case also uses the 3GPP mask for the IMT base station.

The FSS elevation angle is a parameter in the study and the base line case uses values of 27.5° and 5°.

The IMT base stations are deployed on a hexagonal grid. All are assumed initially to be co-frequency in order to calculate a reference baseline I/N.

3.1	Propagation 

Recommendation ITU‑R P.452-14 without terrain is used. No detailed clutter database is available, but the scenario is a dense urban location and so a single figure for local clutter loss based on the high rise urban parameters in the table below, which is taken from Recommendation ITU‑R P.452‑14, is included.

Table 5 

Nominal clutter heights and distances from Recommendation ITU‑R P.452-14

		Clutter (ground-cover) category

		Nominal height, ha
(m)

		Nominal distance, dk
(km)



		High crop fields

Park land

Irregularly spaced sparse trees

Orchard (regularly spaced)

Sparse houses

		

4

		

0.1



		Village centre

		5

		0.07



		Deciduous trees (irregularly spaced)

Deciduous trees (regularly spaced)

Mixed tree forest

		

15

		

0.05



		Coniferous trees (irregularly spaced)

Coniferous trees (regularly spaced)

		20

		0.05



		Tropical rain forest

		20

		0.03



		Suburban

		9

		0.025



		Dense suburban

		12

		0.02



		Urban

		20

		0.02



		Dense urban

		25

		0.02



		High-rise urban

		35

		0.02



		Industrial zone

		20

		0.05







Whilst Recommendation ITU‑R P.452 is a good propagation model for longer paths, it is known that for shorter paths it may not be appropriate. At this stage there are some other Recommendations in development and these could be investigated for future work.

Recommendation ITU‑R P.1546 for instance includes a correction for short urban paths, and currently has some significant changes pending approval for the next revision. These changes address the range of applicability of the model, including distances below 1 km and scenarios where transmit and receive antenna heights are very different.

3.2	Interference thresholds 

This study is based on an I/N threshold that would trigger the need for detailed coordination. Following Recommendation ITU‑R M.2109 we are considering a long-term value of I/N= −20 dB. 

Recommendation ITU‑R S.1432 states that for all sources of long-term interference that is neither from FSS systems, nor from systems having co-primary status, the allotted portion of the aggregate interference budget is 1%. This has been expressed in other forums as a required protection criterion of I/N = −20 dB (i.e. ΔT/T  1%). The unwanted emissions interference contribution from an adjacent band would be considered as one of these “other sources of interference”.

3.3	Study outputs

Two parameters are calculated:

1)	The interference level at the output of the FSS antenna 

2)	The minimum separation size which would result in no interference above the defined I/N threshold.

Each of these is derived as a function of guardband size. 

[bookmark: _Ref368289625]3.4	Net filter discrimination calculation method

The coexistence problem in an adjacent band/channel may occur due to interference associated with transmitter filtering (unwanted emissions) and victim receiver selectivity beyond the edge of its nominal band/channel. 

This can generally be modelled in two ways: 

1)	use continuous masks for transmit spectrum and receiver sensitivity

2)	using single figures for adjacent channel performance – adjacent channel leakage ratio and adjacent channel sensitivity respectively for transmitter and receiver.

In the analysis, the continuous masks are used and in this way, it is possible to consider the guardband to be a continuous variable – rather than consider only discreet ‘channels’.

3GPP TS 36.104 provides the specification for the emission masks that any IMT transmitter should be able to satisfy. Figure 2 summarizes the specification values. 

The approach used to assess the effect of increasing guardband is to calculate the Net Filter Discrimination (NFD) based on a convolution of the transmit and receive masks defined above.

NFD allows to parameterize the guardband size as a continuous variable. For a fixed value of frequency separation the NFD is a single figure and is calculated in our software implementation in the following way: 

1)	The transmit mask is defined as the relative power density compared to in-band: in other words as a table it would be defined in dB while in the integration the units would be an absolute ratio.

2)	The receive mask is defined as the relative attenuation of the receive signal compared to in-band: in other words as a table it would be defined in dB while in the integration the units would be an absolute ratio.

Both the transmit and receive masks are defined using tables with linear interpolation in dB between each point and hence can be modelled as a set of straight lines with equation (in dBs):



		



		

In which case the NFD is:





		 = 

where:





	 	= 

and:



	P 	= 



	Q 	= 



	Q′ 	= 

Note that in general the values of a and b are not user-entered but are derived from a set of values at specific points, as in the figure below, and as given in Tables 1, 2 and 4 above.

Figure 3

Example mask with interpolation

[image: ]



The integration technique is not unique and there are three widely used formats that are available in the software we have used: 

Integrate masks (Classic): Transmit and receive masks integrated and then divided by the transmit bandwidth. This is the correct approach if the TX spectrum mask is referenced to the mean in-band density i.e. 0 dB is when the power density = TX power / occupied bandwidth.

Integrate masks (NFD): Transmit and receive masks integrated and then divided by the integration of the transmit mask. This is the correct approach if the TX spectrum mask 0 dBi point is referenced to the peak power density. 

Integrate masks (ETSI): Transmit and receive masks are integrated for the specified frequency offset and then divided by the integral of the TX and RX masks when co-frequency. This is the correct approach to be consistent with the methodology in ETSI TR 101 854 and is sometimes called the Frequency Dependent Rejection or FDR. To adjust for different bandwidth carriers the carrier overlap calculation is included in the adjustment. 

In our definitions the masks are relative to the peak power density.

4	Analysis – Results 

4.1	Co-frequency baseline results 

The I/N calculation was first performed assuming co-frequency interference based on a single IMT carrier within the FSS channel. This gives the reference value from which the expected value can then be extrapolated for a range of guardband separations.

Table 6

Baseline co-frequency single entry and aggregate I/N calculated from the outdoor small cell network 
to the two links that  have been analysed

		Baseline case

		Aggregate interference I/N

		Worst single entry interference  I/N



		FSS link to 22° West

		12.12 dB

		3.9 dB



		FSS link to 100.5° East 

		18.77 dB

		15.62 dB





Table 7 

Baseline co-frequency single entry and aggregate I/N from the macro network calculated 
to the two links that have been analysed

		Baseline case

		Aggregate interference I/N

		Worst single entry interference  I/N



		FSS link to 22° West

		46.92 dB

		38.72 dB



		FSS link to 100.5° East 

		54.14 dB

		51.25 dB







It is interesting to note that in the case of the higher elevation link the difference between the single entry and aggregate I/N is larger than in the lower elevation case.

4.2	Net filter discrimination results

The following table shows the net filter discrimination for each pair of masks (2 FSS vs. 3 IMT) as a function of guardband, for the macro base station case. The centre frequency separation is equal to the guardband plus half the bandwidth of each carrier, i.e. guardband plus 23 MHz.

Table 8

Net filter discrimination calculation for macro base station

		

		Net filter discrimination (dB)



		Guardband size (MHz)

		Gaussian FSS vs. 3GPP

		Gaussian FSS vs. 3GPP minus 10 dB

		Gaussian FSS vs. 3GPP minus 20 dB

		IDA Study FSS mask vs. 3GPP

		IDA Study FSS mask vs. 3GPP minus 10 dB

		IDA Study FSS mask vs. 3GPP minus 20 dB



		0

		−16.36

		−16.15

		−16.17

		−48.75

		−48.59

		−48.75



		2

		−18.76

		−18.52

		−18.55

		−50.24

		−50.66

		−50.71



		4

		−21.32

		−21.04

		−21.07

		−51.48

		−51.69

		−51.72



		6

		−23.91

		−23.59

		−23.63

		−52.74

		−52.72

		−52.72



		8

		−26.32

		−26.00

		−26.04

		−53.73

		−53.72

		−53.72



		10

		−28.18

		−27.93

		−27.96

		−54.73

		−54.71

		−54.72



		12

		−29.16

		−29.05

		−29.07

		−55.72

		−55.71

		−55.72



		14

		−29.39

		−29.39

		−29.39

		−56.70

		−56.71

		−56.72



		16

		−29.54

		−29.55

		−29.55

		−57.69

		−57.71

		−57.72



		18

		−30.11

		−30.25

		−30.24

		−58.67

		−58.70

		−58.71



		20

		−31.28

		−31.37

		−31.36

		−59.60

		−59.66

		−59.67



		22

		−32.82

		−32.80

		−32.81

		−60.48

		−60.56

		−60.58



		24

		−35.12

		−34.88

		−34.90

		−61.30

		−61.41

		−61.43



		26

		−39.99

		−38.75

		−38.86

		−62.03

		−62.19

		−62.21



		28

		−76.40

		−57.12

		−59.55

		−62.69

		−62.89

		−62.91



		30

		−76.54

		−82.02

		−89.34

		−63.33

		−63.56

		−63.59



		32

		−76.68

		−87.05

		−97.01

		−63.96

		−64.24

		−64.27



		34

		−76.82

		−87.19

		−97.15

		−64.59

		−64.91

		−64.95



		36

		−76.96

		−87.32

		−97.29

		−65.21

		−65.59

		−65.63



		38

		−77.03

		−87.39

		−97.36

		−65.82

		−66.26

		−66.31



		40

		−77.03

		−87.39

		−97.36

		−66.42

		−66.93

		−66.99







The following table shows the net filter discrimination for each pair of masks (2 FSS vs. 3 IMT) as a function of guardband, for the outdoor small cell base station case.

Table 9

Net filter discrimination calculation for outdoor small cell base station

		

		Net filter discrimination (dB)



		Guardband size (MHz)

		Gaussian FSS vs. 3GPP

		Gaussian FSS vs. 3GPP minus 10 dB

		Gaussian FSS vs. 3GPP minus 20 dB

		IDA Study FSS mask vs. 3GPP

		IDA Study FSS mask vs. 3GPP minus 10 dB

		IDA Study FSS mask vs. 3GPP minus 20 dB



		0

		−16.2024

		−15.954

		−16.0551

		−25.7074

		−35.8178

		−43.8583



		2

		−18.5614

		−18.2912

		−18.4102

		−27.7144

		−38.0498

		−46.233



		4

		−21.0655

		−20.7668

		−20.9073

		−31.5503

		−41.698

		−48.8551



		6

		−23.5969

		−23.2887

		−23.4476

		−42.5131

		−50.0627

		−52.3413



		8

		−25.9524

		−25.6885

		−25.8528

		−43.0084

		−50.8035

		−53.2952



		10

		−27.8066

		−27.6676

		−27.8091

		−43.0963

		−51.2979

		−54.1986



		12

		−28.8535

		−28.9045

		−28.9911

		−43.1585

		−51.7296

		−55.0786



		14

		−29.1814

		−29.3578

		−29.3846

		−43.2082

		−52.1057

		−55.9321



		16

		−29.3884

		−29.5813

		−29.5694

		−43.248

		−52.4293

		−56.7542



		18

		−29.9691

		−30.3286

		−30.3005

		−43.2798

		−52.702

		−57.5326



		20

		−31.1043

		−31.4002

		−31.3921

		−43.3045

		−52.9251

		−58.2459



		22

		−32.5645

		−32.7674

		−32.7947

		−43.3234

		−53.1047

		−58.8862



		24

		−34.6686

		−34.687

		−34.7894

		−43.3378

		−53.2476

		−59.4489



		26

		−38.6677

		−38.0303

		−38.3862

		−43.3488

		−53.3599

		−59.9323



		28

		−44.4485

		−47.6976

		−51.226

		−43.3571

		−53.4474

		−60.34



		30

		−44.5884

		−54.4791

		−63.6735

		−43.3641

		−53.5199

		−60.7046



		32

		−44.728

		−55.2947

		−65.1783

		−43.3701

		−53.5827

		−61.0422



		34

		−44.8673

		−55.434

		−65.3176

		−43.3753

		−53.637

		−61.3532



		36

		−45.0062

		−55.5729

		−65.4565

		−43.3797

		−53.684

		−61.6381



		38

		−45.0766

		−55.6434

		−65.527

		−43.3834

		−53.7246

		−61.8974



		40

		−45.0766

		−55.6434

		−65.527

		−43.3866

		−53.7597

		−62.1321







4.3	IMT 3GPP mask vs. Gaussian FSS mask

The following table shows the aggregate and worst single entry interference that the FSS earth station will see for a range of guardband sizes. This table shows results considering the 3GPP mask for the IMT base station and the Gaussian FSS mask.




Table 10

Interference to the FSS earth station as a function of guardband – 3GPP IMT mask vs. Gaussian FSS mask

		

		outdoor small cells

		macro network



		Guardband (MHz)

		Aggregate I/N long term to FSS link to 22 East (dB)

		Aggregate I/N long term to FSS link to 100.5 West (dB)

		Aggregate I/N long term to FSS link to 22 East (dB)

		Aggregate I/N long term to FSS link to 100.5 West (dB)



		0

		−4.17

		2.56

		30.56

		37.78



		2

		−6.45

		0.21

		28.16

		0.01



		4

		−8.95

		−2.30

		25.60

		−2.55



		6

		−11.48

		−4.82

		23.01

		−5.14



		8

		−13.83

		−7.18

		20.60

		−7.55



		10

		−15.69

		−9.04

		18.74

		−9.41



		12

		−16.73

		−10.09

		17.76

		−10.39



		14

		−17.06

		−10.41

		17.53

		−10.62



		16

		−17.26

		−10.61

		17.38

		−10.77



		18

		−17.93

		−11.20

		16.81

		−11.34



		20

		−19.20

		−12.33

		15.64

		−12.51



		22

		−20.45

		−13.79

		14.10

		−14.05



		24

		−22.54

		−15.90

		11.80

		−16.35



		26

		−26.54

		−19.89

		6.93

		−21.22



		28

		−62.30

		−25.68

		−29.48

		−57.63



		30

		−32.47

		−25.82

		−29.62

		−57.77



		32

		−32.80

		−25.96

		−29.76

		−57.91



		34

		−32.94

		−26.10

		−29.90

		−58.05



		36

		−33.08

		−26.24

		−30.04

		−58.19



		38

		−33.15

		−26.31

		−30.11

		−58.26



		40

		−33.15

		−26.31

		−30.11

		−58.26







4.4	IMT 3GPP mask vs. IDA FSS mask

The following table shows the aggregate and worst single entry interference that the FSS earth station will see for a range of guardband sizes. This table shows results considering the 3GPP mask for the IMT base station and the IDA FSS mask.

Table 11 

Interference to the FSS earth station as a function of guardband – 3GPP IMT mask vs. IDA study FSS mask

		

		Outdoor small cells

		Macro network



		Guardband (MHz)

		Aggregate I/N long term to FSS link to 22 East (dB)

		Aggregate I/N long term to FSS link to 100.5 West (dB)

		Aggregate I/N long term to FSS link to 22 East (dB)

		Aggregate I/N long term to FSS link to 100.5 West (dB)



		0

		−15.51

		2.56

		−1.83

		5.39



		2

		−17.49

		0.21

		−3.32

		3.90



		4

		−21.29

		−2.30

		−4.56

		2.66



		6

		−32.03

		−4.82

		−5.82

		1.40



		8

		−32.53

		−7.18

		−6.81

		0.41



		10

		−32.66

		−9.04

		−7.81

		−0.59



		12

		−32.78

		−10.09

		−8.80

		−1.58



		14

		−32.88

		−10.41

		−9.78

		−2.56



		16

		−32.97

		−10.61

		−10.77

		−3.55



		18

		−33.03

		−11.20

		−11.75

		−4.53



		20

		−33.04

		−12.33

		−12.68

		−5.46



		22

		−33.04

		−13.79

		−13.56

		−6.34



		24

		−33.00

		−15.90

		−14.38

		−7.16



		26

		−32.74

		−19.89

		−15.11

		−7.89



		28

		−31.21

		−25.68

		−15.77

		−8.55



		30

		−31.22

		−25.82

		−16.41

		−9.19



		32

		−31.23

		−25.96

		−17.04

		−9.82



		34

		−31.24

		−26.10

		−17.67

		−10.45



		36

		−31.25

		−26.24

		−18.29

		−11.07



		38

		−31.25

		−26.31

		−18.90

		−11.68



		40

		−31.26

		−26.31

		−19.50

		−12.28







4.5	Effect of suppressed 3GPP masks 

By reference to Table 8, the difference that the 10 dB and 20 dB improved IMT transmission mask could make can be seen. The effect is not as pronounced as might be expected and does not influence the conclusions of the analysis.

The convolution is dominated by the performance of the FSS masks that have been used in the analysis.

If the FSS mask was improved, the effect of improving the IMT performance would be more relevant.

5	Summary / Conclusions

This study demonstrates a method of calculating the potential interference from an IMT network into an FSS earth station which is in an adjacent band and separated by a guardband, which is a parameter in the study.

The method requires that the unwanted emissions of the interferer be represented by a transmission mask and the out of band sensitivity of the victim also be represented by a mask. 

The mask used for the IMT base station, taken from a 3GPP standard, is conservative. Little information about FSS receive masks has been found and some conservative assumptions also there have been made.

In the case of small cell outdoor networks, it has been found that a guardband of less than 4 MHz is required in order to meet the I/N threshold.

The macro network case is less straightforward. Nevertheless it is found that for a guardband greater than 26 MHz the I/N threshold is met for all of the cases analysed, even when assuming a Gaussian mask for the FSS receiver.

The limiting factor in the NFD calculation, in the analysis, is the performance of the FSS receiver at the edge of the band. The results show little benefit fromimprovements to the IMT emissions mask, which implies that the assumptions about the FSS sensitivity are too cautious.

The guardband size could be decreased by relaxing some of the assumptions or by modelling some aspects in more detail. For further studies, the following could be considered:

•	use of a better mask for the FSS earth station 

•	detailed definition of the IMT mask based on actual achievable filtering

•	more detailed and accurate modelling of short path propagation in the urban environment

•	consideration of placing narrower bandwidth carriers close to edge of the band.

Future work is also likely to include use of Monte-Carlo modelling, for example to investigate potential interference from IMT user equipment, as well as for consideration of statistical aspects associated with scenarios studied in this paper.






ANNEX 10

Study #10

1	Introduction

WRC-15 agenda item 1.1 considers additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12).

Resolution 233 (WRC-12) invites the ITU-R to conduct sharing and compatibility studies with services already having allocations in the potential candidate bands and in adjacent bands, as appropriate, taking into account the current and planned use of these bands by the existing services, as well as the applicable studies already performed in ITU-R.

This analysis examined the compatibility between IMT and FSS systems operating in the 
3 400‑4 200 MHz frequency range.  Two interference scenarios were considered: IMT base station into FSS earth station and IMT mobile station into FSS earth station.  Four deployment environments were considered: macro suburban, macro urban, small cell outdoor, and small cell indoor.

Methodologies were developed to determine the interference level as a function of separation distance for the two scenarios.  Then the frequency dependent rejection was calculated based on the interfering signal and FSS receive filter characteristics.

For the macro deployment scenarios, the required separation distance from the edge of the IMT deployment area is on the order of tens of km when the frequency separation is about 25 MHz.  For the small cell outdoor deployment scenario, the separation distance is on the order of a few km when the frequency separation is about 25 MHz.  For the small cell indoor deployment scenarios, the separation distance is on the order of a few km when the frequency separation is about 5 MHz.  These frequency separations are defined as the difference between the center frequency of the IMT signal and the center frequency of the FSS receiver filter.

The separation distance around an IMT station where the PFD produced at 3 m above ground does not exceed -154.5 dB(W/m2 ● 4 kHz) for more than 20% of the time varies from less than 1 km to as much as about 40 km, depending on station type, deployment environment, and in the case of the IMT base station, the antenna orientation.

The required geographic and frequency separations are significantly reduced for the small cell base station deployment scenarios

It should be noted that certain assumptions (e.g. FSS earth station placement and direction, use of propagation model, etc.) overestimate interference from the IMT network.




2	Technical characteristics used in sharing studies

The following tables summarize the IMT and FSS characteristics considered for this analysis.  Detailed FSS and IMT system characteristics are provided in sections 2 and 3 of the main body of this Report respectively.  Note that the FSS material does not address adjacent channel selectivity, and values similar to those for the IMT base station are assumed for this analysis. 

Table 1

IMT Base Station Characteristics
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For the Small Cell Indoor case, it is assumed that the IMT device would operate under a license requiring indoor use, so 100% of the IMT base stations are assumed to be located indoors for this deployment environment.






Table 2

IMT Mobile Station Characteristics
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Table 3

Fixed-Satellite Service Station Characteristics
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Propagation loss is based on Recommendation ITU-R P.452-14.  This recommendation has been used in past studies in the 3400 – 4200 MHz band.  The analysis in this study takes a conservative approach by assuming a smooth Earth terrain profile, which may result in the overestimation of the interference into a receiving FSS earth station for environments other than flat plain regions. Other ITU-R propagation models that were utilized in the IMT-Advanced evaluation process (i.e. Report ITU-R M.2135) may provide a more realistic match to measured data.  The propagation characteristics used in this analysis are shown in Table 4.

Table 4

Propagation Characteristics
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3	Evaluation methodology

This analysis examinea the required frequency rejection as a function of separation distance for compatible operation of IMT and FSS systems.  Two interference scenarios are considered: IMT base station into FSS earth station and IMT mobile station into FSS earth station.  Four deployment environments are considered: macro suburban, macro urban, small cell outdoor, and small cell indoor.  Propagation loss is calculated using Recommendation ITU-R P.452-14.

The IMT network layout is illustrated in Figure 1.  Nineteen cells are arranged in a hexagonal pattern with each cell consisting of three sectors.  An IMT base station is located at the center of each cell and operates with a 3-sector antenna..  Each antenna serves a single sector covering 120 degrees of the cell. For the small cell deployment scenarios, the base station antenna is omni-directional in azimuth and the cell contains only one sector.






Figure 1

IMT Network Layout
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The interference calculation methodology used depends on the interference scenario considered:



IMT Base Station into FSS Earth Station



Both co-channel and adjacent channel scenarios are addressed.



For the co-channel scenario, the interference from a single IMT base or mobile station pointing in azimuth toward the FS receive station is computed over a range of azimuths and distances.  The result is presented as a plot of the required separation distance around the FSS earth station.  

For the adjacent channel scenario, the FSS earth station is positioned adjacent to the IMT network base stations.  The aggregate interference into the FSS station is computed assuming varying separation distances.  At each distance the required rejection is determined based on a specified protection requirement.  The result is presented as a plot of the required rejection as a function of separation distance.  The required frequency separation between the two systems is then determined based on the out-of-band emission characteristics of the IMT base station signal and the adjacent channel selectivity of the FSS receiver.






IMT Mobile Station into FSS Earth Station

Aggregate interference from IMT mobile stations is modeled based on the Monte Carlo methodology.  The methodology consists of 1) randomly positioning IMT mobile stations throughout the IMT network area, 2) randomly assigning these mobile stations to an IMT base station based on the propagation loss and a specified “handover margin”, 3) randomly locating the mobile stations either indoors or outdoors based on a specified percentage of indoor devices, and 4) applying a power control algorithm to the mobile stations based on their path loss distribution.  The calculations are repeated for a number of “snapshots”, from which statistics are extracted.  Elements from the methodology pertinent to this analysis are presented below:

The network region relevant for simulations is the cluster of 19 cells illustrated in Figure 1.  Additional clusters of 19 cells are repeated around this central cluster based on a “wrap-around” technique employed to avoid the network deployment edge effects as shown in Figure 2. 

Figure 2

IMT Network Layout with “Wrap-around” Clusters
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The simulation of interference on the IMT uplink is structured as follows:






For i = 1:number of snapshots:

1.	Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the HO margin of 3 dB the same number KUL of users is allocated as active UEs.

· Calculate the pathloss from each UE to all cells and find the smallest pathloss

· Link the UE randomly to a cell to which the pathloss is within the smallest pathloss plus the HO margin of 3 dB

· Select KUL UEs randomly from all the UEs linked to one cell as active UEs. These KUL active UEs will be scheduled during this snapshot 

2.	Perform UL power control

· 

Set UE transmit power to 

where Pt is the transmit power of the UE, Pmax is the maximum transmit power, Rmin is the ratio of UE minimum and maximum transmit powers Pmin / Pmax and determines the minimum power reduction ratio to prevent UEs with good channel conditions to transmit at very low power level.. PL is the path-loss for the UE from its serving BS and PLx-ile is the x-percentile path-loss (plus shadowing) value. With this power control scheme, the 1-x percent of UEs that have a path-loss larger than PLx-ile will transmit at Pmax. Finally, 0<γ<=1 is the balancing factor for UEs with bad channel and UEs with good channel.

The analysis assumes that there are a sufficient number of IMT mobile stations in each sector to fully occupy the bandwidth of the FSS earth station receiver. The number of “snapshots” used for the Monte Carlo simulation is set to 50.

Again, both co-channel and adjacent channel scenarios are addressed.

Interference levels are calculated as follows:





where:

	I0	= Interference power density, dBW/Hz;

	PDtx	= Transmit station signal power density, dBW/Hz;

	FLtx	= Transmit station feeder loss, dB;

	HLtx	= Transmit station head loss (applicable only to hand-held mobile stations), 
 dB;

	Gtx(θtx)	= Transmit station antenna gain in direction of receive station, dBi;

	BLtx	= Building penetration loss (applicable only to indoor transmit stations), dB;

	PL	= Propagation loss, dB;

	BLrx	= Building penetration loss (applicable only to indoor receive stations), dB;

	Grx(θrx)	= Receive station antenna gain in direction of transmit station, dBi;

	FLrx	= Receive station feeder loss, dB;

	HLrx	= Receive station head loss (applicable only to hand-held mobile stations), dB;

	PD	= Polarization discrimination, dB.




The required rejection is determined from the interference level as follows:









where:

	N0	= Receive station noise power density, dBW/Hz;

	R	= Rejection needed to meet protection requirement, dB;

	I/Nreqt	= I/N protection requirement, dB.

4	Results of studies

Co-channel

The interference from a single IMT base or mobile station pointing in azimuth toward the FSS earth station is computed over a range of azimuths and distances.  From this data, a contour is drawn at the locations around the FSS earth station that meet interference protection requirement.

Figure 3

Separation Distance 
IMT Base Station into FSS Earth Station
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Applying this methodology to the interference scenarios and deployment environments shown in the tables above gives the following results:






Table 5

Co-channel Separation Distance
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Adjacent channel

Nineteen IMT base stations are positioned over the network area as illustrated in Figure 1.  The FSS receive station is initially positioned at the center of the IMT network area. The pointing angle of the FSS receive antenna is along the -x axis toward the array of IMT base stations.  (The pointing angles in the following figures are measured counterclockwise from the x-axis.)  This positioning creates the worst case scenario for receiving interference from the IMT network. However, these pointing scenarios should be avoidable in practice, and as such, it could be expected that in reality interference is somewhat lower due to varying pointing direction of FSS earth station with respect to IMT network.  Next, the aggregate interference from the IMT base stations into the FSS receive station is computed.  Then the FSS receive station position is moved incrementally along the x-axis and the aggregate interference is recomputed at each of these positions.  This aggregate interference is compared with the FSS protection requirement to determine the additional rejection needed to meet the protection requirement as a function of separation distance.  The results are illustrated in the following figures:






Figure 4A

Required rejection
IMT Base Station into FSS Earth Station
FSS earth station located within IMT deployment area

[image: ]

Figure 4B

Required rejection
IMT Base Station into FS Receive Station
FS receive station located adjacent to IMT deployment area
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For the scenario of aggregate interference from IMT mobile stations, a Monte Carlo simulation to determine the interference into the FSS earth station receiver.  The IMT mobile terminals are randomly positioned over each sector in sufficient numbers to ensure that the entire bandwidth of the FSS earth station receiver is fully occupied by interfering signals.  A specified percentage of the IMT terminals are assumed to be located indoors.  As described above, a power control algorithm is applied to assign path loss and transmit power levels to each of the mobile terminals.  Again, the FSS receive station is initially positioned just to the right of the IMT network area and its antenna is pointed along the –x axis, or directly toward the IMT service area.  The aggregate interference is computed for a range of separation distances and compared with the FSS protection requirement to derive the needed rejection as a function of distance.  This calculation is repeated 50 times.

These methodologies are applied to the deployment environments shown in the tables above, but, for brevity, plots of these results are not included here.

4.1	Frequency dependent rejection calculations

Frequency dependent rejection (FDR) is dependent on the characteristics of the interfering signal and the wanted receiver filter.  FDR is calculated from the following equation:





where:

	FDR	= Frequency dependent rejection, dB;

	S	= Power spectral density of the interfering signal, W/Hz;

	F	= Frequency response of the wanted receiver, relative power fraction;

	f	= Frequency, Hz;

	Δf	= Frequency offset, Hz.

The interfering signal, S, is modeled as a flat spectrum within the signal bandwidth and a specified adjacent channel leakage ratio (ACLR) curve outside the signal bandwidth.  Similarly, the wanted receiver filter response, F, is modeled as a flat response within the receive signal bandwidth and a specified adjacent channel selectivity (ACS) curve outside the signal bandwidth.  The following figures show the interfering signal, FSS receiver frequency response, and resulting FDR for each interference scenario considered here.






Figure 5

Frequency Dependent Rejection
IMT Base Station into FSS Earth Station
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Figure 6

Frequency Dependent Rejection
IMT Mobile Station into FSS Earth Station
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The adjacent channel interference levels and FDR curves computed above are combined to derive the frequency separation (center-to-center) necessary to meet the stated protection requirement at various separation distances.  Table 6 provides results for selected separation distances for the various interference scenarios and deployment environments considered here.






Table 6

Adjacent Channel Frequency/Distance Separation
 IMT Signal Bandwidth = 10.0 MHz, FSS Signal Bandwidth = 36.0 MHz
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4.2	Results of Power Flux Density Calculations

The power flux density (PFD) produced at varying azimuths and ranges around an IMT base station is calculated using the following equation:





where:

	PFD	= Power flux density, dB(W/ m2 ● 4 kHz);

	λ	= Wavelength, m;

	BWref	= Reference bandwidth (4 kHz).



From the results of this calculation a contour is drawn around the IMT base station at distances where the PFD produced at 3 m above ground does not exceed -154.5 dB(W/m2 ● 4 kHz) for more than 20% of the time.  This PFD level is the same as is found in several footnotes in Article 5 of the Radio Regulations related to the 3400 – 3600 MHz band.






Figure 7

Separation Distance based on PFD Level
IMT Base Station

[image: ]

Applying this methodology to the station types and deployment environments shown in the tables above gives the following results:

Table 7

Separation Distance based on PFD Level

[image: ]






4.3	Overall results

The co-frequency channel results show that the required separation distance can range from very short to nearly 50 km, depending on the interference scenario and deployment environment.

The adjacent channel results show that in the scenarios (FSS earth station at 5 degrees elevation and pointing in azimuth generally in the direction toward a macro deployment of IMT base stations), a combination of geographic separation and frequency separation is needed to protect the FSS earth station.  For the macro deployment scenarios, the required separation distance from the edge of the cluster of IMT base stations is on the order of tens of km when the frequency separation is about 25 MHz.  (The frequency separation is defined as the difference between the center frequency of the IMT signal and the center frequency of the FSS receiver filter.)  It should be noted that operators decide where to deploy IMT base stations based on a variety of factors including minimizing interference near international borders in accordance with regulations.

The required geographic and frequency separations are significantly reduced for the small cell indoor base station deployment scenario to about one kilometer coupled with a frequency separation of about 5 MHz.

It should be noted that certain assumptions such as FSS earth station placement and direction, use of propagation model, etc. overestimate interference from the IMT network.  

These results also show that the aggregate interference from the IMT mobile stations is low.  The interference level meets the protection criteria for geographic separations of less than one kilometer.

The separation distance around an IMT station where the PFD produced at 3 m above ground does not exceed -154.5 dB(W/m2 ● 4 kHz) for more than 20% of the time varies from less than 1 km to as much as about 40 km, depending on station type, deployment environment, and in the case of the IMT base station, the antenna orientation.






Annex 11

Study #11

1	Introduction

This annex provides studies regarding the co-existence of wireless terrestrial services, in the 3 400‑3 600 MHz band with fixed satellite service operating in the 3 600‑4 200 MHz band. 

It should be noted that the compatibility studies have not considered LTE systems. The implementation of LTE technology or others in these bands will lead us to a completely new scenario that will demand new studies due to the mobility and ubiquity aspects, and also due to the new network topologies that are being developed for these technologies. 

Even though the performed studies were made taking into account the effects of BWA services at 3 400 to 3 600 MHz in the FSS at 3 600 to 4 200 MHz, it is important to note that the same methodology can be applied to any wireless service provided that the appropriate parameters are taken into consideration. 

The study analysed three types of interference:

●	Saturation of the TV receiver at intermediate frequency (L band);

●	Interference on the local oscillator;

●	LNBF saturation.

2	Technical characteristics

2.1	BWA system characteristics

The characterization of broadband wireless access networks was the most realistic possible, taking into account the characteristics of BWA networks in operation (national and regional), and taking into consideration three types of environments: urban, suburban and rural. For the urban environment, the study considered the number of 4 BWA operators in the market. For the suburban and rural environment, a total number of 2 operators were considered. 

2.2	Satellite receive systems characteristics

The characterization of the receiving antenna took into account the Regulator´s specifications, which establishes the general and specific minimum technical requirements of transmission antennas used in earth stations operating with geostationary satellites and is applicable to  earth station antennas. As a typical LNBF, it was used a device equivalent to the best available in the market. Nevertheless, these devices do not provide the appropriate protection against interference signals higher than -60 dBm. 

The -60 dBm value for the interfering signal is within the minimum (-67 dBm) and maximum (‑51 dBm) LNBF input levels of the tested devices, and less than 25% of total measured levels exceed that value.

3	Interference analysis

Once the types of interference were identified and the networks were characterized, the following step was to evaluate the effect of aggregate interference by means of models based on the following BWA reference networks:  




●	Urban region with population greater than 500 thousand inhabitants (e.g. Curitiba/PR) 

●	Urban region with population less than 500 thousand inhabitants (e.g. Imperatriz/MA) 

●	Urban “dense” region (e.g. Salvador/BA) 

●	Suburban region 

●	Rural region 

In the interference aggregate calculation, 2 or 4 operators acting in the areas were considered, with 32 CPEs per cell.  Three scenarios were studied, as follows: 

TABLE 1

Studied scenarios

		Parameter

		Scenario 1

		Scenario 2

		Scenario 3



		Antenna gain in direction >= 48 degrees

		0 dBi

		-4 dBi

		-10 dBi



		LNBF oscilator interference limit

		-60 dBm

		-60 dBm

		-47 dBm



		CPE gain

		12 dBi

		14 dBi

		14 dBi



		CPE antenna front/back ratio

		-19 dB

		-22 dB

		-22 dB







3.1	Interference models

BWA network base stations and customer premises stations were assumed geographically uniformly distributed. The satellite receive station was at first considered located at the same distance from the nearest station base stations. These initial assumptions lead to a general expression for the aggregate interference received from the closest 4 base stations (distance D0) and the next 8 closest base stations (distance D1) that in terms of distance can be related just to  the separation distance between base stations. The contributions of stations at greater distances can be considered irrelevant, as power decays at least with distance squared. Refer to the following figures for a graphical representation of the previous assumptions.

FIGURE 1

Dense urban scenario

[image: ]



FIGURE 2

Suburban and rural scenario

[image: ]

FIGURE 3

Customer stations distribution scenario

[image: D:\StarOneDocs\WiMax\2014\CPE-Geometry.png]






The following factors are taken into account in order to calculate each interference entry:

1	Base station, customer premise and satellite receive station antenna heights, used to determine incidence angles and corresponding antenna gains based on typical transmit and receive patterns  (refer to figures on next page)

2	Base station antenna tilt optimized for area coverage (3 dB vertical beam width limit positioned at edge of area coverage);

3	Propagation loss (free space for short distances - LOS, +16dB additional loss for greater distances - NLOS; based on field testing  published data;[footnoteRef:24] [24:  	Radio wave propagation mechanisms and empirical models for fixed wireless access systems.] 


4	Operating power levels for BWA stations.

4	Conclusions

Table 2 shows the aggregate interference caused by BWA operating with transmission power of 2 W, equivalent to 80 W e.i.r.p. (base station), and a user terminal with a 2W e.i.r.p.

It should be noted that the results presented in the Table below reflect the premises, technical parameters and designed scenarios adopted for this study. 

The negative Protection Ratio indicates that the protection against interference is not sufficient, i.e. the interference potential is considerably high not allowing the co-existence. Positive values indicate conceivably acceptable interference conditions.

TABLE 2

Aggregate interference

		Area

		Necessary protection relation for co-existence



		

		Scenario 1

		Scenario 2

		Scenario 3



		Urban

		-25,2 dB

		-21,2 dB

		+1,77 dB



		Suburban

		-20,7 dB

		-16,7 dB

		+6,0 dB



		Rural

		-19,3 dB

		-15,3 dB

		+7,6 dB







The compatibility in scenarios 1 and 2 is not possible – without mitigation techniques – in the full 3 400‑3 600 MHz band, demonstrating the need to establish technical conditions to guarantee the compatibility of both systems operating in adjacent bands.







______________
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Deployment


Number of cells 19 19 19 19


Number of sectors per cell 3 3 1 1


Cell radius 0.6 km 0.3 km 0.3 km 0.3 km


Percent indoor 0% 0% 0% 100%


Base Station


Antenna


Height 25 m 20 m 6 m 3 m


Frequency range 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz


Peak gain 18 dBi 18 dBi 5 dBi 0 dBi


Gain pattern F.1336 Annex 10 F.1336 Annex 10 F.1336 F.1336


ka 0.7 0.7 n/a n/a


kp 0.7 0.7 n/a n/a


kh 0.7 0.7 n/a n/a


kv 0.3 0.3 n/a n/a


k n/a n/a 0.7 0.7


Horizontal beamwidth 65 degrees 65 degrees n/a n/a


Downtilt -6 degrees -10 degrees 0 degrees 0 degrees


Transmitter


Power 16 dBW 16 dBW -6 dBW -6 dBW


Activity factor 3 dB 3 dB 3 dB 3 dB


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 3 dB 3 dB 3 dB 3 dB


ACLR


1st adjacent 45 dB 45 dB 45 dB 45 dB


2nd adjacent 45 dB 45 dB 45 dB 45 dB


Spurious 54 dB 54 dB 54 dB 54 dB
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Deployment


Percent indoor 70% 70% 70% 100%


Mobile Station


Antenna


Height 1.5 m 1.5 m 1.5 m 1.5 m


Frequency range 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz 3400 - 4200 MHz


Peak gain -4 dBi -4 dBi -4 dBi -4 dBi


Gain pattern ND ND ND ND


Transmitter


Maximum power -7 dBW -7 dBW -7 dBW -7 dBW


Minimum power -70 dBW -70 dBW -70 dBW -70 dBW


Signal bandwidth 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Channel spacing 10.0 MHz 10.0 MHz 10.0 MHz 10.0 MHz


Feeder loss 0 dB 0 dB 0 dB 0 dB


Power control


Handover margin 3 dB 3 dB 3 dB 3 dB


Balancing factor (gamma) 1.0 1.0 1.0 1.0


Percent at maximum power 10% 10% 10% 10%


ACLR


1st adjacent 30 dB 30 dB 30 dB 30 dB


2nd adjacent 33 dB 33 dB 33 dB 33 dB


Spurious 53 dB 53 dB 53 dB 53 dB
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Parameter Value


FSS Earth Station


Antenna


Height 3 m


Diameter 3 m


Gain pattern S.465


Receiver


Signal bandwidth 36 MHz


Channel spacing 40 MHz


Noise temperature 100 K


I/N requirement


Co-channel -13 dB


Adjacent channel -23 dB


ACS


1st adjacent 45 dB


2nd adjacent 50 dB


> 2nd adjacent 55 dB
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Parameter Macro Suburban Macro Urban Small Cell Outdoor Small Cell Indoor


Propagation


Model P.452-14 P.452-14 P.452-14 P.452-14


Percentage of time basic loss is not exceeded 20% 20% 20% 20%


Average radio-refractive index lapse rate 45 N-units/km 45 N-units/km 45 N-units/km 45 N-units/km


Sea-level surface refractivity 330 N-units 330 N-units 330 N-units 330 N-units


Path center latitude 40 N 40 N 40 N 40 N


Clutter height 9 m 20 m 9 m 9 m


Clutter distance 0.025 km 0.02 km 0.025 km 0.025 km


Polarization discrimination


IMT base station 3 dB 3 dB 3 dB 3 dB


IMT mobile station 0 dB 0 dB 0 dB 0 dB


Other propagation effects


Building penetration loss (indoor stations only) 20 dB 20 dB 20 dB 20 dB


IMT mobile station body loss 4 dB 4 dB 4 dB 4 dB
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Scenario Environment Separation


distance


IMT base station into FSS earth station Macro Suburban 27.7 -  50.0 km


Macro Urban 28.3 -  48.0 km


Small Cell Outdoor 2.8 -  16.0 km


Small Cell Indoor < 1.0 km


IMT mobile station into FSS earth station Macro Suburban < 1.0 km


Macro Urban < 2.0 km


Small Cell Outdoor < 1.0 km


Small Cell Indoor < 1.0 km
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Scenario Environment FSS Earth Station


Elevation Angle 1.0 km 5.0 km 10.0 km 20.0 km 30.0 km


IMT base station into FSS earth station Macro Suburban 5 deg - - - 103.3 MHz 25.0 MHz


30 deg - 39.8 MHz 25.0 MHz 25.0 MHz 24.5 MHz


Macro Urban 5 deg - - - 98.7 MHz 25.0 MHz


30 deg - 25.0 MHz 25.0 MHz 25.0 MHz 24.7 MHz


Small Cell Outdoor 5 deg 40.0 MHz 25.0 MHz 25.0 MHz 24.3 MHz 16.3 MHz


30 deg 25.0 MHz 24.8 MHz 24.1 MHz 5.0 MHz 5.0 MHz


Small Cell Indoor 5 deg 22.0 MHz 5.0 MHz 5.0 MHz 5.0 MHz 4.8 MHz


30 deg 4.8 MHz 4.8 MHz 4.8 MHz 4.6 MHz 4.6 MHz


IMT mobile station into FSS earth station Macro Suburban 5 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


30 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Macro Urban 5 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


30 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Small Cell Outdoor 5 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


30 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Small Cell Indoor 5 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


30 deg 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz 0.0 MHz


Frequency Separation
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Station Environment Separation


distance


IMT base station Macro Suburban 21.9 -  40.9 km


Macro Urban 17.9 -  37.9 km


Small Cell Outdoor < 11.4 km


Small Cell Indoor < 0.3 km


IMT mobile station Macro Suburban < 0.7 km


Macro Urban < 0.7 km


Small Cell Outdoor < 0.7 km


Small Cell Indoor < 0.1 km
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Sheet1


						Example			AGREED PARAMETERS			Study #1			Study #2			Study #3						Study #4						Study #5						Study #6			Study #7			Study #8			Study #9			Study #10


			Annex #			Annex #						1			2			3						4						5						6			7			8			9			10


			Source Document			Document #						260, 409			521			266, 406						154 & 480						336						354			483			331			355			535


			Focus point of the study			Short description						Sharing studies based on non-site specific conditions using a smooth earth surface model.			In-band and adjacent band compatibility between IMT-A systems operating in the 3 800-4 200 MHz band and C-Band earth stations operating in the 3 700-4 200 MHz band.			In-band interference analysis, including short and long-term interference criteria considering geographical conditions. 			Analysis of LNA/LNB overdrive			This analysis consisted of performing a sharing study to evaluate the potential interference caused by IMT-A systems operating in the 3 400-4 200 MHz band to C-Band earth stations operating in the 3 400-4 200 MHz band.  Small signal analysis (in-band and out-of-band emissions)			This analysis consisted of performing a sharing study to evaluate the potential interference caused by IMT-A systems operating in the 3 400-4 200 MHz band to C-Band earth stations operating in the 3 400-4 200 MHz band.  Large signal analysis (LNB overdrive and intermodulation)			In-band band compatibility studies between IMT-Advanced systems and fixed satellite service (“FSS”) receive earth stations operating in 
the C-band			Adjacent band compatibility studies between IMT-Advanced systems and fixed satellite service (“FSS”) receive earth stations operating in 
the C-band			in band compatility study between IMT outdoor small cells and FSS at a specific site.			Adjacent band compatibility studies between IMT system in the bands 
3 300-3 400/4 400-4 500/4 800-4 990 MHz and FSS system in the 
bands 3 400-4 200/4 500-4 800 MHz
			Analysis of minimum separation distances between IMT-Advanced stations and FSS earth station in the band 3400-4200 MHz			adjacent band compatibility study between Macro and small cell outdoor IMT with ubiquitous FSS			Adjacent band compatibility study. Geographic/frequency separation. 


			In-band emissions			Yes/No						Yes			Yes			Yes			Yes			Yes			No			Yes			No			Yes			No			Yes			no			Yes


			Out-of-band emissions			Yes/No						No			Yes			No			No			Yes			Yes			No			Yes			no			Yes			No			yes			Yes


			LNA/LNB overdrive			Yes/No						No			Yes			No			Yes			No			Yes			No			No			no			No			No			no			No


			Intermodulation			Yes/No						No			Yes			No			No			No			Yes			No			No			no			No			No			no			No


			Propagation model			P. 452-14			P. 452-14			P.452-14			P.452-14			P. 452-14			P. 452-14			Yes			Yes			P. 452-14			P. 452-14			P452-14			P.452-14			P. 452-14			P.452 -14			P. 452-14


			Terrain model			Smooth earth / actual / model						Smooth earth			Statistical model, based on Table 4 in par. 4.5.3 of ITU-R Rec. P.452-14 
Rec. ITU-R P.452-14 requires the terrain information as input for diffraction loss.  Considering that the environment is constant, it's reasonable to reuse the same data of actual enviroment. In other words, diffraction loss and clutter loss use the same terrain parameters.
Typical terrain information contained in the table 4 of Rec. ITU-R P.452-14 for Tx & Rx  side. The concrete value is based on the specific environment. Dense suburban terrain is used in the middle path: 12m terrain's height, If the terrain on the tx. or rx. side is < 12m, the minimum value among the tx. and rx. is chosen for the middle path terrain’s height.			actual			actual			Actual			Actual			Smooth earth for Macro scenario
Surface database for small cell outdoor scenario			Smooth earth for Macro scenario
Surface database for small cell outdoor scenario			high resolution terrain spot height data/smooth earth (no data)			statistic model refer to Table 4 of P.452-14			Actual			none			Smooth earth


			clutter			Yes/No (if yes, which one)						Yes (See below)			Based on Table 4 in par. 4.5.3 of P.452-14 
The concrete value is based on the specific environment at the Tx & Rx side			No			No			Yes			No			Yes, at the Tx side
Urban model from P.452 for Macro urban
Suburban model from P.452 for Macro suburban
Actual surface from Shuttle Radar Topography Mission (SRTM) database  for small cell outdoor scenario			Yes, at the tx side
Urban model from P.452 for Macro urban
Suburban model from P.452 for Macro suburban
Actual surface from Shuttle Radar Topography Mission (SRTM) database  for small cell outdoor scenario			no			Yes, based on the 4.5.3 of P.452-14  			No			high rise urban			Yes, P.452-14


			Methodology			Short description						Required separation distances to meet protection criteria are calculated.			Required separation distances to meet protection criteria are calculated based on the coexistence criterion defined in Report ITU-R M.2109 which is related to the Noise Floor characterising the Earth station (ES).
In addition this study aims at the identification of possible margins which can be derived when considering the FSS link budget on the downlink. 
Sharing studies based on a generic case, providing sensitivity analisys showing how results may change when considering available margins and with other key parameters changes.			The study examined effects of single entry interference from IMT base stations (BS) for both co-frequency and adjacent interference case, incorporating site specific conditions and terrain profile surrounding the earth station site. The analyses were based on the propagation model described in Recommendation ITU-R P.452-14. 			The study examined effects of aggregated interference from IMT base stations (BS) for the case of LNA/LNB overdrive, incorporating site specific conditions and terrain profile surrounding the earth station site. The analyses were based on the propagation model described in Recommendation ITU-R P.452-14. 			Recommendation ITU-R SM.337-6.  C-Band earth station systems with and without RF filters were considered.			Recommendation ITU-R SM.337-6. Large-signal interactions were also analyzed.  These interactions include gain compression and receiver intermodulation (IM).  C-Band earth station systems with and without RF filters were considered.  No IF attenuation was considered for this analysis because gain compression and IM products occur prior to the IF filtering. Intermodulation interference effect on the earth station LNA/LNB from IMT operation was also analysed. 			Calculate the required protection distances for FSS for each scenario studied			Calculate the required protection distances for FSS for each scenario studied			Area Analysis around the selected specific site			Adjacent aggregated interference			Determiniation of exclusion zones around example earth stations			aggregate interference from a population of IMT cells with an FSS station at the centre. Guard band is a parameter in the study and I/N as a function of guardband is the output. No separation distance is assumed.			Compute aggregate interference from IMT base stations and mobile stations.  Calculate FDR from IMT ACLR and FSS ACS.  Combine above results to determine distance/frequency separation curve.


			I/N criterion used for long term (with %)						-13 dB (20%) - per guidance from WP 4A			-13 (with 20%)			I/N = -10 dB for co-channel
(-6.36, 10.22, 20.66 dB addressed separately)
I/N = -20 dB for adjacent channel

Additional -3dB accounting for 50% apportionment			-10dB, 20%			-10dB, 20%			Recommendations ITU-R S.1432 and ITU-R SF.1006			N/A			-13 dB (20%) - per guidance from WP 4A			N/A			* -15.3 (20%) note this was adjusted to account for aggregate interference 			No			-13 dB; 20% time			none			-13 (20%)


			I/N criterion used for short term (with %)						-1.3 dB (0.001667%) - per guidance from WP 4A			-1.3 (with 0.001667%%)			I/N = -1.3dB			-1.3dB, 0.001667%			-1.3dB, 0.005%			Recommendations ITU-R S.1432 and ITU-R SF.1006			N/A			-1.3 dB (0.001667%) - per guidance from WP 4A			N/A			* -1.3 (0.00167%) - note this was not adjusted for aggregate case as there is no correlation between anomalous propagation from different locations			No			-1.3 dB; 0.001667% time			none			n/a


			I/N criterion used for adjacent band (with %)						-23 dB (long term) - per guidance from WP 4A			N/A			I/N = -23 dB (long term) - per guidance from WP 4A 			-10dB, 20% for long-term
-1.3dB, 0.001667% for short-term			An LNA/LNB will be saturated with a total input power of around –50 to –60 dBm. This value is considered as the saturation criterion in the evaluation.			Recommendations ITU-R S.1432 and ITU-R SF.1006			For the LNB under analysis, the onset of IM occurs at 10 dB below the gain compression level of 2 dBm, or –8 dBm at the LNB output. 			N/A			-23 dB (100%) - per guidance from WP 4A			none			-23 dB (long term) - per guidance from WP 4A			NA			 *-20 dB long term (50%)			-23 (20%)


			MACRO SUBURBAN SCENARIO


			FSS antenna diameter (m)									2.4 and 16			10 m			18			18			2.5			2.5			2.4			2.4						2.4			Not specified						3


			FSS antenna pattern									Recommendation ITU-R S.465			Rec. ITU-R S.465-6			S.465-6			S.465-6			Recommendation ITU-R S.465			Recommendation ITU-R S.465			S-465			S-465						S.465			Rec S.465						S.465


			FSS Antenna Height (m)									3			7 m			12 in center of the antenna			12 in center of the antenna			3			3			3			3						3			5m, 12m, 12m						3


			FSS Antenna Elevation angle (degrees)						5 degrees and above			5 and 48			5° , 15°, 48°			6.5 and 36			6.5			5, 10, 20, 30			5, 10, 20, 30			5 and 30			5 and 30						5,15 and 48			9.4, 7.7, 6.5						5, 30


			FSS Receiving System Noise Temperature (K)									100 K for 2.4 m antenna and 70 K for 16m antenna			100 K			91.2			91.2			100			100			100			100						100			70, 70, 91						100


			FSS Bandwidth (MHz)									N/A			36 MHz			N/A			N/A			36			36			10			10						36			1						36


			FSS Filter characteristics									N/A			IMT filter			N/A			N/A			Figure 3 in study			Figure 3 in study			Ideal filter			Ideal filter						ACS:45dB			NA						ACS: 45/50/55





			IMT Interference model/Deployment			Single entry or aggregate						Single entry			Aggregate for long term analysis
Single entry for short term analysis
NOTE: Continuous, homogeneous IMT base stations coverage around the FSS ES. Hexagonal pattern. Consistent with ITU-R Report M.2109.			Single			Aggregate			Single-entry and aggregate			Single-entry and aggregate			Single			Single						aggregated			Single entry						Aggregate


			Number of cells									N/A			N/A
NOTE: # cells depends on the calculated protection distance from FSS ES			1			actual case			300			300			N/A			N/A						According to M.2109, depend on the protect distance			1						19


			Number of sectors per cells									N/A			3			3			3			3			3			N/A			N/A						3			1						3


			Cell radius (km)									N/A			0.6 km			N/A			N/A			0.6			0.6			N/A			N/A						0.6			NA						0.6





			IMT Base station antenna height (m)									25			25 m			25			25			25			25			25			25						25			25						25


			IMT Base station antenna gain (dBi)									18			18			18			18			18			18			18			18						18			18						18


			IMT Base station antenna pattern									Recommendation ITU-R F.1336			Rec. ITU-R F.1336 Annex 10 (“Antenna Pattern” section)			ITU-R F.1336			ITU-R F.1336			ITU-R F.1336 (Annex 10 Revision)			ITU-R F.1336 (Annex 10 Revision)			F-1336			F-1336						F.1336			F.1336						F.1336 Annex 10


			IMT Downtilt (degrees)									6			6°			6			6			6			6			6			6						6			0, 6						6


			IMT Bandwidth (MHz)									20			20 MHz			20			20			10			10			10			10						20			5						9


			IMT Base station power output (dBm)									46			46			46			46			46			46			46			46						46dBm			43 (in 5 MHz)						46


			IMT Feeder loss (dB)									3			3			3			3			3			3			3			3						3			3						3


			IMT Base station EIRP (dBm)						Maximum value for single entry case
Average value for aggregate case			61			61			58 (50% Activity)			58 (50% Activity)			61 (single-entry), 58 (aggregate)			61 (single-entry), 58 (aggregate)			61			61						58dBm average 			58 (in 5 MHz)						58


			IMT Base station filter characteristics / ACLR						3GPP Document TS 36.104 v.11.2.0, § 6.6.2			N/A			3GPP TS 36.104 v.11.2.0, § 6.6.2			N/A			N/A			Figure 3 in study			Figure 3 in study			3GPP Document TS 36.104 v.11.2.0, § 6.6.2			3GPP Document TS 36.104 v.11.2.0, § 6.6.2						3GPP Document TS 36.104 v.11.2.0, § 6.6.2			NA						ACLR: 45, 45, 54





			Terrain model			Actual/smooth earth						Smooth earth			Statistical model, based on Table 4 in par. 4.5.3 of ITU-R Rec. P.452-14 			Actual			Actual			Actual			Actual			smooth earth			smooth earth						actual			Actual						Smooth earth


			Terrain profile			Flat/Hilly/Mountainous						N/A			Base station side: suburban (avg. height: 9 m)
Earth station side: suburban (avg. height: 9 m)
Middle path: dense suburban terrain (12 m terrain's height), If the terrain on the tx. or rx. side is < 12 m, the minimum value among the tx. and rx. is chosen for the middle path terrain’s height.			Actual			Actual			Hilly			Hilly			flat			flat						typical suburban which the average height is 9m 			Moderate, Hilly, Hilly						Flat


			Clutter category									Base station side: Suburban or None
Earth station side: Village centre or None			Base station side: suburban
Earth station side: suburban
Based on Table 4 in par. 4.5.3 of P.452-14			N/A			N/A			Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			suburban			suburban			N/A			Tx: suburban, Rx: suburban			NA						Tx : Suburban, Rx: Suburban


			Nominal height (m)									Base station side: 9 or None
Earth station side: 5 or None			Base station side: 9 m
Earth station side: 9 m
Based on Table 4 in par. 4.5.3 of P.452-14			N/A			N/A			9			9			9			9						9			NA						9


			Nominal distance (km)									Base station side: 0.025 or None
Earth station side: 0.07 or None			Base station side: 0.025 km
Earth station side: 0.025 km
Based on Table 4 in par. 4.5.3 of P.452-14			N/A			N/A			0.025			0.025			0.025			0.025						0.025			NA						0.025


			Building penetration loss (dB)						0, 10, 20			N/A			0 dB  outdoor			N/A			N/A			N/A			N/A			0			0						0			NA						20


			MACRO URBAN SCENARIO


			FSS antenna diameter (m)									2.4 and 16			2.4 m									2.5			2.5			2.4			2.4									Not specified			1.8m			3


			FSS antenna pattern									Recommendation ITU-R S.465			Rec. ITU-R S.465-6									Recommendation ITU-R S.465			Recommendation ITU-R S.465			S-465			S-465									Rec S.465			S.465			S.465


			FSS Antenna Height (m)									3			30 m									3			3			30			30									5m, 12m, 12m			30m			3


			FSS Antenna Elevation angle (degrees)						5 degrees and above			5 and 48			5° , 15°, 48°									5, 10, 20, 30			5, 10, 20, 30			5 and 30			5 and 30									9.4, 7.7, 6.5			5, 27.5 degrees			5, 30


			FSS Receiving System Noise Temperature (K)									100 K for 2.4 m antenna and 70 K for 16m antenna			100 K									100			100			100			100									70, 70, 91			100 K			100


			FSS Bandwidth (MHz)									N/A			36 MHz									36			36			10			10									1			36 MHz			36


			FSS Filter characteristics									N/A			IMT filter									Figure 3 in study			Figure 3 in study			Ideal filter			Ideal filter									NA			derived from a referenced study + gaussian with -30dB point at twice the bandwidth			ACS: 45/50/55





			IMT Interference model/Deployment			Single entry or aggregate						Single entry			Aggregate for long term analysis
Single entry for short term analysis
NOTE: Continuous, homogeneous IMT base stations coverage around the FSS ES. Hexagonal pattern. Consistent with ITU-R Report M.2109.									Single-entry and aggregate			Single-entry and aggregate			Single			Single									Single entry			aggregrate from a 3 km radius hexagonal cell deployment			Aggregate


			Number of cells									N/A			N/A
NOTE: # cells depends on the calculated protection distance from FSS ES									300			300			N/A			N/A									1			120			19


			Number of sectors per cells									N/A			3									3			3			N/A			N/A									1			3			3


			Cell radius (km)									N/A			0.3 km
NOTE different ISD for different scenarios									0.3			0.3			N/A			N/A									NA			300 m			0.3





			IMT Base station antenna height (m)									20			20 m									20			20			20			20									20			20m			20


			IMT Base station antenna gain (dBi)									18			18									18			18			18			18									18			18 dBi			18


			IMT Base station antenna pattern									Recommendatino ITU-R F.1336			Rec. ITU-R F.1336 Annex 10 (“Antenna Pattern” section)									ITU-R F.1336 (Annex 10 Revision)			ITU-R F.1336 (Annex 10 Revision)			F-1336			F-1336									F.1336			Rec 1336-3			F.1336 Annex 10


			IMT Downtilt (degrees)									10			10°									10			10			10			10									0, 10			10 degrees			10


			IMT Bandwidth (MHz)									20			20 MHz									10			10			10			10									5			10 MHz			9


			IMT Base station power output (dBm)									46			46									46			46			46			46									43 (in 5 MHz)			16 dBW			46


			IMT Feeder loss (dB)									3			3									3			3			3			3									3			0			3


			IMT Base station EIRP (dBm)						Maximum value for single entry case
Average value for aggregate case			61			61									61 (single-entry), 58 (aggregate)			61 (single-entry), 58 (aggregate)			61			61									58 (in 5 MHz)			58 dBm (average)			58


			IMT Base station filter characteristics						3GPP Document TS 36.104 v.11.2.0, § 6.6.2			N/A			3GPP TS 36.104 v.11.2.0, § 6.6.2									Figure 3 in study			Figure 3 in study			3GPP Document TS 36.104 v.11.2.0, § 6.6.2			3GPP Document TS 36.104 v.11.2.0, § 6.6.2									NA			3GPP/10 and 20 dB surpressed 3GPP			ACLR: 45, 45, 54





			Terrain model			Actual/smooth earth						Smooth earth			Statistical model, based on Table 4 in par. 4.5.3 of ITU-R Rec. P.452-14 									Actual			Actual			smooth earth			smooth earth									Actual			smooth earth			Smooth earth


			Terrain profile			Flat/Hilly/Mountainous						N/A			Base station side: suburban (avg. height: 9 m)
Earth station side: suburban (avg. height: 9 m)
Middle path: dense suburban terrain is used in the middle path: 12 m terrain's height, If the terrain on the tx. or rx. side is < 12 m, the minimum value among the tx. and rx. is chosen for the middle path terrain’s height.									Hilly			Hilly			flat			flat									Moderate, Hilly, Hilly						Flat


			Clutter category									Base station side: Urban or None
Earth station side: Village center or None			Base station side: urban
Earth station side: urban
Based on Table 4 in par. 4.5.3 of P.452-14 									Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			urban			urban			N/A						NA			Tx and Rx: high rise urban			Tx: Urban, Rx: Urban


			Nominal height (m)									Base station side: 20 or None
Earth station side: 5 or None			Base station side: 20 m
Earth station side: 20 m
Based on Table 4 in par. 4.5.3 of P.452-14 									20			20			20			20									NA			35 m			20


			Nominal distance (km)									Base station side: 0.02 or None
Earth station side: 0.07 or None			Base station side: 0.02 km
Earth station side: 0.02 km
Based on Table 4 in par. 4.5.3 of P.452-14 									0.02			0.02			0.02			0.02									NA			0.02 m			0.02


			Building penetration loss (dB)						0, 10, 20			N/A			0 dB  outdoor									N/A			N/A			0			0									NA						20


			SMALL CELL SCENARIO


			FSS antenna diameter (m)									2.4			2.4 m			18			18			2.5			2.5			2.4			2.4			around 14 m (53.1 dBi)			2.4			Not specified			1.8m			3


			FSS antenna pattern									Recommendation ITU-R S.465			Rec. ITU-R S.465-6			S.465-6			S.465-6			Recommendation ITU-R S.465			Recommendation ITU-R S.465			S-465			S-465			S.465			S.465			Rec S.465			S.465			S.465


			FSS Antenna Height (m)									30			30 m			12			12			3			3			3			3			18 m			30			5m, 12m, 12m			30m			3


			FSS Antenna Elevation angle (degrees)						5 degrees and above			5 and 48			5° , 15°, 48°			6.5 and 36			6.5			5, 10, 20, 30			5, 10, 20, 30			5 and 30			5 and 30			7.67, 27.5			5,15 and 48			9.4, 7.7, 6.5			5, 27.5 degrees			5, 30


			FSS Receiving System Noise Temperature (K)									100			100 K			91.2			91.2			100			100			100			100			100K			100			70, 70, 91			100 K			100


			FSS Bandwidth (MHz)									N/A			36 MHz			800			800			36			36			10			10			N/A			36			1			36 MHz			36


			FSS Filter characteristics									N/A			IMT filter			N/A			N/A			Figure 3 in study			Figure 3 in study			Ideal filter			Ideal filter			none			ACS:45dB			NA			derived from a referenced study + gaussian with -30dB point at twice the bandwidth			ACS: 45/50/55





			IMT Interference model/Deployment			Single entry or aggregate						Single entry			Aggregate for long term analysis
Single entry for short term analysis
NOTE: Continuous, homogeneous IMT base stations coverage around the FSS ES. Hexagonal pattern. Consistent with ITU-R Report M.2109.			Single			Aggregate			Single-entry and aggregate			Single-entry and aggregate			Single			Single			single base station moved over an area and single entry calculation from each point			aggregated			Single entry			aggregrate from a 3 km radius hexagonal cell deployment			Aggregate


			Number of cells									N/A			N/A
NOTE: # cells depends on the calculated protection distance from FSS ES			actual			actual			300			300			N/A			N/A			n/a			According to M.2109, depend on the protect distance			1			120			19


			Number of sectors per cells									N/A			1   (omnidirectional antenna)			1			1			1			1			N/A			N/A			n/a			1			1			3			1


			Cell radius (km)									N/A			N/A			N/A			N/A			0.1			0.1			N/A			N/A			n/a			0.3			NA			300 m			0.3





			IMT Base station antenna height (m)									6			6 m			6			6			6			6			6			6			6			6			6			6			6


			IMT Base station antenna gain (dBi)									5			5			5			5			5			5			5			5			5			5			5			5			5


			IMT Base station antenna pattern									Recommendatino ITU-R F.1336			Rec. ITU-R F.1336 omni			ITU-R F.1336			ITU-R F.1336			ITU-R F.1336 (Annex 10 Revision)			ITU-R F.1336 (Annex 10 Revision)			F-1336 - Omni			F-1336 - Omni			F-1336-3			F.1336 omni			Omni			F-1336-3			F.1336


			IMT Downtilt (degrees)									N/A			N/A			0			0			N/A			N/A			0			0			0			0			N/A			0			0


			IMT Bandwidth (MHz)									20			20 MHz			20			20			10			10			10			10			10 MHz			20			5			10 MHz			9


			IMT Base station power output (dBm)									24			24			30(=17+13)			30(=17+13)			24			24			24			24			* -16 dBW/MHz			24dBm			24 (in 5 MHz)			* 24 dBM			24


			IMT Feeder loss (dB)									0			0			0			0			N/A			N/A			0			0			0			0			0			0			3


			IMT Base station EIRP (dBm)						Maximum value for single entry case
Average value for aggregate case			29			29			32 (=30+5-0-3) 50% Activity			32 (=30+5-0-3) 50% Activity			29 (single-entry), 26 (aggregate)			29 (single-entry), 26 (aggregate)			29			29			* -11 dBW/MHz			26dBm average 			29 (in 5 MHz)			*26 dBm (average)			26


			IMT Base station filter characteristics						3GPP Document TS 36.104 v.11.2.0, § 6.6.2			N/A			3GPP TS 36.104 v.11.2.0, § 6.6.2			N/A			N/A			Figure 3 in study			Figure 3 in study			3GPP Document TS 36.104 v.11.2.0, § 6.6.2			3GPP Document TS 36.104 v.11.2.0, § 6.6.2			none			3GPP Document TS 36.104 v.11.2.0, § 6.6.2			NA			3GPP/10 and 20 dB surpressed 3GPP			ACLR: 45, 45, 54





			Terrain model			Actual/smooth earth						Smooth earth			Statistical model, based on Table 4 in par. 4.5.3 of ITU-R Rec. P.452-14 			Actual			Actual			Actual			Actual			actual terrain obtained from SRTM surface database			actual terrain obtained from SRTM surface database						actual			Actual						Smooth earth


			Terrain profile			Flat/Hilly/Mountainous						N/A			N/A			Actual			Actual			Hilly			Hilly			flat			flat			actual			typical urban which the average height is 20m 			Moderate, Hilly, Hilly			smooth earth			Flat


			Clutter category									Base station side: Urban or None
Earth station side: Urban or None			Base station side: urban
Earth station side: urban
Based on Table 4 in par. 4.5.3 of P.452-14 			N/A			N/A			Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			clutter from SRTM surface database (building and vegetation height)			clutter from SRTM surface database (building and vegetation height)			Tx: urban/dense urban, Rx: none			Tx: urban, Rx: urban			NA			Tx and Rx: high rise urban			Tx: Suburban, Rx: Suburban


			Nominal height (m)									Base station side: 20 or None
Earth station side: 20 or None			Base station side: 20 m
Earth station side: 20 m
Based on Table 4 in par. 4.5.3 of P.452-14 			N/A			N/A			20			20			actual from SRTM surface database			actual from SRTM surface database			n/a			20			NA			35 m			9


			Nominal distance (km)									Base station side: 0.02 or None
Earth station side: 0.02 or None			Base station side: 0.02 km
Earth station side: 0.02 km
Based on Table 4 in par. 4.5.3 of P.452-14 			N/A			N/A			0.02			0.02			actual from SRTM surface database			actual from SRTM surface database			n/a			0.02			NA			0.02 m			0.025


			Building penetration loss (dB)						0, 10, 20			N/A			0 dB  outdoor			N/A			N/A			N/A			N/A			0			0			n/a			0			NA			n/a			20


			SMALL CELL INDOOR SCENARIO


			FSS antenna diameter (m)									2.4			2.4 m									2.5			2.5												2.4			Not specified						3


			FSS antenna pattern									Recommendation ITU-R S.465			Rec. ITU-R S.465-6									Recommendation ITU-R S.465			Recommendation ITU-R S.465												S.465			Rec S.465						S.465


			FSS Antenna Height (m)									30			30 m									3			3												30			5m, 12m, 12m						3


			FSS Antenna Elevation angle (degrees)						5 degrees and above			5 and 48			5° , 15°, 48°									5 and 30			5 and 30												5,15 and 48			9.4, 7.7, 6.5						5, 30


			FSS Receiving System Noise Temperature (K)									100			100 K									100			100												100			70, 70, 91						100


			FSS Bandwidth (MHz)									N/A			36 MHz									36			36												36			1						36


			FSS Filter characteristics									N/A			IMT filter									Figure 3 in study			Figure 3 in study												ACS:45dB			NA						ACS: 45/50/55





			IMT Interference model/Deployment			Single entry or aggregate						Single entry			Aggregate									Single-entry and aggregate			Single-entry and aggregate												aggregated			Single entry						Aggregate


			Number of cells									N/A			N/A
16 IMT small cell BSs are always considered in each building.
The number of buildings depends on the calculated protection distance from FSS ES.									300			300												Explicited model according to M.2109 and 3GPP 36.814			1						19


			Number of sectors per cells									N/A			1   (omnidirectional antenna)									1			1												1			1						1


			Cell radius (km)									N/A			According to the indoor building topology.									0.1			0.1												depend on the building topo,nearly 0.015			NA						0.3





			IMT Base station antenna height (m)									3			3 m above the floor									3			3												3m above the each floor, total 6 floor building			3						3


			IMT Base station antenna gain (dBi)									0			0									0			0												0			0						0


			IMT Base station antenna pattern									Recommendatino ITU-R F.1336			Rec. ITU-R F.1336 omni									ITU-R F.1336 (Annex 10 Revision)			ITU-R F.1336 (Annex 10 Revision)												F.1336 omni			Omni						F.1336


			IMT Downtilt (degrees)									N/A			N/A									N/A			N/A												0			N/A						0


			IMT Bandwidth (MHz)									20			20 MHz									10			10												20			5						9


			IMT Base station power output (dBm)									24			24									24			24												24dBm			24 (in 5 MHz)						24


			IMT Feeder loss (dB)									0			0									N/A			N/A												0			0						3


			IMT Base station EIRP (dBm)						Maximum value for single entry case
Average value for aggregate case			24			24									24 (single-entry), 21 (aggregate)			24 (single-entry), 21 (aggregate)												21dBm average 			24 (in 5 MHz)						21


			IMT Base station filter characteristics						3GPP Document TS 36.104 v.11.2.0, § 6.6.2			N/A			3GPP TS 36.104 v.11.2.0, § 6.6.2									Figure 3 in study			Figure 3 in study												3GPP Document TS 36.104 v.11.2.0, § 6.6.2			NA						ACLR: 45, 45, 54





			Terrain model			Actual/smooth earth						Smooth earth			Statistical model, based on Table 4 in par. 4.5.3 of ITU-R Rec. P.452-14 									Actual			Actual												actual			Actual						Smooth earth


			Terrain profile			Flat/Hilly/Mountainous						N/A			N/A									Hilly			Hilly												typical urban which the average height is 20m 			Moderate, Hilly, Hilly						Flat


			Clutter category									Base station side: Urban or None
Earth station side: Urban or None			Base station side: urban
Earth station side: urban
Based on the Table 4 in par. 4.5.3 of P.452-14 									Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None			Transmit side: None (single-entry), Urban (aggregate) 
Receive side: None												Tx: urban, Rx: urban			NA						Tx: Suburban, Rx: Suburban


			Nominal height (m)									Base station side: 20 or None
Earth station side: 20 or None			Base station side: 20 m
Earth station side: 20 m
Based on Table 4 in par. 4.5.3 of P.452-14 									20			20												20			NA						9


			Nominal distance (km)									Base station side: 0.02 or None
Earth station side: 0.02 or None			Base station side: 0.02 km
Earth station side: 0.02 km
Based on Table 4 in par. 4.5.3 of P.452-14 									0.02			0.02												0.02			NA						0.025


			Building penetration loss (dB)						0, 10, 20			0, 10, 20 dB			Indoor BS penetration loss (horizontal): 20 dB and 10 dB
Indoor BS penetration loss (vertical): 18 dB / floor (P.1238, Table 3 )									5, 10, 15, 20			5, 10, 15, 20												20			0, 10, 20						20


			Percentage of IMT indoor operations 						95% [only to be used in aggregate scenarios]						0.95																																	100%
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   Minimum Distance Without Interference


           Transmitted Power - BWA


Type of filter 1W 2W 30W C Band


Without filter 1600 3000 12350 Extended


Without filter 900 1700 6950 Standard


Greatek Filter 350 650 2700 Standard


Norsat Filter 200 375 1550 Standard




Microsoft_Office_Excel_Worksheet2.xlsx
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																																	   Minimum Distance Without Interference


																																	           Transmitted Power - BWA


																														Type of filter			1W			2W			30W			C Band


																														Without filter			1600			3000			12350			Extended


																														Without filter			900			1700			6950			Standard


																														Greatek Filter			350			650			2700			Standard


																														Norsat Filter			200			375			1550			Standard
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																								   Minimum Distance without interference



																								       Transmitted Power - WiMAX



																				Type of Filter				Scenario 1				Scenario 2				Scenario 3				C Band



																				Without filter				0 dBi				-4 dBi				-10 dBi				Extended



																				Without filter				-60 dBm				-60 dBm				-47 dBm				Standard



																				Greatek Filter				12 dBi				14 dBi				14 dBi				Standard



																				Norsat Filter				-19 dB				-22 dB				-22 dB				Standard






image1.emf


   Minimum Distance without interference



       Transmitted Power - WiMAX



Type of FilterScenario 1Scenario 2Scenario 3 C Band



Without filter 0 dBi -4 dBi -10 dBi Extended



Without filter -60 dBm -60 dBm -47 dBm Standard



Greatek Filter 12 dBi 14 dBi 14 dBi Standard



Norsat Filter -19 dB -22 dB -22 dB Standard
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Tipo de Filtro 1 Watt 2 Watts 30 Watts Banda C



Sem filtro 1600 3000 12350 Estendida



Sem filtro 900 1700 6950 Padrão



Filtro Greatek 350 650 2700 Padrão



Filtro Norsat 200 375 1550 Padrão



Potência Transmitida - WiMAX



Distância Mínima sem Interferência (metros)
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[bookmark: _Toc381346784]1	Introduction 

The frequency band 5 850‑6 425 MHz has been identified as potentially suitable frequency range for International Mobile Telecommunications (“IMT”) systems. If deployed in these bands, it is expected IMT stations would be deployed in large numbers as part of dense mobile communication networks.

The 5 850‑6 425 MHz frequency range is extensively used by satellites networks in the fixed satellite service (“FSS”) for Earth-to-space communication. FSS networks typically provide service to large regions encompassing the territory of multiple administrations. 

This study defines the technical condition required to protect the Earth-to-space transmissions of satellite systems operating in the FSS in the 5 850‑6 425 MHz range from IMT systems. 

Additionally, this study investigates the impact of the Earth-to-space transmission of a single FSS earth station into a single IMT receiver in the 5 850-6 425 MHz frequency range.  Specifically, it provides the minimum separation distances that would be required to protect a single receiving IMT base station from a single transmitting FSS earth station.  Administrations should consider this information in conjunction with information on the deployment of transmitting FSS earth stations in a geographic region in deciding whether any portion of the 5 850-6 425 MHz frequency range may be identified for use by IMT.

[bookmark: _Toc381346785]2	Technical Studies

Several studies have been conducted to assess potential for sharing and compatibility between IMT systems and FSS networks in the 5 850- 6 425 MHz frequency range. Some of the studies are limited only to the 5 925‑6 425 MHz frequency band, however, the conclusions of these studies are in general also applicable to the 5 850-5 925 MHz frequency band.

[bookmark: _Toc381346786]2.1 	Interference from FSS earth stations into receiving IMT stations

[bookmark: _Toc381346787]2.1.1 	Study #1 

As  has been shown in  studies #3 and #4 (see below)   sharing and compatibility between IMT systems and FSS networks is not feasible in case of IMT outdoor deployment.  Accordingly, the focus of study #1 is to assess the impact of FSS earth station transmissions into indoor-only receiving IMT small cells.

For this study, it was assumed that a transmitting FSS earth station and a small cell receiving IMT station were deployed in an urban environment.  It was further assumed that the FSS earth station was located on the rooftop of a building and the IMT station was deployed on the last floor of a neighbouring building at approximately the same level. 

A worst case assumption was also made that the neighbouring building (in which the IMT station is located) was in the direct path of the FSS earth station antenna’s azimuthal pointing direction. Consequently, only the vertical off-axis antenna gain discrimination of the FSS earth stations would provide any reduction in the e.i.r.p. of that station in the direction of the receiving small cell IMT station. 

In the study, the efficacy of an IMT network scheduler in mitigating the effect of excess interference (i.e. in excess of the required protection requirement) from a transmitting FSS Earth station was examined.  This mitigation technique is similar to that currently employed by IMT networks to avoid/reduce intra-network interference, which could be of the same level as that produced by the FSS transmissions illustrated in the study.

[bookmark: _Toc381346788]2.1.2 	Study #2 

A sharing analysis was undertaken to ascertain the impact of the Earth-to-space transmissions of a single FSS earth station on a single receiving IMT base station.  The focus of the analysis was to determine the separation distances that would have to be maintained between these two stations in order to ensure that the receiving IMT base station would not be subjected to excessive levels of interference from the in-band co-frequency emissions and spurious emissions of the transmitting FSS earth station. 

The sharing analysis was conducted for the following IMT base station types and deployments: outdoor macro cell base station (suburban), outdoor macro cell base station (urban), outdoor small cell base station (suburban) and indoor small cell base station (suburban). With the FSS earth station location and antenna pointing fixed, a hypothetical IMT receiving base station was successively placed at many locations around the FSS earth station.  At each location, the maximum beam gain lobe of the IMT antenna (with beam-tilt as appropriate) was assumed to be pointed in azimuth towards the FSS earth station.  At each location, the I/N at the IMT receiver was calculated taking into account the long-term propagation loss on the interference path and the off-axis antenna gains of the FSS earth station and IMT station.  Subsequently, contour lines connecting those points where the I/N was closest to the required single entry protection criterion were computed, resulting in (contour) areas within which the computed I/N would not meet the (I/N) limit required by the protection criterion.

[bookmark: _Toc381346789]2.2 	Interference from IMT stations into receiving FSS space stations

[bookmark: _Toc381346790]2.2.1 	Study #3 

The impact of aggregate interference into receiving FSS space stations originating from multiple IMT stations operating in the 5925 – 6425 MHz frequency band and within the satellite’s beam (footprint) is the main focus of the study. As the 5 925-6 425 MHz frequency band is used for FSS GSO networks as well as for FSS NGSO networks this study provides separate analysis for each case. The protection criteria contained in Recommendation ITU-R S.1432 is used in order to assess the impact of interference from a large number of IMT stations in the field-of-view of a satellite’s receiving antenna beam. Beams footprints for specific satellites brought into use have been extracted from BR IFIC. 

IMT station dissemination and their activity have a significant impact on the results of the study. Accordingly, several values of this parameters and also indoor penetration loss value have been used for sensitivity analysis purposes. 

Percentage of indoor IMT systems has been fixed to 95% to account possible indoor installations without or with minimal indoor penetration loss. This is based on the result of preliminary study which has shown that sharing is only feasible for indoor deployment and with establishment of a limit on the maximum allowable EIRP for IMT stations in this frequency range

[bookmark: _Toc381346791]2.2.2 	Study #4 

This study examines the potential interference from International Mobile Telecommunication systems (IMT) to space stations in the fixed satellite services (FSS) in the 5 925-6 425 MHz frequency band. 

The study provides a calculation of the aggregate interference from the IMT stations and suggests the maximum power of the transmitters that would be required to protect FSS space stations. The results strongly depend on the adoption of the specific parameters for IMT density, building attenuation, propagation model and satellite characteristics (orbital position, footprints and transponder merit of factor G/T).

The methodology used is similar to the one in Study#3 and based on the estimation of the increment of the thermal noise into the wanted satellite receiver (ΔT), due to the aggregate interference created by the IMT stations. 

Propagation model used in the study adopts some of the elements related to some sharing studies between RLAN and EESS satellites in the band 5 350-5 470 MHz discussed under preparation to WRC-15 Agenda Item 1.1. 

[bookmark: _Toc381346792]3	Technical characteristics

[bookmark: _Toc381346793]3.1 	FSS earth stations parameters  

The FSS earth stations parameters used in studies #1 and #2 is provided in Table 1.   

Table 1

FSS earth station parameters

		

		Study #1

		Study #2



		Location of earth station

		Non-specific FSS earth station location. earth station assumed to be on rooftop

		Mississippi, USA



		Latitude of earth station (degrees North)

		

		31.3



		Longitude of earth station (degrees West)

		

		88.4



		Antenna diameter (metres)

		1.8

		8



		Maximum antenna Gain (dBi)

		39.9

		52.8



		Off-axis gain envelope 

		Recommends 2 of 
Recommendation ITU‑R S.465‑6

		Recommends 2 of 
Recommendation ITU-R S.465-6



		Antenna height above ground (metres)

		Same level as indoor small cell

		10



		Antenna elevation angle (degrees above horizon)

		5°, 15° and 40°

		≈5° see note 1

≈30° see note 2



		Maximum power density into transmitting antenna (dBW/Hz)

		-

		-36see note 3



		Unwanted emission attenuation (dBc) see note 4

		-

		53



		Transmit power (dBm)

		40

		-



		Feeder loss (dB)

		1

		-



		Occupied bandwidth (MHz)

		2

		-





NOTES:

1	Assumed that the earth station is pointed to a geostationary satellite located at 14.46° W.L.

2	Assumed that the earth station is pointed to a geostationary satellite located at 43.9° W.L.

3	Value calculated by subtracting the antenna off-axis gain, as specified in recommends 2 of Recommendation ITU-R S.465-6, from the maximum e.i.r.p. density limit specified in recommends 2 of Recommendation ITU‑R S.524-9.

4	Unwanted emission attenuation level was determined using the criteria contained in Table 1 of Appendix 3 of the ITU Radio Regulations for a carrier bandwidth of 40 kHz.




[bookmark: _Toc381346794]3.2 	FSS space stations parameters

3.2.1 	Study #3 

For study #3, the GSO networks have been selected using the ITU BR data on frequency assignments to space radio services (SRS) with the following basic parameters: spacecraft orbital position, maximum beam gain and receiving system noise temperature. The analysis has been performed for most of the beams recorded in the database with statistical representation of the results, except the beams with antenna gain contours missing or other parameters recorded with errors. This corresponds to more than 90% of beams analysed in the database.  Characteristics of receiving antennas (i.e. their gain contours on the Earth surface) for each GSO spacecraft were considered as well   

The NGSO networks were also selected using the ITU BR data on frequency assignments to SRS, including the following basic parameters: satellite orbit (apogee, perigee, inclination, perigee argument, ascending node and phase angle of spacecraft), maximum beam gain and receiving system noise temperature. 

3.2.2 	Study #4 

For study #4 uses reference satellite for calculations. The reference satellite is a typical spacecraft with a global C-band payload, mainly used for feeder links and telecommand. The satellite maximum receive gain is assumed to be 22 dBi and the satellite System Noise Temperature 500 K, equivalent to a G/T of around -5 dB/K on the beam peak. Global footprint is used and therefore quite flat, with a gain range of about 4 dB from the peak to the edge. This antenna roll-off has been included in the model. These characteristics are thought to be common in the FSS in this band.  Some satellites using higher gain/regional beam antennas, which might lead to higher interference, have not been modelled in study #4. 

Additionally in study #4, since the aggregate interference strongly depends on the cities which are covered by the spacecraft footprint, the orbital position has been changed during the simulations and it was determined that the location 70°E was the worst case location, being the location where the satellite antenna beam is covering the most populated areas as China, India, Indonesia, Pakistan, Bangladesh and Russia.

[bookmark: _Toc381346795]3.3 	IMT stations parameters  

The IMT stations parameters used in studies #1 and #2 are provided in Table 2. For study #3 parameters are listed in Table 3.   
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Table 2

IMT characteristics for studies #1 and #2

		

		Study #1

		Study #2



		IMT cell base station type

		Small cell base station (indoor)

		Macro cell base station (suburban)

		Macro cell base station (urban)

		Small cell base station (outdoor)

		Small cell base station (indoor)



		IMT operational environment

		N/A

		Suburban outdoor

		Urban

outdoor

		Suburban

outdoor

		Suburban

Indoor



		Maximum antenna gain (dBi)

		0

		18

		18

		5

		0



		Antenna height above ground (metres)

		Same as FSS ES

		25

		20

		6

		3



		Antenna type

		Omni

		3-Sector

		3-Sector

		Omni

		Omni



		Antenna 3 dB Beam-width in the Horizontal Plane (degrees)

		N/A

		65°

		65°

		N/A

		N/A



		Antenna gain pattern envelope

		Recommendation ITU-R F.1336-3

		Recommendation ITU-R F.1336-4

		Recommendation ITU-R F.1336-4

		Recommendation ITU-R F.1336-4

		Recommendation ITU-R F.1336-4



		Antenna (mechanical) down‑tilt (degrees)

		N/A

		6

		10

		N/A

		N/A



		Receiver noise figure (dB)

		5

		5see Note

		5see Note

		5see Note

		5see Note



		Noise power density (dBW/Hz)

		N/A

		-200.6

		-200.6

		-200.6

		-200.6



		Aggregate I/N requirement (dB)

		N/A

		-6

		-6

		-6

		-6



		Assumed single entry I/N requirement (dB)

		-6

		-9

		-9

		-9

		-9



		Maximum permitted single entry interference power density (dBW/Hz)

		N/A

		-209.6

		-209.6

		-209.6

		-209.6



		IMT channel bandwidth, MHz

		20

		N/A

		N/A

		N/A

		N/A



		Maximum permitted single entry interference, dBW

		-132

		N/A

		N/A

		N/A

		N/A





NOTE - Receiver noise figure assumed to apply at the output port of the receiving (IMT) antenna, i.e. it includes the noise contribution due to feeder losses.
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TABLE 3

IMT characteristics for studies #3 and #4

		

		Study #3

		Study #4



		


		Small cell indoor

		Small cell indoor



		Base station characteristics / Cell structure

		Not used in the modelling[footnoteRef:1] [1: 	Due to assessment of aggregate interference into FSS space station receiver those parameters are irrelevant for the calculation.] 


		Not used in the modelling



		Cell radius / deployment density

		Not used in the modelling1

		Not used in the modelling



		Antenna height

		Not used in the modelling1

		Distribution (1.5 - 28 m)



		Sectorization

		Single sector

		Single sector



		Downtilt

		n.a.

		n.a.



		Frequency reuse

		1

		



		Antenna pattern

		Recommendation ITU-R F.1336 omni

		Omni in both azimuth and elevation



		Antenna polarization

		linear

		linear



		Below rooftop base station antenna deployment

		n.a.

		Clutter model based on ITU-R Rec P.452



		Feeder loss

		n.a

		n.a



		Maximum base station output power (5/10/20 MHz)

		15 and 24 dBm

		5-20 dBm



		Maximum base station antenna gain

		0 dBi

		0 dBi



		Maximum base station output power (e.i.r.p.)

		15 and 24 dBm

		5-20 dBm



		Average base station activity

		50 %[footnoteRef:2] [2: 	Typical average activity of a base station and corresponding average output powers during busy hour. For further details see Report ITU-R M.2241, section 2.2.3.2.] 


		100 %



		Average base station power/sector (to be used in sharing studies)

		12 and 21 dBm 2 

		5-20 dBm 
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[bookmark: _Toc381346796]3.4 	Other study elements

For studies #1 and #2, other major elements of the studies are compiled in Table 4.

Table 4

Additional elements considered in studies #1 and #2

		

		Study #1

		Study #2



		Annex #

		1

		2



		Focus point of the study

		In-band (co-channel) interference assessment into indoor IMT small cells from non-specific FSS ES 

		In-band (co-channel) and unwanted spurious emission interference assessment into different types of IMT base stations for different deployment scenarios



		In-band emissions

		Yes

		Yes



		Unwanted emissions

		No

		Yes



		Propagation  model

		Free space model

		P.452-14 



		Clutter loss

		Without clutter loss and 20 dB fixed value

		Clutter loss characteristics for urban and suburban environments as specified in Table 4 of section 4.5.3 of Recommendation ITU-R P.452-14



		Indoor building penetration loss

		15/25 dB 

		15/25 dB 



		Methodology

		Separation distances are calculated for the azimuthal direction towards the satellite

		Protection zones are calculated using I/N criteria



		FSS parameters

		VSAT-like FSS earth station is assumed with specific parameters, situated on the rooftop on same level as indoor IMT small cell 

		Large, high-power FSS earth station is assumed with antenna height of 10 meters above ground



		IMT parameters

		Indoor IMT small cell

		Outdoor macro urban and suburban base station.
Outdoor small cell suburban base station.
Indoor small cell suburban base station.



		Terrain model

		N/A

		Actual terrain (Mildly hilly terrain)



		Protection criteria

		I/N= -6 dB (considering specific IMT channel bandwidth)
In addition C/(I+N) ratios are assessed for indoor small cell deployment

		Single entry: I/N=-9 dB 



		Mitigation techniques

		It has been shown that due to limited coverage area of indoor small cells C/(I+N) ratio is quite high even in case of excessive values of I/N. In cases of narrowband interferers such as most of FSS ES frequency selective scheduler in IMT small cell could allocate interfered spectrum blocks to users with most favourable C/(I+N) conditions. In combination with overall very high values of C/(I+N) within indoor small cell coverage area this could mitigate interference from FSS ES.[footnoteRef:3] [3: 	Frequency selective scheduling designed to mitigate IMT intra-network interference, could be used as a potential mitigation technique to mitigate excessive interference from FSS networks into IMT networks. It should be noted that the effectiveness of such a mitigation technique is expected to be more limited, when the bandwidth of the FSS carrier is larger than the bandwidth of the IMT channel or larger than the aggregate bandwidth of the combined IMT channels.     ] 


		No
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Other major elements of studies #3 and #4 are contained in Table 5.

Table 5

Additional elements considered in studies #3 and #4 

		

		Study #3

		Study #4



		Annex #

		3

		4



		Focus point of the study

		Aggregate interference into FSS space station receiver originating from multiple IMT stations within satellite beam footprint. Both GSO and Non-GSO FSS satellite network cases are considered.

		Aggregate interference into FSS space station receiver originating from multiple IMT stations within satellite beam footprint. GSO FSS satellite network cases are considered.



		In-band emissions

		Yes

		Yes



		Unwanted emissions

		No

		No



		Propagation Model

		Free space model

		Free space model + Clutter model based on P.452 in relation to antenna height distribution



		Indoor building penetration loss

		15 dB, 25 dB and 35 dB[footnoteRef:4](for scenario considered global average value is used in calculations) [4:  	Typical value for indoor base station penetration loss is described as 25 dB for horizontal direction in the frequency band 5-6 GHz and for vertical direction based on Rec. ITU-R P.1238, Table 3. 15 dB and 35 dB values are used for sensitivity analysis. The value 35 dB corresponds well to measurements results provided within ITU-R Recommendation P.2041 and 15 dB is taken as most conservative assumption for global average penetration loss value.  See more detailed description in the section 3.1.3 of Study #3.  ] 


		12 dB (Value is based on averaging of Gaussian distribution used to model indoor penetration losses in sharing studies between RLAN and EESS satellites in the band 5 350-5 470 MHz discussed under preparation to WRC-15 Agenda Item 1.1 )



		Methodology

		ΔT/T coordination criteria in Recommendation ITU-R S.1432 is used in order to assess the impact of interference from a large number of IMT stations in the field-of-view of a satellite antenna beam. Only interference from small cells has been assessed as TDD frequency arrangement and power control within user terminals make small cell predominant source of interference.

		ΔT/T coordination criteria in Recommendation ITU-R S.1432 is used in order to assess the impact of interference from a large number of IMT stations in the field-of-view of a satellite antenna beam. Only interference from small cells base stations has been assessed under an assumption that TDD frequency arrangement is used and interference from user terminals has been assumed to have negligible impact.



		FSS parameters

		Parameters of GSO satellite networks published in SRS data base for notification and coordination of FSS networks has been used. The NGSO networks were also selected using the ITU BR data on frequency assignments to SRS. 

		The satellite maximum receive gain is assumed to be 22 dBi and the satellite System Noise Temperature 500 K, equivalent to a G/T of around -5 dB/K on the beam peak.  The orbital position has been changed during the simulations and it was determined that the location 70°E was the worst case location



		IMT parameters

		IMT parameters for small cells in the frequency band 5-6 GHz have been used. E.i.r.p. levels are fixed with values 15 dBm and 24 dBm. 5% of indoor small cells have been modelled without wall penetration loss.

		IMT parameters for small cells in the frequency band 5-6 GHz has been used. E.i.r.p. levels are varied in the range 5 - 20 dBm. 5% of indoor small cells have been modelled without wall penetration loss..








		IMT dissemination parameters:

		Some of the parameters relevant to global deployment for small cells have been assumed.

		Some of the parameters relevant to global deployment for small cells has been assumed.



		a) Population distribution:

		Population database for the largest cities of the world is used to model realistic population distribution.

		Population database for the largest cities of the world is used to model realistic population distribution.



		b) Dissemination rate:

		1%, 3% and 6% (The values are based on the assumption that small cells are carrier grade devices and their dissemination rate is not intended to match dissemination rate of unlicensed devices)

		3%, 6% and 10%



		c) Area activity factor[footnoteRef:5]: [5: 	As the service areas may cover several time zones, whole countries and continents, simultaneous full loading of millions of such base stations is unrealistic. In this case not loaded small cells transmit only control information with significantly reduced average power or switched off completely for energy savings.] 


		20% 

		20% and 50%



		d) Channel activity factor

		4% (Twenty five 20 MHz channels are assumed in the 5 925-6 425 MHz frequency band)

		4% (Twenty five 20 MHz channels are assumed in the 5 925-6 425 MHz frequency band)



		e) Resulting number of active small cells.

		Approximately from 0.0001 to 0.0005 active small cells per 20 MHz channel per inhabitant

		From  0.00024 to 0.002 active small cells per 20 MHz channel per inhabitant



		Protection Criteria

		ΔT/T=6% coordination criteria as provided in  Recommendation ITU-R S.1432

		ΔT/T=6% coordination criteria as provided in  Recommendation ITU-R S.1432
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[bookmark: _Toc381346797]4	Results

The results of Studies #1 and #2 are summarized in Table 6, below.

Table 6

Summary of Results of Studies #1 and #2 

		Study Number

		1

		2



		Information deduced

		In the azimuthal direction from the FSS earth station to the satellite, the required separation distances range from hundreds of metres to 6 km for the case of line-of-sight conditions. If obstacles exist between the FSS earth station and the indoor IMT small cell that result in an additional diffraction loss of 20 dB, the separation distance would be several hundred metres.  

Consideration of operational specifics of indoor small cells has shown that C/(I+N) preserve positive values even in cases of significant interference well beyond I/N threshold. Such conditions combined with frequency selective scheduler could mitigate interference from FSS ES and enable operation with separation distances around 100 m or even smaller.[footnoteRef:6]  [6: 	Frequency selective scheduling designed to mitigate IMT intra-network interference, could be used as a potential mitigation technique to mitigate excessive interference from FSS networks into IMT networks. It should be noted that the effectiveness of such a mitigation technique is expected to be more limited, when the bandwidth of the FSS carrier is larger than the bandwidth of the IMT channel or larger than the aggregate bandwidth of the combined IMT channels.     ] 


		For protection from co-frequency, in-band interference due to FSS earth station transmission the study showed that depending on the azimuth bearing of the IMT base station relative to the FSS station, the following minimum separation distance should be maintained: 

1) 	10-78 km to protect outdoor macro cell in a suburban environment, 

2) 	6- 33 km to protect an outdoor macro cell in an urban environment 

3) 	4- 33 km to protect an outdoor small-cell in a suburban environment 

4) 	2.5-13 km to protect an indoor small cell in a suburban environment, depending on the indoor building penetration loss.  

With regard to spurious FSS transmissions, the study showed that only outdoor IMT base stations would be impacted. Accordingly,  depending on the azimuth bearing of the IMT base station relative to the FSS station, the following minimum separation distance should be maintained between an IMT station and an FSS earth station :

1) 	4-13 km to protect an outdoor macro cell in a suburban environment, 

2)	less than 1 km to approximately 7 km to protect an outdoor macro cell in an urban environment 

3) 	1- 6 km to protect an outdoor small-cell in a suburban environment.










The results of Study #3 is summarized in Table 7, below.

Table 7

Summary of Results of Study #3 and #4 

		Study Number

		3

		4



		Information deduced

		For 15 dBm e.i.r.p. per 20 MHz case for 95% of indoor small cells the coordination criteria ΔT/T=6% is fulfilled for 90-99%  satellite beams in the database depending on the assumptions. 90% corresponds to the most conservative and pessimistic assumptions. Under the assumption of dissemination of 3% and indoor penetration of 25 dB  there are only limited number of cases when it is not fulfilled. For approximately 1% of beams analysed such excess equals to 3-6 dBs and up to 9 dBs in single instances.  In such cases usually only one of multiple beams of a satellite is is identified as possible affected. Other beams of the satellite covering same region will have smaller ΔT/T increase. 

Based on the aforementioned results of the study 15 dBm e.i.r.p. per 20 MHz limit and indoor only deployment are suggested as a requirement to ensure long term protection of FSS space stations receivers. 



		Based on this study, if this band were to be used for IMT system, the e.i.r.p. should be limited to a maximum value of 10 dBm and devices would need to be limited to indoor only operation.  The limitation may be placed on the e.i.r.p in the total bandwidth of the emission, rather than on the power spectral density, on the assumption that a use of emissions with a narrow bandwidth (that would leave to higher e.i.r.p spectral density) is balanced by a lower probability of the emission coinciding with the FSS receiver bandwidth (i.e. a lower band usage factor). 

It has to be noted that these values have been estimated basing the calculation on the hypothesis that the IMT transmitters will use frequencies uniformly distributed over the entire available spectrum of 500 MHz. If a smaller bandwidth were to be made available for IMT devices, this would increase the band usage factor, leading to increased interference to the FSS in that part of the band in which IMT devices operate, and increased interference to FSS space stations operating in that part of the band.





[bookmark: _Toc381346798]5	Summary 

Several studies have been conducted to assess sharing and compatibility between IMT systems and FSS networks in 5 850 - 6 425 MHz frequency range. These studies considered the technical conditions required to protect the Earth-to-space transmissions received by an FSS satellite system operating in the geostationary orbit from potential aggregate interference from transmitting IMT stations, as well as the technical conditions required to protect a single IMT receiving station from the emissions of an FSS transmitting earth station. 

Concerning the protection of a receiving geostationary FSS space network, the studies showed that GSO FSS space networks would be subjected to excessive levels of interference from the aggregate operation of IMT (small cell) base stations, irrespective of whether they are deployed outdoors or indoors. 

EIRP limit of IMT station to protect FSS satellites is dependent on dissemination of IMT stations, activity factors, actual channelization scheme and building penetration losses. The studies show that for case when IMT stations are limited only to indoor use (deployed 95% indoors and 5% without building attenuation) the EIRP of IMT station should be limited to 10-15 dBm. Under certain conditions for the 15 dBm EIRP limit, interference above the 6% ΔT/T criterion equal to several dBs could be observed for some beams with high gain antennas. For approximately 1% of beams analysed such excess equals to 3-6 dBs and up to 9 dBs in single instances. In such cases usually only one of multiple beams of a satellite is identified as possibly affected. Other beams of the satellite covering same region will have smaller ΔT/T increase. The limitation may be placed on the EIRP in the total bandwidth of the emission, rather than on the power spectral density. The above limits are based on the assumption that the whole of the band 5925-6425 MHz is identifiedfor IMT stations.  If a narrower or wider band is identified for IMT (or used in a particular country), the power limits should be adjusted according to the following formula:

Adjustment (dB) = 10×log(500/B)

Where B is the available bandwidth for IMT systems, in MHz.

With regard to interference resulting from FSS transmissions into IMT, a separation distance is required between an FSS earth station and an IMT base station in order to protect the IMT station from interference from FSS transmissions. Concerning the protection of a single receiving IMT base station, the studies concluded that separation distances up to many tens of kilometres would be required between a single transmitting FSS earth station and a single outdoor IMT receiving base station, in order to protect the IMT station from co-frequency interference. For indoor deployed IMT stations, a separation distance ranging from several hundred meters up to several kilometres would be required. 

The effectiveness of frequency selective scheduling (described in Annex 1, section 4.3) as a method to mitigate interference from a transmitting FSS Earth station into IMT system has been studied. For the specific case studied, the entirety of the interfering FSS carrier was contained within the bandwidth of the IMT channel. The results indicated that the use of this mitigation technique could reduce the separation distance to around 100 meters– even with the IMT protection criteria being exceeded. It should be noted that the effectiveness of such a mitigation technique is expected to be more limited, relative to the specific case studied, when the bandwidth of the FSS carrier is larger than the bandwidth of the IMT channel or larger than the aggregate bandwidth of the combined IMT channels. 

Thus it is generally concluded that no specific separation distance is required between FSS transmitting station and indoor IMT small cell.   

Summarizing the above mentioned results it is concluded that sharing and compatibility between IMT systems and FSS networks in 5 850 - 6 425 MHz frequency range is feasible under certain conditions. These conditions include deployment of IMT systems only indoor and establishment of limit on maximum allowable EIRP for IMT stations in this frequency range.  












Annex 1 

Interference assessment into indoor IMT small cells from fixed-satellite service 
earth stations in the 5 925-6 425 MHz frequency band



[bookmark: _Toc381346799]1	Introduction

The frequency band 5 925-6 425 MHz has been proposed as a possible candidate band for IMT identification, which most likely will result in MS stations deployment in large quantities as part of dense mobile communication networks. As it has been shown in the other study to ensure coexistence with FSS space stations receivers IMT deployment should be limited to indoor operation with limited e.i.r.p.  However for successful IMT deployment in the 5 925‑6 425 MHz frequency band the impact of interference from FSS earth station into IMT indoor small cells should be tolerable.

[bookmark: _Toc381346800]2	Background

The frequency band 5 925‑6 425 MHz is already allocated to mobile service on the primary basis worldwide. However identification of this band for IMT will significantly change the usage of the frequency band which requires the coexistence studies with other incumbent services. The main services deployed in this band are FS and FSS (Earth-to-space).

There are no specific studies describing typical deployment of FSS ES in the 5 925-6 425 MHz frequency band to be used for assessment of interference into MS systems, however there are several ITU-R deliverables relevant for interference assessment from such ES:

−	Report ITU-R F.2240 “Interference analysis modelling for sharing between HAPS gateway links in the fixed service and other systems/services in the range 5 850‑7 075 MHz”.

−	Recommendation ITU-R S.524 “Maximum permissible levels of off-axis e.i.r.p. density from earth stations in geostationary-satellite orbit networks operating in the fixed‑satellite service transmitting in the 6 GHz, 13 GHz, 14 GHz and 30 GHz frequency bands.”

−	Recommendation ITU-R S.1587 “Technical characteristics of earth stations on board vessels communicating with FSS satellites in the frequency bands 5 925-6 425 MHz and 14‑14.5 GHz which are allocated to the fixed-satellite service.”

[bookmark: _Toc381346801]3	Technical characteristics

[bookmark: _Toc381346802]3.1 	IMT systems characteristics and assumptions

Considering rather high frequency of the frequency band 5 925-6 425 MHz, it was assumed that the IMT systems would be most likely deployed in dense urban areas and mainly indoor as pico and femto cells with wideband channels and high data rate. It was also assumed that the frequency band 5 925-6 425 MHz would be used as a separate level of coverage without macro cells, making the time division duplex more advantageous for such IMT systems. Only indoor deployment is considered. 

Table 3.1

IMT-Advanced specification related parameters

		Duplex mode

		TDD



		Parametre

		Base station

		Mobile station



		Channel bandwidth (MHz)

		20 MHz



		Signal bandwidth (MHz)

		20 MHz



		Transmitter characteristics

		

		



		Polarization discrimination (dB)

		3

		0



		Receiver characteristics

		

		



		Noise Figure

		5 dB

		9 dB





Table 3.2 

Deployment-related parameters 

		

		Small cell indoor



		Base station characteristics / Cell structure

		



		Cell radius / Deployment density

		Depending on indoor coverage/capacity demand



		Antenna height

		3 m



		Sectorization

		Single sector



		Downtilt

		n/a



		Frequency reuse

		1



		Antenna pattern

		Recommendation ITU-R F.1336
omni



		Antenna polarization

		linear



		Indoor base station deployment

		100 %



		Indoor base station penetration loss

		25 dB (5-6 GHz)
(horizontal direction)
P.1238, Table 3 (vertical direction)



		Below rooftop base station antenna deployment

		n.a.



		Feeder loss

		n.a



		Maximum base station output power (5/10/20 MHz)

		24 dBm



		Maximum base station antenna gain

		0 dBi



		Maximum base station output power (e.i.r.p.)

		24 dBm



		Average base station activity

		50 %



		Average base station power/sector (to be used in sharing studies)

		21 dBm



		User terminal characteristics

		



		Indoor user terminal usage

		100%



		Indoor user terminal penetration loss

		25 dB (5-6 GHz)

(horizontal direction)

P.1238, Table 3 (vertical direction)



		User terminal density in active mode to be used in sharing studies 

		depending on indoor coverage/capacity demand



		Maximum user terminal output power

		23 dBm



		Average user terminal output power

		-9 dBm



		Typical antenna gain for user terminals

		-4 dBi



		Body loss 

		4 dB





Protection criteria for IMT systems usually used for macro and micro cells is the following:  

	I/N = -6 dB for co-existence cases where interference effects a limited number of cells

	I/N = -10 dB for co-existence cases where interference effects a large number of cells

The same interference criteria could be used for small cells as well, however small cells and especially indoor small cells a used with very limited coverage area and could tolerate relatively high levels intranetwork interference from other small cells, thus the C/I criteria is also used in a mitigation section to asses impact of FSS ES into such IMT deployment. 

[bookmark: _Toc381346803]3.2 	FSS ES characteristics and assumptions

There are a large number of transmitting FSS earth station in the frequency band 5 925-6 425 MHz varying in antenna sizing personal use. However the deployment of indoor small cell is anticipated mostly in highly populated areas where ES using high power or large antennas are unlikely.

Based on Report ITU-R F.2240 and Recommendation ITU-R S.1587 characteristics of representative VSAT have been compiled and presented in the Table 3.3. Recommendation ITU‑R S.524 has not been used as it describes maximum permissible levels more relevant for very specific high power ES, which will be usually used outside large cities and with significant distance separations from IMT indoor small cells. 

TABLE 3.3

FSS earth station parameters

		Frequency (MHz)

		5 850-6 725



		Transmit power (dBm)

		40



		Feeder loss (dB)

		1



		Occupied bandwidth (MHz)

		2



		Polarization

		Circular



		Earth station antenna diametre (metres)

		1.8



		Earth station antenna maximum gain, GES, (dBi)

		39.9



		Earth station antenna off-axis gain, GES(θ), (dBi)

		Recommendation ITU-R S.465



		Minimum earth station antenna elevation angle, h, (degrees)

		5, 15 and 40





[bookmark: _Toc381346804]4	Analysis

[bookmark: _Toc381346805]4.1	Assumptions and methodology

Interference scenario considered in this study is depicted in Fig. 4.1. Urban deployment is assumed both for FSS ES located on the rooftop of the building and IMT small cell deployed on the last floor of the neighbouring building practically on the same level. The worst case is assumed when the neighbouring building is in the same direction as the serving satellite and only vertical elevation provides offaxis angle required to reduce e.i.r.p. in the direction of the small cell.   

For the simplicity only interference into IMT small cell receiver is calculated, but due to similar characteristics between user terminals and small cells the results are applicable to user terminals as well. For calculation of signals levels the free space propagation model is used. All interfering signals are additionally attenuated by 25 dB due to wall or ceiling penetration loss. 

FIGURE 4.1

Interference scenario description







[bookmark: _Toc381346806]4.2	Calculations and results

The results of the calculation are presented on fig.4.2. As could be seen from the figure in the case of large offaxis angles, which also corresponds to sidelobes and backlobes of antenna at small elevation angles, separation distances are relatively small up to few hundred metres. In the case of small offaxis angles separation distances increase up to 6 kilometres. It should be noted that free space model is very pessimistic assumption at such long distances especially in urban environments and in practice separation distances would be much smaller. As an illustration of such case blue curve represents separation distance calculation with e.i.r.p. based on 5º offaxis angle and additional 20 dB diffraction loss due to obstacles. In this case separation distance even with worst case will be not higher than 500 metres.

FIGURE 4.2

Separation distances calculation





[bookmark: _Toc381346807]4.3	Mitigation techniques

In addition to calculating interference levels from ES also wanted signal levels from user terminals are calculated to illustrate IMT indoor small cells capabilities to minimize the impact of interference. In addition possible intra-network interference is assessed from another unsynchronized small cell (TDD frequency arrangement is assumed for this band) to illustrate operational conditions in which small cells would be operating. Calculations details are depicted in Fig. 4.3.

For calculation of signals levels the free space propagation model is used. All interfering signals are additionally attenuated by 25 dB due to wall or ceiling penetration loss. In case of more complex model is used for indoor radiowave propagation, modelling of any additional attenuation will be also applicable to interfering signals as well, thus power levels relationships won’t change significantly.

The results of the calculations are presented on Fig. 4.4, including interference signal levels for different off-axis angles of ES, wanted signals for user terminals located in the cell assuming maximum e.i.r.p. and also intranetwork interference example.  

FIGURE 4.3

Excessive interference impact assessment on IMT small cells operation  



    

FIGURE 4.4

Signal levels calculation results







As could be seen from this analysis power levels of interference from FSS ES will usually be above noise levels of small cells. In the worst case of only 5º off-axis angle I/N might reach few tenths of dB above noise. However wanted signals levels in small cells will be usually even higher. For larger off-axis angles C/(I+N) will become few tenths dB, thus rendering even such strong interference tolerable.

It should be noted that interference levels from FSS ES are of the same magnitude as possible intranetwork interference calculated as an example. IMT-Advanced radio interfaces optimized for small cell operation will be able tolerate such interference by design.

For example, IMT-Advanced small cells will be capable to further mitigate such interference even in the worst cases by radio resource management algorithms. In the analyzed example VSAT station has used 2 MHz channel which is much smaller than IMT systems channel bandwidth of 20 MHz (even wider channels are anticipated in future). If several MHz of bandwidth in such wide channel are interfered by continuous FSS ES transmission the frequency selective scheduler could allocate such interfered resources to user terminals operating in the vicinity of small cell, which will result in a very high C/(I+N) ration. 

To assess the effectiveness of such ability of modern IMT systems simple Monte-Carlo simulation had been performed. Specifically small cell inside the building depicted on figure 4.5 have been simulated with the assumptions previously considered for minimumcou[ling loss calculation. The only difference in the simulation was the use of propagation models:

–	wanted signal was simulated with the indoor model in accordance with Recommendation ITU-R P.1238 with standard deviation of 17 dB;

–	interfereing signal was modelled by free space propagation model with additional losses within building modelled as sum of entry loss 25 dB and 0.5·d, where d is the distance of the signal travelled inside the building (similar to 3GPP TR36.814, WINNER model etc.).

Four user terminals were modelled operating within the cell simultaneously with 5 MHz block allocated to each user. It is assumed that only first block of 5 MHz within 20 MHz channel is interfered with FSS ES signal. The Fig. 4.5 illustrates scenario considered.

FIGURE 4.4

Simulation scenario representation





Based on the large number of simulation snapshots the capacity of the cell and of the interfered block were calculated based on achieved C/(I+N) and Shannon-modified curves as presented in 3GPP 36.942. The capacity is calculated for three different cases:

–	without interference from FSS ES (base line);

–	with interference from FSS ES;

–	with interference from FSS ES with scheduling of interfered block to the user with best C/(I+N)  conditions.

The results of the simulation is captured in table 4.1 for the case of 25 dB value for indoor penetration loss, which is representative for most of buildings. For the purpose of sensitivity analysis the value 15 dB was also used, which could occur for some buildings. The result of simulation for this case is shown in table 4.2.

TABLE 4.1

Capacity loss in the presence of FSS ES interference (25 dB wall loss)

		Scenario

		FSS ES elevation 5 deg

		FSS ES elevation 15 deg

		FSS ES elevation 40 deg



		

		20 MHz capacity,%

		Interfered block capacity,%

		20 MHz capacity,%

		Interfered block capacity,%

		20 MHz capacity,%

		Interfered block capacity,%



		Downlink



		No inter.

		100.00

		100.00

		100.00

		100.00

		100.00

		100.00



		With inter.

		92.03

		68.06

		95.80

		83.18

		98.47

		93.91



		With mitig.

		99.02

		102.02

		99.83

		105.30

		99.99

		106.23



		Uplink



		No inter.

		100.00

		100.00

		100.00

		100.00

		100.00

		100.00



		With inter.

		95.38

		81.53

		98.54

		94.14

		99.70

		98.89



		With mitig.

		99.92

		100.61

		100.00

		101.01

		100.00

		100.91





TABLE 4.2

Capacity loss in the presence of FSS ES interference (15 dB wall loss)

		Scenario

		FSS ES elevation 5 deg

		FSS ES elevation 15 deg

		FSS ES elevation 40 deg



		

		20 MHz capacity,%

		Interfered block capacity,%

		20 MHz capacity,%

		Interfered block capacity,%

		20 MHz capacity,%

		Interfered block capacity,%



		Downlink



		No inter.

		100.00

		100.00

		100.00

		100.00

		100.00

		100.00



		With inter.

		85.60

		42.42

		90.68

		62.71

		95.57

		82.30



		With mitig.

		93.54

		80.26

		98.41

		99.71

		99.80

		105.21



		Uplink



		No inter.

		100.00

		100.00

		100.00

		100.00

		100.00

		100.00



		With inter.

		90.50

		62.00

		96.06

		84.26

		98.70

		94.81



		With mitig.

		98.78

		96.06

		99.95

		100.78

		100.00

		100.95







As could be seen from the table the capacity loss is more severe in the downlink where user terminals may be close to the outer wall in front of FSS ES. However even in this case the capacity loss is limited only to one block of 5 MHz within 20 MHz channel, which doesn’t degrade the overall cell capacity significantly. If frequency selective scheduling is applied (leading to the situation when interfered block is usually allocated to the user with best C/(I+N) within the cell) than overall capacity loss could be almost avoided completely. The effectiveness of the mitigation technique is still valid even in the rare cases of excessive interference in buildings with lower indorr penetration loss values. 

[bookmark: _Toc381346808]5	Summary

The analysis provided in the document has shown that FSS ES interference may easily reach positive I/N ratio values and violate traditional interference criteria. The separation distances to fulfill I/N criteria may vary from hundreds of metres up to few kilometres in rare cases. Few hundred metres separation distance could be used as general assumption.  

However due to specifics of small cells operation even interference with smaller separation distances won’t degrade C/(I+N) ratio within IMT small cell, which provides intrinsic mitigation technique. Furthermore narrowband operation of FSS ES (with channels up to few MHz) compared to wideband channel of IMTsystems (20 MHz or even wider in the future) could be mitigated by small cell radio resource management algorithms by allocating interfered blocks of spectrum to user terminals having best C/(I+N) ratios. Simulation results have shown the effectiveness of such mitigation technique.




Annex 2 

Compatibility study between International Mobile Telecommunications (“IMT”) and fixed satellite service (“FSS”) transmit earth stations 
operating in the 5 850-6 425 MHz frequency band



[bookmark: _Toc381346809]1	Introduction

The study in this annex investigates the impact of the Earth-to-space transmission of a single FSS earth station into a single IMT receiver in the 5 850-6 425 MHz frequency band.  Specifically, it provides the minimum separation distances that would be required to protect a single receiving IMT base station from a single transmitting FSS earth station at a specific geographic location.  Administrations should consider this information in conjunction with information on the deployment of transmitting FSS earth stations in a geographic region in deciding whether any portion of the 5 850‑6 425 MHz frequency band may be identified for use by IMT.

[bookmark: _Toc381346810]2	Background

Utilizing the information on typical FSS earth stations parameters in the 5 850‑6 700 MHz frequency band and IMT systems parameters  and the protection criteria to be applied to IMT receivers provided in ITU-R Report M.2292-0, a sharing analysis was undertaken to ascertain the impact of the Earth-to-space transmissions of a single FSS earth station on a single receiving IMT base station.  The focus of the analysis was to determine the separation distances that would have to be maintained between these two stations in order to ensure that the receiving IMT base station would not be subjected to excessive levels of interference from the in-band co-frequency and spurious emissions of the transmitting FSS earth station.

[bookmark: _Toc381346811]3	Technical characteristics

The technical characteristics of the IMT and FSS systems and any related assumptions are summarized in Tables 1 and 2 in this Report.  The signal propagation model used for the study was that contained in Recommendation ITU‑R P.452-14 for overland interference paths.

[bookmark: _Toc381346812]4	Analysis 

[bookmark: _Toc381346813]4.1	Assumptions

The aggregate protection criterion to be applied to IMT receivers is expressed as an interference-to-noise (“I/N”) ratio of no greater than –6 dB. This criterion could be applied in conjunction with the receiver noise figures provided in ITU-R Report M.2292-0 to derive the maximum permissible power level of the interfering signal at the IMT receiver.  However, there is no guidance as to the single entry protection criterion to be applied with respect to an IMT receiver. In this regard, noting that the 5 850-6 425 MHz frequency band is allocated on a primary basis to the fixed satellite service, the fixed service and the mobile service (the service under which IMT would potentially operate); it was assumed that the aggregate I/N of -6 dB criterion was divided equally between the fixed service and the fixed satellite service, thus resulting in an assumed IMT single entry protection criterion of I/N of -9 dB.

Concerning the FSS earth-to-space transmissions, e.i.r.p density levels to be used in direction of the horizon are contained in Recommendation ITU-R S.524-9.  For the sharing analysis, the e.i.r.p density levels specified in recommends 2 of the Recommendation ITU-R S.524-9 were used. 

With regard to the transmitting antenna of an FSS earth station, the off-axis gain of such antennas should be compliant with the antenna reference pattern specified in Recommendation ITU-R S.465.  Accordingly, for the analysis, it was assumed that the maximum power density of the FSS earth-to-space transmission was limited to -36 dBW/Hz[footnoteRef:7] at the input to the antenna of the FSS earth station. [7:  	It is noted that the application of the off-axis gain limits of Recommendation ITU-R S.465-6 to the e.i.r.p limits of recommends 1.1 and 1.3 of Recommendation ITU-R S.524-9 would permit the use of emissions with a power density level that is 3 dB higher than that assumed for this analysis, i.e. -33 dBW/Hz.] 


Concerning the unwanted spurious emissions of the transmitting FSS earth station, it was assumed that the applicable attenuation values that should be used to calculate the maximum spurious domain emission power levels are those specified in Table 1 of Appendix 3 of the Radio Regulations.  Applying this methodology to an assumed 40 kHz wide FSS carrier, leads to an applicable attenuation level of 53 dBc[footnoteRef:8].  Using this attenuation level, the power density level of the FSS carrier’s unwanted emission was calculated to be -89 dBW/Hz. [8:  	 Typical value for the minimum FSS emission bandwidth is 40 kHz.] 


[bookmark: _Toc381346814]4.2	Methodology

A sharing analysis was conducted for the IMT base stations and associated deployment scenarios indicated in Table 1.  The analysis considered the impact upon a single receiving IMT base station from both in-band co-frequency emissions and spurious emissions of a single transmitting FSS earth station in the 5 850-6 425 MHz frequency band.  For each IMT base station scenario studied, the interference into the IMT base station was calculated for two FSS earth station antenna elevation angles: 5° and 30° above horizon.  A geographic area exhibiting mildly hilly terrain features was chosen for the study.

With the FSS earth station location and antenna pointing fixed, a hypothetical IMT receiving base station was successively placed at many locations around the FSS earth station.  At each location, the maximum beam gain lobe of the IMT antenna (with beam-tilt as appropriate) was assumed pointed in azimuth towards the FSS earth station.  At each location, the I/N at the IMT receiver was calculated taking into account the long-term propagation loss on the interference path and the off-axis antenna gains of the FSS earth station and IMT station. Subsequently, contour lines connecting those points where the I/N was closest to the required single entry protection criterion were computed, resulting in (contour) areas within which the computed I/N would not meet the (I/N) limit required by the protection criterion.

[bookmark: _Toc381346815]4.3	Results

The results of the study are provided in Figures 1a, 1b, 2a, 2b, 3a, 3b, 4a and 4b.  The approximate range of separation distances are summarized in Table 3.

Noting that the contours produced by this study enclose areas of considerable size, as quantified in the lower left-hand corner of each figure, and given the considerable numbers of FSS earth stations that operate within the 5 850-6 425 MHz frequency band in many countries, it may be concluded from the results of the study that IMT deployment in this band would face many sharing problems.

Additionally, with regard to the indoor small cells, it is unclear as to how indoor only operation can be practically enforced, as no regulatory enforcement mechanism exists on an international basis.  Therefore, the indoor case should not be used as a basis for decision making under this (WRC-15) agenda item.  

[bookmark: _Toc381346816]5	Summary

A sharing study was conducted in the 5 850-6 425 MHz frequency band to determine the impact of interference from a single transmitting FSS earth station upon a single outdoor macro cell receive IMT base station deployed in a suburban environment and in an urban environment, a single outdoor small-cell IMT receiving base station deployed in a suburban environment, and a single indoor small-cell IMT receiving base station deployed in a suburban environment.  The study was conducted for a geographic area exhibiting mildly hilly terrain features and considered two FSS earth station antenna elevation angles: 5° and 30° above horizon.  It was assumed that at each location the maximum gain lobe of the IMT base station (with down-tilt as appropriate) was facing in azimuth towards the transmitting FSS earth station.  

The analysis was conducted for an assumed IMT single entry I/N protection criteria of -9 dB; whereby the IMT aggregate I/N protection criterion of -6 dB was assumed to be divided equally among two other services – fixed satellite service and fixed service – that are allocated on a primary basis, along with the mobile service, in the 5 850-6 425 MHz frequency band.  The results of the study showed a minimum separation distance should be maintained between an FSS earth station and an IMT base station in order to protect the IMT station from excessive interference from FSS transmissions.  Specifically, for protection from co-frequency, in-band FSS transmissions, the study showed that depending on the azimuth bearing of the IMT base station relative to the FSS station 1) a minimum separation distance of approximately 10 to 78 kilometres should be maintained to protect an outdoor macro cell IMT base station deployed in a suburban environment, 2) a minimum separation distance of approximately 6 to 33 kilometres should be maintained to protect an outdoor macro cell IMT deployed in an urban environment, 3) a minimum separation distance of approximately 4 to 33 kilometres should be maintained to protect an outdoor small-cell IMT station deployed in a suburban environment and 4) depending on the indoor building penetration loss, a minimum separation distance of approximately 2.5 to 13 kilometres should be maintained to protect an indoor small cell base station deployed in a suburban environment.  

Similarly, for protection from spurious FSS transmissions, the study showed that only outdoor IMT base stations would be impacted and that 1) a minimum separation distance of approximately 4 to 13 kilometres should be maintained to protect an outdoor macro cell IMT base station deployed in a suburban environment, 2) a minimum separation distance of less than 1 kilometre to approximately 7 kilometres should be maintained to protect an outdoor macro cell IMT deployed in an urban environment and 3) a minimum separation distance of approximately 1 to 6 kilometres should be maintained to protect an outdoor small-cell IMT station deployed in a suburban environment.

Noting that the contours produced by this study enclose areas of considerable size and given the considerable numbers of FSS earth stations that operate within the 5 850-6 425 MHz frequency band in many countries, it may be concluded from the results of the study that `IMT deployment in this band would face many sharing problems.

Additionally, with regard to the indoor small cells, it is unclear as to how indoor only operation can be practically enforced, as no regulatory enforcement mechanism exists on an international basis.  Therefore, the indoor case should not be used as a basis for decision making under this (WRC-15) agenda item.  




Appendix 1 to ANNEX 2

Table 1

IMT characteristics

		IMT cell base station type

		Macro cell base station
(Suburban)

		Macro cell base station
(Urban)

		Small cell base station
(Outdoor)

		Small cell base station
(Indoor)



		IMT operational environment

		Suburban outdoor

		Urban

outdoor

		Suburban

outdoor

		Suburban

Indoor



		Maximum antenna gain (dBi)

		18

		18

		5

		0



		Antenna height above ground (metres)

		25

		20

		6

		3



		Antenna type

		3-Sector

		3-Sector

		Omni

		Omni



		Antenna 3 dB Beam-width in the Horizontal Plane (degrees)

		65°

		65°

		N/A

		N/A



		Antenna gain pattern envelope

		Recommendation ITU-R F.1336-4

		Recommendation ITU-R F.1336-4

		Recommendation ITU-R F.1336-4

		Recommendation ITU-R F.1336-4



		Antenna (mechanical) down‑tilt (degrees)

		6

		10

		N/A

		N/A



		Clutter loss at the IMT receiving base station site (dB)

		Clutter loss characteristics for suburban environment as specified in Table 4 of section 4.5.3 of Recommendation ITU-R P.452-14

		Clutter loss characteristics for urban environment as specified in Table 4 of section 4.5.3 of Recommendation ITU-R P.452-14

		Clutter loss characteristics for suburban environment as specified in Table 4 of section 4.5.3 of Recommendation ITU-R P.452-14

		Clutter loss characteristics for suburban environment as specified in Table 4 of section 4.5.3 of Recommendation ITU-R P.452-14



		Building penetration loss (dB)

		0

		0

		0

		15 / 25 dB



		Receiver noise figure (dB)

		5see Note

		5see Note

		5see Note

		5see Note



		Noise power density (dBW/Hz)

		-200.6

		-200.6

		-200.6

		-200.6



		Aggregate I/N requirement (dB)

		-6

		-6

		-6

		-6



		Assumed single entry I/N requirement (dB)

		-9

		-9

		-9

		-9



		Maximum permitted single entry interference power density (dBW/Hz)

		-209.6

		-209.6

		-209.6

		-209.6





NOTE - Receiver noise figure assumed to apply at the output port of the receiving (IMT) antenna, i.e. it includes the noise contribution due to feeder losses.




Table 2

FSS characteristics

		Location of earth station

		Mississippi, USA



		Latitude of earth station (degrees North)

		31.3



		Longitude of earth station (degrees West)

		88.4



		Antenna diametre (metres)

		8



		Maximum antenna Gain (dBi)

		52.8



		Off-axis gain envelope 

		Recommends 2 of 
Recommendation ITU-R S.465-6



		Antenna height above ground (metres)

		10



		Antenna elevation angle (degrees above horizon)

		≈5° see note 1

≈30° see note 2



		Maximum power density into transmitting antenna (dBW/Hz)

		-36see note 3



		Unwanted emission attenuation (dBc)see note 4

		53





NOTES:

1	Assumed that the earth station is pointed to a geostationary satellite located at 14.46° W.L.

2	Assumed that the earth station is pointed to a geostationary satellite located at 43.9° W.L.

3	Value calculated by subtracting the antenna off-axis gain, as specified in recommends 2 of Recommendation ITU-R S.465-6, from the maximum e.i.r.p. density limit specified in recommends 2 of Recommendation ITU‑R S.524‑9.

4	Unwanted emission attenuation level was determined using the criteria contained in Table 1 of Appendix 3 of the ITU Radio Regulations for a carrier bandwidth of 40 kHz.  

Figure 1a

Distance separation contours for a single outdoor IMT macro base station located in a suburban environment
(Single entry IMT protection criterion: I/N ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 5°)
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Figure 1b

Distance separation contours for a single outdoor IMT macro base station located in a suburban environment
(Single entry IMT protection criterion: I/N ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 30°)
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Figure 2a

Distance separation contours for a single outdoor IMT macro base station located in an urban environment
(Single entry IMT protection criterion: I/N ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 5°)
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Figure 2b

Distance separation contours for a single outdoor IMT macro base station located in an urban environment
(Single entry IMT protection criterion: I/N ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 5°)
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Figure 3a

Distance separation contours for a single outdoor IMT small cell base station located in a suburban environment 
(Single entry IMT protection criterion: I/N ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 5°)
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Figure 3b

Distance separation contours for a single outdoor IMT small cell base station located in a suburban environment
(Single entry IMT protection criterion: I/N ≤ -9 dB)
 (FSS earth station antenna elevation angle above the horizon: 30°)
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Figure 4a

Distance separation contours for a single indoor IMT small cell base station located in a suburban environment
(Single entry IMT protection criterion: I/N ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 5°)

[image: ]

Figure 4b

Distance separation contours for a single indoor IMT small cell base station located in a suburban environment
(Single entry IMT protection criterion: I/N = ≤ -9 dB)
(FSS earth station antenna elevation angle above the horizon: 30°)
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Table 3

Minimum required separation distance between a single transmitting FSS earth 
station and a single receiving IMT base station
(Single entry IMT I/N protection criterion: I/N ≤ -9 dB)

		IMT base station type

		Interference type

		FSS antenna elevation 
(° above horizon)

		Approximate required separation distance
(km)

		Approximate size of area within which the IMT protection criterion is not met 
(sq. km)



		Outdoor macro, suburban

		Co-frequency

		5

		10 – 78

		2300



		

		

		30

		10 – 40

		2000



		

		Spurious

		5

		4 – 13

		140



		

		

		30

		4 – 7.5

		80



		Outdoor macro, urban

		Co-frequency

		5

		6 – 33

		1000



		

		

		30

		6 – 30

		900



		

		Spurious

		5

		<1 – 7

		8



		

		

		30

		Protection criterion met

		N/A



		Outdoor small cell, suburban

		Co-frequency

		5

		4 – 33

		600



		

		

		30

		4 – 27

		500



		

		Spurious

		5

		1 – 6

		15



		

		

		30

		1 – 2

		5



		Indoor small cell, suburban

(Building loss: 15 dB)

		Co-frequency

		5

		2.5 – 13

		130



		

		

		30

		2.5 – 12.5

		120



		

		Spurious

		5

		Protection criterion met

		N/A



		

		

		30

		

		N/A



		Indoor small cell, suburban

(Building loss: 25 dB)

		Co-frequency

		5

		2.5 – 12

		65



		

		

		30

		2.5 – 6

		60



		

		Spurious

		5

		Protection criterion met

		N/A



		

		

		30

		

		N/A












Annex 3

Sharing and compatibility between IMT systems and FSS receiving space stations in the 5 925-6 425 MHz frequency band



[bookmark: _Toc381346817]1	Introduction

The frequency band 5 925-6 425 MHz has been proposed as a possible candidate band for IMT identification, which most likely will result in MS stations deployment in large quantities as part of dense mobile communication networks.

However this band is extensively used for FSS networks as satellites reception band across the world. As aggregate interference from MS stations could affect all of the satellites irrelatively to specific administration deploying IMT systems, consideration of the 5 925-6 425 MHz frequency band as a candidate band should be based only on technical conditions ensuring protection of FSS in the long term. 

The goal of this study is to define technical condition for IMT systems deployment which will facilitate sharing of the 5 925-6 425 MHz frequency band with FSS space stations. Comparing such technical conditions with actual requirements of IMT systems networks could be used to define potential of the 5 925-6 425 MHz frequency band as a candidate one. Technical conditions could be also incorporated into regulatory requirements associated with IMT identification.

As the 5 925-6 425 MHz frequency band is used for FSS GSO networks as well as for FSS NGSO networks this study provides separate analysis for each case. As aggregate interference into satellite receiver is the focus of the study, the assumptions about MS stations dissemination and their activity are part of the study and have a significant impact on the results of the study.

It should be noted that studies are focused only on assessment of interference into FSS satellite receivers and don’t cover interference from FSS earth stations into IMT receivers.

[bookmark: _Toc381346818]2	Background

The frequency band 5 925-6 425 MHz is already allocated to mobile service on the primary basis worldwide. However identification of this band for IMT will significantly change the usage of the frequency band which requires the coexistence studies with other incumbent services. The main services deployed in this band are FS and FSS (Earth-to-space). Of the two the most tremendous impact could be on FSS (Earth-to-space) because the impact from IMT systems can’t be localized within administrations deploying IMT systems and it is impossible to pinpoint the source of aggregate interference. Figure 1.1 illustrates aggregate interference mechanism affecting FSS GSO satellite, where interference originates from multiple sources and locations within beam footprint. For FSS NGSO satellite aggregate interference could be calculated in the same way, however due to the movement of the satellite its footprint is not constant.

FIGURE 1.1

Aggregation of the interference from IMT transmitters within satellite footprint





There are no specific ITU-R Recommendations or ITU-R Reports describing in detail the interference calculation for such a case, however the study is based on ΔT/T approach in Appendix 8 of the ITU Radio Regulations in order to assess the impact of interference from a large number of IMT stations in the field-of-view of a satellite antenna beam. Although not strictly for use in the case of inter-service sharing, it does provide a very simple method of analyzing the impact without much knowledge of the characteristics of the carriers used on the satellite network requiring protection. In this technique, the interference from the IMT networks into the satellite receivers is treated as an increase in thermal noise in the wanted FSS network and hence is converted to a noise temperature (by considering the interference power per Hz) and compared with tolerable percentage increase in noise temperature. This approach has the advantage in that very few satellite parameters are required to be known and a detailed link budget for every type of carrier (especially those most sensitive to interference) is not required for the satellite network requiring protection. Recommendation ITU-R S.1432 “Apportionment of the allowable error performance degradations to fixed-satellite service (FSS) hypothetical reference digital paths arising from time invariant interference for systems operating below 30 GHz” provides appropriate ΔT/T criterion both for GSO and NGSO cases. 

[bookmark: _Toc381346819]3	Technical characteristics

[bookmark: _Toc381346820]3.1	IMT systems characteristics and assumptions

[bookmark: _Toc381346821]3.1.1	IMT stations parameters

Considering rather high frequency of the frequency band 5 925-6 425 MHz, it was assumed that the IMT systems would be most likely deployed in dense urban areas and mainly indoor as pico and femto cells with wideband channels and high data rate. It was also assumed that the frequency band 5 925-6 425 MHz would be used as a separate level of coverage without macro cells, making the time division duplex more advantageous for such IMT systems. Taking this into account the calculations consider only small base stations emitting up to 100% of time. Subscriber stations, which are generally low power and power controlled, were not considered (justification for such assumption is provided in the section 3.1.4). Parameters for small base stations used in the calculations are given in Table 3.1 below. Footnotes in the table are used to highlight differences between parameters used in the modelling and typical values established for IMT systems. 

TABLE 3.1

IMT stations parameters

		


		Small cell indoor



		Base station characteristics / Cell structure

		Not used in the modelling[footnoteRef:9] [9:  	Due to assessment of aggregate interference into FSS space station receiver those parameters are irrelevant for the calculation] 




		Cell radius / Deployment density

		Not used in the modelling11



		Antenna height

		Not used in the modelling11



		Sectorization

		Single sector



		Downtilt

		n.a.



		Frequency reuse

		1



		Antenna pattern

		Recommendation ITU-R F.1336
omni



		Antenna polarization

		linear



		Indoor base station deployment

		100 %



		Indoor base station penetration loss

		15 dB, 25 dB and 35 dB[footnoteRef:10] [10:  	Typical value for Indoor base station penetration loss is described as 25 dB for horizontal direction in the frequency band 5-6 GHz and for vertical direction based on Rec. ITU-R P.1238, Table 3. 15 dB and 35 dB values are used for sensitivity analysis. The value 35 dB corresponds well to measurements results provided within ITU-R Recommendation P.2041 and 15 dB is taken as most conservative assumption for global average penetration loss value.  ] 




		Below rooftop base station antenna deployment

		n.a.



		Feeder loss

		n.a



		Maximum base station output power (5/10/20 MHz)

		15 dBm and 24 dBm



		Maximum base station antenna gain

		0 dBi



		Maximum base station output power (e.i.r.p.)

		15 dBm and 24 dBm



		Average base station activity

		50 %



		Average base station power/sector (to be used in sharing studies)

		12 dBm and 21 dBm







[bookmark: _Toc381346822]3.1.2	IMT base stations density assumptions







The number of simultaneously emitting IMT base stations is proposed to be calculated considering the world population density and predicted dissemination factor  of small cells expressed in % relative to the population. The area activity factor  of base stations serving small cells, which reflects the average loading of such stations (in percentage) within FSS satellite coverage footprint, should also be taken into account, as well as band usage factor  of the frequency band 5 925-6 425 MHz by a single IMT base station with equiprobable selection of a carrier frequency with 20 MHz frequency bandwidth. The population density is modelled by distribution of the world population between major cities to obtain a representative distribution for FSS spacecraft service areas.



In the calculations the  of IMT base stations is assumed to be 1%,3% and 6% of the population. Considering the availability of other IMT bands and alternative RLAN solutions for home use, the usage of higher bands for IMT will be demanded in densely populated areas only, making unlikely the dissemination factor more than 6%. The number of small base stations in all bands is predicted to reach 70 million by 2017[footnoteRef:11]. Being only one of several bands used for IMT small cells and RLAN hotspots the number of small cell being deployed in the frequency band 5 925‑6 425 MHz would be only a fraction of all small cells in the future. Furthermore small cells deployment involving multiple IMT bands, including 5 925-6 425 MHz frequency band, and RLAN bands in one device would be mostly driven by carrier grade small cells due to the fact that consumer grade devices (installed by consumers in their premises) will be using mostly RLAN spectrum for capacity. Thus the dissemination factor of 6% in the frequency band 5 925-6 425 MHz which corresponds to 400 million base stations is a pessimistic assessment from the compatibility point of view with the FSS.  [11: 	Small Cell Market Status. Informa Telecoms & Media, February 2013.] 


The areal activity factor for IMT base stations is assumed to be 20%. As the service areas may cover several time zones, whole countries and continents, simultaneous full loading of millions of such base stations is unrealistic. Moreover, on the way of improving emission efficiency, the standardization agencies consider a possibility of designing new type of base station capable to entirely cease emission when traffic is zero.



It is assumed that each single base station will use only one 20 MHz channel, so for the entire 5 925-6 425 MHz frequency band the usage factor  may be assumed to be 4%.

The above factors and assumed values will result in around 0.0001 to 0.0005 active small cell per 20 MHz per inhabitant, which is around one tenth of penetration of RLAN access points predicted in developed countries, which still is a very high penetration value for carrier grade small cells.  The above factors are applied to a city population  to obtain the number of actively emitting IMT base stations associated with the coordinates of the specific city. To obtain the representative distribution of the world population between major cities, a world country database has been used including data on the population of countries and geographical location (latitude, longitude, height above sea level) of the cities (see Fig. 3.1) with their population.

To simplify calculations, prior to the calculation for each separate country, a list of major cities has been defined with their population in descending order, and then a list of the cities has been chosen, mostly representing land settlement density (see Fig. 3.2). This is especially important for the countries with vast territories. After the list of the cities is determined, all population of the country is distributed to the selected cities (see Appendix 1) in accordance with the percentage of the population in the cities. Further calculations are conducted based only on the selected cites of each country (with the total number of their population equalled to the population of the country) and with the precise reference to their geographical locations.

FIGURE 3.1

World location of major cities (population of at least 10/50 thousand people depending on the country)

[image: ]

FIGURE 3.2

World location of the selected cities mostly representing land settlement density of the countries

[image: ]



[bookmark: _Toc381346823]3.1.3	Indoor penetration loss value

Typical value for Indoor base station penetration loss is described as 25 dB for horizontal direction in the frequency band 5-6 GHz and for vertical direction based on Recommendation ITU-R P.1238, Table 3. Values for indoor penetration loss reflect values used for network planning based on practical experience.

In accordance with Recommendation ITU-R P.1238, Table 3 the following values are relevant for vertical direction. 

TABLE 3.2

Floor penetration loss factors, Lf (dB) with n being the number of floors
penetrated, for indoor transmission loss calculation (n  1)

		Frequency

		Residential

		Office

		Commercial



		5.2 GHz

		13(1) (apartment)
7(2) (house)

		16 (1 floor)

		–



		5.8 GHz

		

		22 (1 floor)
28 (2 floors)

		



		(1)	Per concrete wall.

(2)	Wooden mortar.










In addition Rec. ITU-R P.1238 states that when the external paths are excluded, measurements at 5.2 GHz have shown that at normal incidence the mean additional loss due to a typical reinforced concrete floor with a suspended false ceiling is 20 dB, with a standard deviation of 1.5 dB. Lighting fixtures increased the mean loss to 30 dB, with a standard deviation of 3 dB, and air ducts under the floor increased the mean loss to 36 dB, with a standard deviation of 5 dB.

Another recommendation which is relevant for indoor penetration loss is Recommendation ITU‑R P.1411 dealing with horizontal direction propagation. The experimental results provided in the recommendation and in shown in Table 3.3 were obtained at 5.2 GHz through an external building wall made of brick and concrete with glass windows. The wall thickness was 60 cm and the window-to-wall ratio was about 2:1.

TABLE 3.3

Example of building entry loss

		Frequency

		Residential

		Office

		Commercial



		

		Mean

		Standard deviation

		Mean

		Standard deviation

		Mean

		Standard deviation



		5.2 GHz

		

		

		12 dB

		5 dB

		

		







Table 3.4 copied from Recommendation ITU-R P.1411 shows the results of measurements at 5.2 GHz through an external wall made of stone blocks, at incident angles from 0 to 75. The wall was 400 mm thick, with two layers of 100 mm thick blocks and loose fill between. Particularly at larger incident angles, the loss due to the wall was extremely sensitive to the position of the receiver, as evidenced by the large standard deviation.

TABLE 3.4

Loss due to stone block wall at various incident angles

		Incident angle (degrees)

		0

		15

		30

		45

		60

		75



		Loss due to wall (dB)

		28

		32

		32

		38

		45

		50



		Standard deviation (dB)

		4

		3

		3

		5

		6

		5







In addition Recommendation ITU-R P.2041 suggests even higher value for indoor penetration loss for the frequency ranges above 5 GHz. Specifically most of the measurements results show that indoor penetration loss is usually in excess of 25 dB.   

Taking into account that it is anticipated that the significant mobile data traffic demand will originate in dense urban areas indoors, most of small cells in the 5 925-6 425 MHz will be deployed in multi-storey buildings. In addition to significant vertical direction penetration loss due to several floors above majority of small cells, there would be additional clutter losses present outside the buildings in the case of vertical direction propagation of at least around 10-20 dBs.

As a result it is assumed that 25 dB indoor penetration loss value provides  conservative value which could be used as baseline for sharing and compatibility studies.  15 dB and 35 dB used for sensitivity analysis. The value 35 dB corresponds well to measurements results provided within Recommendation ITU-R P.2041 and 15 dB is taken as most conservative assumption for global average penetration loss value.  

[bookmark: _Toc381346824]3.1.4	Omission of user terminals in interference calculation

It is assumed that the frequency band 5 925-6 425 MHz would be used as a separate level of coverage without macro cells, making the time division duplex more advantageous for such IMT systems. In this case in any moment of time either small cells or connected terminals will be transmitting. The Monte-Carlo based simulation with SEAMCAT[footnoteRef:12] software showed that in case of isolated indoor cell with maximum e.i.r.p. of 23 dBm serving 3-6 mobile terminals also with maximum e.i.r.p. of 23 dBm the total interference from DL and UL observed in significant distance from this cell is practically the same with DL interference being higher for few dBs. The simulation scenario is illustrated in Fig. 3.3. [12:  	Spectrum Engineering Advanced Monte Carlo Analysis Tool (SEAMCAT) is a specialized software used for interference assessments which includes capability to model LTE cells based on the methodology very similar to 3GPP TR 36.942.] 


FIGURE 3.3

Simulation scenario description







Such result is observed due to power control algorithm implemented in modern IMT systems in the uplink. In case of higher e.i.r.p. of small cell the difference between DL and UL interference will be only higher. Thus consideration of small cells transmitting 100% of time corresponds to worst case scenario.

[bookmark: _Toc381346825]3.2	FSS GSO networks characteristics

The GSO networks have been selected using the ITU BR data on frequency assignments to space radio services (SRS) with the following basic parameters: spacecraft orbital position, maximum beam gain and receiving system noise temperature. In particular, parameters of GSO satellite networks published in SRS data base in the IFIC No. 2734 of 11.12.2012 has been used. The analysis has been performed for most of the beams recorded in the database with statistical representation of the results except the beams with antenna gain contours missing or other parameters recorded with errors.  Characteristics of receiving antennas (gain contours on the Earth's surface) for GSO spacecraft, also published by ITU BR in SRS No. 2734, have been considered as well. Statistical data on satellite beams is provided in Fig. 3.3-3.7.

FIGURE 3.4

Satellite orbital position
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FIGURE 3.5

Satellite maximum receive gain
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FIGURE 3.6

Satellite receiving system noise temperature
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FIGURE 3.7

Satellite coverage area (approximate)
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As a criterion of noise impact on the GSO FSS space stations, Recommendation ITU-R S.1432-1 specifies the threshold for allowable increase in noise temperature, ΔT/T, for FSS systems operating below 30 GHz, that accounts for 6%, in the case of interference caused by systems operating in the same band on a primary basis. The criterion perfectly suits to assess the aggregate impact of the IMT base stations on the GSO spacecraft receivers.

[bookmark: _Toc381346826]3.3	FSS NGSO networks characteristics 

The NGSO networks were also selected using the ITU BR data on frequency assignments to SRS, including the following basic parameters: satellite orbit (apogee, perigee, inclination, perigee argument, ascending node and phase angle of spacecraft), maximum beam gain and receiving system noise temperature. In particular, data on the NGSO satellite networks published in SRS No. 2734 of 11.12.2012 were used.

List of selected NGSO satellite networks and their basic characteristics are given in Table 3.6. NGSO satellite trajectory footprint on the Earth's surface and an instant service area footprint are shown in Appendix 2.

TABLE 3.6

List of 5/6 GHz NGSO satellite networks and their basic characteristics

		Satellite

		Satellite orbital position

		Beam

		Satellite Maximum Receive Gain (dBi)

		Satellite Receiving System Noise Temperature(K)



		

		Apogee (km)

		Perigee (km)

		Inclination (deg)

		Perigee argument (deg)

		Longitude (deg)

		Phase (deg)

		

		

		



		MOLNIA-1

		40000

		500

		65

		–

		–

		–

		R1

		18

		2500



		MOLNIA-2

		40000

		500

		63

		–

		–

		–

		R1

		17

		3000



		MOLNIA-3

		40000

		500

		63

		–

		–

		–

		R1

		17.3

		3000



		USASAT-28C

		47103

		24469

		63.4

		270

		–

		0

		OM1

		3

		630



		OSAT

		49278

		22294

		52

		–

		–

		–

		CRR

		30

		494



		INSAT-NAV-A-GS

		35790

		35790

		29

		–

		–

		–

		RTC

		–3

		1000



		INSAT-NAVR-GS

		35786

		35786

		29

		–

		–

		–

		RTC

		–3

		1000





In the case of NGSO spacecraft, the Recommendation ITU-R S.1432-1 specifies that the permissible long-term total noise temperature increase of 6% shall not be exceeded more than 20% of any month. Moreover, short-term total noise temperature increase due to impact of IMT devices on NGSO spacecraft receiver shall not exceed 57.5% (I/N = –2.4 dB) for 0.03% of any month, and 100% (I/N = 0 dB) for 0.005% of any month. These ΔT/T limits are shown as a diagram in Figure 3.8.

FIGURE 3.8

Threshold values for permissible increase of noise temperature for FSS NGSO SC due to interference effect
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[bookmark: _Toc381346827]4	Analysis

[bookmark: _Toc381346828]4.1	Impact on FSS GSO networks

[bookmark: _Toc381346829]4.1.1	Assumptions

Basic assumptions refer to a number and density of IMT base stations. These assumptions are described in detail in Section 3.1. IMT base stations are assumed to be operating with omnidirectional antennae which have e.i.r.p. 15 dBm or 24 dBm with channel bandwidth of 20 MHz. For indoor signal attenuation three values are considered 15 dB, 25 dB and 35 dB. Percentage of indoor IMT systems has been  fixed to 95% to account possible indoor installations without or with minimal indoor penetration loss.This is based on the result of preliminary study which has shown that sharing is only feasible for indoor deployment with limited e.i.r.p. It should be noted that results obtained with such persentage are somewhat conservative and will provide substantial margin in case of other assumptions such as small cell dissemination rate had been underestimated.   









A total number of IMT base stations will supposedly be proportional to the world population and a number of IMT base stations for each city will be determined by dissemination factor of IMT base stations as a percentage of the city population , IMT base station activity factor  and usage factor  of the frequency band 5 925-6 425 MHz use by IMT base stations.

The dissemination factor for IMT base stations servicing small cells in the 5 925-6 425 MHz frequency band, expressed as percentage of the population, is specified to be 1%, 3% or 6%, activity factor for IMT base stations will be 20%, and 5 925-6 425 MHz frequency band usage factor will be 4%, with 20 MHz channel bandwidth.

[bookmark: _Toc381346830]4.1.2	Methodology

4.1.2.1	Interference from single source



Taking into account that interference from IMT systems is equivalent to thermal noise, the equation to calculate increase from single IMT station will be as follows:



		,	(1)

where:



	 – 	e.i.r.p. of IMT transmitter located within the FSS spacecraft service area, W;



	 – 	indoor attenuation factor at the IMT base station location;



	– 	IMT channel bandwidth, Hz;



	 – 	receive satellite antenna gain towards interfering IMT transmitter;



	k – 	Boltzmann constant ();



	 – 	free-space loss determined according to the Recommendation ITU-R P.525-2, dB;

	R – 	Distance between IMT station and GSO (NGSO) spacecraft, km;

	f – 	Operational frequency of IMT transmitter, MHz;



	– 	Atmospheric loss, dB:



	;



 – attenuation due to absorption by oxygen;







	 – 	Height for oxygen (=6 km);

	β – 	Elevation angle of IMT transmitter towards SC, deg;





	 – 	Earth radius, taking into account atmospheric refraction (=8500 km);



	 –	Attenuation due to absorption by hydrogen;



		;



		;





	 – 	atmospheric density (=7.5 g/m3);





 – height for hydrogen 
(=1.6 km);

	f – 	Operational frequency of IMT transmitter, GHz;



		.

4.1.2.2	Aggregated interference



In the case under consideration,  is a total interference impact on the FSS satellite link from IMT base stations deployed worldwide. Therefore to calculate increase in noise temperature, one must know the number of IMT base stations simultaneously interfering with GSO (NGSO) spacecraft, and take into account their localization.









The calculation is initiated by deriving the satellite position at GSO from the longitude of its sub-satellite point. For each city, according to its geographical coordinates, the following parameters are calculated: elevation angle towards the satellite, satellite receiving antenna gain  towards interfering IMT transmitter and signal propagation losses  and . The  value for GSO spacecraft is determined based on the performance of its receiving antenna (gain contours on the Earth's surface) published by the ITU in the BR IFIC on satellite networks, taking into account geographical coordinates of interfering IMT transmitter.

Next, the number of IMT transmitters is predicted for each city using the following equation:



		 	(2)









and having calculated  from one IMT transmitter using equation (1), the increase in noise temperature from each city is determined by the formula . For more accurate calculation of  it is assumed that some of IMT base stations may be located outdoor ( – percentage of indoor IMT base stations). Taking into account (1), equations for increase in noise temperature due to a single IMT transmitter and from one city take the following forms:



		;	(3)



		.	(4)

Values obtained for each city using equation (4) are added together and resulted in relative increase in noise temperature as follows:



		,	(5)

where:



	 - 	Number of selected cities in the world;



	- 	Noise temperature of the spacecraft receiving system, К.

[bookmark: _Toc381346831]4.1.3	Example of calculations

As an example let us consider the interference impact from IMT systems towards Statsionar–20 geostationary network (№90500256, SRS No. 2734 of 11.12.2012) with the longitude of the sub-satellite point 70° East. Initial data for the calculations are shown in Table 4.1.

TABLE 4.1

Initial data for IMT system and GSO network

		Parameter

		

		Value



		IMT



		Maximum e.i.r.p., dBm

		



		24



		Channel bandwidth, MHz

		



		20 MHz



		Antenna

		

		Isotropic



		Percent of indoor cells, %

		



		95



		Indoor-to-outdoor penetration losses, dB

		



		15



		IMT base station dissemination factor

		



		0.06



		IMT base station activity factor

		



		0.04



		Usage factor for 5925-6425 MHz frequency band

		



		0.2



		STATSIONAR-20



		Noise temperature, K

		



		3 000







Figure 4.1 shows visibility area of the STATSIONAR-20 geostationary network and cities covered by this visibility area. As the Figure 4.1 shows, significant number of cities (more than 3 700) in different countries is in the visibility area of this GSO spacecraft. In order to demonstrate operational capability of the proposed methodology, it was assumed to consider only one largest city of each country, but its population is assumed to be equal to the population of the whole country. Under such approach, there will be inaccuracy in calculation of ΔT/T, however its order of magnitude will remain the same, as calculation showed.

FIGURE 4.1

Visibility area of the STATSIONAR-20 geostationary network
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According to the methodology in section 4.1.2.2, the calculation is initiated by deriving the satellite position at GSO from the longitude of its sub-satellite point, and after that for each city, according to its geographical coordinates (geographical latitude  and longitude , and height above sea level), the following parameters are calculated: elevation angle  and distance  towards the satellite, satellite receiving antenna gain  towards interfering IMT transmitter and signal propagation losses  and . The  value for GSO spacecraft is determined based on the performance of the STATSIONAR-20 receiving antenna, published in SRS No. 2734 of 11.12.2012 (Figure 4.2).

FIGURE 4.2

Gain contours of the STATSIONAR-20 geostationary network on the Earth's surface

[image: ]



The number of IMT transmitters is predicted for each city using the equation (2):



,







then  from a single IMT transmitter and  from each city are calculated using equations (3) and (4) accordingly. A list of modeled cities and results for increase in noise temperature  from them towards the STATSIONAR-20 geostationary network are summarized in Table 4.2.



Table 4.2 shows that the total increase in noise temperature from all the cities is 
50,71513436 K.

Relative increase in noise temperature is calculated using the equation (5):



		, 

that is practically the same as the value 1,659751% in Table 4.12 for the STATSIONAR-20 geostationary network, accurately calculated for all modeled cities within the visibility area of the network as per Figure 4.1. 
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ТАBLE 4.2

Calculation of increase in noise temperature due to IMT operation towards STATSIONAR-20 network

		Country

		City

		Population

		



		

, deg

		

, deg

		

, km

		

, deg

		

, dB

		

, dB

		

, dB

		

,K

		

,K



		Аustria

		Wien

		8452835

		10143

		48.2

		16.4

		40068.9

		14.9

		200.17

		0.18

		-0,23

		3,0445E-05

		0,123515201



		Аzerbaijan

		Baku

		9235100

		11082

		40.5

		50

		37867.5

		38.9

		199.68

		0.07

		-1,57

		3,34069E-05

		0,148092964



		Аlbania

		Tirana

		2831741

		3398

		41.4

		19.8

		39494.1

		20.6

		200.04

		0.13

		-0,44

		2,88397E-05

		0,039193212



		Аlgeria

		Algiers

		36485828

		43783

		36.9

		3.1

		40614.6

		9.8

		200.28

		0.27

		-0,1

		1,98445E-05

		0,347536715



		Аngola

		Luanda

		20162516

		24195

		–8.9

		13.2

		39075.2

		24.9

		199.95

		0.11

		-0,64

		4,91781E-07

		0,004759458



		Аndorra

		Andorra La Vella

		78115

		94

		42.5

		1.5

		40896.8

		7.2

		200.34

		0.36

		-0,05

		2,22022E-05

		0,000821483



		Аrmenia

		Yerevan

		3277500

		3933

		40.3

		44.6

		38047.9

		36.6

		199.72

		0.08

		-1,39

		3,25744E-05

		0,051239495



		Аfghanistan

		Kabul

		33397058

		40076

		34.5

		69.3

		37082.9

		49.9

		199.49

		0.06

		-2,58

		2,89307E-05

		0,463787367



		Bangladesh

		Dhaka

		152518016

		183022

		23.8

		90.5

		36842.2

		53.9

		199.44

		0.06

		-3,01

		1,89859E-05

		1,389939913



		Bahrain

		Al Manamah

		1234571

		1481

		26.3

		50.7

		36919.9

		52.6

		199.46

		0.06

		-2,86

		2,17226E-05

		0,012881525



		Belarus

		Minsk

		9460000

		11352

		54

		27.6

		39812.8

		17.4

		200.11

		0.16

		-0,31

		3,33515E-05

		0,151449187



		Belgium

		Brussels

		11041266

		13250

		51

		4.5

		40959.4

		6.6

		200.36

		0.39

		-0,05

		2,74923E-05

		0,145709089



		Benin

		Cotonou

		9351838

		11222

		6.5

		2.6

		40160.4

		14.1

		200.19

		0.19

		-0,2

		5,05644E-07

		0,002269836



		Burma

		Dagon

		50020000

		60024

		16.9

		96.2

		36832.1

		54.1

		199.44

		0.06

		-3,03

		9,5012E-06

		0,22812386



		Bulgaria

		Sofia

		7364570

		8837

		42.8

		23.3

		39339

		22.2

		200.01

		0.12

		-0,51

		3,09382E-05

		0,109366514



		Bosnia and Herzegovina

		Bosna-sarai

		3839737

		4608

		43.8

		18.5

		39704.9

		18.5

		200.09

		0.15

		-0,35

		2,97063E-05

		0,054748789



		Botswana

		Gaborone

		2053237

		2464

		–24.8

		26

		38298.7

		33.6

		199.77

		0.08

		-1,17

		4,56534E-07

		0,000450143



		Brunei

		Bandar Seri Begawan

		412892

		495

		5

		115.1

		37947

		37.9

		199.69

		0.08

		-1,49

		4,33111E-07

		8,5756E-05



		Burkina Faso

		Ouagadouga

		17481984

		20978

		12.4

		358.4

		40647.2

		9.5

		200.29

		0.28

		-0,09

		5,9097E-07

		0,004958833



		Burundi

		Cibitoke

		8749387

		10499

		–3.4

		29.4

		37558.4

		42.9

		199.61

		0.07

		-1,91

		4,01569E-07

		0,001686588



		Bhutan

		Thimphu

		750443

		901

		27.6

		89.8

		37010

		51

		199.48

		0.06

		-2,7

		2,29704E-05

		0,008269343



		Hungary

		Budapest

		9962000

		11954

		47.5

		19.2

		39853.3

		17

		200.12

		0.16

		-0,3

		3,19306E-05

		0,152691899



		East Timor

		Dili

		1066409

		1280

		–8.8

		126.2

		39018.1

		25.5

		199.94

		0.11

		-0,68

		4,89907E-07

		0,000250832



		Vietnam

		Ho Chi Minh City

		90549392

		108659

		10.8

		106.7

		37343.3

		46

		199.56

		0.06

		-2,19

		2,89444E-06

		0,125803988



		Gabon

		Libreville

		1563873

		1877

		0.5

		9.6

		39401.8

		21.5

		200.02

		0.13

		-0,48

		5,00334E-07

		0,000375751



		Ghana

		Accra

		25545940

		30655

		5.7

		359.8

		40458.7

		11.2

		200.25

		0.24

		-0,13

		9,21587E-07

		0,011300504



		Germany

		Berlin

		81843808

		98213

		52.5

		13.4

		40470.7

		11.1

		200.25

		0.24

		-0,13

		3,02837E-05

		1,189693432



		Guernsey

		St.Peter Port

		61811

		74

		49.5

		357.3

		41399.5

		2.8

		200.45

		0.8

		-0,01

		2,118E-05

		0,000635399



		Gibraltar

		Gibraltar

		29441

		35

		36.1

		354.6

		41329

		3.4

		200.44

		0.69

		-0,01

		1,49196E-05

		0,000208874



		Hong Kong

		Hong Kong

		7136300

		8564

		22.4

		114.2

		38230.3

		34.4

		199.76

		0.08

		-1,23

		1,19374E-05

		0,040885629



		Greece

		Athens

		11290785

		13549

		38.1

		23.9

		39050.3

		25.2

		199.94

		0.11

		-0,66

		2,79537E-05

		0,151509289



		Georgia

		Tbilisi

		4497600

		5397

		41.8

		44.9

		38148.3

		35.4

		199.74

		0.08

		-1,3

		3,35376E-05

		0,072407606



		Guam

		Hagatha

		184334

		221

		13.5

		144.8

		40998.2

		6.3

		200.37

		0.41

		-0,04

		7,46823E-07

		6,57204E-05



		Denmark

		Copenhagen

		5580516

		6697

		55.7

		12.7

		40669.4

		9.3

		200.3

		0.28

		-0,09

		3,05594E-05

		0,081868559



		Djibouti

		Jibuti

		922708

		1107

		11.7

		43.3

		36714.8

		56.2

		199.41

		0.06

		-3,27

		4,08964E-06

		0,001811712



		Egypt

		Al Qahirah

		83063000

		99676

		30

		31.2

		38147.1

		35.4

		199.74

		0.08

		-1,3

		2,35621E-05

		0,93942079



		Zambia

		Lusaka

		13883577

		16660

		–15.4

		28.4

		37819.6

		39.5

		199.67

		0.07

		-1,61

		4,23558E-07

		0,002822593



		Zimbabwe

		Harare

		13013678

		15616

		–17.8

		31.1

		37676.4

		41.3

		199.63

		0.07

		-1,77

		4,11912E-07

		0,002573213



		Yemen

		Sanaa

		25569264

		30683

		15.4

		44.3

		36758.1

		55.4

		199.42

		0.06

		-3,18

		7,89068E-06

		0,096842255



		Israel

		Jerusalem

		7836000

		9403

		31.9

		35.3

		37982

		37.4

		199.7

		0.08

		-1,45

		2,62153E-05

		0,09859566



		India

		Bombay

		1229582976

		1475500

		19

		72.9

		36203.9

		67.4

		199.29

		0.05

		-4,71

		1,2182E-05

		7,189806958



		Indonesia

		Medan

		245641328

		294770

		3.7

		98.7

		36708.2

		56.3

		199.41

		0.06

		-3,29

		4,21781E-07

		0,049731384



		Jordan

		Amman

		6390500

		7669

		32.1

		36.1

		37949.5

		37.8

		199.7

		0.08

		-1,48

		2,66119E-05

		0,081618692



		Iraq

		Baghdad

		33703068

		40444

		33.4

		44.5

		37590.2

		42.5

		199.61

		0.07

		-1,87

		2,7758E-05

		0,449040503



		Iran

		Tehran

		77002704

		92403

		35.7

		51.5

		37472.5

		44.1

		199.59

		0.07

		-2,02

		2,97196E-05

		1,098465649



		Spain

		Madrid

		46163116

		55396

		40.5

		356.2

		41281.6

		3.8

		200.43

		0.63

		-0,01

		1,79821E-05

		0,398448066



		Italy

		Rome

		60820764

		72985

		42

		12.6

		40034

		15.3

		200.16

		0.18

		-0,24

		2,68832E-05

		0,784828385



		Каzakhstan

		Almaty

		16856000

		20227

		43.2

		76.9

		37807.3

		39.6

		199.66

		0.07

		-1,63

		3,8338E-05

		0,310192549



		Cambodia

		Phnom Penh

		14478320

		17374

		11.6

		104.9

		37232.9

		47.6

		199.53

		0.06

		-2,35

		3,9229E-06

		0,027264161



		Cameroon

		Douala

		20468944

		24563

		4.1

		9.9

		39384.3

		21.7

		200.02

		0.13

		-0,49

		4,99969E-07

		0,004912193



		Qatar

		Doha

		1699435

		2039

		25.3

		51.7

		36835.4

		54

		199.44

		0.06

		-3,02

		2,0804E-05

		0,016976105



		Кenia

		Nairobi

		42749416

		51299

		–1.4

		36.8

		36990.4

		51.4

		199.47

		0.06

		-2,74

		3,43042E-07

		0,007039231



		Cyprus

		Lemesos

		862011

		1034

		34.8

		33.2

		38268.6

		33.9

		199.77

		0.08

		-1,19

		2,86859E-05

		0,011875943



		China

		Beijing Shi

		1355719936

		1626864

		40

		116.4

		39170.9

		23.9

		199.97

		0.11

		-0,59

		2,97557E-05

		19,36342634



		Comoro Islands

		Moroni

		753943

		905

		–11.7

		43.3

		36714.5

		56.2

		199.41

		0.06

		-3,27

		3,08006E-07

		0,000111498



		DRC

		Kinshasa

		69575392

		83490

		–4.4

		15.3

		38837.4

		27.5

		199.9

		0.1

		-0,78

		4,83248E-07

		0,016138558



		The Republic of Congo

		Brazzaville

		4233063

		5080

		–4.3

		15.3

		38837.1

		27.5

		199.9

		0.1

		-0,78

		4,83236E-07

		0,000981935



		North Korea

		Pyongyang

		0

		0

		39

		125.8

		39790.9

		17.6

		200.11

		0.15

		-0,32

		2,5712E-05

		0,303041845



		South Korea

		Seoul

		48580000

		58296

		37.7

		127

		39829.4

		17.3

		200.11

		0.16

		-0,31

		2,40905E-05

		0,561741779



		Cote-d’Ivoire

		Abidjan

		20594616

		24714

		5.4

		355.9

		40885

		7.3

		200.34

		0.35

		-0,06

		9,21E-07

		0,009104086



		Кuwait

		Al Kuwait

		2891553

		3470

		29.4

		48.1

		37197.3

		48.1

		199.52

		0.06

		-2,4

		2,45345E-05

		0,034053875



		Кirgizstan

		Bishkek

		5477600

		6573

		42.9

		74.6

		37759.1

		40.3

		199.65

		0.07

		-1,68

		3,84924E-05

		0,101196445



		Laos

		Nakhon Viangchan

		6348800

		7619

		18

		102.8

		37256.7

		47.3

		199.54

		0.06

		-2,31

		9,76414E-06

		0,029751346



		Latvia

		Riga

		2049500

		2459

		57

		24.1

		40174

		13.9

		200.19

		0.19

		-0,2

		3,24542E-05

		0,03193494



		Lesoto

		Maseru

		2216850

		2660

		–29.3

		27.6

		38362.8

		32.8

		199.79

		0.09

		-1,12

		4,60312E-07

		0,000489772



		Liberia

		Monrovia

		3476608

		4172

		6.4

		349.2

		41628.2

		0.9

		200.5

		1.48

		0

		6,72836E-07

		0,001122963



		Lebanon

		Beirut

		4291719

		5150

		33.9

		35.6

		38079.3

		36.2

		199.72

		0.08

		-1,36

		2,80768E-05

		0,057838299



		Libya

		Tripoli

		6469497

		7763

		33

		13.3

		39628.4

		19.3

		200.07

		0.14

		-0,38

		2,00947E-05

		0,062394097



		Lithuania

		Vilnius

		2988400

		3586

		54.8

		25.3

		39973

		15.9

		200.15

		0.17

		-0,26

		3,29151E-05

		0,047200185



		Liechtenstein

		Vaduz

		36476

		44

		47.2

		9.5

		40469.1

		11.1

		200.25

		0.24

		-0,13

		2,76654E-05

		0,000497978



		Luxemburg

		Luxemburg

		524853

		630

		49.7

		6.2

		40794.7

		8.1

		200.32

		0.32

		-0,07

		2,7624E-05

		0,006961249



		Маuritius

		Port Louis

		1280294

		1536

		–20.3

		57.6

		36408.6

		62.4

		199.34

		0.05

		-4,03

		2,63081E-07

		0,000161795



		Мadagaskar

		Antananarivo

		21928518

		26314

		–18.9

		47.5

		36718

		56.1

		199.41

		0.06

		-3,26

		3,08653E-07

		0,003248882



		Маyotte

		Mamoudzou

		217172

		261

		–12.9

		45.3

		36633.2

		57.7

		199.39

		0.06

		-3,45

		2,9685E-07

		3,08724E-05



		Маcao

		Macau

		542200

		651

		22.3

		113.6

		38183.9

		35

		199.75

		0.08

		-1,27

		1,18797E-05

		0,003088733



		Маcedonia

		Skopje

		2057284

		2469

		42

		21.6

		39406.4

		21.5

		200.02

		0.13

		-0,48

		2,97951E-05

		0,029407773



		Маlawi

		Lilongwe

		15882815

		19059

		–14.1

		33.9

		37372.3

		45.5

		199.56

		0.07

		-2,15

		3,8413E-07

		0,002928607



		Маlaysia

		Kuala Lumpur

		29562236

		35475

		3.2

		101.7

		36898.3

		52.9

		199.45

		0.06

		-2,9

		3,31725E-07

		0,004707173



		Маli

		Bamako

		14517176

		17421

		12.6

		352

		41338.2

		3.3

		200.44

		0.71

		-0,01

		4,43389E-07

		0,003089535



		Мaldives

		Male

		324313

		389

		3.6

		72.9

		35810.1

		84.6

		199.19

		0.05

		-7,42

		4,17527E-07

		6,51343E-05



		Маlta

		Birkirkara

		420085

		504

		36

		14.6

		39640.4

		19.1

		200.07

		0.14

		-0,38

		2,34172E-05

		0,004730268



		Маrocco

		Casablanca

		32783000

		39340

		33.7

		352.2

		41510

		1.9

		200.47

		1.05

		0

		1,02295E-05

		0,160971151



		Мozambique

		Maputo

		23700716

		28441

		–26.1

		32.6

		37873.4

		38.8

		199.68

		0.07

		-1,56

		4,27608E-07

		0,004864466



		Моldova

		Chisinau

		3559500

		4271

		47.1

		28.9

		39267.5

		22.9

		199.99

		0.12

		-0,54

		3,32861E-05

		0,056885914



		Моnaco

		Monaco

		35444

		43

		43.7

		7.4

		40485.4

		11

		200.26

		0.24

		-0,13

		2,58484E-05

		0,000439423



		Моngolia

		Da Huryee

		2736800

		3284

		47.9

		106.9

		39114.6

		24.5

		199.96

		0.11

		-0,62

		3,39836E-05

		0,044654403



		Namibia

		Windhoek

		2364433

		2837

		–22.6

		17.1

		38970.7

		26

		199.93

		0.11

		-0,7

		4,88369E-07

		0,000554299



		Nepal

		Katmandu

		31011136

		37213

		27.7

		85.3

		36866

		53.5

		199.44

		0.06

		-2,96

		2,24387E-05

		0,333999907



		Niger

		Niamey

		16644339

		19973

		13.7

		1.9

		40284.6

		12.9

		200.21

		0.21

		-0,17

		9,64053E-07

		0,007701823



		Nigeria

		Lagos

		166629376

		199955

		6.5

		3.5

		40061.5

		15

		200.17

		0.18

		-0,23

		5,0619E-07

		0,040486096



		The Netherlands

		Amsterdam

		16804900

		20166

		52.3

		4.9

		40982.7

		6.4

		200.36

		0.4

		-0,04

		2,82564E-05

		0,227916173



		Norway

		Oslo

		5049100

		6059

		59.9

		10.8

		40989.6

		6.4

		200.36

		0.4

		-0,04

		2,98171E-05

		0,072276672



		UAE

		Dubayy

		4800250

		5760

		25.3

		55.4

		36711.6

		56.2

		199.41

		0.06

		-3,28

		2,01982E-05

		0,046536687



		Оman

		As Sib

		2773479

		3328

		23.8

		58.3

		36558.3

		59.2

		199.37

		0.05

		-3,63

		1,85913E-05

		0,024745058



		Isle of Man

		Doolish

		83739

		100

		54.3

		355.4

		41646.3

		0.8

		200.5

		1.56

		0

		1,67971E-05

		0,000671883



		Pakistan

		Karachi

		177791008

		213349

		24.9

		67.2

		36483.4

		60.8

		199.35

		0.05

		-3,83

		1,8736E-05

		1,598932339



		Papua New Guinea

		Port Moresby

		7170112

		8604

		–9.6

		147.3

		41245.6

		4.1

		200.42

		0.59

		-0,02

		4,56663E-07

		0,001571834



		Poland

		Warsaw

		38208616

		45850

		52.2

		21

		40025.8

		15.4

		200.16

		0.18

		-0,24

		3,23287E-05

		0,592909075



		Puerto Rico

		San Juan

		3725789

		4471

		18.2

		66.6

		36173.5

		68.3

		199.28

		0.05

		-4,83

		1,11282E-05

		0,019897281



		Reunion

		Saint-Denis

		816364

		980

		–21.2

		55.7

		36506.7

		60.3

		199.36

		0.05

		-3,76

		2,78326E-07

		0,000109104



		Russian Federation

		Moscow

		143302400

		171963

		55.8

		37.8

		39525.4

		20.3

		200.05

		0.13

		-0,43

		3,46433E-05

		2,382937342



		Rwanda

		Kigali

		10718379

		12862

		–2

		30.2

		37490.5

		43.9

		199.59

		0.07

		-1,99

		3,95477E-07

		0,002034727



		Romania

		Bucuresti

		21355848

		25627

		44.6

		26.1

		39270.1

		22.9

		199.99

		0.12

		-0,54

		3,21841E-05

		0,329919245



		San Marino

		San Marino

		31945

		38

		44

		12.6

		40121.2

		14.4

		200.18

		0.19

		-0,22

		2,76689E-05

		0,000415034



		Sao Tome and Principe

		Sao Tome

		171878

		206

		0.2

		6.7

		39701.5

		18.5

		200.09

		0.15

		-0,36

		5,04949E-07

		4,19108E-05



		Saudi Arabia

		Riyadh

		28705132

		34446

		24.7

		46.8

		37002.2

		51.2

		199.48

		0.06

		-2,72

		2,0009E-05

		0,27568413



		Swaziland

		Manzini

		1220408

		1464

		–26.6

		31.4

		37983

		37.4

		199.7

		0.08

		-1,45

		4,35759E-07

		0,000255355



		North Mariana Islands

		Saipan

		62152

		75

		16.8

		145.9

		41139.1

		5

		200.4

		0.5

		-0,03

		1,5758E-06

		4,7274E-05



		Seychelles

		Victoria

		87169

		105

		–4.6

		55.5

		36049.5

		72.1

		199.25

		0.05

		-5,39

		1,96681E-07

		8,26058E-06



		The Gaza Strip

		Khan Yunis

		4168858

		5003

		31.4

		34.3

		38019.9

		37

		199.71

		0.08

		-1,42

		2,5513E-05

		0,051051454



		Serbia

		Kosovo

		9846582

		11816

		42.7

		21.2

		39467.5

		20.9

		200.04

		0.13

		-0,45

		3,00913E-05

		0,142211605



		Singapore

		Singapore

		5183700

		6220

		1.4

		103.8

		37038.2

		50.6

		199.48

		0.06

		-2,66

		3,4839E-07

		0,000866794



		Syria

		Aleppo

		21117690

		25341

		36.2

		37.2

		38123.8

		35.7

		199.73

		0.08

		-1,32

		2,9481E-05

		0,298819784



		Slovakia

		Bratislava

		5404322

		6485

		48.3

		17.1

		40027.3

		15.3

		200.16

		0.18

		-0,24

		3,07693E-05

		0,079815543



		Slovenia

		Ljubljana

		2062650

		2475

		46.1

		14.6

		40076

		14.9

		200.17

		0.18

		-0,23

		2,92849E-05

		0,028992036



		United Kingdom

		London

		62989552

		75587

		51.5

		359.9

		41280.6

		3.8

		200.43

		0.63

		-0,01

		2,14285E-05

		0,647890105



		Somali

		Mogadishu

		9797445

		11757

		2.1

		45.4

		36467.1

		61.1

		199.35

		0.05

		-3,87

		2,9555E-07

		0,001389972



		Sudan

		Umm Durman

		30894000

		37073

		15.7

		32.5

		37518.4

		43.5

		199.6

		0.07

		-1,96

		5,6791E-06

		0,084215398



		Таjikistan

		Djuschambe

		7800000

		9360

		38.7

		68.8

		37394.5

		45.2

		199.57

		0.07

		-2,12

		3,38046E-05

		0,126564406



		Тaiwan

		Taipei

		23282670

		27939

		25.1

		121.6

		38931.3

		26.5

		199.92

		0.1

		-0,73

		1,31674E-05

		0,147159403



		Тhailand

		Bangkok

		65479452

		78575

		13.8

		100.5

		36991

		51.4

		199.47

		0.06

		-2,74

		5,76218E-06

		0,181105419



		Таnzania

		Dar Es Salaam

		47656368

		57188

		–6.9

		39.4

		36860.5

		53.6

		199.44

		0.06

		-2,98

		3,27013E-07

		0,007480426



		Тоgo

		Lome

		5753324

		6904

		6.3

		1.3

		40299.5

		12.7

		200.22

		0.21

		-0,17

		5,04152E-07

		0,001392469



		Тunisia

		Tunes

		10673800

		12809

		36.8

		10.3

		40011.3

		15.5

		200.15

		0.17

		-0,25

		2,24525E-05

		0,115024043



		Тurkmenistan

		Asgabat

		5169660

		6204

		38

		58.5

		37452.5

		44.4

		199.58

		0.07

		-2,05

		3,2319E-05

		0,080183327



		Тurkey

		Constantinople

		74724272

		89669

		41

		29.1

		38878.9

		27

		199.91

		0.1

		-0,76

		3,11873E-05

		1,11862449



		Uganda

		Kampala

		35620976

		42745

		0.5

		32.7

		37288.5

		46.8

		199.54

		0.06

		-2,27

		3,75728E-07

		0,006424193



		Uzbekistan

		Tashkent

		29874600

		35850

		41.3

		69.2

		37608.2

		42.3

		199.62

		0.07

		-1,85

		3,7029E-05

		0,530995793



		Ukraine

		Kiev

		45560256

		54672

		50.6

		30.5

		39428

		21.3

		200.03

		0.13

		-0,47

		3,39783E-05

		0,743070721



		Philippines

		Manila

		103775000

		124530

		14.6

		121.1

		38621.1

		29.9

		199.85

		0.09

		-0,93

		3,51724E-06

		0,175200936



		Finland

		Helsinki

		5426300

		6512

		60.3

		24.9

		40367.9

		12.1

		200.23

		0.22

		-0,15

		3,19582E-05

		0,08325117



		France

		Paris

		63468168

		76162

		48.9

		2.5

		41020.6

		6.1

		200.37

		0.42

		-0,04

		2,51115E-05

		0,765022942



		Croatia

		Zagreb

		4398150

		5278

		46

		16

		39978.6

		15.8

		200.15

		0.17

		-0,26

		2,97506E-05

		0,062803619



		Central African Republic

		Bangui

		4575586

		5491

		4.4

		18.7

		38505.6

		31.2

		199.82

		0.09

		-1,01

		4,68013E-07

		0,001027758



		Chad

		Tandjile

		11274106

		13529

		9.3

		16.1

		38800.6

		27.9

		199.89

		0.1

		-0,81

		5,75155E-07

		0,003112738



		Montenegro

		Podgorica

		632796

		759

		42.5

		19.4

		39579.7

		19.7

		200.06

		0.14

		-0,4

		2,93525E-05

		0,008923164



		Czech Republic

		Praha

		10507566

		12609

		50.2

		14.5

		40290.9

		12.8

		200.22

		0.21

		-0,17

		3,06852E-05

		0,154776025



		Switzerland

		Geneve

		7952600

		9543

		46.2

		6.2

		40667.6

		9.3

		200.3

		0.28

		-0,09

		2,62859E-05

		0,10033344



		Sweden

		Stockholm

		9540065

		11448

		59.5

		18

		40616.5

		9.8

		200.28

		0.27

		-0,1

		3,07848E-05

		0,140963732



		Sri Lanka

		Colombo

		21223550

		25468

		7.1

		80

		35955.5

		75.6

		199.23

		0.05

		-5,93

		1,7993E-06

		0,018329513



		Equatorial Guinea

		Bata

		740471

		889

		1.9

		9.8

		39387.9

		21.7

		200.02

		0.13

		-0,49

		5,00045E-07

		0,000177516



		Eritrea

		Asmara

		5580862

		6697

		15.5

		39.1

		37061.6

		50.2

		199.49

		0.06

		-2,61

		6,61746E-06

		0,017728168



		Estonia

		Tallinn

		1339662

		1608

		59.4

		24.8

		40314.5

		12.6

		200.22

		0.21

		-0,16

		3,21331E-05

		0,020661555



		Ethiopia

		Addis Abeba

		91195672

		109435

		9.2

		38.7

		36940.2

		52.2

		199.46

		0.06

		-2,82

		1,92144E-06

		0,08410925



		South Sudan

		Djuba

		8260490

		9913

		4.8

		31.6

		37394.5

		45.2

		199.57

		0.07

		-2,12

		3,86171E-07

		0,001531166



		Japan

		Tokyo

		127561000

		153073

		35.7

		139.8

		40827.7

		7.8

		200.33

		0.33

		-0,06

		1,77717E-05

		1,088142665



		



		50,71513436
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[bookmark: _Toc381346832]4.1.4	Results

Calculations of the noise temperature increase ΔT/T at the GSO SC receiver input with global deployment of advanced IMT systems were performed for beams described in Section 3.2 The results are represented in statistical form in figures below for different combinations of assumed parameters.

FIGURE 4.3

ΔT/T increase distribution for e.i.r.p. 15 dBm and dissemination 1%

[image: ]

FIGURE 4.4

ΔT/T increase distribution for e.i.r.p. 15 dBm and dissemination 3%
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FIGURE 4.5

ΔT/T increase distribution for e.i.r.p. 15 dBm and dissemination 6%
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FIGURE 4.6

ΔT/T increase distribution for e.i.r.p. 24 dBm and dissemination 1%

[image: ]

FIGURE 4.7

ΔT/T increase distribution for e.i.r.p.24 dBm and dissemination 3%
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FIGURE 4.8

ΔT/T increase distribution for e.i.r.p. 24 dBm and dissemination 6%

[image: ]



It could be concluded that 15 dBm per 20 MHz provides sufficient protection for FSS SC receivers in which case only small number of beams will experience ΔT/T increase above 6%. And even in such cases ΔT/T increase won’t be ecsessive. Furthermore the mode detailed analysis of the results on figure 4.9  has shown that ΔT/T excessive values correspond to beam with very large global footprint but with very high antenna gain. As BR database is used for coordination purposes such beam usually represents small footprints. However such beams(or satellites) may be redirected several times to different parts of the globe during the lifecycle of the satellite, thus coordination footprint is notified with such artificial parameters. If real footprint considered for such cases, ΔT/T increase may be lower.    

FIGURE 4.6

ΔT/T increase results for e.i.r.p. 15 dBm, indoor penetration loss 15 dB and dissemination 6%
as a function of antenna gain and beam coverage area

[image: ]



Based on such assumption beams with antennagein exceeding 29 dBi and with estimated coverage area more than 400*1e6 square km have been excluded and above listed calculation have been repeated. The results of such calculation for 15 dBm case are listed in figures 4.7-4.9. 

FIGURE 4.7

ΔT/T increase distribution for e.i.r.p. 15 dBm and dissemination 1% with beams
filtered by gain and coverage footprint

[image: 6. N=f(dT-T)_12_1]

FIGURE 4.8

ΔT/T increase distribution for e.i.r.p. 15 dBm and dissemination 3% with beams
filtered by gain and coverage footprint

[image: 6. N=f(dT-T)_12_3]

FIGURE 4.5

ΔT/T increase distribution for e.i.r.p. 15 dBm and dissemination 6% with beams
filtered by gain and coverage footprint

[image: 6. N=f(dT-T)_12_6]

[bookmark: _Toc381346833]4.2	Impact on FSS NGSO networks

[bookmark: _Toc381346834]4.2.1	Assumptions

Unlike the GSO spacecraft rotating synchronously with the globe and for this reason having its position fixed relative to terrestrial points, the NGSO spacecraft is constantly moving relative to IMT transmitters deployed on the Earth’s surface, and its service area is correspondingly moving along a flight trajectory (see Figs А3.1-А3.5, Appendix 3).

As a consequence, terrestrial points within the visibility of the NGSO SC are different at every instant of time hence the aggregate interference level at the SC receiver from IMT base stations changes during the flight of the SC. That is why the value of ΔT/T is not fixed and changes dynamically within twenty four hours. This results in the necessity of constant tracking of the NGSO SC relative to IMT base stations during its flight, for the purpose of building the function of ΔT/T versus time. A simulation increment from 10 to 100 seconds is chosen taking into account the dynamics of the NGSO SC angular displacement relative to terrestrial stations. Using this function, the percentage of time exceeding the specified ΔT/T value can be calculated averaged for the period of the flight simulation time of the NGSO SC. Parameters of the NGSO SC from section 3.3 show that all chosen SC have geosynchronous orbit which makes it possible to limit the simulation period to twenty four hours because after that the SC flight trajectory regularly repeats.

Calculation of time exceeding the specified ΔT/T value allows using the criteria given in the Recommendation ITU-R S.1432-1, defining that the permissible long-term aggregate increase in noise temperature ΔT/T=6%, shall not be exceeded more than 20% of any month, and the short-term aggregate increase in noise temperature from IMT systems towards the NGSO SC receiver shall not exceed ΔT/T=57.5% for 0.03% of any month and ΔT/T=100% for 0.005% of any month (see Figure 3.3).

Analysis of interference impact of IMT transmitters on the GSO SC obtained in section 4.1.4 allow limiting IMT transmitter e.i.r.p. within 10-30 dBm for the NGSO simulation. All other IMT base station characteristics and factors taken the same.

[bookmark: _Toc381346835]4.2.2	Methodology

Calculation of the noise temperature increase ΔT/T as a result of interference from IMT systems to the NGSO SC is similar to the calculation methodology described for the GSO SC in section 4.1.2, and is performed using the equations (1) to (5). The only difference is that this calculation is repeated for every immediate point of the NGSO SC flight trajectory.













The calculation starts with the determination of immediate NGSO SC position using parameters of its orbit. For each city, according to its geographical coordinates, the following parameters are calculated: elevation angle towards the satellite, NGSO satellite receiving antenna gain  towards interfering IMT transmitter and signal propagation losses  and . The  value for NGSO spacecraft towards interfering IMT transmitter is determined according to the Recommendation ITU-R S.672, depending on the observation angle  from the SC towards the terrestrial IMT transmitter, :



		;



where: – angle between the direction of maximum SC antenna gain and the direction towards the terrestrial IMT transmitter (deg);



		



		



	b – 	3 dB half-beamwidth in the given plain (3dB less than ), deg;





	– 	required level of the nearest side lobe relative to the maximum gain 
( = -25 dB);





	 – 	back lobe level (=0 dB);



		 or 0 dB, whichever is higher, dB



		=2; a=2.58; b=6.32.

[bookmark: _Toc381346836]4.2.3	Example of calculations

The calculation methodology for the noise temperature increase ΔT/T from IMT system interference to the NGSO SC is similar to the calculation for the GSO SC in section 4.1.3.

[bookmark: _Toc381346837]4.2.4	Results

Calculations of the noise temperature increase ΔT/T at the NGSO SC receiver input with global deployment of advanced IMT systems were performed for all selected in Section 3.3 NGSO networks. 




The performed studies show that variations of interference in time occurs only due to the changing number of interfering stations in the coverage area of the NGSO SC receiving antenna, which is determined by the satellite movement, and since this process is slow, short-term criteria of the exceeded ΔT/T (ΔT/T=57.5% for 0.03% of any month and ΔT/T=100% for 0.005% of any month) is always fulfilled and needn’t be checked, because the dominant criterion is the long-term criterion, i.e. ΔT/T=6% not exceeded 20% of the time. Taking this into account, the calculations for the NGSO SC based on the criterion of ΔT/T=6% not exceeded 20% of any month are summarized in Tables 4.15 and 4.16.
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TABLE 4.15

Percentage of time when ΔT/T=6% is not exceeded for NGSO spacecraft (IMT system e.i.r.p. 15 dBm)

		Satellite

		Beam

		Satellite Maximum Receive Gain,
(dBi)

		Satellite Receiving System Noise Temperature (K)

		Indoor-to-outdoor penetration losses



		

		

		

		

		15 dB

		25 dB

		35 dB



		

		

		

		

		Dissemination



		

		

		

		

		1%

		3%

		6%

		1%

		3%

		6%

		1%

		3%

		6%



		MOLNIA-1

		R1

		18

		2500

		0

		0

		0

		0

		0

		0

		0

		0

		0



		MOLNIA-2

		R1

		17

		3000

		0

		0

		0

		0

		0

		0

		0

		0

		0



		MOLNIA-3

		R1

		17,3

		3000

		0

		0

		0

		0

		0

		0

		0

		0

		0



		USASAT-28C

		OM1

		3

		630

		0

		0

		0

		0

		0

		0

		0

		0

		0



		OSAT

		CRR

		30

		494

		0

		0

		0

		0

		0

		0

		0

		0

		0



		INSAT-NAV-A-GS

		RTC

		-3

		1000

		0

		0

		0

		0

		0

		0

		0

		0

		0



		INSAT-NAVR-GS

		RTC

		-3

		1000

		0

		0

		0

		0

		0

		0

		0

		0

		0





TABLE 4.16

Percentage of time when ΔT/T=6% is not exceeded for NGSO spacecraft (IMT system e.i.r.p. 24 dBm)

		Satellite

		Beam

		Satellite Maximum Receive Gain,
(dBi)

		Satellite Receiving System Noise Temperature (K)

		Indoor-to-outdoor penetration losses



		

		

		

		

		15 dB

		25 dB

		35 dB



		

		

		

		

		Dissemination



		

		

		

		

		1%

		3%

		6%

		1%

		3%

		6%

		1%

		3%

		6%



		MOLNIA-1

		R1

		18

		2500

		0

		0

		0

		0

		0

		0

		0

		0

		0



		MOLNIA-2

		R1

		17

		3000

		0

		0

		0

		0

		0

		0

		0

		0

		0



		MOLNIA-3

		R1

		17,3

		3000

		0

		0

		0

		0

		0

		0

		0

		0

		0



		USASAT-28C

		OM1

		3

		630

		0

		0

		0

		0

		0

		0

		0

		0

		0



		OSAT

		CRR

		30

		494

		0

		0

		0

		0

		0

		0

		0

		0

		0



		INSAT-NAV-A-GS

		RTC

		-3

		1000

		0

		0

		0

		0

		0

		0

		0

		0

		0



		INSAT-NAVR-GS

		RTC

		-3

		1000

		0

		0

		0

		0

		0

		0

		0

		0

		0
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[bookmark: _Toc381346838]5	Summary

The study considered the level of interference created by multiple IMT base stations on the Earth's surface towards the receiver of GSO and NGSO FSS space stations operating in the frequency band 5 925‑6 425 MHz. Massive deployment of IMT base stations, serving small cells, has been used as the main assumption of the study, which corresponds to a large number of transmitters with omni antenna and relatively small e.i.r.p. The TDD frequency arrangement has been also assumed for this band, which permits modelling of the aggregate interference to FSS space stations, based only on IMT base station emissions. The density of such base stations has been associated with world population distribution between large cities. Both indoor and outdoor deployments have been studied.

Calculation results presented above have shown that the assumed IMT base station deployment in the 5 925-6 425 MHz frequency band could be implemented without creating significant interference to FSS space stations under specific conditions. Certain limitations on such usage for IMT stations should be enforced to facilitate sharing with FSS space stations:

−	only indoor deployment;

−	maximum e.i.r.p. not higher than 15 dBm/20 MHz (22 dBm per 100 MHz channel).

For 15 dBm e.i.r.p. per 20 MHz case for 95% of indoor small cells the coordination criteria ΔT/T=6% is more easily fullfiled for 90-99% the considered satellite beams in the database depending on the assumptions. 90% corresponds to the most conservative and pessimistic assumptions and includes beams registered with high gain antennas in combination with global coverage. With other assumption only 1-2% of beams will be experiencing ΔT/T exceedence. In the limited number of cases when ΔT/T is not fulfilled the margin corresponds to few dBs. It should be noted that  the ΔT/T=6%  is a coordination criteria and is very conservative  thus the exceedance of this criteria for a few dBs is considered to be tolerable.  

Thus aforementioned measures would facilitate sharing with both GSO and NGSO space stations operating within the 5 925-6 425 MHz frequency band.








Appendix 1 to ANNEX 3

Population distribution

TABLE А1.1 

Population of countries and the number of cities selected for modelling

		No.

		Country

		Population

		Number of selected cities

		Date of the population census



		1

		Australia

		23441000

		70

		January 15, 2013



		2

		Austria

		8452835

		10

		January 1, 2012



		3

		Azerbaijan

		9235100

		20

		January 1, 2012



		4

		Albania

		2831741

		5

		October 1, 2011



		5

		Algeria

		36485830

		50

		July 1, 2012



		6

		Angola

		20162520

		25

		July 1, 2012



		7

		Andorra

		78115

		1

		2011



		8

		Antigua and Barbuda

		90510

		1

		July 1, 2012



		9

		Argentina

		41281630

		55

		January 1, 2012



		10

		Armenia

		3277500

		10

		September 1, 2011



		11

		Aruba

		108587

		1

		July 1, 2012



		12

		Afghanistan

		33397060

		30

		July 1, 2012



		13

		Bahamas

		351275

		15

		July 1, 2012



		14

		Bangladesh

		152518000

		33

		July 16, 2012



		15

		Barbados

		274530

		1

		July 1, 2012



		16

		Bahrain

		1234571

		1

		April 27, 2010



		17

		Belarus

		9460000

		20

		November 1, 2012



		18

		Belize

		322100

		6

		June 30, 2008



		19

		Belgium

		11041270

		10

		January 1, 2012



		20

		Benin

		9351838

		10

		July 1, 2012



		21

		Bermuda

		65208

		1

		July 1, 2012



		22

		Burma

		50020000

		30

		



		23

		Bulgaria

		7364570

		10

		February 1, 2011



		24

		Bolivia

		10248040

		40

		July 1, 2012



		25

		Bosnia and Herzegovina

		3839737

		5

		June 30, 2011



		26

		Botswana

		2053237

		10

		July 1, 2012



		27

		Brazil

		197666000

		150

		January 15, 2013



		28

		Brunei

		412892

		1

		July 1, 2012



		29

		Burkina Faso

		17481980

		20

		July 1, 2012



		30

		Burundi

		8749387

		4

		July 1, 2012



		31

		Bhutan

		750443

		4

		July 1, 2012



		32

		Vanuatu

		251674

		3

		July 1, 2012



		33

		Hungary

		9962000

		10

		January 1, 2012



		34

		Venezuela

		29491000

		15

		January 15, 2013



		35

		Virgin Islands (U.S.)

		108590

		1

		July 1, 2012



		36

		East Timor

		1066409

		1

		July 11, 2010



		37

		Vietnam

		90549390

		20

		October 1, 2011



		38

		Gabon

		1563873

		10

		July 1, 2012



		39

		Guyana

		761510

		3

		end of 2006



		40

		Haiti

		10255640

		5

		July 1, 2012



		41

		Gambia

		1824777

		5

		July 1, 2012



		42

		Ghana

		25545940

		10

		July 1, 2012



		43

		Guadeloupe

		401554

		1

		January 1, 2009



		44

		Guatemala

		15137570

		10

		July 1, 2012



		45

		Guiana (France)

		232200

		1

		January 1, 2010



		46

		Guinea

		10480710

		8

		July 1, 2012



		47

		Guinea-Bissau

		1579632

		3

		July 1, 2012



		48

		Germany

		81843810

		100

		January 1, 2012



		49

		Guernsey

		61811

		1

		March 1, 2007



		50

		Gibraltar

		29441

		1

		July 1, 2010



		51

		Honduras

		7466000

		5

		July 1, 2011



		52

		Hong Kong

		7136300

		1

		July 1, 2012



		53

		Grenada

		105303

		1

		July 1, 2012



		54

		Greenland

		57300

		10

		July 1, 2012



		55

		Greece

		11290790

		10

		January 1, 2012



		56

		Georgia

		4497600

		5

		January 1, 2012



		57

		Guam

		184334

		1

		July 1, 2012



		58

		Denmark

		5580516

		5

		January 1, 2012



		59

		Djibouti

		922708

		1

		July 1, 2012



		60

		Dominica

		67665

		1

		July 1, 2012



		61

		Dominican Republic

		10183340

		4

		July 1, 2012



		62

		Egypt

		83063000

		10

		January 15, 2013



		63

		Zambia

		13883580

		20

		July 1, 2012



		64

		Zimbabwe

		13013680

		10

		July 1, 2012



		65

		Yemen

		25569260

		4

		July 1, 2012



		66

		Israel

		7836000

		5

		December 31, 2011



		67

		India

		1229583000

		150

		January 15, 2013



		68

		Indonesia

		245641300

		100

		June 2011



		69

		Jordan

		6390500

		7

		January 15, 2013



		70

		Iraq

		33703070

		15

		July 1, 2012



		71

		Iran

		77002700

		50

		December 23, 2012



		72

		Ireland

		4581269

		5

		April 10, 2011



		73

		Iceland

		317630

		3

		January 1, 2010



		74

		Spain

		46163120

		20

		July 1, 2012



		75

		Italy

		60820760

		25

		January 1, 2012



		76

		Cape Verde

		505335

		4

		July 1, 2012



		77

		Kazakhstan

		16856000

		35

		October 1, 2012



		78

		The Cayman Islands

		57223

		1

		July 1, 2012



		79

		Cambodia

		14478320

		5

		July 1, 2012



		80

		Cameroon

		20468940

		15

		July 1, 2012



		81

		Canada

		33673000

		150

		January 15, 2013



		82

		Qatar

		1699435

		1

		April 21, 2010



		83

		Kenya

		42749420

		10

		July 1, 2012



		84

		Cyprus

		862011

		3

		January 1, 2012



		85

		Kiribati

		102660

		2

		July 1, 2012



		86

		China

		1355720000

		250

		January 15, 2013



		87

		Colombia

		46868000

		30

		January 15, 2013



		88

		Comoros

		753943

		2

		July 1, 2011



		89

		Congo, DR

		69575390

		25

		July 1, 2012



		90

		Congo, Republic of

		4233063

		7

		July 1, 2012



		91

		Korea, North

		24553672

		12

		July 1, 2011



		92

		Korea, South

		48580000

		10

		November 1, 2010



		93

		Costa Rica

		4301712

		9

		June 3, 2011



		94

		Côte d'Ivoire

		20594620

		15

		July 1, 2012



		95

		Cuba

		11249270

		10

		July 1, 2012



		96

		Kuwait

		2891553

		1

		July 1, 2012



		97

		Kyrgyzstan

		5477600

		9

		January 1, 2011



		98

		Curacao (Netherlands)

		149679

		1

		March 26, 2011



		99

		Laos

		6348800

		6

		July 1, 2011



		100

		Latvia

		2049500

		3

		February 1, 2012



		101

		Lesotho

		2216850

		2

		July 1, 2012



		102

		Liberia

		3476608

		5

		April 1, 2008



		103

		Lebanon

		4291719

		1

		July 1, 2012



		104

		Libya

		6469497

		25

		July 1, 2012



		105

		Lithuania

		2988400

		9

		September 1, 2012



		106

		Liechtenstein

		36476

		1

		December 31, 2011



		107

		Luxembourg

		524853

		1

		January 1, 2012



		108

		Mauritius

		1280294

		1

		July 1, 2010



		109

		Mauritania

		3622961

		5

		July 1, 2012



		110

		Madagascar

		21928520

		20

		July 1, 2012



		111

		Mayotte

		217172

		1

		July 1, 2012



		112

		Macau

		542200

		1

		December 31, 2009



		113

		Macedonia

		2057284

		5

		December 31, 2010



		114

		Malawi

		15882820

		5

		July 1, 2012



		115

		Malaysia

		29562240

		15

		December 13, 2012



		116

		Mali

		14517180

		15

		April 1, 2009



		117

		Maldives

		324313

		1

		July 1, 2012



		118

		Malta

		420085

		1

		January 1, 2012



		119

		Morocco

		32783000

		20

		January 15, 2013



		120

		Martinique (France)

		396404

		1

		January 1, 2009



		121

		Marshall Islands

		55717

		1

		July 1, 2012



		122

		Mexico

		114500000

		50

		December 12



		123

		Micronesia

		112098

		3

		July 1, 2012



		124

		Mozambique

		23700720

		14

		2012



		125

		Moldova

		3559500

		3

		January 1, 2012



		126

		Monaco

		35444

		1

		July 1, 2012



		127

		Mongolia

		2736800

		10

		July 1, 2010



		128

		Namibia

		2364433

		15

		July 1, 2012



		129

		Nepal

		31011140

		10

		July 1, 2012



		130

		Niger

		16644340

		25

		July 1, 2012



		131

		Nigeria

		166629400

		70

		July 1, 2012



		132

		Netherlands

		16804900

		6

		January 15, 2013



		133

		Nicaragua

		5815524

		8

		July 1, 2010



		134

		New Zealand

		4471500

		15

		January 15, 2013



		135

		New Caledonia

		258735

		5

		July 1, 2012



		136

		Norway

		5049100

		20

		January 15, 2013



		137

		UAE

		4800250

		3

		June 10, 2011



		138

		Oman

		2773479

		7

		December 12, 2010



		139

		Isle of Man

		83739

		1

		July 1, 2012



		140

		Pakistan

		177791000

		25

		January 15, 2013



		141

		Panama

		3405813

		5

		May 16, 2010



		142

		Papua New Guinea

		7170112

		10

		July 1, 2012



		143

		Paraguay

		6337127

		15

		July 1, 2010



		144

		Peru

		30135880

		20

		January 1, 2012



		145

		Poland

		38208620

		25

		January 1, 2012



		146

		Portugal

		10541840

		10

		January 1, 2012



		147

		Puerto Rico

		3725789

		1

		April 1, 2010



		148

		Reunion (France)

		816364

		1

		January 1, 2009



		149

		Russian Federation

		143302400

		300

		November 1, 2012



		150

		Rwanda

		10718380

		1

		July 31, 2011



		151

		Romania

		21355850

		20

		January 1, 2012



		152

		Salvador

		6264129

		5

		July 1, 2012



		153

		Samoa

		184772

		1

		July 1, 2012



		154

		San Marino

		31945

		1

		January 1, 2012



		155

		Sao Tome and Principe

		171878

		1

		July 1, 2012



		156

		Saudi Arabia

		28705130

		25

		July 1, 2012



		157

		Swaziland

		1220408

		4

		July 1, 2012



		158

		Northern Mariana Islands

		62152

		1

		July 1, 2012



		159

		Seychelles

		87169

		1

		July 1, 2012



		160

		Gaza (PNA)

		4168858

		5

		July 1, 2011



		161

		Senegal

		13107950

		15

		July 1, 2012



		163

		Saint Vincent and the Grenadines

		109367

		1

		July 1, 2012



		164

		St. Kitts and Nevis

		53697

		1

		July 1, 2012



		165

		St. Lucia

		177794

		1

		July 1, 2012



		166

		Serbia

		9846582

		10

		July 1, 2012



		167

		Singapore

		5183700

		1

		June 30, 2011



		168

		Syria

		21117690

		12

		July 1, 2012



		169

		Slovakia

		5404322

		7

		January 1, 2012



		170

		Slovenia

		2062650

		3

		January 15, 2013



		171

		United Kingdom

		62989550

		40

		January 1, 2012



		172

		U.S.

		315071000

		350

		January 15, 2013



		173

		Solomon Islands

		566481

		8

		July 1, 2012



		174

		Somalia

		9797445

		15

		July 1, 2012



		175

		Sudan

		30894000

		20

		April 22, 2008



		176

		Surinam

		534175

		3

		July 1, 2012



		177

		Sierra Leone

		6126450

		3

		July 1, 2012



		178

		Tajikistan

		7800000

		5

		January 1, 2012



		179

		Taiwan

		23282670

		2

		September 1, 2012



		180

		Thailand

		65479450

		10

		September 1, 2010



		181

		Tanzania

		47656370

		30

		July 1, 2012



		182

		Turks and Caicos

		39761

		1

		July 1, 2012



		183

		Togo

		5753324

		10

		November 6, 2010



		184

		Tonga

		104891

		4

		July 1, 2012



		185

		Trinidad and Tobago

		1317714

		1

		July 1, 2010



		186

		Tunisia

		10673800

		15

		July 1, 2011



		187

		Turkmenistan

		5169660

		12

		July 1, 2012



		188

		Turkey

		74724270

		50

		December 31, 2011



		189

		Uganda

		35620980

		15

		July 1, 2012



		190

		Uzbekistan

		29874600

		12

		October 1, 2012



		191

		Ukraine

		45560260

		25

		November 1, 2012



		192

		Uruguay

		3203792

		15

		September 1, 2011



		193

		Faroe Islands

		48660

		1

		January 1, 2010



		194

		Fiji

		875822

		1

		July 1, 2012



		195

		Philippines

		103775000

		50

		May 1, 2012



		196

		Finland

		5426300

		15

		January 15, 2013



		197

		France

		63468170

		50

		January 1, 2012



		198

		French Polynesia

		276731

		1

		July 1, 2012



		199

		Croatia

		4398150

		5

		January 1, 2012



		200

		Central African Republic

		4575586

		14

		July 1, 2012



		201

		Chad

		11274110

		16

		June 30, 2009



		202

		Montenegro

		632796

		1

		July 1, 2012



		203

		Czech Republic

		10507570

		10

		March 31, 2012



		204

		Chile

		17516000

		25

		January 15, 2013



		205

		Switzerland

		7952600

		5

		January 1, 2012



		206

		Sweden

		9540065

		25

		September 30, 2012



		207

		Sri Lanka

		21223550

		10

		July 1, 2012



		208

		Ecuador

		14711000

		16

		January 15, 2013



		209

		Equatorial Guinea

		740471

		7

		July 1, 2012



		210

		Eritrea

		5580862

		5

		July 1, 2012



		211

		Estonia

		1339662

		10

		January 1, 2012



		212

		Ethiopia

		91195670

		30

		November 2012



		213

		South Sudan

		8260490

		1

		April 22, 2008



		214

		Jamaica

		2705800

		1

		December 31, 2010



		215

		Japan

		127561000

		100

		July 1, 2012



		

		Total:

		6965239379

		

		





Appendix 2 to ANNEX 3

FSS NGSO network characteristics 

Figures А3.1-А3.5 show the NGSO satellite flight trajectories on the Earth surface with one instant coverage footprint.

FIGURE А3.1

Typical flight trajectory of MOLNIA-1, MOLNIA-2 and MOLNIA-3 spacecraft
with one instant coverage footprint on the Earth surface
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FIGURE А3.2

USASAT-28C spacecraft flight trajectory with one instant coverage footprint on the Earth surface
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FIGURE А3.3 

OSAT spacecraft flight trajectory with one instant coverage footprint on the Earth surface
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FIGURE А3.4

INSAT-NAV-A-GS spacecraft flight trajectory with one instant coverage footprint on the Earth surface
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FIGURE А3.5 

INSAT-NAVR-GS spacecraft flight trajectory with one instant coverage footprint on the Earth surface
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Annex 4 

Sharing and compatibility between IMT systems and FSS receiving space stations in the 5 925-6 425 MHz frequency band



[bookmark: _Toc381346839]1	Introduction

The study in this annex examines the potential interference from International Mobile Telecommunication systems (IMT) to space stations in the fixed satellite services (FSS) in the 5 925-6 425 MHz frequency band. 

This part of the spectrum has been allocated to FSS networks on a primary basis, and it’s extensively used by FSS Earth-to-space applications all over the world. Satellite operators rely on C-Band communication to support a variety of applications, including business communications, telemedicine, disaster recovery, VSAT Networks and Direct-to-Home broadcasting.

Nevertheless, the band 5 925-6 425 MHz has been identified as a possible candidate for IMT.

However, such an opportunity can only be realised if appropriate coexistence between IMT systems and FSS is duly safeguarded, requiring the definition of technical conditions in order to ensure the protection of the FSS services in the long term.

The study provides a calculation of the aggregate interference from the IMT stations and suggests the maximum power of the transmitters that would be required to protect FSS space stations. The results strongly depend on the adoption of the specific parameters for IMT density, building attenuation, propagation model and satellite characteristics (orbital position, footprints and transponder merit of factor G/T).

[bookmark: _Toc381346840]2	Technical Characteristics

In addition to ITU-R Report M.2292-0 some technical and operational parameters of indoor IMT small cells are based on sharing studies between RLAN and EESS satellites in the band 5 350-5 470 MHz discussed under preparation to WRC-15 Agenda Item 1.1. While these parameters have been discussed and agreed in the context of sharing studies for the band 5 350-5 470 MHz, some of the assumptions are equally applicable to the band 5 925-6 425 MHz, including some parameters related to building penetration and propagation loss.

[bookmark: _Toc381346841]2.1	IMT system characteristics

The IMT station characteristics are based on ITU-R Report M.2292-0. The maximum e.i.r.p. is determined as an output of the study. The antennae were considered omnidirectional in both azimuth and elevation (0 dBi) and it is assumed that stations would be required to be limited to indoor-only operation, with small cells.

The IMT systems could operate with two modes, FDD (frequency Division Duplex) or TDD (Time Division Duplex). 

We assume that the system will operate in TDD mode, and hence base stations are assumed to transmit on all available frequencies.




The use of TDD means that user terminals will transmit on the same frequencies on the base stations.  Considering that the small cells considered would use relatively low power, it is reasonable to assume that the user stations will transmit with a similar power, and hence we can consider as a worst case the base station transmitting continuously, without switching in the time with the subscribers.

The numbers of active IMT stations that contribute to the aggregate interference have a significant impact on the result of the calculations. Following the approach suggested by a study in Annex 3, the following factors were used: 

· a predicted dissemination factor (KDISS) expressed in % relative to population;

· an area activity factor (KACTIVE) of base stations simultaneously switched on in the reference band;

· a band usage factor (KΔf): it’s assumed that each single station will use 20 MHz channel over the proposed 500 MHz, therefore the expected KΔf is 4%, supposing that the IMT transmitters will be uniformly distributed over the entire available spectrum of 500 MHz. 

In the analysis KDISS is assumed to be 3%, 6% and 10%. Even if this factor is difficult to predict, the number of IMT stations used for small-cell is estimated to be around 90 million in 2016 (source: Informa Telecoms & Media), corresponding to around 1.5% of the world population. It’s sensible to make conservative assumptions, as this market is expected to grow by over 100% per annum over the next years, in particular for small cells.

KACTIVE has been set to 20% and 50%: the first value (20%), used in Annex 3  is representative for a low traffic scenario with just one active station over five, and the second one (50%), is proposed  to be considered as additional scenario.

[bookmark: _Toc381346842]2.2	Building attenuation

The study assumes that IMT base station deployment would be restricted to indoor use only, but to  take into consideration for occasional outdoor use, 95% of the IMT stations have been modelled considering building attenuation, while the remaining 5% of the transmitters is assumed to be installed outdoor. If the percentage of outdoor users will be higher, the results will be worse: therefore an enforcement mechanism is necessary to limit IMT systems to indoor use only if a decision to allow IMT use in this band is based on this assumption.

Following the same assumptions as agreed for the band 5 350-5 470 MHz, the building attenuations have been modelled with a Gaussian distribution with a 17 dB mean and a 7 dB standard deviation (truncated at 1 dB). Generating a sequence of random independent Gaussian variables, N (17,7), one could see that the linear mean attenuation value is around 1/0.063, equivalent to 12dB in a logarithmic scale. 

[bookmark: _Toc381346843]2.3	Propagation model

The propagation model is based on free-space loss, with atmospheric absorption included following Recommendation ITU-R P.676-3.  

In addition to the building attenuation discussed above, clutter loss is included to take account of additional losses due to ground clutter (trees, buildings, etc) that may exist.  Following the approach agreed for the band 5 350-5 470 MHz, an angular clutter loss model based on Recommendation ITU-R P.452 is used in conjunction with the antenna heights of transmitters. The antenna heights are randomly selected using a uniform probability distribution from a set of floors heights at 3 meter steps from 1.5 m to 28.5 m for the Urban Zone and from 1.5 to 4.5m for the Rural Zone. The clutter 


loss model has been used in conjunction with data related to the percentage of the population living in urban and rural areas in each country.  Information on the population living in “sub-urban” areas is not available and hence this area is not included in the model.

Table 1 summarizes the clutter loss obtained setting the frequency at 6 GHz and varying the height of the transmitter. ΘMAX provides the angle from the IMT transmitter to the top of the clutter height; therefore if the spacecraft is at elevation angle below ΘMAX, clutter losses have been added. If the spacecraft is above ΘMAX of the respective clutter category, there is no loss (i.e. Clutter Loss Factor is 0 dB).

Table 1

		

		Θ max

		Clutter Loss Factor



		Rural 1.5m

		1.40°

		17.3 dB



		Rural 4.5m

		0°

		00.0 dB



		Urban 1.5m

		42.80°

		19.7 dB



		Urban 4.5m

		37.80°

		19.6 dB



		Urban 7.5m

		32.00°

		18.8 dB



		Urban 10.5m

		25.40°

		15 dB



		Urban 13.5m

		18.00°

		6.8 dB



		Urban 16.5m

		9.90°

		1.3 dB



		Urban > 16.5m

		0°

		0 dB





For each region, one could calculate the mean clutter loss, as a function of the elevation angle . It’s worth noting that in the Rural region the height of the IMT transmitter is 1.5m or 4.5m with 50% of probability each, while in the Urban region the height is 1.5m, 4.5m, 7.5m, 10.5m, 13.5m, 16.5m, 19.5m, 22.5m, 25.5m or 28.5m with 10% of probability each.

Therefore, fixed a region (urban or rural), the mean clutter loss can be calculated with the following formula:



where:

·  is the elevation angle;

·  is the number of different options in the set of IMT heights (i.e. 2 for the rural area and 10 for the urban area);

·  is the probability to have a certain antenna height;

·  is the clutter loss associated to the transmitter height and it depends on the elevation angle.

[bookmark: _Toc381346844]2.4	FSS GSO network characteristic

The satellite network is described by the following main parameters: the orbital position, the receiving noise temperature, the peak gain and the specific gain over the considered cities. 




The reference satellite is a typical spacecraft of the Inmarsat fleet, with a global C-band payload, mainly used for feeder links and telecommand. The satellite maximum receive gain is assumed to be 22 dBi and the satellite System Noise Temperature 500 K, equivalent to a G/T of around -5 dB/K on the beam peak. It’s should be noted that Inmarsat footprints are global and therefore quite flat, with a gain range of about 4 dB from the peak to the edge. This antenna roll-off has been included in the model.

These characteristics are thought to be common in the FSS in this band.  Some satellites using higher gain/regional beam antennas, which might lead to higher interference, have not been modelled here. 

Additionally, since the aggregate interference strongly depends on the cities which are covered by the spacecraft footprint, the orbital position has been changed during the simulations and it was determined that the location 70°E was the worst case location, being the location where the satellite antenna beam is covering the most populated areas as China, India, Indonesia, Pakistan, Bangladesh and Russia.

[bookmark: _Toc381346845]3 	Analysis

[bookmark: _Toc381346846]3.1	Methodology

The methodology used is similar to the one explained in Annex 3: the study is based on the estimation of the increment of the thermal noise into the wanted satellite receiver (ΔT), due to the aggregate interference created by the IMT stations simultaneously transmitting on the same band used by the earth-to-space FSS link. This amount of additional noise is then compared with that of the receiving wanted system (T), calculating the ratio ΔT/T, expressed in percentage (%).

Following the Rec. ITU-R S.1432-1, the considered ΔT/T threshold for the maximum allowable aggregate interference originated by IMT systems is 6%.

For each city, the increase of temperature is computed as follows:





where:

·  is the Effective Isotropic Radiated Power of the IMT station, Watt;

·  is the gain of the satellite receiver in the direction of the considered city;

·  is the clutter loss factor, in order to characterize the effect of ground clutter on the propagation path;

·  is the number of predicted IMT transmitters per each city:





where 

·  is the population of the city;

·  is the IMT signal channel bandwidth interfering on the wanted signal, Hz;

·  is the building attenuation factor;

·  is the Boltzmann constant;

·  is the atmospheric loss (dB) computed using the Rec. ITU-R P.676-3;

·  is the free-space loss (dB) computed according to the Rec ITU-R P.525-2.

For each city, the elevation, the gain of the satellite, the free-space loss and the atmospheric loss are calculated.

The population data have been extracted from the Wikipedia on-line database, which provides updated figures based on the most recent census. For the sake of simplicity, the whole population of each country has been thought to be concentrated in the capital city, except for those countries with very large territories. For the countries with largest areas – Russia, Canada, China, United States, Brazil, Australia, India and Argentina – a list of the cities with population over 1 million has been done and the total population of each country has been redistributed over these cities in a proportional way, so that the total population of the modelled cities is equal to the total population of the country.

In order to calculate the appropriate Clutter Loss factor, it’s necessary to have for each country the percentages of the population living in urban areas. This data has been determined by the “World Resources Institute” and is available on-line at the following address:

http://www.theguardian.com/news/datablog/2009/aug/18/percentage-population-living-cities

A summarizing table (Table2) of the used data is reported here below:

Table 2

		Country

		City

		Population
MCITY

		Urban population 
in 2015

		Rural population 
in 2015

		Site Latitude
ϑT

		Site Longitude
λT



		American Samoa

		Pago Pago

		55128

		94.1

		5.9

		14.28°S

		170.70°W



		Antigua and Barbuda

		St John's

		81799

		44.7

		55.3

		17.10°N

		61.85°W



		Argentina

		Buenos Aires

		22436134

		91.6

		8.4

		34.60°S

		58.45°W



		Argentina

		Córdoba

		10090174

		91.6

		8.4

		31.42°S

		64.17°W



		Argentina

		Rosario

		9134108

		91.6

		8.4

		32.95°S

		60.67°W



		Australia

		Sydney

		7393567

		89.9

		10.1

		33.87°S

		151.22°E



		Australia

		Melbourne

		6726748

		89.9

		10.1

		37.82°S

		144.97°E



		Australia

		Brisbane

		3469044

		89.9

		10.1

		27.47°S

		153.03°E



		Australia

		Perth

		3005956

		89.9

		10.1

		31.93°S

		115.83°E



		Australia

		Adelaide

		2023205

		89.9

		10.1

		34.93°S

		138.60°E



		Bahamas

		Nassau

		353658

		92.2

		7.8

		25.08°N

		77.35°W



		Bahrain

		Al Manamah

		1234571

		98.2

		1.8

		26.22°N

		50.58°E



		Bangladesh

		Dhaka

		152518016

		29.9

		70.1

		23.72°N

		90.42°E



		Barbados

		Bridgetown

		277821

		58.8

		41.2

		13.10°N

		59.62°W



		Belarus

		Minsk

		9460000

		76.7

		23.3

		53.90°N

		27.57°E



		Belgium

		Brussels

		11041266

		97.5

		2.5

		50.83°N

		04.33°E



		Belize

		Belmopan

		334297

		51.2

		48.8

		17.25°N

		88.77°W



		Benin

		Cotonou

		9351838

		44.6

		55.4

		06.35°N

		02.43°E



		Bermuda

		Hamilton

		64806

		100

		0

		32.29°N

		64.79°W



		Bhutan

		Thimphu

		750443

		14.8

		85.2

		27.47°N

		89.65°E



		Bolivia

		La Paz

		10461053

		68.8

		31.2

		16.50°S

		68.15°W



		Bosnia

		Bosna-sarai

		3839737

		51.8

		48.2

		43.83°N

		18.42°E



		Botswana

		Gaborone

		2053237

		64.6

		35.4

		24.67°S

		25.92°E



		Brazil

		São Paulo

		53491810

		88.2

		11.8

		23.53°S

		46.62°W



		Brazil

		Rio de Janeiro

		30080006

		88.2

		11.8

		22.90°S

		43.25°W



		Brazil

		Salvador

		12733173

		88.2

		11.8

		12.98°S

		38.52°W



		Brazil

		Brasília

		12192549

		88.2

		11.8

		15.78°S

		47.92°W



		Brazil

		Fortaleza

		12139473

		88.2

		11.8

		03.72°S

		38.50°W



		Brazil

		Belo Horizonte

		11300482

		88.2

		11.8

		19.92°S

		43.93°W



		Brazil

		Manaus

		8574987

		88.2

		11.8

		03.13°S

		60.02°W



		Brazil

		Curitiba

		8310348

		88.2

		11.8

		25.42°S

		49.25°W



		Brazil

		Recife

		7311515

		88.2

		11.8

		08.05°S

		34.90°W



		Brazil

		Porto Alegre

		6707374

		88.2

		11.8

		30.07°S

		51.18°W



		Brazil

		Belém

		6622182

		88.2

		11.8

		01.45°S

		48.48°W



		Brazil

		Goiânia

		6193371

		88.2

		11.8

		16.67°S

		49.27°W



		Brazil

		Guarulhos

		5815007

		88.2

		11.8

		23.47°S

		46.53°W



		Brazil

		Campinas

		5142537

		88.2

		11.8

		22.90°S

		47.08°W



		Brazil

		São Gonçalo

		4833932

		88.2

		11.8

		22.85°S

		43.07°W



		Brazil

		São Luís

		4814024

		88.2

		11.8

		02.52°S

		44.27°W



		Brazil

		Maceió

		4769934

		88.2

		11.8

		09.67°S

		35.72°W



		Brunei

		Bandar Seri Begawan

		412892

		77.6

		22.4

		04.88°N

		114.93°E



		Bulgaria

		Sofia

		7364570

		72.8

		27.2

		42.68°N

		23.32°E



		Burkina Faso

		Ouagadouga

		17481984

		22.8

		77.2

		12.37°N

		01.52°W



		Burma

		Dagon

		50020000

		37.4

		62.6

		16.80°N

		96.15°E



		Burundi

		Cibitoke

		8749387

		13.5

		86.5

		02.88°S

		29.12°E



		Cambodia

		Phnom Penh

		14478320

		26.1

		73.9

		11.55°N

		104.92°E



		Cameroon

		Douala

		20468944

		62.7

		37.3

		04.05°N

		09.70°E



		Canada

		Toronto

		12802999

		81.4

		18.6

		45.42°N

		75.70°W



		Canada

		Montreal (Laval)

		8769646

		81.4

		18.6

		43.65°N

		79.38°W



		Canada

		Vancouver (Surrey)

		5304889

		81.4

		18.6

		45.52°N

		73.57°W



		Canada

		Ottawa - Gatineau

		2835119

		81.4

		18.6

		49.27°N

		123.12°W



		Canada

		Calgary

		2785850

		81.4

		18.6

		45.42°N

		75.70°W



		Canada

		Edmonton

		2659794

		81.4

		18.6

		51.05°N

		114.08°W



		Cape Verte

		Praia

		429474

		64.3

		35.7

		14.92°N

		23.52°W



		Central African Republic

		Bangui

		4575586

		40.4

		59.6

		53.55°N

		113.47°W



		Chad

		Tandjile

		11274106

		30.5

		69.5

		09.68°N

		16.72°E



		Chile

		Santiago

		17402630

		90.1

		9.9

		33.45°S

		70.67°W



		China

		Guangzhou

		143687218

		49.2

		50.8

		23.12°N

		113.30°E



		China

		Shanghai

		90717675

		49.2

		50.8

		33.27°N

		114.25°E



		China

		Beijing

		64181225

		49.2

		50.8

		39.92°N

		116.38°E



		China

		Shantou

		37728300

		49.2

		50.8

		23.43°N

		116.70°E



		China

		Tianjin

		33383192

		49.2

		50.8

		39.13°N

		117.20°E



		China

		Chengdu

		29874582

		49.2

		50.8

		30.75°N

		104.07°E



		China

		Hangzhou

		26459400

		49.2

		50.8

		30.30°N

		120.18°E



		China

		Wuhan

		23671379

		49.2

		50.8

		39.53°N

		106.92°E



		China

		Xi'an

		23252472

		49.2

		50.8

		34.25°N

		108.83°E



		China

		Nanjing

		23245410

		49.2

		50.8

		31.98°N

		118.85°E



		China

		Shenyang

		22649611

		49.2

		50.8

		33.78°N

		120.25°E



		China

		Chongqing

		21984729

		49.2

		50.8

		29.57°N

		106.45°E



		China

		Quanzhou

		19692951

		49.2

		50.8

		24.95°N

		118.58°E



		China

		Wenzhou

		18988316

		49.2

		50.8

		27.95°N

		120.63°E



		China

		Qingdao

		18699282

		49.2

		50.8

		36.08°N

		120.35°E



		China

		Harbin

		17134682

		49.2

		50.8

		45.75°N

		126.62°E



		China

		Xiamen

		16591892

		49.2

		50.8

		24.53°N

		118.10°E



		China

		Zhengzhou

		15789442

		49.2

		50.8

		34.70°N

		113.68°E



		China

		Jinan

		14065335

		49.2

		50.8

		36.58°N

		117.00°E



		China

		Nanchang

		13325921

		49.2

		50.8

		28.67°N

		115.97°E



		China

		Changsha

		13214599

		49.2

		50.8

		28.20°N

		113.03°E



		China

		Taiyuan

		13177385

		49.2

		50.8

		37.83°N

		112.62°E



		China

		Shijiazhuang

		12960421

		49.2

		50.8

		38.00°N

		114.50°E



		China

		Dalian

		11950429

		49.2

		50.8

		38.92°N

		121.65°E



		China

		Kunming

		11624375

		49.2

		50.8

		25.13°N

		102.72°E



		China

		Wuxi

		11491017

		49.2

		50.8

		31.53°N

		120.30°E



		China

		Changchun

		11451429

		49.2

		50.8

		43.85°N

		125.33°E



		China

		Ningbo

		11326479

		49.2

		50.8

		29.92°N

		121.47°E



		China

		Zibo

		11304430

		49.2

		50.8

		36.80°N

		118.07°E



		China

		Hefei

		10873883

		49.2

		50.8

		31.78°N

		117.25°E



		China

		Changzhou

		10674291

		49.2

		50.8

		31.77°N

		119.93°E



		China

		Taizhou

		10605364

		49.2

		50.8

		32.48°N

		119.92°E



		China

		Tangshan

		10338944

		49.2

		50.8

		39.58°N

		118.15°E



		China

		Nantong

		10318679

		49.2

		50.8

		32.00°N

		120.87°E



		China

		Nanning

		10307410

		49.2

		50.8

		22.83°N

		108.30°E



		China

		Guiyang

		9852316

		49.2

		50.8

		26.63°N

		106.72°E



		China

		Ürümqi

		9695167

		49.2

		50.8

		43.80°N

		87.58°E



		China

		Fuzhou

		9477980

		49.2

		50.8

		27.97°N

		116.33°E



		China

		Huai'an

		8542617

		49.2

		50.8

		33.50°N

		119.13°E



		China

		Xuzhou

		8509029

		49.2

		50.8

		34.20°N

		117.22°E



		China

		Linyi

		8434854

		49.2

		50.8

		37.18°N

		116.85°E



		China

		Lanzhou

		8084915

		49.2

		50.8

		36.05°N

		103.68°E



		China

		Yangzhou

		7782432

		49.2

		50.8

		32.33°N

		119.42°E



		China

		Anshan

		7261461

		49.2

		50.8

		41.13°N

		122.98°E



		China

		Haikou

		6637684

		49.2

		50.8

		20.08°N

		110.33°E



		China

		Yiwu

		6612417

		49.2

		50.8

		29.32°N

		120.07°E



		China

		Baotou

		6601374

		49.2

		50.8

		40.63°N

		110.00°E



		China

		Liuzhou

		6484444

		49.2

		50.8

		24.37°N

		109.33°E



		China

		Anyang

		6474096

		49.2

		50.8

		36.02°N

		114.42°E



		China

		Hohhot

		6425482

		49.2

		50.8

		40.85°N

		111.63°E



		China

		Jilin City

		6409357

		49.2

		50.8

		43.85°N

		126.55°E



		China

		Putian

		6337984

		49.2

		50.8

		25.53°N

		119.02°E



		China

		Xiangtan

		6083332

		49.2

		50.8

		27.90°N

		112.92°E



		China

		Yantai

		6068086

		49.2

		50.8

		37.47°N

		121.40°E



		China

		Luoyang

		6023570

		49.2

		50.8

		34.68°N

		112.42°E



		China

		Huainan

		5954081

		49.2

		50.8

		32.53°N

		116.98°E



		China

		Nanyang

		5877123

		49.2

		50.8

		32.93°N

		112.53°E



		China

		Baoding

		5805166

		49.2

		50.8

		38.78°N

		115.50°E



		China

		Nanchong

		5747975

		49.2

		50.8

		30.78°N

		106.05°E



		China

		Fuyang

		5738331

		49.2

		50.8

		32.78°N

		115.77°E



		China

		Tai'an

		5629832

		49.2

		50.8

		41.40°N

		122.45°E



		China

		Suzhou

		5344827

		49.2

		50.8

		31.27°N

		120.62°E



		China

		Lu'an

		5334128

		49.2

		50.8

		31.73°N

		116.50°E



		China

		Datong

		5284467

		49.2

		50.8

		40.15°N

		113.28°E



		China

		Zhanjiang

		5230180

		49.2

		50.8

		21.22°N

		110.38°E



		China

		Tengzhou

		5202282

		49.2

		50.8

		35.08°N

		117.15°E



		China

		Huangshi

		5195752

		49.2

		50.8

		30.20°N

		115.00°E



		China

		Jiangyin

		5173506

		49.2

		50.8

		31.92°N

		120.28°E



		China

		Weifang

		4935956

		49.2

		50.8

		36.72°N

		119.10°E



		China

		Yinchuan

		4908548

		49.2

		50.8

		38.47°N

		106.32°E



		China

		Changshu

		4898661

		49.2

		50.8

		31.63°N

		120.73°E



		China

		Zhuhai

		4865887

		49.2

		50.8

		29.73°N

		113.12°E



		China

		Dengzhou

		4762280

		49.2

		50.8

		37.73°N

		120.75°E



		China

		Cixi

		4743861

		49.2

		50.8

		30.17°N

		121.23°E



		China

		Changde

		4731381

		49.2

		50.8

		29.07°N

		111.70°E



		China

		Pizhou

		4729759

		49.2

		50.8

		34.34°N

		118.01°E



		China

		Zhangzhou

		4713861

		49.2

		50.8

		24.63°N

		117.65°E



		China

		Datong

		4695743

		49.2

		50.8

		40.15°N

		113.28°E



		China

		Baoji

		4664122

		49.2

		50.8

		34.43°N

		107.20°E



		China

		Suqian

		4663745

		49.2

		50.8

		33.92°N

		118.22°E



		China

		Daqing

		4591023

		49.2

		50.8

		46.67°N

		125.00°E



		China

		Bozhou

		4572104

		49.2

		50.8

		33.87°N

		115.75°E



		China

		Handan

		4552651

		49.2

		50.8

		36.58°N

		114.47°E



		China

		Panjin

		4517143

		49.2

		50.8

		41.12°N

		122.05°E



		China

		Wenling

		4433796

		49.2

		50.8

		28.38°N

		121.37°E



		China

		Ma'anshan

		4432181

		49.2

		50.8

		31.63°N

		118.50°E



		China

		Zigong

		4418427

		49.2

		50.8

		29.33°N

		104.80°E



		China

		Mianyang

		4396592

		49.2

		50.8

		31.38°N

		104.82°E



		China

		Yingkou

		4384226

		49.2

		50.8

		40.67°N

		122.20°E



		China

		Yichang

		4379785

		49.2

		50.8

		30.70°N

		111.37°E



		China

		Heze

		4368594

		49.2

		50.8

		35.23°N

		115.47°E



		China

		Chifeng

		4325858

		49.2

		50.8

		42.27°N

		118.95°E



		China

		Guilin

		4302969

		49.2

		50.8

		25.35°N

		110.25°E



		China

		Xiangyang

		4200013

		49.2

		50.8

		34.43°N

		108.67°E



		China

		Rugao

		4110267

		49.2

		50.8

		32.40°N

		120.57°E



		China

		Xuchang

		4105038

		49.2

		50.8

		34.00°N

		113.97°E



		China

		Wuhu

		4102069

		49.2

		50.8

		31.30°N

		118.45°E



		China

		Neijiang

		4058458

		49.2

		50.8

		29.63°N

		104.97°E



		China

		Zhangjiagang

		4049761

		49.2

		50.8

		37.53°N

		108.75°E



		China

		Yixing

		4007791

		49.2

		50.8

		31.35°N

		119.80°E



		China

		Fuqing

		4005722

		49.2

		50.8

		25.78°N

		119.40°E



		China

		Zhaoqing

		3998789

		49.2

		50.8

		23.07°N

		112.47°E



		China

		Xinyang

		3989895

		49.2

		50.8

		32.08°N

		114.12°E



		China

		Liaocheng

		3989379

		49.2

		50.8

		36.45°N

		115.97°E



		China

		Maoming

		3950176

		49.2

		50.8

		21.68°N

		110.87°E



		China

		Panzhihua

		3938449

		49.2

		50.8

		26.58°N

		101.71°E



		China

		Jiaxing

		3898873

		49.2

		50.8

		30.73°N

		120.77°E



		China

		Haicheng

		3896632

		49.2

		50.8

		40.85°N

		122.72°E



		China

		Zhenjiang

		3894007

		49.2

		50.8

		32.05°N

		119.43°E



		China

		Xining

		3887208

		49.2

		50.8

		36.62°N

		101.77°E



		China

		Tianshui

		3883542

		49.2

		50.8

		34.58°N

		105.72°E



		China

		Taixing

		3867449

		49.2

		50.8

		32.17°N

		120.00°E



		China

		Huazhou

		3824175

		49.2

		50.8

		21.63°N

		110.58°E



		China

		Qujing

		3801247

		49.2

		50.8

		25.52°N

		103.75°E



		China

		Dingzhou

		3779763

		49.2

		50.8

		38.52°N

		114.98°E



		China

		Zhuji

		3756141

		49.2

		50.8

		29.72°N

		120.22°E



		China

		Xingtai

		3747379

		49.2

		50.8

		37.00°N

		114.50°E



		China

		Jingzhou

		3743768

		49.2

		50.8

		30.35°N

		112.17°E



		China

		Shouguang

		3696128

		49.2

		50.8

		36.88°N

		118.73°E



		China

		Yuzhou

		3671536

		49.2

		50.8

		29.57°N

		106.45°E



		China

		Bazhong

		3655222

		49.2

		50.8

		31.90°N

		106.70°E



		China

		Zoucheng

		3622491

		49.2

		50.8

		35.40°N

		116.97°E



		China

		Jining

		3617949

		49.2

		50.8

		41.03°N

		113.12°E



		China

		Huaibei

		3611530

		49.2

		50.8

		33.93°N

		116.80°E



		China

		Zunyi

		3552711

		49.2

		50.8

		27.67°N

		106.93°E



		China

		Guigang

		3523963

		49.2

		50.8

		26.63°N

		106.72°E



		China

		Zhucheng

		3523551

		49.2

		50.8

		35.97°N

		119.47°E



		China

		Jinhua

		3494680

		49.2

		50.8

		29.15°N

		119.63°E



		China

		Hengyang

		3488893

		49.2

		50.8

		26.93°N

		112.58°E



		China

		Zhangqiu

		3452185

		49.2

		50.8

		36.73°N

		117.55°E



		China

		Zhuzhou

		3423551

		49.2

		50.8

		27.87°N

		113.20°E



		China

		Lianyungang

		3405573

		49.2

		50.8

		34.63°N

		119.45°E



		China

		Ezhou

		3360625

		49.2

		50.8

		30.40°N

		114.88°E



		China

		Pingdingshan

		3354137

		49.2

		50.8

		33.68°N

		113.45°E



		China

		Qinhuangdao

		3340172

		49.2

		50.8

		40.00°N

		119.53°E



		China

		Linhai

		3337350

		49.2

		50.8

		51.60°N

		124.37°E



		China

		Wuwei

		3277321

		49.2

		50.8

		31.28°N

		117.90°E



		China

		Hezhou

		3261766

		49.2

		50.8

		24.42°N

		111.55°E



		China

		Zaoyang

		3259304

		49.2

		50.8

		32.13°N

		112.75°E



		China

		Xiangcheng

		3255687

		49.2

		50.8

		33.85°N

		113.48°E



		Colombia

		Bogota

		47072915

		75.7

		24.3

		04.60°N

		74.00°W



		Comoro Islands

		Moroni

		753943

		44

		56

		11.68°S

		43.27°E



		Cook Islands

		Avarua

		10900

		76.7

		23.3

		21.22°S

		159.81°W



		Costa Rica

		San Jose

		4586353

		66.9

		33.1

		09.93°N

		74.10°W



		Cote-d’Ivoire

		Abidjan

		20594616

		49.8

		50.2

		05.32°N

		04.03°W



		Croatia

		Zagreb

		4398150

		59.5

		40.5

		45.80°N

		16.00°E



		Cuba

		Havana

		11167325

		74.7

		25.3

		23.13°N

		82.37°W



		Cyprus

		Lemesos

		862011

		71.5

		28.5

		34.67°N

		33.03°E



		Czech Republic

		Praha

		10507566

		74

		26

		50.08°N

		14.43°E



		Denmark

		Copenhagen

		5580516

		86.9

		13.1

		55.67°N

		12.58°E



		Djibouti

		Jibuti

		922708

		89.6

		10.4

		11.58°N

		43.13°E



		Dominica

		Roseau

		72660

		76.4

		23.6

		15.30°N

		61.40°W



		Dominican Republic

		Santo Domingo

		9445281

		73.6

		26.4

		18.47°N

		69.90°W



		DRC

		Kinshasa

		69575392

		38.6

		61.4

		04.33°S

		15.31°E



		East Timor

		Dili

		1066409

		31.2

		68.8

		08.56°S

		125.57°E



		Ecuador

		Quito

		15223680

		67.6

		32.4

		00.22°S

		78.50°W



		Egypt

		Al Qahirah

		83063000

		45.4

		54.6

		30.05°N

		31.25°E



		El Salvador

		San Salvador

		6134000

		63.2

		36.8

		13.70°N

		89.20°W



		Equatorial Guinea

		Bata

		740471

		41.1

		58.9

		01.85°N

		09.75°E



		Eritrea

		Asmara

		5580862

		24.3

		75.7

		15.32°N

		38.95°E



		Estonia

		Tallinn

		1339662

		70.1

		29.9

		59.42°N

		24.75°E



		Ethiopia

		Addis Abeba

		91195672

		19.1

		80.9

		09.02°N

		38.77°E



		Fiji

		Suva

		874742

		56.1

		43.9

		18.13°S

		178.45°E



		Finland

		Helsinki

		5426300

		62.7

		37.3

		60.17°N

		24.97°E



		France

		Paris

		63468168

		79

		21

		48.87°N

		02.33°E



		French Polynesia

		Papete

		268270

		52.3

		47.7

		17.65°S

		149.44°W



		Gabon

		Libreville

		1563873

		87.7

		12.3

		00.38°N

		09.45°E



		Gambia

		Banjul

		1782893

		61.8

		38.2

		13.45°N

		16.58°W



		Georgia

		Tbilisi

		4497600

		53.8

		46.2

		41.71°N

		44.80°E



		Germany

		Berlin

		81843808

		76.3

		23.7

		52.52°N

		13.37°E



		Ghana

		Accra

		25545940

		55.1

		44.9

		05.55°N

		00.22°W



		Gibraltar

		Gibraltar

		29441

		100

		0

		36.03°N

		05.60°E



		Greece

		Athens

		11290785

		61

		39

		37.98°N

		23.73°E



		Greenland

		Nuuk

		56370

		85.5

		14.5

		64.16°N

		51.71°W



		Grenada

		St George's

		109590

		32.2

		67.8

		12.05°N

		61.75°W



		Guam

		Hagatha

		184334

		95.3

		4.7

		13.47°N

		144.75°E



		Guatemala

		Guatemala C.

		15438384

		52

		48

		14.63°N

		90.52°W



		Guernsey

		St.Peter Port

		61811

		31.5

		68.5

		49.47°N

		02.54°W



		Guinea

		Conakry

		10057975

		38.1

		61.9

		09.52°N

		13.72°W



		Guinea-Bissau

		Bissau

		1533964

		31.1

		68.9

		11.85°N

		15.58°W



		Guyana

		George Town

		739903

		29.4

		70.6

		06.80°N

		58.17°W



		Haiti

		Port-Au-Prince

		9719932

		45.5

		54.5

		18.53°N

		72.33°W



		Honduras

		Tegucigalpa

		8249574

		51.4

		48.6

		14.10°N

		87.22°W



		Hong Kong

		Hong Kong

		7136300

		100

		0

		22.29°N

		114.16°E



		Hungary

		Budapest

		9962000

		70.3

		29.7

		47.50°N

		19.08°E



		Iceland

		Reykjavik

		307261

		93.6

		6.4

		64.15°N

		21.95°W



		India

		Mumbai

		126501820

		32

		68

		18.97°N

		72.83°E



		India

		Delhi

		111593306

		32

		68

		28.67°N

		77.22°E



		India

		Chennai

		91046895

		32

		68

		13.08°N

		80.28°E



		India

		Bangalore

		85419326

		32

		68

		12.98°N

		77.58°E



		India

		Hyderabad

		69036924

		32

		68

		17.38°N

		78.47°E



		India

		Ahmedabad

		56472503

		32

		68

		23.03°N

		72.62°E



		India

		Kolkata

		45484270

		32

		68

		22.53°N

		88.37°E



		India

		Surat

		45234104

		32

		68

		21.17°N

		72.83°E



		India

		Pune

		31583072

		32

		68

		18.53°N

		73.87°E



		India

		Jaipur

		31156470

		32

		68

		26.92°N

		75.82°E



		India

		Lucknow

		28543508

		32

		68

		26.85°N

		80.92°E



		India

		Kanpur

		28051123

		32

		68

		26.47°N

		80.35°E



		India

		Nagpur

		24385256

		32

		68

		21.15°N

		79.10°E



		India

		Indore

		19876142

		32

		68

		22.72°N

		75.83°E



		India

		Thane

		18439042

		32

		68

		19.20°N

		72.97°E



		India

		Bhopal

		18203606

		32

		68

		23.27°N

		77.40°E



		India

		Visakhapatnam

		17541335

		32

		68

		17.70°N

		83.30°E



		India

		Pimpri-Chinchwad

		17531593

		32

		68

		18.50°N

		73.75°E



		India

		Patna

		17063650

		32

		68

		25.60°N

		85.12°E



		India

		Vadodara

		16896410

		32

		68

		22.30°N

		73.20°E



		India

		Ghaziabad

		16585844

		32

		68

		28.67°N

		77.43°E



		India

		Ludhiana

		16360890

		32

		68

		30.90°N

		75.85°E



		India

		Agra

		15962116

		32

		68

		27.18°N

		78.02°E



		India

		Nashik

		15074375

		32

		68

		20.08°N

		73.80°E



		India

		Faridabad

		14239845

		32

		68

		28.42°N

		77.31°E



		India

		Meerut

		13270384

		32

		68

		28.98°N

		77.70°E



		India

		Rajkot

		13047073

		32

		68

		22.30°N

		70.78°E



		India

		Kalyan-Dombivali

		12635343

		32

		68

		19.25°N

		73.15°E



		India

		Vasai-Virar

		12380402

		32

		68

		19.47°N

		72.80°E



		India

		Solapur

		12195066

		32

		68

		17.68°N

		75.92°E



		India

		Varanasi

		12183550

		32

		68

		25.33°N

		83.00°E



		India

		Srinagar

		12092078

		32

		68

		34.08°N

		74.82°E



		India

		Aurangabad

		11874504

		32

		68

		19.88°N

		75.33°E



		India

		Dhanbad

		11775470

		32

		68

		23.80°N

		86.45°E



		India

		Amritsar

		11483506

		32

		68

		31.58°N

		74.88°E



		India

		Navi Mumbai

		11348838

		32

		68

		19.01°N

		73.01°E



		India

		Allahabad

		11324680

		32

		68

		25.45°N

		81.85°E



		India

		Ranchi

		10882132

		32

		68

		23.35°N

		85.33°E



		India

		Howrah

		10869166

		32

		68

		22.59°N

		88.31°E



		India

		Coimbatore

		10760551

		32

		68

		11.00°N

		76.97°E



		India

		Jabalpur

		10688463

		32

		68

		23.17°N

		79.95°E



		India

		Gwalior

		10680038

		32

		68

		26.22°N

		78.17°E



		India

		Vijayawada

		10626664

		32

		68

		16.52°N

		80.62°E



		India

		Jodhpur

		10481473

		32

		68

		26.28°N

		73.03°E



		India

		Madurai

		10308799

		32

		68

		09.93°N

		78.12°E



		India

		Raipur

		10239883

		32

		68

		21.23°N

		81.63°E



		India

		Kota

		10151463

		32

		68

		25.27°N

		75.92°E



		Indonesia

		Medan

		245641328

		58.5

		41.5

		03.58°N

		98.67°E



		Iran

		Tehran

		77002704

		71.9

		28.1

		35.67°N

		51.43°E



		Iraq

		Baghdad

		33703068

		66.9

		33.1

		33.35°N

		44.38°E



		Ireland

		Dublin

		4234925

		63.8

		36.2

		53.33°N

		06.25°W



		Isle of Man

		Doolish

		83739

		52.8

		47.2

		54.15°N

		04.50°W



		Israel

		Jerusalem

		7836000

		91.9

		8.1

		31.77°N

		35.23°E



		Italy

		Rome

		60820764

		69.5

		30.5

		41.90°N

		12.48°E



		Jamaica

		Kingston

		2889187

		56.7

		43.3

		18.00°N

		76.83°W



		Japan

		Tokyo

		127561000

		68.2

		31.8

		35.67°N

		139.77°E



		Jordan

		Amman

		6390500

		85.3

		14.7

		31.95°N

		35.93°E



		Kiribati

		South Tarawa

		103500

		55.4

		44.6

		01.33°N

		172.98°E



		Laos

		Nakhon Viangchan

		6348800

		24.9

		75.1

		17.97°N

		102.60°E



		Latvia

		Riga

		2049500

		68.9

		31.1

		56.95°N

		24.10°E



		Lebanon

		Beirut

		4291719

		87.9

		12.1

		33.88°N

		35.50°E



		Lesoto

		Maseru

		2216850

		22

		78

		29.47°S

		27.48°E



		Liberia

		Monrovia

		3476608

		64.8

		35.2

		06.32°N

		10.80°W



		Libya

		Tripoli

		6469497

		87.4

		12.6

		32.90°N

		13.18°E



		Liechtenstein

		Vaduz

		36476

		14.7

		85.3

		47.13°N

		09.50°E



		Lithuania

		Vilnius

		2988400

		66.8

		33.2

		54.68°N

		25.32°E



		Luxemburg

		Luxemburg

		524853

		82.1

		17.9

		49.75°N

		06.08°E



		Marshall Islands

		Majuro

		68000

		69.3

		30.7

		07.09°N

		171.38°E



		Mauritania

		Nouakchott

		3129486

		43.1

		56.9

		18.12°N

		15.98°W



		Mexico

		Mexico City

		118395054

		78.7

		21.3

		19.40°N

		99.15°W



		Montenegro

		Podgorica

		632796

		55.1

		44.9

		42.44°N

		19.27°E



		Namibia

		Windhoek

		2364433

		41.1

		58.9

		22.57°S

		17.10°E



		Nauru

		Yaren

		9378

		100

		0

		00.53°S

		166.93°E



		Nepal

		Katmandu

		31011136

		20.9

		79.1

		27.72°N

		85.32°E



		New Caledonia

		Nourrea

		256000

		67.4

		32.6

		22.28°S

		166.46°E



		New Zealand

		Wellington

		4468200

		87.4

		12.6

		41.30°S

		174.80°E



		Nicaragua

		Managua

		6071045

		63

		37

		12.15°N

		86.28°W



		Niger

		Niamey

		16644339

		19.3

		80.7

		13.52°N

		02.12°E



		Nigeria

		Lagos

		166629376

		55.9

		44.1

		06.45°N

		03.38°E



		Niue

		Alofi

		1398

		43.2

		56.8

		19.05°S

		169.87°W



		North Korea

		Pyongyang

		24760000

		65.5

		34.5

		38.42°N

		127.28°E



		N.Mariana I.

		Saipan

		62152

		95.9

		4.1

		15.19°N

		145.75°E



		Norway

		Oslo

		5049100

		78.6

		21.4

		59.92°N

		10.75°E



		Pakistan

		Karachi

		177791008

		39.6

		60.4

		24.87°N

		67.05°E



		Palau

		Ngerulmud

		20956

		70.9

		29.1

		07.50°N

		134.57°E



		Panama

		Panama City

		3661868

		77.9

		22.1

		08.97°N

		79.52°W



		P.N. Guinea

		Port Moresby

		7170112

		15

		85

		09.50°S

		147.12°E



		Paraguay

		Asuncion

		6800000

		64.4

		35.6

		25.27°S

		57.67°W



		Peru

		Lima

		30475144

		74.9

		25.1

		12.05°S

		77.05°W



		Philippines

		Manila

		103775000

		69.6

		30.4

		14.58°N

		121.00°E



		Poland

		Warsaw

		38208616

		64

		36

		52.25°N

		21.00°E



		Portugal

		Lisbon

		10409995

		63.6

		36.4

		38.72°N

		09.13°W



		Puerto Rico

		San Juan

		3725789

		99.3

		0.7

		18.46°N

		66.10°W



		Qatar

		Doha

		1699435

		96.2

		3.8

		25.28°N

		51.53°E



		Reunion

		Saint-Denis

		816364

		95

		5

		20.88°S

		55.45°E



		Romania

		Bucuresti

		21355848

		56.1

		43.9

		44.43°N

		26.10°E



		Russian Federation

		Moscow

		58504188

		72.6

		27.4

		55.75°N

		37.58°E



		Russian Federation

		Saint Petersburg

		24636407

		72.6

		27.4

		59.92°N

		30.25°E



		Russian Federation

		Novosibirsk

		7488042

		72.6

		27.4

		55.03°N

		82.92°E



		Russian Federation

		Yekaterinburg

		6860027

		72.6

		27.4

		56.85°N

		60.60°E



		Russian Federation

		Nizhny Novgorod

		6354362

		72.6

		27.4

		57.63°N

		45.08°E



		Russian Federation

		Samara

		5918824

		72.6

		27.4

		53.20°N

		50.15°E



		Russian Federation

		Omsk

		5863314

		72.6

		27.4

		55.00°N

		73.40°E








		Russian Federation

		Kazan

		5810345

		72.6

		27.4

		55.75°N

		49.13°E



		Russian Federation

		Chelyabinsk

		5742905

		72.6

		27.4

		55.17°N

		61.40°E



		Russian Federation

		Rostov-on-Don

		5537521

		72.6

		27.4

		47.23°N

		39.70°E



		Russian Federation

		Ufa

		5397535

		72.6

		27.4

		54.73°N

		55.93°E



		Russian Federation

		Volgograd

		5188930

		72.6

		27.4

		48.73°N

		44.42°E



		Rwanda

		Kigali

		10718379

		28.7

		71.3

		01.95°S

		30.07°E



		Saint Kitts and Navis

		Besseterre

		51300

		33.5

		66.5

		17.30°N

		62.72°W



		Saint Lucia

		Castries

		173765

		50

		50

		14.02°N

		61.00°W



		Saint Vincent and the Grenadines

		Kingstown

		103000

		50

		50

		13.15°N

		61.23°W



		Samoa

		Apia

		194320

		24.9

		75.1

		13.64°S

		172.41°W



		San Marino

		San Marino

		31945

		99.3

		0.7

		43.92°N

		12.47°E



		Sao Tome and Principe

		Sao Tome

		171878

		65.8

		34.2

		00.33°N

		06.73°E



		Saudi Arabia

		Riyadh

		28705132

		83.2

		16.8

		24.72°N

		46.72°E



		Senegal

		Dakar

		13711597

		44.7

		55.3

		14.67°N

		17.43°W



		Serbia

		Kosovo

		9846582

		55.1

		44.9

		42.67°N

		21.17°E



		Seychelles

		Victoria

		87169

		58.2

		41.8

		04.63°S

		55.45°E



		Sierra Leone

		Freetown

		6440053

		48.2

		51.8

		08.50°N

		13.25°W



		Singapore

		Singapore

		5183700

		100

		0

		01.30°N

		103.87°E



		Slovakia

		Bratislava

		5404322

		58

		42

		48.15°N

		17.12°E



		Slovenia

		Ljubljana

		2062650

		53.3

		46.7

		46.03°N

		14.50°E



		Solomon Islands

		Honiara

		523000

		20.5

		79.5

		09.40°S

		159.90°E



		Somali

		Mogadishu

		9797445

		40.1

		59.9

		02.05°N

		45.37°E



		South Africa

		Pretoria

		51770560

		64.1

		35.9

		25.75°S

		28.17°E



		South Korea

		Seoul

		48580000

		83.1

		16.9

		37.57°N

		127.00°E



		South Sudan

		Djuba

		8260490

		49.4

		50.6

		04.85°N

		31.60°E



		Spain

		Madrid

		46163116

		78.3

		21.7

		40.40°N

		03.68°W



		Sri Lanka

		Colombo

		21223550

		15.7

		84.3

		06.93°N

		79.85°E



		Sudan

		Umm Durman

		30894000

		49.4

		50.6

		15.63°N

		32.50°E



		Suriname

		Paramaribo

		566846

		77.4

		22.6

		05.83°N

		55.17°W



		Swaziland

		Manzini

		1220408

		27.5

		72.5

		26.48°S

		31.37°E



		Sweden

		Stockholm

		9540065

		85.1

		14.9

		59.33°N

		18.05°E



		Switzerland

		Geneve

		7952600

		78.7

		21.3

		46.17°N

		06.17°E



		Syria

		Aleppo

		21117690

		53.4

		46.6

		36.21°N

		37.15°E



		The Gaza Strip

		Khan Yunis

		4168858

		72.9

		27.1

		31.35°N

		34.30°E



		Netherlands

		Amsterdam

		16804900

		84.9

		15.1

		52.37°N

		04.90°E



		The Republic of Congo

		Brazzaville

		4233063

		64.2

		35.8

		04.26°S

		15.28°E



		Tonga

		Nuku'alofa

		103036

		27.4

		72.6

		21.18°S

		175.18°W



		Trinidad and Tobago

		Port of Spain

		1346350

		15.8

		84.2

		10.65°N

		61.52°W



		UAE

		Dubayy

		4800250

		77.4

		22.6

		25.30°N

		55.30°E



		Uganda

		Kampala

		35620976

		14.5

		85.5

		00.32°N

		32.58°E



		Ukraine

		Kiev

		45560256

		70.2

		29.8

		50.43°N

		30.52°E



		United Kingdom

		London

		62989552

		90.6

		9.4

		51.50°N

		00.17°W



		United States

		New York

		109957572

		83.7

		16.3

		40.66°N

		73.94°W



		United States

		Los Angeles

		50882767

		83.7

		16.3

		34.02°N

		118.41°W



		United States

		Chicago

		35807823

		83.7

		16.3

		41.84°N

		87.68°W



		United States

		Houston

		28500332

		83.7

		16.3

		29.78°N

		95.39°W



		United States

		Philadelphia

		20412293

		83.7

		16.3

		40.01°N

		75.13°W



		United States

		Phoenix

		19635994

		83.7

		16.3

		33.57°N

		112.09°W



		United States

		San Antonio

		18240549

		83.7

		16.3

		29.47°N

		98.53°W



		United States

		San Diego

		17652254

		83.7

		16.3

		32.82°N

		117.14°W



		United States

		Dallas

		16370411

		83.7

		16.3

		32.78°N

		96.80°W



		Uruguay

		Montevideo

		3324460

		93.1

		6.9

		34.88°S

		56.18°W



		Uzbekistan

		Tashkent

		29874600

		38

		62

		41.33°N

		69.30°E



		Vanuatu

		Port Vila

		224564

		28.1

		71.9

		17.76°S

		168.31°E



		Vatican City

		Vatican City

		900

		100

		0

		41.90°N

		12.48°E



		Venezuela

		Caracas

		28946101

		95.9

		4.1

		10.50°N

		66.93°W



		Vietnam

		Ho Chi Minh C.

		90549392

		31.6

		68.4

		10.75°N

		106.67°E



		Western Sahara

		Laayoun

		513000

		92.4

		7.6

		27.15°N

		13.20°W



		Yemen

		Sanaa

		25569264

		31.9

		68.1

		15.38°N

		44.20°E



		Zambia

		Lusaka

		13883577

		37

		63

		15.41°S

		28.30°E



		Zimbabwe

		Harare

		13013678

		40.9

		59.1

		17.82°S

		31.06°E



		Аfghanistan

		Kabul

		33397058

		27

		73

		34.52°N

		69.20°E



		Аlbania

		Tirana

		2831741

		52.8

		47.2

		41.33°N

		19.83°E



		Аlgeria

		Algiers

		36485828

		69.3

		30.7

		36.78°N

		03.05°E



		Аndorra

		Andorra La Vella

		78115

		87.8

		12.2

		42.52°N

		01.52°E



		Аngola

		Luanda

		20162516

		59.7

		40.3

		08.80°S

		13.23°E



		Аrmenia

		Yerevan

		3277500

		64.1

		35.9

		40.18°N

		44.50°E



		Аustria

		Wien

		8452835

		67.7

		32.3

		48.20°N

		16.37°E



		Аzerbaijan

		Baku

		9235100

		52.8

		47.2

		40.38°N

		49.85°E



		Кenia

		Nairobi

		42749416

		24.1

		75.9

		01.28°S

		36.82°E



		Кirgizstan

		Bishkek

		5477600

		38.1

		61.9

		42.90°N

		74.60°E



		Кuwait

		Al Kuwait

		2891553

		98.5

		1.5

		29.33°N

		47.98°E



		Каzakhstan

		Almaty

		16856000

		60.3

		39.7

		43.25°N

		76.95°E



		Мadagaskar

		Antananarivo

		21928518

		30.1

		69.9

		18.92°S

		47.50°E



		Мaldives

		Male

		324313

		34.8

		65.2

		04.17°N

		73.51°E



		Мozambique

		Maputo

		23700716

		42.4

		57.6

		25.97°S

		32.57°E



		Маcao

		Macau

		542200

		100

		0

		22.20°N

		113.55°E



		Маcedonia

		Skopje

		2057284

		75.1

		24.9

		42.00°N

		21.48°E



		Маlawi

		Lilongwe

		15882815

		22.1

		77.9

		13.98°S

		33.78°E



		Маlaysia

		Kuala Lumpur

		29562236

		75.4

		24.6

		03.17°N

		101.70°E



		Маli

		Bamako

		14517176

		36.5

		63.5

		12.63°N

		08.00°W



		Маlta

		Birkirkara

		420085

		97.2

		2.8

		35.91°N

		14.46°E



		Маrocco

		Casablanca

		32783000

		65

		35

		33.60°N

		07.62°W



		Маuritius

		Port Louis

		1280294

		44.1

		55.9

		20.17°S

		57.50°E



		Маyotte

		Mamoudzou

		217172

		100

		0

		12.78°S

		45.23°E



		Моldova

		Chisinau

		3559500

		50

		50

		46.98°N

		28.87°E



		Моnaco

		Monaco

		35444

		100

		0

		43.73°N

		07.42°E



		Моngolia

		Da Huryee

		2736800

		58.8

		41.2

		47.92°N

		106.92°E



		Оman

		As Sib

		2773479

		72.3

		27.7

		23.67°N

		58.20°E



		Тaiwan

		Taipei

		23282670

		49.2

		50.8

		25.05°N

		121.50°E



		Тhailand

		Bangkok

		65479452

		36.2

		63.8

		13.75°N

		100.52°E



		Тunisia

		Tunes

		10673800

		69.1

		30.9

		36.80°N

		10.18°E



		Тurkey

		Constantinople

		74724272

		71.9

		28.1

		41.02°N

		28.97°E



		Тurkmenistan

		Asgabat

		5169660

		50.8

		49.2

		37.95°N

		58.38°E



		Таjikistan

		Djuschambe

		7800000

		24.6

		75.4

		38.58°N

		68.80°E



		Таnzania

		Dar Es Salaam

		47656368

		28.9

		71.1

		06.80°S

		39.28°E



		Тоgo

		Lome

		5753324

		47.4

		52.6

		06.13°N

		01.22°E





[bookmark: _Toc381346847]3.2	Results

Figure 2 shows the behaviour of the relative increase of the Noise Temperature with the increase of e.i.r.p. for three different dissemination factors (KDISS): 3% (blue line), 6% (green line) and 10% (black line). The /T threshold (displayed in red colour) has been set at 6%, based on Appendix S8 of if the ITU Radio Regulations and consistent with the interference criterion in Recommendation ITU-R S.1432-1. The activity factor is 20%, meaning that only one IMT over five is active. It can be noted that a maximum e.i.r.p. of 12 dBm is required to meet the criterion in the three cases.

Figure 2

[image: ]




Figure 3 shows the relative increase in Noise Temperature using more conservative assumptions in regards to the active IMT stations: the activity factor in the graph below is 50%, i.e. one active IMT base station in every two deployed.  It can be noted that a maximum e.i.r.p. of 8 dBm is required to meet the criterion in the three cases.

Figure 3

[image: ]






[bookmark: _Toc381346848]4 	Conclusions

The results of the study suggest the maximum  power of the IMT transmitters that can be deployed without harmfully affecting the operation of the FSS networks.

It can be seen that the assumption of several hypotheses (such as the spacecraft orbital position, the IMT stations dissemination, the activity of the IMT transmitters) have a significant impact on the analysis outcome. These factors are difficult to predict but it would be sensible to make conservative assumptions in this regard (i.e. high values for dissemination and activity), since if interference above the criterion were to occur, it would not practically be possible for an administration to take action to reduce interference. We have tentatively used the following assumptions:

· a dissemination factor (KDISS) of 6% of the population;

· an area activity factor (KACTIVE) of 50% of base stations simultaneously switched on in the reference band;

Further study would be required to validate these and other assumptions, including the assumption that IMT stations are almost exclusively deployed indoors, before any decision is taken to allow IMT use of the band under study. The above calculations have been produced for a generic FSS network, using the coverage of Inmarsat-3 satellites (Global C-Band), considered being located at different orbital positions.  These FSS characteristics are quite typical of FSS networks which use a “global” beam.  Some FSS networks use smaller, regional beams which have a higher gain, but over a reduced area.  Such networks have not been modelled here, but might lead to worse results.  

Significant increase of Noise Temperature is shown even considering 95% of indoor base stations: assuming that each single base station will use only one 20 MHz channel over the proposed 500 MHz (therefore usage factor estimated at 4%) and an activity factor of 50%, this study suggests limiting the mean e.i.r.p. emitted by each IMT transmitter at 10 dBm for a dissemination factors of 6%. 

Based on this study, if this band were to be used for IMT system, the e.i.r.p. should be limited to a maximum value of 10 dBm and devices would need to be limited to indoor only operation.  The limitation may be placed on the e.i.r.p in the total bandwidth of the emission, rather than on the power spectral density, on the assumption that a use of emissions with a narrow bandwidth (that would leave to higher e.i.r.p spectral density) is balanced by a lower probability of the emission coinciding with the FSS receiver bandwidth (i.e. a lower band usage factor). 

It has to be noted that these values have been estimated basing the calculation on the hypothesis that the IMT transmitters will use frequencies uniformly distributed over the entire available spectrum of 500 MHz.  If a smaller bandwidth were to be made available for IMT devices, this would increase the band usage factor, leading to increased interference to the FSS in that part of the band in which IMT devices operate, and increased interference to FSS space stations operating in that part of the band. 



________________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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1	Introduction and background

The aim of WRC-15 agenda item 1.1 is to consider additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC-12). At present, the agenda item targets a number of frequency bands from ~410 MHz up to ~6 GHz.

As observations made by the Radio Astronomy Service (RAS) are highly susceptible to detrimental interference from unwanted emissions by active services, it is necessary to determine the conditions under which they can be protected in accordance with the relevant ITU-R Recommendations, e.g. Recommendation ITU-R RA.769 on RAS protection criteria and Recommendation ITU-R RA.1513 on acceptable levels of RAS data loss. In particular, these studies should determine the separation distances between RAS antennas and IMT systems necessary to protect the RAS.

A full list of all 15 frequency bands in the range 410 MHz to 6 GHz allocated to the RAS, or whose use by the RAS is mentioned in an ITU RR footnote, is given in Document 4-5-6-7/175, which also gives a description of the scientific importance of each band, a list of countries where the frequency band is used and a summary of its regulatory protection status and the allocations in the frequency band.

Listed in Table 1 of this document are the frequency bands where proposed IMT allocations may cause detrimental interference to RAS observations, to which will be added the RAS frequency band 406.1-410 MHz if the frequency band 410-430 MHz will be considered further for a potential IMT allocation (see, e.g. Document 4-5-6-7/324).




TOf date, the results of compatibility and sharing studies concerning the RAS and IMT systems have been submitted to JTG 4-5-6-7 for the following 9 RAS frequency bands: 608-614 MHz, 1 330‑1 400 MHz, 1 400-1 427 MHz, 1 610.6-1 613.8 MHz, 1 660-1 670 MHz, 2 690-2 700 MHz, 4 800-4 990 MHz, 4 950-4 990 MHz and 4 990-5 000 MHz – see Table 1 for a summary of these RAS bands, AND the relevant potential IMT frequency bands involved and references to the documents submitted to JTG 4-5-6-7 in which further details on the studies can be found. 

For the frequency band 1 400-1 427 MHz three independent compatibility studies were received. Based on the major differences in the assumptions made, they have been divided into two cases: 

–	Case A concerns studies in which the assumed unwanted emission levels are linked directly to those considered in the on-going studies on the protection of the EESS (passive) (see PDN Report ITU-R RS.[EESS 1.4 GHz]), where an generic flat terrain profile is used in Case A-1 (Document 4-5-6-7/376, ) and detailed terrain maps in Case A-2 (Document 4-5-6-7/335), 

–	whereas in Case B (Document 4-5-6-7/262) measured unwanted emission levels were used of existing IMT equipment and the use of a guard band was assumed.

Of date, the studies for the other bands were all made under Case A-1 assumptions (Document 4-5-6-7/376).

[Editor’s note: The study on which Case B is based is attached as an Annex, whose contents will be reflected appropriately in the future.]

Table 1

Bands for which RAS-IMT compatibility or sharing studies have been submitted

		RAS frequency band

		RAS status

		RR No.

		RAS use

		Potential IMT proposal



		608-614 MHz;



		secondary; primary in Region 2 and some countries in Regions. 1 and 3

		5.149 5.304 5.305 5.306 5.307

		Broadband, VLBI

		In band sharing or adjacent



		1 330-1 400 MHz;



		

		5.149

		Broadband, narrowband, VLBI

		In band sharing



		1 400-1 427 MHz;



		Primary

		5.340

		Broadband, narrowband, VLBI (e.g. neutral hydrogen line)

		Adjacent (both sides)



		1 610.6-1 613.8 MHz;

 

		Primary

		5.149

		Narrowband, VLBI
(e.g. Hydroxyl line)

		Nearby 
(below 1 525 MHz)



		1 660-1 670 MHz;



		Primary

		5.149

		Broadband, narrowband, VLBI
(e.g. Hydroxyl lines)

		Nearby 
(below 1 525 MHz)



		2 690-2 700 MHz;



		Primary

		5.340

		Broadband, VLBI; also, RAS techniques used by SRS

		Adjacent 
(above 2 700 MHz)



		4 800-4 9590 MHz;

		Secondary

		5.149

		Broadband, narrowband, VLBI

		In band sharing or nearby (above 5 350 MHz)



		RAS frequency band

		RAS status

		RR No.

		RAS use

		Potential IMT proposal



		4 950-4 990 MHz



		secondary in Reg. 1,; primary in some countries in Regions. 2 and 3

		5.149 5.443

		Broadband, narrowband, VLBI

		In band sharing or nearby (above 5 350 MHz)



		4 990-5 000 MHz



		Primary

		5.149

		Broadband, narrowband, VLBI

		In band sharing or nearby (above 5 350 MHz)





Notes to Table 1:

1)	RR No. 5.340: The frequency bands 1 400-1 427 MHz and 2 690-2 700 MHz are not shared with active services and subject to footnote No 5.340 of the RR, which states that “All emissions are prohibited” in these bands. Thus, all in-band transmissions, including those of IMT, are forbidden in these bands.

	Emissions from other bands into these two bands should remain below the thresholds for detrimental interference listed in Recommendation ITU-R RA.769, at any RAS site.

2)	RR No. 5.149 states “In making assignments to stations of other services to which the frequency bands (band list omitted) are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference. Emissions from spaceborne or airborne stations can be particularly serious sources of interference to the radio astronomy service (see RR Nos. 4.5 and 4.6 and Article 29)”.

3)	In column (4), the term “Broadband” corresponds to “continuum” observations (see Table 1 of Recommendation ITU-R RA.769) and “narrowband” to “spectral line” observations (see Table 2 of Recommendation ITU-R RA.769), respectively.

	Both in-band emissions in these RAS bands and emissions from outside these RAS bands falling into them should remain below the thresholds for detrimental interference given in Recommendation ITU-R RA.769, subject to Recommendation ITU-R RA.1513 which provides with 2% data loss to the RAS due to interference by all stations of one service, and with an aggregate data loss of 5% in any band from all services.

2	Technical characteristics

2.1	Radio Astronomy Service characteristics

Recommendation ITU-R RA.769 provides threshold levels for interference detrimental to radio astronomy observations, for both continuum (broadband) and for spectral-line (narrowband) observations. The threshold levels are for an integration time of 2 000 s and for an RAS antenna with 0 dBi gain.

Case A-1: 

RAS antenna gain:							0 dBi gain

Case A-2 and B: 

RAS antenna pattern: 						Recommendation ITU-R SA.509

2.2	IMT systems characteristics

The IMT system characteristics used are given in Report ITU-R M.2292Annex 2 of Document 4-5-6-7/242). 

As radio astronomy is a passive service, only the transmitter characteristics of the IMT systems are of importance for compatibility and sharing studies.

2.2.1	IMT user terminals

Transmit antenna height: 					1.5 m

Case A-1: 

Channel bandwidth: 						1.4, 3, 5, 10, 15 or 20 	

transmit e.i.r.p.: 							23 dBm

Antenna gain:							0 dBi

Human body absorption:					8 dB

Average activity factor:					100%

Terrain:								average suburban

Ground clutter attenuation  (user outdoor):			–19.6 dB

Mitigation (user outdoor):					–19.6 – 8 = –27.6 dB

Propagation calculations:					Recommendation ITU-R P.452

Case A-2: 

Antenna gain:							–3 dBi

Antenna pattern:							omnidirectional

Human body absorption:	 				4 dB

Propagation calculations:					SRTM terrain profiles

Case B:

Antenna gain:							–3 dBi

Antenna pattern:							omnidirectional

Human body absorption:	 				4 dB

2.2.2	IMT base station

Case A-1:

Transmit antenna height:					45 m (macro rural)

Channel bandwidth: 						1.4, 3, 5, 10, 15 or 20 MHz

Average base station power/sector (10/20 MHz) (e.i.r.p.): 	58 dBm (macro rural)

									37 dBm (small cell outdoor)

									21 dBm (small cell indoor)

Average activity factor:					100%

Propagation calculations:					Recommendation ITU-R P. 452

Mitigation (user outdoor):					0 dB

It is assumed that only Category B base stations will be applied for commercial networks. For Category B base stations the spurious emission levels are the same as for user equipment 
(see Table 1).



Case A-2:



Transmit antenna height:					45 m (macro rural)

Antenna sectors:							two sectors of 120° each

Antenna gain:							17 dBi

Antenna pattern:							Recommendation ITU-R F.1336-3

Antenna elevation: 						-06° (downward tilt)

Average activity factor:					50%

Propagation calculations:					SRTM terrain profiles



Case B:



Transmit antenna height:					30 m

Antenna sectors:							three sectors of 120° each

Antenna gain:							17 dBi

Antenna pattern:							Recommends 3 of Recommendation								ITU-R F.1336 Annex 10

Antenna elevation: 						–3°(downward tilt)

Propagation calculations:					Recommendation ITU-R SM.2028

3	Analysis

3.1	Assumptions

3.1.1	Unwanted emission compatibility studies

Case A:

Unwanted emission levels, for both base stations and user terminals: –30 to –6450 dBm/MHz.

It should be noted that the selected unwanted emission level of –50 and –64  dBm/MHz are is directly linked to the ongoing compatibility studies for the EESS (passive) in the frequency band 1 400-1 427 MHz, which indicate levels necessary to protect the EESS (passive) of about 
–50 dBm/MHz (= –66 dBW/27 MHz) for user terminals and about -648 dBm/MHz
(= –804 dBW/27 MHz) for base stations [(see PDN Report ITU-R RS.[EESS 1.4 GHz])]. 

Case B:

Unwanted emission levels, for both base stations and user terminals: use measured values of existing IMT material

The measured unwanted emission levels of an IMT LTE user terminal transmitting in the frequency band 1 447.9-1 462.9 MHz and of an IMT base station transmitting in the frequency band 1 495.9‑1 510.9 MHz are given in Tables A1.1 and A2.1 of the Annex, respectively.

Guard bands: guard bands between the RAS and IMT frequency bands of various widths, including the case with no guard band,  are considered when evaluating the necessary separation distances (see, e.g. Tables 5-1 and 5-22, 4, A1.1 and A2.1 of the Annex).

3.1.2	In-band sharing studies

Concerns only Case A-1:

An e.i.r.p emission level of 10 dBm/MHz for mobile user terminals with a 20 MHz channel bandwidth, and of 45 dBm/MHz for base stations. 

4	Methodology

4.1	Terrain profiles and propagation calculations

Case A-1:

No detailed terrain profiles around RAS antennas were included, and a generic flat terrain profile was assumed. 

Propagation calculations were made according to Recommendation ITU-R P.452-12 and included LOS, diffraction over spherical earth (Recommendation ITU-R P.526-14 or P.452-12) and troposcatter (Recommendation ITU-R P.452-14).

The detrimental thresholds in column 4 of Table 3 were taken from Recommendation ITU-R RA.769 and adjusted to the prescription in Recommendation ITU-R RA.769 cases where bandwidth deviates from the reference bandwidth.

Case A-2:

To determine terrain elevation profiles around 14 selected RAS antennas, Shuttle Radar Topography Mission (SRTM) data with a 90 metre resolution were used. 

Propagation calculations were made according to Recommendation ITU-R P.454-12 to estimate natural losses, depending only on the configuration of the propagation path and antenna heights.

Under these assumptions, in practice only two local terrain relief situations have to be simulated: 
low (h<100 metres) and medium/high (h>100 metres) relief.

Case B:

No detailed terrain profiles around RAS antennas were included, and a generic flat terrain profile was assumed. 

Propagation calculations were made according to Recommendation ITU-R SM.2028, Modified HATA model (open area).

4.2	Aggregate emission

[Editor’s note: for Case A-1, the studies involving the aggregate effect of unwanted emissions of IMT systems which were presented in Document 4-5-6-7/376 were preliminary only, and will be developed further]

Case A-1:

The following assumptions were made:

[bookmark: _GoBack]IMT base stations:  	average deployment density = 0.11 km-2

                                	average activity factor = 100%

                                	duty cycle = 50%

IMT user terminals:	average deployment density = 0.377 km-2

                                      average activity factor = 0.5%

                                	duty cycle =  50%

Statistical Monte-Carlo estimate using 15 000 trials with 500 devices

Case A-2:

The following assumptions were made:

Table 2, which is extracted from Report ITU-R M.2292, provides the average cell radius of IMT base stations (macro and micro cells) as function of base station location. 

Each location type is characterized by a range in Population Density (PS) (expressed as inhabitants per square kilometre), as follows:

	Urban : 	PS >103 inh/km²

	Suburban : 	103 inh/km² <PS <100 inh/km²

	Rural : 		100 inh/km2<PS < 1 inh/km²

	Deserted: 	PS < 1 inh/km². For a deserted location, cell deployment is assumed to be insignificant.

TABLE 2

Mobile Service Base Station Deployment

		 

		Macro rural

		Macro suburban

		Macro
urban

		Small cell outdoor / Micro urban

		Small cell indoor / Indoor urban



		Cell radius / Deployment density (for bands between 1 and 2 GHz)

		> 3 km
(typical figure to be used in sharing studies 5 km)

		0.5-3 km
(typical figure to be used in sharing studies 1 km)

		0.25-1 km

(typical figure to be used in sharing studies 0.5 km)

		1-3 per urban macro cell

<1 per suburban macro site

		depending on indoor coverage/ capacity demand



		Cell radius / Deployment density (for bands between 2 and 3 GHz)

		> 2 km
(typical figure to be used in sharing studies 4 km)

		0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)

		0   	 0.8 km

(typical figure to be used in sharing studies 0.4 km)

		1-3 per urban macro cell

<1 per suburban macro site

		depending on indoor coverage/ capacity demand





Report ITU-R M.2292 states that the distance between each IMT base station is three times larger than the cell radius, and the following distances between base stations were adopted: 

        1.5 km in the macro urban case

        3 km in the macro suburban case

        >10 km in the macro rural case

Case B:

The following assumptions were made:

One IMT base station deployed per 100 km2    

Two sectors for each IMT base station are interfering sources

Two IMT user terminals connected to each IMT base station are interfering sources

Outdoor terminals in visibility of the satellite = 10%

Outdoor terminals with blocking (10 dB attenuation) = 20%

Indoor terminals (12 dB attenuation) = 70%

Exclusion zone radius around an RAS antenna:		variable (10-50 km)

Maximum ring diameter around an RAS antenna:		100 km

5	Summary of results

Case A:

See Table 3 and Figure 1 for a summary of the results for studies made under Case A for the single-interferer (SE) scenario, for both IMT system mobile user terminals (user) and base stations (base). MCL stands for Minimum Coupling Loss.

TABLE 3

RAS bands: Summary of results for studies under Case A - MCLs, RAS-IMT system separation distances
and spectral power density limits for a single interferer (SE) scenario, for IMT system mobile
user terminals (user) and base stations (base)

		RAS band (MHz); unwanted emission levels
(dBm/MHz)

		Doc.

		Obs. use

		Ref. bw (MHz)

		Rec.
RA.769 (dBW)

		SE MCL
(dB)

		SE separation (km)

		SE limit (dBm/MHz)



		

		JTG 4-5-6-7/

		

		

		

		user

		base

		user

		bBase

		user

		base



		(1)

		(2)

		(23)

		(34)

		(45)

		(56)

		(67)

		(78)

		(89)

		(910)

		(101)



		In-band sharing:



		608-614

		376

		Cont.

		6

		–202

		162

		224

		116

		735

		–73

		–100



		1 330-1 400

		376

		Cont.



  Line

		70



0.02

		–207 

-202

      -220

		178 

175

 172

		240



229

		106

52

    52

		887 

133

    129

		–75

-73

-64

		–82

-99

-89



		4 800-4 990 &
4 990-5 000

		376

		Cont.

		190

		–213

		188

		216

		84

		409

		–98

		–126



		Unwanted emission level –30 dBm/MHz:



		608-614

		376

		Cont.

		6

		–202

		122 127

		150

		38 14

		91 68

		–73  -78

		–100 -106



		1 400-1 427  



		376

335

		Cont.





Line

		27





0.02

		–205





-220

		131 

136



120

		159 

156



143

		35 20

45-851

    9

		76 69

70-2001



55

		

–76 -79

-63

		

–104 -108

-92



		1 610.6-1 613.8

		376

		Spectr.

		0.02

		–220

		115

		143

		9

		48

		–59

		–86



		2 690-2 700 

		376

		Cont.

		10

		–2078

		129 134

		157

		22 18

		53 62

		–70  -71

		–97  -100



		4 800-4 990 

		376

		Cont.

		190

		–213

		148

		176

		42

		71

		–98

		–126



		4 990-5 000 

		376

		Cont.

		10

		–207

		129 134

		157

		14 13

		51 58

		–72  -66

		–100 -95



		Unwanted emission level –50 dBm/MHz:



		608-614

		376

		Cont.

		6

		–202

		102 107

		130

		5

		52 44

		–73  -78

		–100 -106



		1 400-1 427



		376

335

		Cont.





Line

		27





0.02

		–205





-220

		111 

116



100

		139





123

		6

15-601

1

		46 50

45-851



25

		–76  -79



-63

		–104 -108



-92



		2 690-2 700

		376

		Cont.

		10

		–207

		109 114

		137

		3 2.4

		30 46

		–70  -71

		–97 -100



		4 800-4 990

		376

		Cont.

		190

		–213

		128

		156

		22

		50

		–98

		–126



		4 990-5 000

		376

		Cont.

		10

		–207

		109 114

		137

		1.4 1

		31 33

		–72  -66

		–100 -95





Notes to Table 3:

1)	The separation distances listed for unwanted emissions in the frequency band 1 400-1 427 MHz for Case A-2 (lower line) are for the low terrain relief (h<100 metres) scenario, whereas all other values in Table 3 are for Case A-1, assuming generic flat terrain.

See Table 4 for a summary of the results for studies made under Case A for the aggregate interference (AG) scenario, for both IMT system mobile user terminals (user) and base stations (base).

TABLE 4

RAS bands: Summary of results for studies under Case A - RAS-IMT system separation distances
 and spectral power density limits for an aggregate emission (AG) scenario,
 for IMT system mobile user terminals (user) and base stations (base)

		RAS band (MHz)

		Obs. use

		Ref. bw (MHz)

		Rec.
RA.769 (dBW)

		AG separation (km)

		AG 2% limit (dBm/MHz)2



		

		

		

		

		user

		base

		user

		base



		(1)

		(2)

		(3)

		(4)

		(5)

		(6)

		(7)

		(8)



		In-band sharing:



		608-614

		Cont.

		6

		–202

		136

		>1000

		–58

		–111



		1 330-1 400

		Cont.

Line

		70

0.02

		–202

-220

		85

85

		502

499

		–55

-46

		–95

-86



		4 800-4 990 &
4 990-5 000

		Cont.

		190

		–213

		325

		>1000

		–70

		–118



		Unwanted emission level –30 dBm/MHz:



		608-614

		Cont.

		6

		–202

		17

		98

		–60

		–103



		1 400-1 427  

		Cont.

Line

		27

0.02

		–205

-220

		25

9

		891

     75

		–61

-46

		–104

-89



		1 610.6-1 613.8

		Spectr.

		0.02

		–220

		3

		86

		–42

		–95



		2 690-2 700 

		Cont.

		10

		–207

		21

		76

		–54

		–97



		4 800-4 990 

		Cont.

		190

		–213

		43

		341

		–70

		–118



		4 990-5 000 

		Cont.

		10

		–207

		20

		68

		–49

		–92



		Unwanted emission level –50 dBm/MHz:



		608-614

		Cont.

		6

		–202

		1

		73

		–60

		–103



		1 400-1 427

		Cont.

Line

		27

0.02

		–205

-220

		6

1

		71

56

		–61

-46

		–104

-89



		2 690-2 700

		Cont.

		10

		–207

		1

		62

		–54

		–97



		4 800-4 990

		Cont.

		190

		–213

		13

		83

		–70

		–118



		4 990-5 000

		Cont.

		10

		–207

		1

		57

		–49

		–91



		Unwanted emission level –64 dBm/MHz:



		1 400- 1 427

		Cont.

		27

		-205

		

		105-1401

		

		





Notes to Table 4:

1)	The separation distances listed for unwanted emissions in the frequency band 1 400-1 427 MHz for Case A-2 are for the low terrain relief (h<100 metres) scenario, whereas all other values in Table 4 are for Case A-1, assuming generic flat terrain.

2)	The aggregate emission limits in columns 7 and 8 have been calculated using Monte-Carlo simulations, so that the detrimental interference level is not exceeded for more than 2% of the time (cf. Recommendation ITU-R RA.1513).

Figure 1

Separation distances between a single IMT base station and an RAS antenna necessary to protect RAS observations from unwanted emissions, as function of frequency (cf. Table 3)

[image: C:\Spectrum\ITU\JTG4567\SWG5-3\SWG53_IMT_BS_SE_sepdist2.jpg]Distances were calculated for two levels of unwanted emissions, –30 and –50 dBm/MHz. The blue points represent Case A-1 values, and the red points and vertical lines indicate the mean and extreme values for Case A-2.

Case B:

See Tables 5-1 and 5-2 for a summary of the results for compatibility studies in the band 1 400‑1 427 MHz under Case B for both IMT system mobile user terminals and base stations. 

Based on study Case B, it could be concluded that compatibility between IMT user terminals (measured unwanted emission level: -64.8 dBW/27MHz, as given in Table A1.1) and an RAS observatory site can be achieved with a separation distance of around 10 kilometres for the measured unwanted emission levels of existing equipment as given in Table A1.1 and a guard band of 0.9 MHz. Meanwhile, to achieve compatibility between IMT base stations and an RAS observatory site, it is necessary to establish a larger separation distance (such as 20 kilometres, on condition that  a guard band of 20 MHz is implemented, for the measured -113.8 dBW/27MHz  unwanted emission levels of existing equipment as given in Table A2.1, with a guard band of 20 MHz) compared to those for IMT user terminals; however, such compatibility conditions can be improved by employing a larger guard band size and/or additional filtering for IMT base stations to reduce unwanted emission levels (see also Annex 3).

TABLE 5-1

Summary of results of study for IMT user terminals (Excess level (in dB) compared to 
the interference criterion of the RAS)

		User terminals

		Guard band

		Exclusion zone radius: separation distance



		

		

		10 km

		20 km

		50 km



		Modified HATA model (open area)

		0 MHz

		–8.8

		–15.5

		–30.3



		

		0.9 MHz

		–11.3

		–18.0

		–32.8



		

		5 MHz

		–15.6

		–22.3

		–37.1



		

		10 MHz

		–25.5

		–32.2

		–47.0



		

		20 MHz

		–42.1

		–48.8

		–63.6





TABLE 5-2

Summary of results of study for IMT base stations (Excess level (in dB) compared to the
interference criterion of the RAS)

		Base stations

		Guard band

		Exclusion zone radius: separation distance



		

		

		10 km

		20 km

		50 km



		Modified HATA model (open area)

		0 MHz

		81.7

		76.6

		61.3



		

		0.9 MHz

		69.9

		63.8

		48.5



		

		5 MHz

		61.0

		54.9

		39.6



		

		10 MHz

		30.0

		24.0

		8.7



		

		20 MHz

		0.5

		–5.5

		–20.1





6	Conclusions

Studies indicate that in-band sharing between the RAS and IMT systems will be very difficult, if not impossible, to achieve in practice. For the four cases studied (RAS bands 608-614 MHz, 1 330-1 400 MHz, 4 800-4 990 MHz and 4 990-5 000 MHz), separation distances of about 400 500 to 900 a thousand kilometres are indicated between an RAS antenna and a single IMT macro rural base stations, and of order 80-300 kilometres for user terminals, assuming a flat terrain profile.

Studies for the RAS band 1 400-1 427 MHz, which assume an unwanted emission level of
-64 dBm/MHz[footnoteRef:1] (= -80 dBW/27 MHz) indicate that compatibility between the RAS stations and unwanted emissions from IMT systems base stations operating in an adjacent band can be achieved using separation distances of order 45-85120 kilometres between from an RAS antenna and a single IMT base station. , and of order 15-60 kilometres for a single user terminal,  These studies assumeding an unwanted emission level of –50dBm/MHz[footnoteRef:2] and  a flat low terrain profile (h<100 metres), whereas f. For medium/high terrain profiles (h>100 metres), separation distances are found to be about 310 times smaller. [1: 	It should be noted that the selected unwanted emission levels of –50 and -64 dBm/MHz  are directly linked to the ongoing compatibility studies for the EESS (passive) in the frequency band 1 400-1 427 MHz, which indicate levels necessary to protect the EESS (passive) of about –50 dBm/MHz  (= –66 dBW/27 MHz) for mobile terminals and about –64 dBm/MHz
(= –80  dBW/27 MHz) for base stations [(see PDN Report ITU-R RS.[EESS 1.4 GHz])].]  [2: ] 


Another study for the frequency band 1 400-1 427 MHz allocated to the RAS, which uses measured unwanted emission levels of existing IMT mobile terminals and base stations, indicates that compatibility with RAS stations can be achieved using a separation distance of about 10 kilometres for IMT mobile terminals (measured unwanted emission level: -64.8 dBW/27 MHz) , whereas for base stations separation distances of order 20 kilometres are required, on condition that a 20 MHz wide guard band is employed (measured unwanted emission level: -113.8 dBW/27 MHz). 

For the RAS frequency bands 608-614 MHz, 2 690-2 700 MHz, 4 800-4 990 MHz and 4 990-5 000 MHz allocated to the RAS, the studies indicate that compatibility between the RAS stations and unwanted emissions from IMT systems taking into account IMT unwanted emissions can be achieved using separation distances of order 30-5060-80 kilometres between an RAS antenna and a single IMT macro rural base stations, and of order 1.5-20 kilometres for a single mobileuser terminals, assuming an unwanted emission level of –50 dBm/MHz and a flat terrain profile (for results obtained assuming a level of –30 dBm/MHz see Table 4).. 

In general, compatibility conditions can be improved by employing a guard band and/or additional filtering in IMT base stations. Possible mitigation measures are listed in Annex 3. 

[Editor’s Note: Conclusion for Case B will be reflected in this section in the future.] 



Annexes:	1 3  

[Editor’s note: the original Annex 1 has been replaced by the three new Annexes proposed in Document 4-5-6-404.  For the sake of clarity, the deleted original Annex 1 has been placed at the end of the document, and revision marks are shown in the text of the three new Annexes]


ANNEX 1

Measured unwanted emission levels of IMT user terminals 

For the studies performed under Case B, In order to assess the compatibility under realistic conditions, unwanted emission levels of real IMT user terminals to be used in the studies were measured. A number of dDifferent conditions of transmission powers and guard band sizes were considered as shown in Table A1.1 below. 

TABLE A1.1

Measured unwanted emission levels of an IMT user terminal (in dBW per 27 MHz)

		

		Guard band (Frequency separation from the measured 27 MHz bandwidth)



		

		0 MHz

		0.9 MHz

		5 MHz

		10 MHz

		20 MHz



		Transmitting output power of an IMT user terminal

		23 dBm

		–49.6

		–49.5[footnoteRef:3] [3: 	Footnote to Table A1.1:  Using the specifications in  3GPP TS 25.101 yields an unwanted emission level of ‑30.2 dBW/27 MHz, which is about 19 dB higher than the measured value listed here.] 


		–52.5[footnoteRef:4] [4: 	Footnote to Table A1.1:  Using the specifications in  3GPP TS 25.101yields an unwanted emission level of ‑32.8 dBW/27 MHz, which is about 20 dB higher than the measured value listed here.] 


		–57.6

		–76.2



		

		0 dBm

		–64.8

		–67.3

		–71.6

		–81.5

		–98.1



		

		-9 dBm

		–77.9

		–80.1

		–84.3

		–93.9

		–100.5







The mMeasurement conditions used are as follows:

−	two commercial LTE user terminals of different vendors were used for the measurement. The terminals had the capability to transmit LTE signals in the band 1 447.9-1 462.9 MHz band (measuredments were made in the band 1 420.9-1 4427.9 MHz);

−	the transmitting bandwidth of the LTE signal was 15 MHz using full resource block assignment;

−	the measured averaged values obtained through the measurements were used;

−	the transmitting output power of 23 dBm correspondsed to the maximum output power for a single user terminal, 0 dBm corresponds to a typical output power value of multiple user terminals in a rural area, and -9 dBm to a typical output power value of multiple user terminals in a suburban/urban area . (Note that tThe measured unwanted emission levels in case of the a transmission power of  -9 dBm or 0 dBm do not exceed the current unwanted emissions level of -60 dBW/27 MHz provided in Resolution 750 (Rev.WRC‑12))




ANNEX 2

Measured unwanted emission levels of IMT base stations



For the studies performed under Case B,  In order to assess the compatibility under realistic conditions, unwanted emission levels of IMT base stations to be used in the studies were measured. A number of dDifferent conditions of guard band sizes were considered as shown in Table A2.1 below. 

TABLE A2.1 

Measured unwanted emission levels of an IMT base station (in dBW per 27MHz)

		

		Guard band (Frequency separation from the measured 27 MHz bandwidth)



		

		0 MHz

		1 MHz

		5 MHz

		10 MHz

		20 MHz



		Transmitting output power of an IMT base station

		42.8 dBm

		–31.6

		–44.4

		–53.3

		–84.3

		–113.8







The mMeasurement conditions used are as follows:

−	one commercial LTE base station was used for the measurement. The station had the capability to transmit LTE signals in the band 1 495.9-1 510.9 MHz frequency band;

−	the transmitting bandwidth of the LTE signal was 15 MHz using full resource block assignment.




ANNEX 3

Possible mitigation measures to be applied to IMT systems



		Possible mitigation measures

		Expected effect and assessment



		Frequency arrangement related matters:

· To adopt certain a guard band between the frequency edge of the RAS band and the nearest IMT operating frequency;












· To assign an IMT up-link direction to the frequency range adjacent or closer to the passive band.

		

· This measure further reduces unwanted emission levels from IMT stations falling into the RAS band. It could will become more effective using additional filtering in IMT base stations, while reducing the frequency band usage efficiency by of IMT systems.

· It reduces the efficiency of IMT band usage, since certain frequency bands cannot be used in IMT systems.



· By this assignment, the compatible operation of the both systems could be more facilitated.

· It limits on the IMT frequency arrangements employed in the frequency band.



		Equipment related matters:

· To employ additional or improved filter devices to reduce unwanted emission levels;









· To employ apply a deep antenna down tilt applied for to IMT base stations

		

· This measure further reduces the unwanted emission levels from IMT stations. It is more applicable to IMT base stations than IMT user terminals for which equipment cost and size restrictions are more stringent.



· It could further reduce unwanted emission levels from IMT stations.

· It may have a negative impact on the coverage of IMT systems.



		Regulatory matters:

· To limit the number of IMT base stations to be deployed within a certain distance from an RAS observatory site. 

		

· It could further reduce the aggregated unwanted emission levels from IMT stations.

· It Such limitation would restrict IMT system deployment in certain areas.







ANNEX (TO ATTACHMENT 1)

[Editor’s Note: This Annex corresponds to Case B, and the contents of this Annex will be reflected appropriately in the future.]

Working document on compatibility studies between Radio Astronomy Service (RAS) in the 1 400-1 427 MHz frequency band and Mobile Service considering 
IMT systems in the 1 427-1 518 MHz frequency band

1	Introduction/background

This document considers compatibility studies between the Radio Astronomy Service (RAS) in the 1 400-1 427 MHz frequency band and the Mobile Service (MS) considering IMT systems in the 1 427-1 518 MHz frequency band as a preparatory work for WRC-15 agenda item 1.1.

The frequency band 1 400-1 427 MHz is allocated to the RAS and all emissions are prohibited as indicated in the footnote No. 5.340 of the Radio Regulations. In order to evaluate compatibility between the RAS and the MS considering IMT systems, the impact of unwanted mission levels generated by IMT systems into an observatory site in the RAS is evaluated taking into account realistic modelling of IMT systems.

2	Technical characteristics used in compatibility studies

2.1	Technical parameters for the RAS

As an interference criterion of the RAS, the level of -205 dBW at the receiver is assumed, this protection criterion can be found in the Table 1 of Recommendation ITU-R RA.769.

With regard to the antenna pattern of the RAS, the side-lobe model in Recommendation ITU-R SA.509 is used, as recommended in Recommendation ITU-R RA.769. In this model, the side-lobe level decreases with angular distance (degrees) from the main beam axis and is equal to 32-25 log  (dBi) for 1°    48°. The effect of an interfering signal depends upon the angle of incidence relative to the main beam axis of the antenna, since the side-lobe gain, as represented by the model, varies from 32 to –10 dBi as a function of this angle.

2.2	Technical parameters for the MS considering IMT systems

Deployment- related parameters for IMT systems used in the compatibility studies are summarized in Table 1 below.




TABLE 1

Deployment-related parameters for IMT systems

		Parameters

		Values



		Base station related parameters

		Antenna height

		30 m



		

		Sectorization

		3-sectors



		

		Downtilt

		3 degrees



		

		Antenna gain

		17 dBi



		

		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” section)

· ka = 0.7

· kp = 0.7

· kh = 0.7

· kv = 0.3



		User terminals related parameters

		Antenna pattern

		Omni



		

		Typical antenna gain for user terminals

		–3 dBi



		

		Body loss 

		4 dB





With regard to the unwanted emission levels of IMT stations to be used in the studies, measured values of IMT stations currently available are used in order to employ realistic assumptions for IMT systems. Details of the measured unwanted emission levels are found in the Appendices 1 and 2 on this document.

In addition to the parameters described above, the following assumptions are employed in the studies, which are relevant to the density of IMT stations.

[Japan’s note: The following values are based on the compatibility study between IMT systems and EESS (passive) (Attachment 1 to Annex 8 to Doc. 4-5-6-7/242 (Rev.1)).]

–	One IMT base station deployment per 100 km2 

–	Two sectors for each IMT base station become interfering sources

–	Two IMT user terminals connected to each IMT base station become interfering sources

–	Outdoor terminals in visibility of the satellite = 10%

–	Outdoor terminals with blocking (10 dB attenuation) = 20%

–	Indoor terminals (12 dB attenuation) = 70%

3	Methodology used in compatibility studies

3.1	Propagation model

In general, observatory sites in the RAS would be located in a rural area. Consequently, line-of-site condition with IMT stations would not be a general scenario. Therefore, the Modified HATA model (open area) specified in Recommendation ITU-R SM.2028 is employed as a propagation model.  As a reference, a free-space propagation model is also taken into consideration.

3.2	Aggregated interference modelling

A model described in Figure 1 below assumes an exclusive circle having a radius of X kilometres around an observatory site of the RAS in which IMT stations do not exist (the white-coloured area). Using this model, the aggregated interference from multiple IMT stations that exist between the X and Y kilometres radii (the blue- coloured area) is considered. The value “X” is changed as a parameter, such as 10, 20, and 50 kilometres in order to evaluate different impacts of the exclusion zone distance between IMT systems and a RAS observatory site. The value “Y” is assumed to be 100 kilometres, since such a separation distance brings about a situation in which IMT systems and the RAS observatory site are mutually invisible due to the sphericity of the earth.

FIGURE 1 

Modelling of aggregated interference from IMT systems

[image: ]

Based on the assumption above, the formula of an aggregated interference level is given as follows;

Aggregated interference level EUnwanted L  Gr)

where:

	Eunwanted	:  Unwanted emission level of an IMT station integrated over 1 400-1 427 MHz taking into account the antenna gain and cable loss of the station (in dBW per 27 MHz),

	L	: Propagation path loss to a RAS observatory site from each IMT station (in dB),

	Gr:	Off-axis antenna gain of a RAS observatory site towards each IMT station (in dB),

	:Summation over all the IMT stations considered.

4	Results and analysis of study

The obtained results are provided in Tables 2 and 3 for the cases IMT user terminals and base stations, respectively.

In the case of interference from IMT user terminals, it can be seen that an assumption of an exclusion zone distance of X = 10 kilometres together a guard band size of 0.9 MHz can meet the required interference criterion of the RAS. When larger exclusion zone distances and/or larger guard band sizes are employed, the aggregated interference level from IMT user terminals are reduced as shown in the Table 2.

In the case of interference from IMT base stations, in order to meet the required interference criterion of the RAS, an exclusion zone distance of X = 20 kilometres and a guard band size of 20 MHz are required as shown in Table 3.

Differences between IMT user terminals and base stations in relation to the achievable unwanted emission levels can be considered as follows:

−	unwanted emission levels of IMT mobile stations could be usually reduced in accordance with the effect of transmission power control in real IMT systems;

−	additional filtering to reduce unwanted emission levels in the adjacent band could be implemented to IMT base stations assuming a certain size of guard band.

Taking into account the above considerations, it could be concluded that compatibility between IMT user terminals and a RAS observatory site can be achieved with a separate distance of around 10 kilometres and a guard band in a small size, such as 0.9 MHz. Meanwhile, to achieve compatibility between IMT base stations and a RAS observatory site, it is necessary to establish a lager separation distance compared to those for IMT user terminals; however, such compatibility conditions can be improved by employing a larger guard band size and/or additional filtering for IMT base stations to reduce unwanted emission levels.

TABLE 2

Summary of results of study for IMT user terminals (Excess level (in dB) compared to 
the interference criterion of the RAS)

		User terminals

		Guard band

		Exclusion zone distance



		

		

		10 km

		20 km

		50 km



		Modified HATA model (open area)

		0.9 MHz

		–11.3

		–18.0

		–32.8



		

		5 MHz

		–15.6

		–22.3

		–37.1



		

		10 MHz

		–25.5

		–32.2

		–47.0



		

		20 MHz

		–42.1

		–48.8

		–63.6



		Free space

		0.9 MHz

		25.2

		23.6

		19.9



		

		5 MHz

		20.9

		19.3

		15.6



		

		10 MHz

		11.0

		9.4

		5.7



		

		20 MHz

		–5.6

		–7.2

		–10.9








TABLE 3

Summary of results of study for IMT base stations (Excess level (in dB) compared to 
interference criterion of the RAS)

		Base stations

		Guard band

		Exclusion zone distance



		

		

		10 km

		20 km

		50 km



		Modified HATA model (open area)

		0.9 MHz

		69.9

		63.8

		48.5



		

		5 MHz

		61.0

		54.9

		39.6



		

		10 MHz

		30.0

		24.0

		8.7



		

		20 MHz

		0.5

		–5.5

		–20.1



		Free space

		0.9 MHz

		74.1

		72.4

		68.7



		

		5 MHz

		65.2

		63.5

		59.8



		

		10 MHz

		34.2

		32.6

		28.9



		

		20 MHz

		4.7

		3.1

		–0.6





5	Possible mitigation measures in IMT systems to improve compatibility 

Possible mitigation measures in IMT systems to improve the compatibility are listed in Table 4. It should be noted that potential impacts on IMT systems by employing these measures should be also taken into account.

TABLE 4

Possible mitigation measures to be applied to IMT systems

		Possible mitigation measures

		Expected effect and assessment



		Frequency arrangement related matters:

· To adopt certain guard band between the frequency edge of the RAS band and the nearest IMT operating frequency;











· To assign IMT up-link direction to the frequency range adjacent or closer to the passive band.



		

· This measure further reduces unwanted emission levels from IMT stations falling into the RAS band. It could become more effective using additional filtering in IMT base stations while reducing the frequency band usage efficiency by IMT systems.

· It reduces efficiency of band usage, since certain frequency band cannot be used in IMT systems.



· By this assignment, compatible operation of the both systems could be more facilitated.

· It limits on IMT frequency arrangements employed in the frequency band.



		Equipment related matters:

· To employ additional or improved filter devices to reduce unwanted emission levels;









· To employ deep antenna down tilt applied for IMT base stations

		

· This measure further reduces unwanted emission levels from IMT stations. It is more applicable to IMT base stations than IMT user terminals for which equipment cost and size restrictions are more stringent.



· It could further reduce unwanted emission levels from IMT stations.

· It may impact on coverage of IMT systems.



		Regulatory matters:

· To limit the number of base stations to be deployed within a certain distance from a RAS observatory site. 

		

· It could further reduce aggregated unwanted emission levels from IMT stations.

· Such limitation would restrict IMT system deployment in certain areas.





6	Summary/conclusions

Compatibility studies between the RAS in the 1 400-1 427 MHz band and the MS considering IMT systems in the 1 427-1 518 MHz has been conducted.

As a result of the studies, it is concluded that compatibility between IMT user terminals and a RAS observatory site can be achieved under the conditions of a separate distance of about 10 kilometres and a guard band in a small size, such as 0.9 MHz. Meanwhile for compatibility between IMT base stations and a RAS observatory site, it requires a lager separation distance and a larger guard band compared to the case for IMT user terminals; however, compatibility conditions can be improved by employing a large guard band and/or additional filtering in IMT base stations.

Possible mitigation measures to improve the compatibility have also been studied. These measures, individually or combined, could be utilized to facilitate the compatibility taking into account their advantages and disadvantages.



______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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1	Introduction/background

In order to support requirements for “mobile broadband”, the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz have been called for studies.

The frequency band 1 400-1 427 MHz is currently allocated to the Earth exploration-satellite service (EESS)(passive), used in particular by the ESA SMOS (Soil Moisture and Ocean Salinity) satellite as well as to the more recent NASA Aquarius/SAC-D sensor.

Coexistence studies between the mobile service and EESS (passive) at 1.4 GHz have already been carried out in ITU-R and led to the adoption of Report ITU-R SM.2092 (section 6). However, these studies only considered the uplink case (handset emissions) in Japan (2G and 3G) in the 
1 427-1 452 MHz frequency band and roughly concluded that, under various assumptions and conditions, a level of unwanted emissions of –60 dBW/27 MHz in the 1 400-1 427 MHz frequency band is required to ensure protection of EESS (passive). This level of –60 dBW/27 MHz was subsequently included in Resolution 750 (Rev.WRC-12) as a “recommended level” for the “mobile” frequency bands 1 350-1 400 MHz and 1 427-1 452 MHz.

It appears obvious that these studies have to be reconsidered to take into account the surrounding of the passive band 1 400-1 427 MHz by both uplink and downlink of mobile systems, the larger deployment of mobile networks compared to the situation in Japan, the deployment of base stations and not only mobile terminalshandsets as well as most likely different characteristics of mobile systems expected in these frequency bands.

The present Report provides analyses based on both static scenario (Annex A) and dynamic methodology (Annex B) to address the compatibility between IMT systems in the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz and EESS (passive) systems in the 1 400-1 427 MHz frequency band.

This Report also provides possible mitigation measures to reduce unwanted emission level of IMT systems falling into the EESS (passive) frequency band as shown in the Annex 1.

2	Technical characteristics

2.1	EESS (passive) systems

2.1.1	Interference criteria

The EESS (passive) interference criterion in the 1 400-1 427 MHz frequency band is given in Recommendation ITU-R RS.2017 as a value of –174 dBW/27 MHz associated with a 0.1% of area or time it may be exceeded (over a measurement area of 10 000 000 km2)”.

Although the level of unwanted emissions –60 dBW/27 MHz in Resolution 750 (Rev.WRC-12) was assessed in Report ITU-R SM.2092 using this EESS (passive) interference criterion (‑174 dBW/27 MHz), it is necessary to stress the fact that this criterion is given for all interference sources and hence, under WRC-15 agenda item 1.1 for broadband mobile applications, should be apportioned between the Mmobile service and the other services operating in the two adjacent frequency bands.

In the case both 1 375-1 400 MHz and 1 427-1 452 MHz frequency bands are considered to be used simultaneously by mobile applications (uplink and downlink), the above level will have to be considered against the aggregate interference from equipment in both frequency bands as well as possible other sources as detailed below :

–	1 dB interference margin for interference from all other sources (e.g. spurious from systems of services below 1 375 MHz or above 1 452 MHz), taking into account that a country deploying IMT systems in these frequency bands will not deploy other services in the same frequency band (i.e., not compatible);

–	Apportionment between base station and mobile terminal of the mobile service can be weighted to account for the likely difficulty for mobile terminal to comply with the required limit. An apportionment ratio (ABT) of 80% for base station and 20% for mobile terminal has been considered.

Under these assumptions, the relevant maximum interference can be calculated as :

Maximum interference = –174dBW/27MHz –1dB +10×log(ABT)

and are given in the following Table 1:

TABLE 1

Maximum interference levels

		

		Unit

		User Equipment (UE)

		Base Station (BS)



		Maximum  interference

		dBW/27MHz

		–176

		–182





On the other hand, if only one of the 1 375-1 400 MHz or 1 427-1 452 MHz frequency bands were to be considered for mobile applications (uplink and downlink), a different apportionment would be required, assuming a 3 dB interference margin for interference from all other sources. Under these assumptions, the relevant maximum interference level would be –177 dBW/27 MHz.




2.1.2	Parameters

The following Table 2 provides relevant EESS (passive) parameters to be used in the study, mainly taken from Recommendation ITU-R RS.1861.

TABLE 2

EESS (passive) parameters

		

		Sensor A1

		Sensor A1*

		Sensor A2

		Sensor A3



		Sensor type

		Interferometric radiometer
(single)

		Interferometric radiometer
(composite)

		Conical scan

		Push broom



		Orbit parameters

		

		

		

		



		Altitude

		757 km

		670 km

		657 km



		Inclination

		98°



		Eccentricity

		00



		Repeat period

		3 days

		3 days

		7 days



		Sensor antenna parameters

		

		

		



		Number of beams

		1

		16 384

		1

		3



		Reflector diameter

		19 cm

		3 arms 4 m length, equi-spaced 120°

		6.2 m

		2.5 m



		Maximum beam gain

		9 dBi

		24 dBi

		37 dBi

		29.1, 28.8, 28.5 dBi



		Polarization

		V, H



		–3 dB beamwidth

		64°

		1.8-2.4°

		2.6°

		6.1, 6.3, 6.6°



		Off-nadir pointing angle

		32°

		35.5°

		25.8°, 33.8°, 40.3°



		Beam dynamics

		Fixed

		14.6 rpm

		Fixed



		Incidence angle at Earth

		2°/48°

		39.9°

		27.8°, 37.8° and 45.6°



		–3 dB beam dimensions

		64°

		50 km (35 km centre of FOV)

		50.1 × 38.5 km

		94 × 76 km, 
120 × 84 km 
156 × 97 km



		Instantaneous field of view

		Front semi-sphere 
(2 stereoradians)

		

		Same as –3 dB dimensions, above

		



		Main beam covering area

		2 638 745 km²

		8 300 km²

		1 402 km²

		TBD



		Sensor antenna pattern

		Recommendation ITU-R RS.1813



		Sensor receiver parameters

		



		Sensor integration time

		1.2 s

		84 ms

		6 s



		Channel bandwidth

		19 MHz

		27 MHz

		26 MHz



		*	The sensor A1 antenna is composed of 69 single 9 dBi antenna elements forming a composite antenna of 24 dBi. Interference need to be assessed for both figures noting that their respective covering area is different.







2.2	Mobile systems deployment and parameters

The compatibility studies being related to unwanted emissions, for both mobile terminals and base stations the level of unwanted emissions of –60 dBW/27 MHz in the 1 400-1 427 MHz frequency band (consistent with Resolution 750 (Rev.WRC-12)) was taken as a reference.

As far as the base stations are concerned, it has been considered that each base station will include 3 sectors of 120°. However, it has also been assumed that, on average, emissions from 1 sector will always be blocked. At the end, only 2 sectors per base stations have been considered with the following parameters:

–	antenna gain = 17 dBi;

–	antenna pattern = Recommendation ITU-R F.1336-4 (k=0.3);

–	antenna elevation = –6° (downtilt);

–	feeder losses = 3 dB;

–	average activity factor = 50%;

Considering mobile terminalsTerminal stations, it has been assumed that, on average, 1 mobile terminalterminal station will always been transmitting within each of the 2 sectors. The following parameters have been considered for mobile terminalsTerminal stations :

–	antenna gain = –3 dBi;

–	antenna pattern = omnidirectional;

–	body loss = 4 dBi;

–	outdoor terminal in visibility of the satellite = 10%

–	outdoor terminals with blocking (10 dB attenuation) = 20%

–	indoor terminals (12 dB attenuation) = 70%

3	Analysis for OOBunwanted emissions levels applied for a station of IMT systems to ensure protection for EESS(passive) systems

Based on the above assumptions and mobile service deployments, the relevant analyses are performed using a static scenario (Section 3.1 ) and a dynamic methodology (section 3.2).

3.1	Static analysis

3.1.1	Mobile systems deployment

In addition to the parameters given in section 2 above, the following assumptions were considered. 

The maximum number of sites in the main beam cover (2 000) is derived from the number of sites around Paris (as a dense urban area). In a country like France (550 000 km2) the number of sites for one national network is approximately 20 000 and taking into account geographical variation and the presence of seas, a number of 50 000 sites has been roughly assumed for the SMOS single main beam cover.

{Editor’s note: in the 4th meeting of JTG4-5-6-7, another scenario regarding density of IMT systems is proposed in Doc. 4-5-6-7/263, the results of studied in this document may be reviewed based on the scenario in Doc. 4-5-6-7/263}




Base stations that are within the beam coverage of a satellite have their antenna gain discrimination that may vary depending on the size of this covered area:

–	slight variations with small beam coverage (directional antenna: SMOs Composite & Hydros) resulting in strong discrimination value (22 dB);

–	strong variations with large beam coverage (non-directional antenna SMO Single), resulting in lower discrimination value (17 dB).

[The aggregate interference from terminals in a given cell is assumed to correspond, on average, to one mobile terminal transmitting at an average output power of [15] dBm [(over all Resource Block (RB))] per base station sector. transmitting with maximum e.i.r.p.. This assumption is based on the following elements:

–	Report ITU-R M.2241 indicates that 1 to 5 terminals are simultaneously active.

–	Report ITU-R M.2241 indicates an average power of terminals of 15 dBm.]

{Editor’s note: There is no consensus for the assumption in relation to transmitting power applied for user terminals during the 4th meeting of JTG 4-5-6-7. Further consideration is necessary, so that this assumption may be reviewed at the next JTG 4-5-6-7 meeting.}

3.1.2	Maximum unwanted emissions limits for mobile terminalTerminal and base station

The calculations of OOBunwanted emissions emission limits in Report ITU-R SM.2092 were only considering a deployment of mobile terminals (i.e. uplink) in Japan (i.e. an area of 377 000 km²). 
At this stage, using the methodology and assumptions in Report ITU-R SM.2092, it is possible to reassess the compatibility between EESS (passive) sensors and mobile terminals 
(e.g. within 1 375-1 400 MHz uplink) which unwanted emissions are limited to –60 dBW/27 MHz and also between EESS (passive) sensors and base stations (e.g. within 1 427-1 452 MHz downlink).

According to the Report ITU-R SM.2092, single-entry interference level and aggregate interference level formula are given:

	OOBunwanted emissions Interference EUnwantedLfree  space  Gr 

where:

Eunwanted: e.i.r.p. density (dB(W/27 MHz)) of mobile unwanted emissions integrated over 1 400-1 427 MHz, 

Lfree space: free space loss to passive sensor (dB)

The aggregate interference level is calculated while considering the average number of devices (mobile phones/base stations) (Nm) within –3 dB contour of the sensor main beam.  The following Tables 3 and 4 provide the detailed calculations for the mobile terminals and base stations cases respectively.




TABLE 3

Detailed derivation of the OOBunwanted emissions limits for terminal required for different satellite systems

		Mobile Terminals scenario

		 

		SMOS Single

		SMOS Composite

		HYDROS



		Free Space losses (at 1 413.5 MHz)

		dBi

		154,59

		154,59

		154,01



		EESS main beam cover area

		km²

		2638745

		8300

		1402



		EESS Receiving antenna gain

		dBi

		9

		24

		35



		Total number of equivalent full power terminals in the main beam cover*

		

		50000

		2000

		330



		outdoor MS stations in visibility (P1)

		%

		10

		10

		10



		outdoor MS stations with blocking (P2)

		%

		20

		20

		20



		indoor MS stations (P3)

		%

		70

		70

		70



		Indoor/outdoor attenuation (A3)

		dB

		12

		12

		12



		blocking attenuation (A2)

		dB

		10

		10

		10



		Equivalent visibility outdoor terminal[footnoteRef:1] [1: 	Equivalent visibility outdoor terminal = total nb of terminals in main beam x
(P1+P2*10^(-A2/10)+P3*10^(-A3/10)).] 


		

		8208,4

		328,3

		54,2



		MS antenna gain

		dBi

		–3

		–3

		–3



		Human body absorption

		dB

		–4

		–4

		-4



		Interference level for a 
-60 dBW/27 MHz OOBunwanted emissions

		dBW/27 MHz

		–173.4

		–172.4

		–168.7



		Maximum interference level (2 Mobile bands)

		dBW/27 MHz

		–176

		–176

		–176



		Max OOBunwanted emissions per terminal (2 bands)

		dBW/27 MHz

		–62.6

		–63.6

		 –67.3



		Maximum interference level (1 Mobile bands)

		dBW/27 MHz

		–177

		–177

		–177



		Max OOBunwanted emissions per terminal (1 band)

		dBW/27 MHz

		–63.6

		–64.6

		–68.3





{Editor’s note(*): in the 4th meeting of JTG 4-5-6-7, another scenario regarding density of IMT systems is proposed in Doc. 4-5-6-7/263, the results of studied in this document may be reviewed based on the scenario in Doc. 4-5-6-7/263}

[bookmark: _GoBack]


TABLE 4

Detailed derivation of the OOBunwanted emissions limits for base stations required 
for different satellite systems

		Base stations scenario

		Unit

		SMOS Single

		SMOS Composite

		HYDROS



		EESS Receiving antenna gain

		dBi

		9

		24

		35



		Total number of sites in the main 
beam cover *

		

		50000

		2000

		330



		2 sectors per site

		dB

		+3

		+3

		+3



		Base station Activity Factor (50%)

		dB

		–3

		-3

		–3



		Base station antenna gain (average in the direction of the EESS sensor)

		dBi

		0

		–5

		–5



		Human body absorption

		dB

		0

		0

		0



		Interference level for a
 -60 dBW/27 MHz OOBunwanted emissions

		dBW/27 MHz

		–161.6

		–165.6

		–161.8



		Maximum interference level (2 Mobile bands)

		dBW/27 MHz

		–182

		–182

		-182



		Max OOBunwanted emissions per terminal (2 bands)

		dBW/27 MHz

		–80.4

		–76.4

		–80.2



		Maximum interference level (1 Mobile bands)

		dBW/27 MHz

		–177

		–177

		–177



		Max OOBunwanted emissions per terminal (1 band)

		dBW/27 MHz

		–75.4

		–71.4

		–75.2





{Editor’s note(*): in the 4th meeting of JTG 4-5-6-7, another scenario regarding density of IMT systems  is proposed in Doc. 4-5-6-7/263, the results of studied in this document may be reviewed based on the scenario in Doc. 4-5-6-7/263}

3.1.3	Summary of the static analysis

TABLE 5

Maximum OOBunwanted emissions value to protect EESS (passive)

 (case both 1 375-1 400 MHz and 1 427-1 452 MHz frequency bands are considered
 to be used simultaneously by mobile applications)

		

		Unit

		SMOS Single

		SMOS
Composite

		HYDROS



		Max OOBunwanted emissions per base station

(see Table 43)

		dBW/27 MHz

		–80.4

		–76.4

		–80.2



		Max OOBunwanted emissions per terminal [(when transmitting at [15] dBm power)]

 (see Table 34)

		dBW/27 MHz

		–62.6

		–63.6

		–67.3








TABLE 5B

Maximum OOBunwanted emissions value to protect EESS (passive)

 (case only one of the 1 375-1 400 MHz and 1 427-1 452 MHz frequency bands
is considered to be used by mobile applications)

		

		Unit

		SMOS Single

		SMOS
Composite

		HYDROS



		Max OOBunwanted emissions per base station

(see Table 43)

		dBW/27 MHz

		-75.4

		-71.4

		-75.2



		Max OOB unwanted emissions per terminal[(when transmitting at [15] dBm power)]

(see Table 34)

		dBW/27 MHz

		-63.6

		-64.6

		-68.3





3.2	Dynamic analysis

3.2.1	EESS sensors dynamic parameters

The dynamic analysis below only considers sensors A1 (i.e. SMOS) for both single and composite scenario as described in section 2 above.

Since the conditions defined by Recommendation ITU-R RS.2017 encompasses a 10M km² reference area for the application of the EESS protection criteria, this reference area has been considered as follows for this study:

–	Coordinates of the centre of the area : 46 N – 3 E  

–	Radius = 1 785 km

The satellite orbit and sensor pointing have been simulated with a 1s time step and a period of 
6 days. Over the 10M km² reference area, these simulations lead to around 10000 interference calculation samples.

3.2.2	Mobile systems deployment and parameters

A deployment of 3 000 base stations has been considered, deployed over a square area of 300 000 km² centred on Paris as shown in Figure 1. This represents a density of 1 base station per 100 km². 

It should be noted that this deployment is made according to the population densities and that, 
to this respect, the number of stations within a square of 10 000 km² including Paris area is about 1 800. This represents a density of 18 base stations per 100 km².

FIGURE 1

Deployment of mobile base stations

[image: ]



It is expected that each base station will include 3 sectors of 120°. However, it has also been assumed that, on average, emissions from 1 sector will always be blocked. In addition, it was considered that one of the remaining 2 sectors per base station will be further attenuated by 10 dB.

The azimuth of each base station has been selected randomly (i.e. the azimuth A1 of the first sector is randomly selected and the azimuth A2 of the second sector is derived as A2 = A1 + 120°).

Considering mobile terminalsTerminal stations, it has been assumed that, on average, 1 mobile terminal station will always been transmitting at an average output power of [15] dBm [(over all Resource Block (RB))] within each base station sector. At the end, 6 000 terminal stations simultaneously transmitting have been considered. 

Parameters of both base stations and mobile terminals stations given in section 2 above have been used in the calculations for the 2 scenarios pertaining to the SMOS sensor (single antenna 9 dBi and composite antenna 24 dBi).

3.2.3	Dynamic simulations for base stations

Figure 2 below provides the resulting interference distributions for the base stations case, obviously depicting a large exceeding of the interference criteria, about 19 dB (for the radiometer 24 dBi composite antenna) and 6 dB (for the radiometer 9 dBi antenna elements).

FIGURE 2

Interference distribution for the base stations case

[image: ]

These calculations confirm the previous conclusion that, for base stations, the current unwanted emissions level of –60 dBW/27 MHz is not able to ensure protection of passive sensors.

It is not expected that any mitigation technique could be applied in this case, meaning that to ensure protection of passive sensors in the 1 400-1 427 MHz frequency band, an unwanted emissions level of –79 dBW/27 MHz in the 1 400-1 427 MHz frequency band will be required for each sector of base stations according to this study.

3.2.4	Dynamic simulations for mobile terminals stations

Figure 3 below provides the resulting interference distributions for the mobile terminals Stations case. 
The raw calculations obviously depict a large exceeding of the interference criteria, about 20 dB (for the radiometer 24 dBi composite antenna) and 7 dB (for the radiometer 9 dBi antenna elements).






FIGURE 3

Interference distributions for the mobile terminals stations case

[image: ]

Unlike for the base station case, a number of mitigation techniques can be expected to improve this situation.

These raw calculations represents a situation where all terminals would be operated outdoor and in visibility of the EESS (passive) sensor. 

Assuming the following assumptions as given in section 2 above would lead to a mitigation factor of about 8 dB:

–	10% outdoor terminals in visibility

–	20% outdoor terminals with blocking (10 dB)

–	70% indoor terminals (12 dB attenuation)

Consideration of a “human body absorption” factor could also provide additional mitigation and a factor of 4 dB has been proposed (see section 2 above).

Overall, however, these calculations show that, for terminal stations also, the current unwanted emissions level of -60 dBW/27 MHz is not able to ensure protection of passive sensors.

Applying the abovementioned mitigation factors would mean that to ensure protection of passive sensors in the 1 400-1 427 MHz frequency band, an unwanted emissions level of ‑68 dBW/27 MHz in the 1 400-1 427 MHz frequency band will be required for each terminal station, when transmitting  at an average output power of [15] dBm [(over all Ressource Block (RB))]according to this study.




[4	Analysis of compatibility between EESS (passive) systems and IMT systems using measured unwanted emission levels of real IMT equipment

In this section, it is analysed if currently available IMT equipment could meet the maximum allowable emission levels to protect the EESS (passive) systems calculated in Section 3. 
It is essential to evaluate compatibility between the EESS (passive) systems and IMT systems based on realistic assumptions. For example, although the technical characteristics of IMT equipment are specified as the international standards, the values specified in the standards include margin for implementation of the equipment. 

Nevertheless the current international standards as well as specification appear to specify unwanted emission levels that are as much as 30 dB less stringent than the one recommended in the current Radio Regulations (–60 dBW/27 MHz).

Achievable performance in real IMT equipment, such as unwanted emission levels, is probably better than those specified in the standards. Furthermore, as each station in IMT systems is operated under dynamic transmission power control to minimize intra-system interference, the station does not always use maximum transmission power. 

Therefore, the assessment of the feasibility for IMT stations to meet the unwanted emissions levels resulting from the compatibility studies should be made taking into account practical design consideration of IMT systems and consistently with studies assumptions.

In order to assess the compatibility under such realistic conditions, measured unwanted emission levels assuming different operating conditions for IMT user mobile terminals and base stations are summarized as shown in Tables 6 and 7. 

TABLE 6

Measured unwanted emission levels of an IMT mobileuser terminal (in dBW per 27 MHz)

		

		Guard band (Frequency separation from the measured 27 MHz bandwidth)



		

		0 MHz

		0.9 MHz

		5 MHz

		10 MHz

		20 MHz



		Transmitting output power of an IMT usermobile terminal

		23 dBm

		–49.6

		–49.5[footnoteRef:2] [2: 	According to the specifications in the 3GPP TS 25.101, the unwanted emission level of ‑30.2 dBW/27 MHz is calculated, which is about 19 dB higher than the measured value here.] 


		–52.5[footnoteRef:3] [3: 	According to the specifications in the 3GPP TS 25.101, the unwanted emission level of ‑32.8 dBW/27 MHz is calculated, which is about 20 dB higher than measured value here.] 


		–57.6

		–76.2



		

		[15] dBm

		T.B.D.

		T.B.D.

		T.B.D.

		T.B.D.

		T.B.D.



		

		0 dBm

		–64.8

		–67.3

		–71.6

		–81.5

		–98.1



		

		-9 dBm

		–77.9

		–80.1

		–84.3

		–93.9

		–100.5





{Editor’s note: Additional measurement result including unwanted emission levels for [15] dBm, will be provided at the next JTG meeting.}

NOTE − Measurement conditions are as follows:

–	Two commercial LTE mobileuser terminals of different vendors were used for the measurement. The terminals had the capability to transmit LTE signals in 
the 1 447.9-1 462.9 MHz frequency band (measured in the 1 420.90-1 447.927 MHz).

–	Transmitting bandwidth of LTE signal was 15 MHz using full resource block assignment.

–	The averaged values obtained through the measurements were used.

–	The transmitting output power of 23 dBm corresponded to the maximum output power, [15] dBm to the average output power value for transmitting mobile terminal, 0 dBm to the average a typical output power value for terminals in an active mode in a rural area, and –9 dBm to the average a typical output power value for terminals in an active mode in a suburban/urban area.

For IMT mobileuser terminals, the measured unwanted emission levels do not exceed the levels calculated in Section 3 to protect the EESS (passive) systems when using the typical transmission power values such as 0 and -9 dBm. and using the guard band size of 0.9 MHz . On the other hand, these measurements show that the unwanted emissions of IMT mobile terminal operating at maximum power (23 dBm) do exceed these levels.

Also, these measurements show that increasing the guard band size would improve the IMT terminal unwanted emission level in the 1 400-1 427 MHz frequency band 

TABLE 7

Measured unwanted emission levels of an IMT base station (in dBW per 27 MHz)

		

		Guard band (Frequency separation from the measured 27 MHz bandwidth)



		

		0 MHz

		0.9 MHz

		5 MHz

		10 MHz

		20 MHz



		Transmitting output power of an IMT base station

		23 dBm

		–31.6

		–44.4

		–53.3

		–83.3

		–113.8







NOTE − Measurement conditions are as follows:

–	One commercial LTE base station was used for the measurement. The station had the capability to transmit LTE signals in the 1 495.9-1 510.9 MHz frequency band,

–	Transmitting bandwidth of LTE signal was 15 MHz using full resource block assignment,

For IMT base stations, the measured unwanted emission levels exceed the levels calculated in Section 3 to protect the EESS (passive) systems when the guard band size is 5 MHz or less.. 
In the case of the guard band size of 10 MHz or larger, the measured unwanted emission levels are drastically improved as shown in Table 5.

Differences between IMT user terminals and base stations in relation to achievable unwanted emission levels may be considered as follows; 

–	reduced unwanted emission level of IMT mobile stations could be usually obtained in accordance with effect of transmission power control in real IMT systems;

–	additional filtering to reduce unwanted emission in the adjacent frequency band could be implemented to IMT base stations assuming a certain size of guard band.

Taking into account the above considerations, it is concluded that when considering lower output power of 0 or -9 dBm, unwanted emission level in real IMT user terminals could meet the required unwanted emission level to protect the EESS (passive) systems. Meanwhile, the unwanted emission level in real IMT base stations would need to be improved when employing a small size of guard band.

5	Analysis of existing technical standards 

Based on the current unwanted emission mask specified in 3 GPP for mobile terminals (LTE) in the frequency band 1 427-1 452 MHz,  it is possible to calculate the corresponding total unwanted emission power in the 1 400-1 427 MHz frequency band, as follows in Table 8 and 9:

Table 8

Case of LTE system with 5 MHz BW

		unwanted emission level  (dBm/1MHz)

		in dBW/1MHz

		from (MHz)

		to (MHz) 

		bandwidth (MHz)

		unwanted emission power in this band (dBW)



		–1.5

		–31.5

		1 427

		1 426.9

		0.1

		–41.5



		–8.5

		–38.5

		1 426.9

		1 422.9

		4

		–32.5



		–11.5

		–41.5

		1 422.9

		1 421.9

		1

		–41.5



		–23.5

		–53.5

		1 421.9

		1 417.9

		4

		–47.5



		–30

		–60

		1 417.9

		1 400

		17.9

		–47.5



		TOTAL

		1 427

		1 400

		27

		–31.3





Table 9

Case of LTE system with 10 MHz BW

		unwanted emission level  (dBm/1MHz)

		in dBW/1MHz

		from (MHz)

		to (MHz) 

		bandwidth (MHz)

		unwanted emission power in this band (dBW)



		1.5

		-28.5

		1 427

		1 426.9

		0.1

		-38.5



		-8.5

		-38.5

		1 426.9

		1 422.9

		4

		-32.5



		-11.5

		-41.5

		1 422.9

		1 417.9

		5

		-34.5



		-23.5

		-53.5

		1 417.9

		1 412.9

		5

		-46.5



		-30

		-60

		1 412.9

		1 400

		12.9

		-48.9



		TOTAL

		1 427

		1 400

		27

		-29.6





These calculation show that unwanted emissions masks as currently specified in international technical standards depict a situation exceeding the currently recommended levels in Resolution 750 (Rev.WRC-12) (–60 dBW/27 MHz) by 28.7 dB and 30.4 dB for LTE systems with bandwidth of 5 MHz and 10 MHz respectively.

Therefore, before concluding on the compatibility of IMT identification in the frequency bands adjacent to 1 400-1 427 MHz, consideration may have to be given on how effective recommended unwanted emission levels are if they are not reflected in the IMT international standards and national regulations. On the contrary mandatory levels would ensure that both IMT standardisation and national regulations be compliant with protection of EESS (passive) in the 1 400-1 427 MHz frequency band.



]

6	Summary/Conclusions

The present Report provides both static and dynamic analysis on the compatibility between IMT systems in the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz and systems of EESS (passive) in the 1 400-1 427 MHz frequency band.

These studies show that, for base stations the following level of unwanted emissions in 
the 1 400-1 427 MHz frequency band arewould be required:

–	around -80 dBW/27 MHz in the case both 1 375-1 400 MHz and 1 427-1 452 MHz frequency bands are considered to be used simultaneously by IMT mobile applications;

–	around -75 dBW/27 MHz in the case only one of the 1 375-1 400 MHz or 
1 427-1 452 MHz frequency bands is to be considered for IMT mobile applications.

As for user terminal stations, these studies still show a quite important deficit compared to the currently recommended level of –60 dBW/27 MHz. Indeed, the following level of unwanted emissions in the 1 400-1 427 MHz frequency band arewould be required :

–	[in the range – 65-62.6 to -68] dBW/27 MHz[footnoteRef:4] to be considered for IMT mobile applications. in the case both 1 375-1 400 MHz and 1 427‑1 452 MHz frequency bands are considered to be used simultaneously by IMT mobile applications (uplink and downlink); [4:  This value is derived under the assumption of one terminal transmitting at an average output power of [15] dBm [(over all Ressource Block (RB))] per sector, as shown in the section 3.1.1. It would therefore have to be verified consistently according to these conditions.] 


–	[in the range -63.6 to -69] dBW/27 MHz in the case only one of the 1 375-1 400 MHz or 1 427-1 452 MHz frequency bands is to be considered for IMT mobile applications.

{Editor’s note: It should be noted that any conclusion derived from analysis on measured unwanted emission levels for IMT user terminals and base stations in the section 4, would need to be placed in this section at next JTG 4-5-6-7 meeting.}

Finally, before concluding on the IMT identification in the frequency bands adjacent to 1 400‑1 427 MHz, further work may be needed to evaluate the feasibility to design mobile equipment (base station or user terminal) compliant with the values above

Possible mitigation measures to reduce unwanted emissions of IMT systems falling into the EESS (passive) frequency band are investigated in order to protect the EESS (passive). Those possible mitigation measures are provided in the Annex 1. The adoption of these measures would require careful consideration of their potential impacts on IMT systems. It is to be noted that this discussion on techniques to reduce unwanted emissions doesn’t have an impact on the required unwanted emission levels but rather discusses how these levels can be achieved. 






ANNEX 1(TO ATTACHMENT 2)

Consideration on possible mitigation measures to
protect EESS (passive) systems

In order to protect the EESS (passive) systems from unwanted emissions of IMT systems, some mitigation measures might be necessary under some conditions.

It is to be noted that the measures identified in this section do not have an impact on the required unwanted emission levels, but simply indicate how these levels could be achieved by the IMT stations (channel arrangements, guard bands. improved filters).

1	Possible mitigation measures for EESS (passive) systems

Since the EESS (passive) systems are already operated and stations of those systems are located on spacecraft on the Non-GSO orbit of the earth, it would not be feasible to apply mitigation measures to the EESS (passive) systems.

2	Possible mitigation measures for IMT systems

Possible mitigation measures for IMT systems are listed in the table below. When employing these mitigation measures, potential impacts on the IMT systems should also be taken into account.

TABLE

Possible mitigation measures to be applied to IMT systems

		Possible mitigation measures

		Expected effect and assessment



		Frequency arrangement related matters:

–	To adopt a certain guard band between the frequency edge of the EESS (passive) frequency band and the nearest IMT operating frequency;
























–	To assign IMT uplink to the frequency range adjacent 	or closer to the passive frequency band.



		–	This measure further reduces unwanted emission levels from IMT stations falling into the EESS (passive) frequency band. It could become more effective in case additional 	filtering is applied in IMT base stations; however, it will reduce the frequency band usage efficiency of IMT systems.

–	It reduces efficiency of frequency band usage, since certain frequency bands cannot be used in IMT systems.

–	One study indicates that adjacent channel simulations estimate 6 MHz guard band for the UE transmitters without another mitigation technique. It also shows that for the eNodeB, apart from the 6 MHz guard band and further attenuation of 13 dB is necessary in case without another mitigation technique.









–	By this assignment, compatible operation of both 	systems could be more facilitated.

–	It limits IMT frequency arrangements employed in the 	frequency band.



		Equipment related matters:

–	To employ additional or improved filter devices to 	reduce unwanted emission levels;



–	To use antennas with improved radiation patterns with 	lower side-lobe levels towards the stations in EESS 	(passive) systems. 

		–	This measure further reduces unwanted emission levels 	from IMT stations. It is more applicable to IMT base 	stations than IMT mobileuser terminals, for which equipment 	cost and size restrictions are more stringent.


–	It could further reduce unwanted emission levels from 	IMT base stations. 

· It is not likely to reduce the unwanted emission from IMT mobileuser terminals

–	Adoption of or replacement to such an antenna may 	require additional cost in IMT networks.







______________

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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[bookmark: dbreak]1	Introduction/background

In order to support requirements for “mobile broadband”, the frequency band 1 695-1 710 MHz has been called for studies.

This frequency band is allocated to the meteorological-satellite service (MetSat) and used in particular for data downlink from Non-GSO satellites and is essential for providing operational and time-critical meteorological information to the users around the world with receiving earth stations operated by almost all national meteorological services and many other users worldwide.

On the basis of some existing MetSat earth stations locations, the present document provides an assessment of the separation distance that would be required between IMT stations (base stations and mobileuser terminals) and MetSat receiving earth stations in the 1 695-1 710 MHz frequency band.

2	Technical characteristics

2.1	Meteorological systems

There are hundreds of MetSat stations worldwide in the 1 695-1 710 MHz frequency band operated by almost all national meteorological services and many other users worldwide.

Meteorological satellite systems use the frequency band 1 695-1 710 MHz to disseminate meteorological data directly to the users. The frequency band 1 695-1 698 MHz is used for earth stations to receive data from geostationary MetSat systems, such as FY-2 and FY-4 from China, GOES from USA, Meteosat from EUMETSAT, COMS from Korea, MTSAT from Japan and others. In the frequency band 1 698-1 710 MHz a number of users operate earth stations to receive High Resolution Picture Transmission (HRPT) from non-GSO satellites such as FY-3 from China, NOAA from USA and METOP from EUMETSAT.

The characteristics of such stations are provided in Table 1.

Table 1

Characteristics used for meteorological earth stations

		Parameter

		Value



		Signal

		HRPT, High Resolution Picture Transmission



		Nominal carrier center frequency

		Either 1701.300 MHz or 1707.000 MHz



		RF bandwidth

		4.5 MHz (99 % of the total signal power)



		Polarisation

		RHCP



		Antenna diameter

		1.8 m



		Antenna height

		12 m



		Antenna gain

		29.8 dBi



		Antenna pattern

		Appendix 8 of the Radio Regulations



		Minimum elevation angle

		5°



		Protection criterion long-term

(as per Recommendation ITU-R SA.1027 for terrestrial path)

		–151 dBW per 2668 kHz equivalent to –148.7 dBW per 4.5 MHz, no more than 20% of the time 



		Protection criterion short-term

(as per Recommendation ITU-R SA.1027 for terrestrial path)

		–138 dBW per 2668 kHz equivalent to –135.7 dBW per 4.5 MHz, no more than 0.0094% of the time







The permissible interference power Pr (p) is specified with respect to the actual percentage of time the receiver is in visibility of the satellite, and not the total elapsed time.

Similar stations are used by a number of users in almost all countries worldwide. Table 2 below gives some example locations.

Table 2

Example locations of meteorological earth stations

		Station Name

		Country

		Operated by

		Location (lat, long)



		Edmonton

		Canada

		EC

		53.33N, 113.5W



		Gander

		

		

		48.95N,  54.57W



		Gilmore Creek

		USA

		NOAA

		64.97°N, 147.40°W



		Monterey

		

		

		36.35N, 121.55W



		Ewa Beach

		

		

		21.33°N, 158.07°W



		Miami

		

		

		25.74°N, 80.16°W  



		Wallops

		

		

		37.8N, 75.3W



		Maspalomas

		Spain

		INTA/INSA

		27.78°N, 15.63°W



		Kangerlussuaq

		Greenland

		DMI

		66.98°N, 50.67°W



		Svalbard

		Norway

		KSAT

		78.13°N, 15.23°E 



		Athens

		Greece

		HNMS

		37.81°N,  23.77°E



		Lannion

		France

		CMS

		48.75°N, 3.5°W 



		Saint-Denis (La Réunion)

		

		

		20.91°S, 55.50°E 



		Moscow

		Russian Federation

		SRC Planeta

		55.76°N, 37.57°E



		Beijing

		CHN

		CMA

		40.05°N, 116.27°E



		Guangzhou

		CHN

		CMA

		23.16N, 113.33E



		Xinjiang

		CHN

		CMA

		43.86°N, 87.57°E



		Kashi

		CHN

		CMA

		43.86°N,75.94°E



		Jiamusi

		CHN

		CMA

		46.9°N, 130.34°E



		Sanya

		CHN

		CMA

		18.26N, 109.49E



		Antarctic

		CHN

		CMA

		72°S, 2.52°E



		Melbourne

		AUS

		BOM

		38.36S,145.17°E



		Kirunna

		S

		SSC

		68°N, 21°E







2.2	Mobile service (IMT systems)

The following parameters have been considered in the 1 695-1 710 MHz frequency band. 

Table 3

Selected set of IMT characteristics for base stations (Rural case)

		Parameter

		Value



		Transmitted power (dBm)

		46 



		Bandwidth (MHz)

		10



		Activity factor (%)

		50



		Antenna gain (dBi)

		18



		Feeder loss (dB)

		3



		Antenna height (m)

		30



		Antenna tilt angle (deg.)

		3





Table 4

Selected set of IMT characteristics for mobileuser terminals (as used in Annex A)

		Parameter

		Value



		Average transmitted power 

		2



		Antenna gain (dBi)

		-3



		Transmission bandwidth (MHz)

		10



		Antenna height (m)

		1.5





Table 5

LTE user equipment technical characteristics (as used in Annex C)

		Technical characteristic

		Value



		Aggregate total UE e.i.r.p for cities with population 
< 250,000

		–53.12 dBW/Hz



		Average individual UE e.i.r.p for cities with population < 250,000

		8.08 dBm/10 MHz (TBC with the revision of the study in Annex C)



		Aggregate total UE e.i.r.p. for cities with population 
>= 250,000

		–50.78 dBW/Hz



		Average individual UE e.i.r.p. for cities with population >= 250,000

		5.87 dBm/10 MHz (TBC with the revision of the study in Annex C)



		UE channel bandwidth

		5, 10 & 15 MHz



		UE antenna height 

		1.5 m



		Number of simultaneously transmitting UE per base station sector for each channel bandwidth

		5 MHz



3

		10 MHz



6

		15 MHz



9



		Antenna pattern

		Omni directional



		Cellular deployment scenario

		Same as LTE base stations and user equipment as presented in Annex Csections 3.2.1 and 3.2.2 of Documents JTG 4-5-6-7/165 and 170







3	Analysis

Based on the above assumptions and mobile service deployments, 3 different analyses have been performed and described in:

‑	Annex A: Compatibility of non-GSO MetSat earth stations with IMT Base stations and user terminals.

‑	Annex B: Compatibility of non-GSO and GSO MetSat earth stations with IMT base stations and user terminals.

‑	Annex C: Compatibility of non-GSO MetSat earth stations with IMT user terminals.




4	Summary/Conclusions

This present Rreport shows that the required protection area around MetSat stations from which potential IMT base stations (BS) in the 1 695-1 710 MHz frequency band would have to be excluded would be up to several hundred kilometres, as calculated in Annex A and B. Therefore, sharing between IMT base stations and MetSat stations in the 1 695-1 710 MHz frequency band is not feasible. 

For the sharing between IMT user terminals and MetSat earth stations, there are diverging results in the assessments in Annex A and C, resulting in separation distances ranging from 46 kilometres up to more than 100 kilometres.

This report also provides assessments of protection areas around MetSat stations from which IMT mobile terminals in the 1 695-1 710 MHz frequency band would have to be excluded, with diverging results. Studies in Annexes A and B depict required separation distances from 46 kilometres (GSO case) and 60 km (NGSO case) up to more than 120 kilometres (NGSO case), even considering low rural deployment and conclude that IMT mobile terminal deployment is not compatible with MetSat stations in the 1 695-1 710 MHz. The study in Annex C provides an example calculation resulting in separation distances ranging from 32 to 46 kilometres (NGSO case) and concludes that IMT mobile terminals can be deployed compatibly with MetSat stations.

[Editor’s Note: Further investigation is required for user terminal studies to assess the assumptions, parameters and methodologies used in these studies as well as conclusions on the sharing between IMT user terminals and MetSat earth stations.]






ANNEX A

Compatibility assessment between meteorological satellite systems 
and IMT stations in the 1 695-1 710 MHz frequency band

1	Introduction/background

At its last meeting JTG decided that the frequency band 1 695-1 710 MHz should be considered under WRC-15 agenda item 1.1 for an IMT identification.

This frequency band is allocated to the meteorological-satellite service and used in particular for data downlink from Non-GSO satellites.

EUMETSAT is seriously concerned by such a proposal, since theThis frequency band is essential for providing operational and time-critical meteorological information to the users around the world with receiving earth stations operated by almost all national meteorological services and many other users worldwide.

On the basis of existing MetSat earth stations locations, the present document provides an assessment of the separation distance that would be required between IMT base stations and MetSat receiving earth stations in the 1 695-1 710 MHz frequency band.

2	Technical characteristics

2.1	Meteorological Systems

Meteorological-satellite systems use the frequency band 1 695-1 710 MHz to disseminate meteorological data directly to the users. A number of users operate earth stations to receive High Resolution Picture Transmission (HRPT) from non-GSO satellites such as METOP from EUMETSAT.

The characteristics of such stations are provided in Table 1.

Table 1

Characteristics used for meteorological earth stations

		Parameter

		Value



		Signal

		HRPT, High resolution picture transmission



		Nominal carrier centre frequency

		Either 1 701.300 MHz or 1 707.000 MHz



		RF bandwidth

		4.5 MHz (99 % of the total signal power)



		Polarisation

		RHCP



		Antenna diameter

		1.8 m



		Antenna height

		12 m



		Antenna gain

		29.8 dBi



		Antenna pattern

		Appendix 8 to the Radio Regulations



		Minimum elevation angle

		5°



		Protection criterion long-term

(as per Recommendation ITU-R SA.1027 for terrestrial path)

		–151 dBW per 2668 kHz equivalent to –148.7 dBW per 4.5 MHz, no more than 20% of the time 



		Protection criterion short-term

(as per Recommendation ITU-R SA.1027 for terrestrial path)

		–138 dBW per 2668 kHz equivalent to –135.7 dBW per 4.5 MHz, no more than 0.0094% of the time







The permissible interference power Pr (p) is specified with respect to the actual percentage of time the receiver is in visibility of the satellite, and not the total elapsed time.

Similar stations are used by a number of users in almost all countries worldwide. Table 2 below gives some example locations.

Table 2

Example locations of meteorological earth stations

		Station Name

		Country

		Operated by

		Location (lat, long)



		Edmonton

		Canada

		EC

		53.33N, 113.5W



		Gander

		

		

		48.95N,  54.57W



		Gilmore Creek

		USA

		NOAA

		64.97°N, 147.40°W



		Monterey

		

		

		36.35N, 121.55W



		Ewa Beach

		

		

		21.33°N, 158.07°W



		Miami

		

		

		25.74°N, 80.16°W  



		Wallops

		

		

		37.8N, 75.3W



		Maspalomas

		Spain

		INTA/INSA

		27.78°N, 15.63°W



		Kangerlussuaq

		Greenland

		DMI

		66.98°N, 50.67°W



		Svalbard

		Norway

		KSAT

		78.13°N, 15.23°E 



		Athens

		Greece

		HNMS

		37.81°N,  23.77°E



		Lannion

		France

		CMS

		48.75°N, 3.5°W 



		Saint-Denis (La Réunion)

		

		

		20.91°S, 55.50°E 



		Moscow

		Russian Federation

		SRC Planeta

		55.76°N, 37.57°E



		Muscat

		Sultanate of Oman

		DGMAN

		23.59°N, 58.29°E





2.2	Mobile service (IMT systems)

In the absence of IMT parameters for this frequency band, the following parameters have been considered in the 1 695-1 710 MHz frequency band, consistent with parameters in the current IMT frequency bands.

Table 3

Selected set of IMT characteristics for base stations

		Parameter

		Value



		Transmitted power (dBm)

		43 for BW=5 MHz

46 for BW=10 MHz

46 for BW=20 MHz



		Antenna gain (dBi)

		18



		Feeder loss (dB)

		3



		Antenna height (m)

		30



		Antenna tilt angle (deg.)

		2.5 rural

5 urban





Table 4

Selected set of IMT characteristics for mobile stations

		Parameter

		Value



		Typical transmitted power (dBm)

		23



		Antenna gain (dBi)

		0



		Transmission bandwidth (MHz)

		5, 10 or 20



		Antenna height (m)

		1.5





3	Analysis for base stations and user terminals

3.1	Methodology for the base station case

As the frequency band is used by EUMETSAT for the non-GSO METOP satellites, the MetSat earth station is continuously tracking the satellite when in visibility. The antenna gain of the earth station towards the horizon changes continuously. The distribution of the interference will therefore be the convolution of the distribution of the antenna gain with the distribution of the propagation loss for an IMT base station.

This may be approximated by the TVG (time-variant gain) method described in section 4 of Annex 6 to RR Appendix 7.

The TVG method closely approximates the convolution of the distribution of the horizon gain of the earth station antenna and the propagation loss. This method may produce slightly smaller distances than those obtained by an ideal convolution. An ideal convolution cannot be implemented due to the limitations of the current model for propagation loss. The propagation loss required distance, at the azimuth under consideration, may be rewritten for the n-th calculation in the following form:



		                    dB	(3)

with the constraint:



		

where:

	Pt:		maximum available transmitting power level (dBW) in the reference bandwidth at the base station;

	Pr( p ):		interference power of an interfering emission (dBW) in the reference bandwidth to be exceeded for no more than p% of the time at the terminals of the antenna of a receiving earth station, where the interfering emission originates from a single source;

	Gx:		maximum antenna gain assumed for the base station towards the horizon (dBi);

	Ge( pn):		the horizon gain of the earth station antenna (dBi) that is exceeded for pn% of the time on the azimuth under consideration;

	Lb( pv): 		the minimum required propagation loss (dB) for pv% of the time.

The values of the percentages of time, pn, to be used in equation (3) are determined in the context of the cumulative distribution of the horizon antenna gain. This distribution needs to be developed for a predetermined set of values of horizon antenna gain spanning the range from the minimum to the maximum values for the azimuth under consideration. The notation Ge( pn) denotes the value of horizon antenna gain for which the complement of the cumulative distribution of the horizon antenna gain has the value corresponding to the percentage of time pn. The pn value is the percentage of time that the horizon antenna gain exceeds the n-th horizon antenna gain value.  This is evaluated only when the satellite is in visibility from the earth station.

For each value of pn, the value of horizon antenna gain for this time percentage, Ge( pn), is used in equation (3) to determine a minimum required propagation loss. The propagation loss is to be lower than this required propagation loss for no more than pv% of the time, as specified by the constraint associated with equation (3). A series of distances are then determined using Recommendation ITU‑R P.452-14. 

The antenna gain of the IMT base stations towards the horizon may be determined using Recommendation ITU-R F.1336. Assuming a maximum antenna gain of 18 dBi, and aperture in azimuth of 65°, a down tilt angle of 2.5° and a coefficient k of 0.7, this leads to a gain between 8.1 and 16.1 dBi, depending of the azimuth pointing angle of the base station. The maximum value corresponds to a base station pointing in the same direction as the MetSat earth station, the minimum value corresponds to a base station pointing at an angle of 60° from the MetSat earth station.

3.2	Calculations for the base station case

The calculations have been done for 3 different receiving stations in the EUMETSAT Advanced Retransmission Service (EARS) network, namely in Lannion, Moscow and Miami.



		Lannion

		France

		48.75°N ; 3.5°W 



		Moscow

		Russian Federation

		55.76°N ; 37.57°E 



		Miami

		USA

		25.74°N ; 80.16°W  







Several cases have been considered, depending whether the base station is pointing towards the MetSat earth station or not, and depending on the location and height of the first obstacle.

In addition, the required exclusion zone has been determined around each of those stations using actual terrain model elevation and calculated for a base station pointing towards the MetSat station, as well as the antenna gain for the MetSat earth station and the percentage of time for the propagation model which gave the worst case separation distances in the generic calculations over flat terrain (so-called “max flat distance”. This may however underestimate the separation distances in case of obstacles on the path profile.

3.2.1	Results for LANNION

Table 5

Results for Lannion

		Pointing azimuth of the base station

		First obstacle

		MetSat Earth station antenna gain towards the horizon for the “max flat distance”

		Percentage of time for the propagation model for the “max flat distance”

		Separation distances depending on the azimuth



		Towards the MetSat station

		None

		–2 dBi

		0.0094%

		354 km



		

		10 km – 50 m

		–2 dBi

		0.0094%

		315 km



		

		10 km – 100 m

		10 dBi

		0.12%

		128 to 149 km



		

		20 km – 200 m

		18 dBi

		0.9%

		90 to 100 km



		

		10 km – 300 m

		18 dBi

		0.9%

		60 to 68 km



		60° off pointing angle

		None

		11 dBi

		0.1%

		284 to 294 km



		

		10 km – 50 m

		–2 dBi

		0.0094%

		239 to 251 km



		

		10 km – 100 m

		16 dBi

		0.4%

		66 to 75 km



		

		20 km – 200 m

		–2 dBi

		0.0094%

		21 km



		

		10 km – 300 m

		–2 dBi

		0.0094%

		11 km





Figure 1

Exclusion zones around Lannion for base station

(The colour indicates the level by which the protection criterion is exceeded)
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The required separation distance extends up to 369 kilometres in the South East, which is consistent with the calculation in Table 5 above. It can also be noted that the protection of the MetSat station is not limited to a national issue since the protection area extends from France to the UK.

3.2.2	Results for MOSCOW

Table 6

Results for Moscow

		Pointing azimuth of the base station

		First obstacle

		MetSat earth station antenna gain towards the horizon for the “max flat distance”

		Percentage of time for the propagation model for the “max flat distance”

		Separation distances depending on the azimuth



		Towards the MetSat station

		None

		–2 dBi

		0.0094%

		339 to 347 km



		

		10 km – 50 m

		–2 dBi

		0.0094%

		301 to 310 km



		

		10 km – 100 m

		12 dBi

		0.1%

		84 to 146 km



		

		20 km – 200 m

		18 dBi

		0.7%

		86 to 102 km



		

		10 km – 300 m

		18 dBi

		0.6%

		59 to 71 km



		60° off pointing angle

		None

		11 dBi

		0.1%

		269 to 290 km



		

		10 km – 50 m

		–2 dBi

		0.0094%

		225 to 248 km



		

		10 km – 100 m

		15 dBi

		0.2%

		63 to 80 km



		

		20 km – 200 m

		–2 dBi

		0.0094%

		21 km



		

		10 km – 300 m

		–2 dBi

		0.0094%

		11 km





Figure 2

Exclusion zones around Moscow for base station

(The colour indicates the level by which the protection criterion is exceeded)
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The required separation distance extends up to 351 kilometres in the South East, which is consistent with the calculation in Table 6 above.

3.2.3	Results for MIAMI 

Table 7

Results for Miami

		Pointing azimuth of the base station

		First obstacle

		MetSat earth station antenna gain towards the horizon for the “max flat distance”

		Percentage of time for the propagation model for the “max flat distance”

		Separation distances depending on the azimuth



		Towards the MetSat station

		None

		7 dBi

		0.1%

		382 to 395 km



		

		10 km – 50 m

		–2 dBi

		0.094%

		367 km



		

		10 km – 100 m

		10 dBi

		0.2%

		191 to 208 km



		

		20 km – 200 m

		18 dBi

		1.4%

		99 to 103 km



		

		10 km – 300 m

		18 dBi

		1.3%

		63 to 66 km



		60° off pointing angle

		None

		–2 dBi

		0.0094%

		337 to 345 km



		

		10 km – 50 m

		9 dBi

		0.2%

		293 to 304 km



		

		10 km – 100 m

		11 dBi

		0.3%

		122 to 138 km



		

		20 km – 200 m

		–2 dBi

		0.0094%

		21 km



		

		10 km – 300 m

		–2 dBi

		0.0094%

		11 km





Figure 3

Exclusion zones around Miami for base station

(The colour indicates the level by which the protection criterion is exceeded)
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In this case, the required separation distance extends even over the maximum distance determined in Table 7 (i.e. 395 kilometres) due to the location of the station close to the sea, where propagation is much more favourable than over land. On the other hand, the distances found over land are consistent with the calculation in Table 7 above. It can also be noted that the protection of the MetSat station is not limited to a national issue since the protection area extends from USA to Cuba and the Bahamas.

3.3	Analysis and results for the terminal user case

A Monte-Carlo simulation was developed in order to assess the aggregate interference from multiple user terminals deployed at a given distance from the MetSat earth station, taking into account the actual terrain elevation.

A limited number of base stations has been deployed over land at a given separation distance from the MetSat earth station. The base stations are separated by 8 km, which roughly would correspond to a cell size of 4 km, representative of rural environment. Obviously, a cellular deployment in suburban or urban environment would lead to a higher number of base stations.

For each base station (with 3 sectors), 1 active user terminal per sector is transmitting with an e.i.r.p. following a Rayleigh distribution, as shown in Figure 4.

Figure 4

Distribution of user terminal e.i.r.p.
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Figure 4 gives an example of deployment around Miami for a limited number of base stations (16) at 45 kilometres from the MetSat earth station. The base stations are represented by the diamond shape, while the user terminals are in red.

Figure 5

Example of mobile deployment for Miami assuming a 45 km separation distance
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For each trial, the following steps are followed: 

–	the MetSat earth station antenna is randomly pointed with a uniform distribution in the volume (in steradians) above the minimum elevation angle of 5° (A uniform distribution in azimuth and elevation would lead to an overestimation of the high elevation events, not representative of reality);

–	the e.i.r.p. of each user terminal is determined following the Rayleigh distribution as on Figure 4;

–	the propagation loss value over each user terminal-to-MetSat path follows a distribution given by Recommendation ITU-R P.452 with a percentage that is randomly determined. (A constant value such as 50% would not be correct as it does not allow to encompassing the possibility of anomalous atmospheric events such as ducting);

–	the aggregate interference from all user terminals at the MetSat receiver level is then computed, taking into account the relative MetSat antenna gain in the direction of each user terminal, considering the following equation :



   (dB)

where:

	n:		index of the user terminal (1 to 48);

	EIRPn:		user terminal e.i.r.p. (based on the distribution in Figure 4);

	Ln:		propagation loss between the user terminal of index n and the MetSat station (for p% based on Recommendation ITU-R P.452); 

	p%:		random percentage for Recommendation ITU-R P.452 (from 0.0001% to 50%) different;

	Gmetsat:		Relative antenna gain (dBi) of the MetSat station in the direction of the user terminal of index n.

A number of 40 000 trials have been performed allowing to draw the following interference cdf curve shown in Figure 6.

Figure 6

Interference cumulative distribution function from 10 MHz user terminals to MetSat
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This figure shows that, even considering a limited number of user terminals, assuming a separation distance of 45 kilometres leads to an interference level corresponding to 20% of the time at 
–145.5 dBW (i.e. 3.2 dB above the MetSat protection long-term criterion) and to an interference level corresponding to 0.0094% of the time at –127.2 dBW (i.e. 8.5 dB above the MetSat protection short-term criterion).

It should also be noted that these calculations were made with a user terminal bandwidth of 10 MHz whereas the MetSat station bandwidth is of 4.5 MHz (and hence a 3.5 dB bandwidth factor).  When considering a user terminal bandwidth of 5 MHz (and hence a 0.5 dB bandwidth factor), the interference from the same user terminal deployment would hence be 6.2 dB above the MetSat protection long-term criterion and 11.5 dB above the MetSat protection short-term criterion.

Further work may be required to take into account a more complete user terminal deployment based on an actual cellular network, including the cells located beyond the separation distance, the suburban case, but this calculation already invalidates the study in Annex C to PDN Report ITU‑R SA.[METSAT 1.7 GHz] determining a 30 kilometres distance as sufficient to ensure protection of MetSat.

Indeed, when comparing the 2 studies, the following elements have to be considered in particular:

–	the present study only considers 3 user terminal per base station instead of 18 in the study in Annex C to PDN Report ITU‑R SA.[METSAT 1.7 GHz];

–	the present study only considers 16 Base stations (hence 48 user terminal) at a single distance of 45 kilometres (rural case) from the MetSat station whereas the study in Annex C to PDN Report ITU-R SA.[METSAT 1.7 GHz] takes into account a much dense deployment (urban or suburban cases) within an area ranging from 30 to 100 kilometres.

Among others, these 2 factors will obviously lead to a large increase of the negative margins as calculated above and hence of the required separation distances between a user terminal deployment and any MetSat station.

Considering that even with the low IMT user terminal deployment used for the present study, the negative margin for short-term criteria is already ranging 8.5 to 11.5 dB for a separation distance of 45 kilometres one can assume that accounting for the aggravating factors above would more than likely lead to at least doubling the required separation distance (100 kilometres).

4	Summary/Conclusions

The present Annex shows that the required protection area around MetSat stations from which potential IMT base stations (BS) in the 1 695-1 710 MHz frequency band would have to be excluded would be very large, of several hundred kms and that, for user terminals, large separation distances of several tens kms up to 100 kms would be needed.

On this basis, the following comments can be made:

−	There are hundreds of MetSat stations worldwide in the 1 695-1 710 MHz frequency band operated by almost all national meteorological services and many other users worldwide.

−	The necessary protection of these stations will require large exclusion zones, in which IMT operators will not be able to deploy their stations.

−	In a number of countries, probably the majority, the protection of MetSat earth stations will totally preclude deployment of IMT stations in that country as well as it would impact the deployment of IMT in neighbouring countries.

On this basis, it appears obvious that a deployment of IMT systems in the 1 695-1 710 MHz frequency band is not compatible with MetSat and will not reach the goal set by Resolution 233 (WRC-12) of a worldwide and harmonized spectrum.

3.3.1	IMT systems deployment

A number of IMT base stations has been deployed over land with a given separation distance from the MetSat Earth station. The base stations are deployed in a cellular network with a cell size of 5 km, representative of rural environment. Obviously, a cellular deployment in suburban or urban environment would lead to a higher number of base stations.

For each base station (with 3 sectors), 1 active user terminal per sector is transmitting with an e.i.r.p. following a Rayleigh distribution, as shown in Figure 4.

Figure 4

Distribution of user terminal EIRP 
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Figures 5 and 6 give an example of deployment around respectively Lannion and Miami MetSat stations for a 60 km separation distance. The IMT base stations are represented by the diamond shape, while the user terminals are represented with a red plot.

Figure 5

Example of Mobile deployment for Lannion assuming a 60 km separation distance
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Figure 6

Example of Mobile deployment for Miami assuming a 60 km separation distance
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One could argue that in an actual IMT deployment, few to no base station or user terminal might be expected in the everglades in the south West of Miami. However, this is not the case when considering a separation distance of 120 km as shown in Figure 7 below. 

Figure 7

Example of Mobile deployment for Miami assuming a 120 km separation distance
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In addition, the study considered an IMT deployment limited to a rural environment, whereas one would expect in Miami and close vicinity a much larger number of base stations to cover the urban and suburban environments.

Finally, the present study only considers 3 user terminal per base station whereas in an urban/suburban environment, the number of terminals would be much larger. Thus, the IMT deployment scenario used to assess the interference potential on a MetSat Earth station in this study can be considered as quite low and far from being worst case. 

3.3.2	Methodology

A Monte-Carlo simulation was developed in order to assess the aggregate interference from multiple user terminals deployed at a given distance from the MetSat Earth station, taking into account the actual terrain elevation.

For each trial, the following steps are followed: 

–	the MetSat Earth station antenna is randomly pointed with a uniform distribution in the volume (in steradians) above the minimum elevation angle of 5° (A uniform distribution in azimuth and elevation would lead to an overestimation of the high elevation events, not representative of reality);

–	the e.i.r.p. of each user terminal is determined following the Rayleigh distribution as on Figure 1;

–	the propagation loss value over each user terminal-to-MetSat path follows a distribution given by Recommendation ITU-R P.452 with a percentage that is randomly determined. (A constant value such as 50% would not be correct as it does not allow to encompassing the possibility of anomalous atmospheric events such as ducting);

–	the aggregate interference from all user terminals at the MetSat receiver level is then computed, taking into account the relative MetSat antenna gain in the direction of each user terminal, considering the following equation :





   (dB)



where:

	n:	index of the user terminal (1 to 48);

	EIRPn:	user terminal e.i.r.p. (based on the distribution in Figure 4);

	Ln:	propagation loss between the user terminal of index n and the MetSat station (for p% based on Recommendation ITU-R P.452); 

	p%:	random percentage for Recommendation ITU-R P.452 (from 0.0001% to 50%) different;

	Gmetsat:	Relative antenna gain (dBi) of the MetSat station in the direction of the user terminal of index n.



3.3.3	Results for the user terminal case

A number of 30 000 to 40 000 trials have been performed for each separation distance and each MetSat Earth station studied allowing to draw the following interference cdf curve shown in Figures 8 and 9.

Figure 8

Interference cumulative distribution function from 10 MHz user terminals to Lannion MetSat Earth station
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This Figure 8 shows that, for the case of the Lannion MetSat Earth Station, even considering a limited number of user terminals with a rural deployment of base stations, assuming a separation distance of 45 km leads to an interference level corresponding to 0.0094% of the time at 
–133.5 dBW (i.e. 2.2 dB above the MetSat protection short-term criterion).

It should also be noted that these calculations were made with user terminals bandwidth of 10 MHz whereas the MetSat station bandwidth is of 4.5 MHz (and hence a 3.5 dB bandwidth factor). 
When considering a user terminal bandwidth of 5 MHz (and hence a 0.5 dB bandwidth factor), the interference from the same user terminal deployment would hence be 5.2 dB above the MetSat protection short-term criterion.

This Figure 8 also shows that in order to meet the MetSat protection criterion the separation distance should be increased to a 60 km value when considering user terminals bandwidth of 10 MHz.

Figure 9

Interference cumulative distribution function from 10 MHz user terminals to Miami MetSat Earth station
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This Figure 9 shows that, for the case of the Miami MetSat Earth Station, even considering a limited number of user terminals with a rural deployment of base stations, assuming a separation distance of 60 km leads to an interference level corresponding to 0.0094% of the time at 
–128.5 dBW (i.e. 7.2 dB above the MetSat protection short-term criterion). It also shows that for the same separation distance of 60 km, the long-term criterion is also exceeded by 4.7 dB.

Similarly, when considering a user terminal bandwidth of 5 MHz, the interference from the same user terminal deployment would hence be 10.2 dB above the MetSat protection short-term criterion and 7.7 dB above the MetSat protection long-term criterion when considering a 60 km separation distance.

This Figure 9 also shows when considering user terminals bandwidth of 10 MHz , at 80 km separation distance, both protection criteria are still exceeded and that in order to meet the MetSat protection criterion the separation distance should be even higher than 120 kms (at this distance the short-term protection criterion is still exceeded, although by a very small amount).

4	Summary/Conclusions of annex A

The present Annex shows that the required protection area around MetSat stations from which potential IMT base stations (BS) in the 1 695-1 710 MHz frequency band would have to be excluded would be very large, of several hundred kms and that, for user terminals, large separation distances of 60 kms up to 120 kms are also required in order to ensure the protection of MetSat Earth stations supporting non-GSO meteorological satellites. 

In addition, the following elements have to be taken in consideration when assessing the suitability of this band for mobile broadband systems:




−	There are hundreds of MetSat stations worldwide in the 1 695-1 710 MHz frequency band operated by almost all national meteorological services and many other users worldwide.

−	The necessary protection of these stations will require large exclusion zones, in which IMT operators will not be able to deploy their stations.

−	In a number of countries, probably the majority, the protection of MetSat earth stations will totally preclude deployment of IMT stations (terminals and Base stations) in large areas including major cities as well as it would impact the deployment of IMT in neighbouring countries.

On this basis, it appears obvious that a deployment of IMT systems in the 1 695-1 710 MHz frequency band is not compatible with MetSat and will not reach the goal set by Resolution 233 (WRC-12) of a worldwide and harmonized spectrum.

One can therefore conclude that an IMT identification (base stations or user terminals) is not compatible with current and planned MetSat use of the 1 695-1 710 MHz band.






ANNEX b

Compatibility assessment between meteorological satellite systems 
and IMT stations in the 1 695-1 710 MHz frequency band

1	Introduction

This Annex provides an analysis of the compatibility between IMT system and meteorological-satellite (MetSat) systems in the frequency band 1 695-1 710 MHz. The following interference scenarios for sharing situations are considered:

–	the single-entry and aggregated interference from IMT base station to GSO MetSat earth station;

–	the single-entry and aggregated interference from IMT base station to non-GSO MetSat earth station.;

–	the aggregated interference from IMT user terminals to GSO MetSat earth station;

–	the aggregated interference from IMT user terminals to non-GSO MetSat earth station.

2	Background

Up to now, the 1 695-1 710 MHz band is used by all meteorological satellite systems with earth stations operated by almost all National Meteorological and Hydrological Services (NMHS) and many other users. And this band is essential for providing operational and time-critical meteorological information to the users around the world.

Considering each of these two services may be provided by geosynchronous orbit (GSO) satellite systems and non-GSO satellite systems, based on Recommendation ITU-R SA.1158, MetSat operators have agreed to separate the band 1 695-1 710 MHz and its adjacent band 1 670‑1 695 MHz into two sub-bands which are being used and are expected to continue to be used as follows: 

-	the 1 670-1 698 MHz band should be used by GSO meteorological satellites; 

-	the 1 698-1 710 MHz band should be used by non-GSO meteorological satellites.

Although only a very few countries have their own MetSat systems, all the data collected by meteorological satellites are provided freely to all the countries and regions of the world, and are performed for the benefit of the whole international community. 

3	Technical characteristics

3.1	MetSat service

3.1.1	FENGYUN MetSat systems deployment 

There are several FENGYUN (FY) MetSat systems operating in the 1 695-1 710 MHz band in China currently, including polar-orbiting satellites such as FY-3A, FY-3B and FY-3C, and also geostationary satellites such as FY-2D, FY-2E and FY-2F; and the second generation FY geostationary meteorological satellites FY-4 series will continue to use this band. Chinese current and future FY series MetSat systems in the band 1 695-1 710 MHz are provided in Table 1. 




TABLE 1

Uses of the band 1 695-1 710 MHz by FY MetSat systems

		Mission name(Orbit)

		Status

		Frequency
(MHz)

		Direction

		Polarization

		Service



		FY-2C (123.5°E)

FY-2D (86.5°E)

FY-2E (105°E)

FY-2F (112°E)

		In orbit

		1 699.487

-

1 699.513

		S-E

		V

		S-WEFAX



		FY-4 satellites

		Planned

		1 690-1 696

		S-E

		H

		Ranging



		

		

		1 696-1 698

		S-E

		V

		LRIT/EWAIB



		FY-3A（NGSO）

		In orbit

		1 701.1-1 707.9

		S-E

		CR

		HRPT



		FY-3B（NGSO）

		In orbit

		1 701.1-1707.9

		S-E

		CR

		HRPT



		FY-3C（NGSO）

		In orbit

		1 698.7-1 703.9

		S-E

		M

		HRPT



		FY-3D（NGSO）

		Planned

		1 704.1-1 709.3

		S-E

		M

		HRPT







Table 2 gives some example locations of meteorological satellite earth stations.

TABLE 2

[bookmark: OLE_LINK1]Example locations of FY meteorological earth stations

		Station Name

		Country

		Operated by

		Location (lat, long)



		Beijing

		CHN

		CMA

		40.05°N, 116.27°E



		Guangzhou

		

		

		23.16N, 113.33E



		Xinjiang

		

		

		43.86°N, 87.57°E



		Kashi

		

		

		43.86°N,75.94°E



		Jiamusi

		

		

		46.9°N, 130.34°E



		Sanya

		

		

		18.26N, 109.49E



		Antarctic

		

		CMA

		72°S, 2.52°E



		Melbourne

		AUS

		BOM

		38.36S,145.17°E



		Kirunna

		Sweden

		SSC

		68°N, 21°E







3.1.2	FY MetSat system parameters

The key parameters of FY-3 and FY-4 meteorological satellites earth stations to be used in interference assessment from IMT system are listed in Table 3 and Table 4 respectively.

TABLE 3 

 Characteristics for FY-3 (non-GSO) meteorological satellite earth stations

		Parameter

		Value



		Signal

		HRPT, High Resolution Picture Transmission



		Centre frequency

		Either 1 701.300 MHz or 1 706.7 MHz



		RF bandwidth

		5.2 MHz



		Elevation angle

		5° ~ 90°



		Antenna diameter

		2.4 m



		Antenna height

		15 m



		Antenna gain

		30.05 dBi



		Antenna pattern

		Appendix 8 to the Radio Regulations





TABLE 4

Characteristics for FY-4 (GSO) meteorological satellite earth stations

		Parameter

		Value



		Signal

		LRIT/EWAIB



		Centre frequency

		1 697 MHz



		RF bandwidth

		2 MHz



		Elevation angle

		34.48°



		Antenna diameter

		1.8 m



		Antenna height

		15 m



		Antenna gain

		28 dBi



		Noise temperature

		249 K



		Antenna pattern

		Appendix 8 to the Radio Regulations







3.1.3 	Interference criteria

Based on the Recommendation ITU-R SA.1027, two interference criteria were identified for use in the 1 695-1 710 MHz band when assessing the interference from terrestrial service to non-GSO MetSat systems:

–	Long-term interference criteria: -151 dBW per 2 668 kHz corresponding to the total interference to be exceeded no more than 20% of the time, which is equivalent 
to -148.1 dBW per 5.2 MHz.

–	Short-term interference criteria: -138 dBW per 2 668 kHz corresponding to the total interference to be exceeded no more than 0.0094% of the time, which is equivalent
 to -135.1 dBW per 5.2 MHz.

For GSO MetSat system, the Recommendation ITU-R S.1432 provides the long-term interference criteria: I/N = -12.2 dB (ΔT/T = 6%) corresponding to the total interference from other systems having co-primary status for 100% of the worst month, or I/N = -10 dB (ΔT/T = 10%) corresponding to the aggregate interference from co-primary allocation for 20% of any month.

3.2	Mobile service (IMT systems)

The following IMT parameters have been used in this studies were taken from Report ITU-R M.2292., which come from Annex 2 of the Chairman’s report (Document 4-5-6-7/242).

TABLE 5

IMT base station parameters

		               Cell structure

Characteristics

		Macro rural

		Macro suburban

		Macro urban



		Cell radius / Deployment density 

		[bookmark: _Ref334600713]> 3 km
(typical figure to be used in sharing studies 5 km)

		0.5-3 km
(typical figure to be used in sharing studies 1 km)

		0.25-1 km

(typical figure to be used in sharing studies 0.5 km)



		Antenna height

		30 m

		30 m 

		25 m



		Sectorization

		3-sectors

		3-sectors

		3-sectors



		Downtilt

		3 degrees

		6 degrees

		10 degrees



		Antenna pattern

		Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” sectionrecommends 3.1)

· ka = 0.7

· kp = 0.7

· kh = 0.7

· kv = 0.3

Horizontal 3 dB beamwidth: 65 degrees

Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.



		Below rooftop antenna deployment

		0 %

		0 %

		30 %



		Feeder loss

		3 dB

		3 dB

		3 dB



		Maximum output power (5/10/20 MHz)

		43/46/46 dBmW

		43/46/46 dBmW

		43/46/46 dBmW



		Maximum antenna gain

		18 dBi

		16 dBi

		16 dBi



		Maximum output power (EIRP)

		58/61/61 dBmW

		56/59/59 dBmW

		56/59/59 dBmW



		Average activity

		50 %

		50 %

		50%





TABLE 6

IMT user terminal parameters

		                                 Cell structure

Characteristics

		Macro rural

		Macro suburban

		Macro urban



		Indoor user terminal usage

		50 %

		70 %

		70 %



		Indoor user terminal penetration loss

		15 dB

		20 dB

		20 dB



		Maximum user terminal output power

		23 dBm

		23 dBm

		23 dBm



		Average user terminal output power

		2 dBm

		-9 dBm

		-9 dBm



		Typical antenna gain for user terminals

		-3 dBi

		-3 dBi

		-3 dBi



		Body loss 

		4 dB

		4 dB

		4 dB





4	Analysis for IMT base station

4.1	Methodology

The document analyses the interference from IMT base stations to GSO and non-GSO MetSat systems, including single-entry interference and aggregated interference.

For the single-entry interference, the worst case is taken into account, i.e. the antenna main-lobe of the IMT base station is facing the antenna of the MetSat earth station.

In the case of the aggregated interference from the multiple IMT base stations, it is assumed that there are two rings of equi-spaced IMT base stations located around the MetSat earth station. Thus the radius of the inner ring is the required separation distance meeting the interference criterion. The number of IMT base stations is assessed according to the separation distance and the base station inter-site distance as following:

N(i) = pi / (arc sin (Dintersite/ (2*Dprotection)))+ pi / (arc sin (Dintersite/ (2*(Dprotection+Dintersite))))

FIGURE 1

Aggregated IMT base stations scenario

 (
earth
 station
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The analyses are based on the propagation models described in Recommendation ITU-R P.1546. Different building losses and clutter effects representing urban suburban and rural environment respectively have been assumed in these analyses.




4.2	Calculations

In order to calculate the antenna gain of MetSat earth station in the direction of IMT base station, the off-axis angle of IMT base station from MetSat earth station antenna boresight must be determined firstly. Figure 2 illustrates the geometry, where MetSat earth station is at point O and IMT base station is at point A. So the angle between line OA and line OB is the off-axis angle, and it is given by:



where:

	:	IMT base station’s elevation angle (degrees)

	:	IMT base station’s azimuth angle (degrees)

	:	MetSat earth station’s elevation angle (degrees)

	:	distance from IMT base station to MetSat earth station (m)

	:	relative height between IMT base station and MetSat earth station (m)

	:	off-axis angle (degrees)

FIGURE 2

Geometry of off-axis angle from MetSat earth station to IMT base station










4.3	Results

4.3.1	For GSO MetSat earth station

The maximum allowable interference into FY-4 earth station is -126.84 dBmW/MHz calculated according to its characteristic parameters and protection criteria. 

For single-entry interference, the relationship between the interference power and the separation distance is shown in Fig. 3. In urban environment, the separation distance is 17 km. For suburban and rural environment, the distance increases to 43.8 km and 47.6 km respectively.

FIGURE 3

Separation distance for FY-4 earth station with single-entry interference







Figure 4 shows the separation distance relative to different interference power for the aggregated interference scenario. The separation distance is 47.3 km for urban, 157.1 km for suburban, and 113.8 km for rural.

FIGURE 4

Separation distance for FY-4 earth station with aggregated interference







4.3.2	For non-GSO MetSat earth station

The calculation of separation distances for FY-3 earth station is the same as that for FY-4, except that the elevation angle of FY-3 earth station antenna is not constant. The results of single-entry interference with short-term criteria are given in Table 76 and Fig. 5, with long-term criteria given in Table 87 and Fig. 6. The results for aggregated interference scenario are given in Table 98, Fig.7 (short-term criteria) and Table 109, Fig. 8 (long-term criteria).

TABLE 76

Single-entry interference results for FY-3 earth station with short-term criteria

		Interference criteria

		-138 dBW/2 668 kHz, i.e. -135.1 dBW/5.2 MHz



		Environment

		Urban

		Suburban

		Rural



		Earth station elevation angle

		5°

		90°

		5°

		90°

		5°

		90°



		Separation distance

		17.4 km

		6.3 km

		45.8 km

		19.6 km

		49.9 km

		23.4 km





FIGURE 5

Single-entry interference results for FY-3 earth station with short-term criteria







TABLE 87

Single-entry interference results for FY-3 earth station with long-term criteria

		Interference criteria

		-151 dBW/2 668 kHz, i.e. -148.1 dBW/5.2 MHz



		Environment

		Urban

		Suburban

		Rural



		Earth station elevation angle

		5°

		90°

		5°

		90°

		5°

		90°



		Separation distance

		30.3 km

		13 km

		81.3 km

		34.4 km

		89.7 km

		36.7 km





FIGURE 6

Single-entry interference results for FY-3 earth station with long-term criteria
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TABLE 98

Aggregated interference results for FY-3 earth station with short-term criteria

		Interference criteria

		-138 dBW/2 668 kHz, i.e. -135.1 dBW/5.2 MHz



		Environment

		Urban

		Suburban

		Rural



		Earth station elevation angle

		5°

		90°

		5°

		90°

		5°

		90°



		Separation distance

		36.2 km

		20 km

		126.9 km

		60.8 km

		79.1 km

		43.2 km





FIGURE 7

Aggregated interference results for FY-3 earth station with short-term criteria







TABLE 109

Aggregated interference results for FY-3 earth station with long-term criteria

		Interference criteria

		-151 dBW/2 668 kHz, i.e. -148.1 dBW/5.2 MHz



		Environment

		Urban

		Suburban

		Rural



		Earth station elevation angle

		5°

		90°

		5°

		90°

		5°

		90°



		Separation distance

		73.2 km

		38.7 km

		248.7 km

		139.1 km

		184.5 km

		86.9 km





FIGURE 8

Aggregated interference results for FY-3 earth station with long-term criteria
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5	Analysis for IMT user terminals

5.1	Methodology

The following paragraphs describe what kind of methodology is used to analyse the aggregate interference from IMT UEs into the MetSat earth station receivers. 

Figure 9 shows a view of the IMT base station distribution around a MetSat station, the MetSat station is at the centre of the distribution. 

There are two different densities of the IMT base stations: from the centre out to a 30 km distance is the urban/suburban region with a 1.732 km inter-site distance (ISD) between base stations, and from a distance of 30km out to a distance of 100 km is the rural region with a 7 km ISD, so the 1090 base stations in the urban/suburban region and 664 base stations in the rural region is concerned.

FIGURE 9

Distribution of IMT base stations







There are 3 hexagonal sectors with each IMT base station. And several UEs are randomly distributed whithin each sector from 10 m from the base station out to the edge of its coverage. The number of simultaneously transmitting UEs per base station sector for each channel bandwidth  is shown in Table 11.

TABLE 11

Number of Simultaneously Transmitting UE

		Channel Bandwidth

		5 MHz

		10 MHz

		15 MHz



		Number of Simultaneously Transmitting UE per sector

		3

		6

		9



		Number of Simultaneously Transmitting UE per base station

		9

		18

		27







A Monte Carlo simulating method was used in this analysis. The aggregated interfering power from IMT UEs into MetSat earth station is computed by randomizing the location of the UE for different separation distance. Then the protection distance is achieved according to the interference criteria of MetSat service. When this procedure is iterated for many times, the probability of interference can be calculated finally. The separation distance changes from 1 to 99 km with 1 km increments. If one IMT base station is out of a separation distance circle, then its associated UEs would be included in the aggregate interference calculation for the separation distance radius. Otherwise if the base station is in the separation distance circle, its associated UEs should be excluded in the aggregate interference calculation.

Table 12 gives the propagation model used in the analysis.

TABLE 12

Propagation Model

		Distance between the IMT base station and the IMT UE (km)

		≤ 0.04

		≥ 0.1

		0.04 ~ 0.1



		Propagation model

		Free space

		COST-231 Hata

		Linear log interpolation of the former





5.2	Calculations

The interference power I from one IMT UE received by the MetSat earth station is,



where:

	:	IMT UE’s e.i.r.p. (dBm);

	:	antenna gain of MetSat station receiver at the direction of UE (dB);

	:	propagation loss of electromagnetic wave from IMT UE to MetSat station (dB);

	:	additional loss including indoor user terminal penetration loss and body loss (dB);

	:	frequency dependent rejection (dB).

So the aggregated interference power  from all of the IMT UEs can be calculated as:



where:

	:	interference power I from  IMT UE (mW).

It should be noted that in the simulation the transmitting power  of the IMT UE is determined by the following equation:

where:

		maximum IMT UE’s transmitting power (dBm);

	:	ratio of the maximum IMT UE’s transmitting power to the minimum; 

	:	propagation loss of electromagnetic wave from IMT UE to MetSat station; 

	:	predefined propagation loss;

	:	balance factor.

The parameters controlling  used in the study is given in Table 13.

TABLE 13

Parameters controlling the IMT UE’s transmitting power

		

		



		

		20 MHz bandwidth

		15 MHz bandwidth

		10 MHz bandwidth

		5 MHz bandwidth



		1

		109

		110

		112

		115





5.3	Results

5.3.1	For GSO MetSat earth station

The protection distances around FY-4 earth station for 10 MHz channel bandwidth of the IMT UEs is provided in Table 14 and Fig. 10.

TABLE 14

FY-4 earth station protection distances (10MHz channel bandwidth)

		Number of Iterations

		Minimum Distance

(km)

		Mean Distance

(km)

		Maximum Distance

(km)



		1

		46

		46

		46



		10

		46

		46

		46



		100

		45

		45.98

		46



		500

		45

		45.98

		47



		1000

		45

		46.99

		47





FIGURE 10

FY-4 earth station protection distances (10MHz channel bandwidth)

[image: ]

5.3.2	For non-GSO MetSat earth station

The protection distances around FY-3 earth station for 10 MHz channel bandwidth of the IMT UEs is provided in Table 15 and Fig. 11.

TABLE 15

FY-3 earth station protection distances (10MHz channel bandwidth)

		Number of Iterations

		Minimum Distance

(km)

		Mean Distance

(km)

		Maximum Distance

(km)



		1

		56

		56

		56



		10

		56

		56.5

		57



		100

		56

		56.84

		59



		500

		56

		56.92

		61



		1000

		56

		56.95

		61





FIGURE 11

FY-3 earth station protection distances (10MHz channel bandwidth)



65	Summary

65.1	from IMT base station into MetSat earth station

From the results mentioned above, the required separation distances around MetSat stations in the 1 695-1 710 MHz band are summarized as below:

-	47.3 km, 157.1 km and 113.8 km with urban, suburban and rural scenario respectively to prevent the aggregated interference from the IMT base station to GSO MetSat earth station; 

-	73.2 km, 248.7 km, 184.5 km with urban, suburban and rural scenario respectively for long-term interference criteria to prevent the aggregated interference from the IMT base station to non-GSO MetSat earth station; 

-	36.2 km, 126.9 km, 79.1 km with urban, suburban and rural scenario respectively for the short-term interference criteria to prevent the aggregated interference from the IMT base station to non-GSO MetSat earth station. 

If more than two rings of base stations are considered, the protection distances will be much larger obviously.




6.2	From IMT user terminals into MetSat earth station

Based on the results mentioned above simulation result from IMT user terminals into MetSat earth station , the required separation distances around MetSat stations  in the 1 695-1 710 MHz band are summarized as below:

-	46 km separation distance is needed to prevent the aggregated interference from IMT user terminals into GSO MetSat earth station; 

-	61 km separation distance is needed to prevent the aggregated interference from IMT user terminals into non-GSO MetSat earth station;

Furthermore considering almost every large and medium-sized cities of China have one or more typical MetSat receiving systems in the 1 695-1 710 MHz band, based on above study results, it appears that MetSat service and IMT applications sharing in this frequency band is very difficult in practice.

7	Conclusion of Annex B

Based on the above study results, further considering that there are one or more typical MetSat receiving systems in the 1 695-1 710 MHz band in almost every large and medium-sized cities of China, it appears that sharing between MetSat service and IMT applications in this frequency band is incompatible.




ANNEX C

Protection of the meteorological-satellite service from proposed mobile broadband applications in the mobile service in the 
frequency band 1 695-1 710 MHz

[bookmark: _Toc341885030]1	Introduction

The analysis methodology used for computing the separation distances necessary to protect the meteorological-satellite receivers operating in and adjacent to the 1 695-1 710 MHz frequency band from interference by mobile broadband user equipment (UE) transmitters is described.  The protection distances can be used to establish the geographic sharing arrangements for mobile broadband applications in the mobile service in this frequency band.

[bookmark: _Toc341885031]2	Analysis methodology description 

An electromagnetic compatibility analysis was performed between UE transmitters and meteorological-satellite receivers operating in and adjacent to the 1 695-1 710 MHz frequency band. The analyses supported the determination of the required separation distances necessary to preclude potential interference between meteorological-satellite receivers and UE transmitters.  The analysis methodology is applicable to both earth station receivers for geostationary and polar satellites. The methodology was used to develop protection zones for both geostationary and polar receive stations.

2.1	Overview of LTE UE technical parameters

The UE technical characteristics are presented in Table 1. 

[bookmark: _Ref353199366]Table 1

LTE user equipment technical characteristics

		Technical characteristic

		Value



		Aggregate total UE e.i.r.p for cities with population < 250,000

		–53.12 dBW/Hz



		Average individual UE e.i.r.p for cities with population 
< 250,000

		8.08 dBm/10 MHz



		Aggregate total UE e.i.r.p. for cities with population >= 250,000

		–50.78 dBW/Hz



		Average individual UE e.i.r.p. for cities with population 
>= 250,000

		5.87 dBm/10 MHz



		Antenna Pattern

		Omni Directional



		Cellular Deployment Scenario

		Same as LTE Base Stations presented in section 3.2.1










2.2	Overview of MetSat receiver characteristics

Technical Characteristics Miami, Florida (PEOS) Site 

		Parameter

		Value



		Latitude/Longitude

		254405 N/0800945 W



		Center frequency (MHz)

		1702.5, 1707, 1698



		Receiver 3 dB intermediate frequency bandwidth (MHz)

		2.4



		Noise temperature (K)

		100



		Mainbeam antenna gain (dBi)

		27.5



		Antenna height (meters) above local terrain

		11 



		Elevation angle (degrees)

		3



		Worst case azimuth angle (degrees)

		335



		Protection threshold (dBm)

		–124.8







2.13	Calculation of mobile broadband UE aggregate interference level 

The interference power levels at the meteorological-satellite receiver are calculated using Equation 1 for each UE transmitter considered in the analysis.

			(1)

where:

	I	Received interference power at the output of the meteorological-satellite receive antenna (dBm);

	e.i.r.p.	UE transmitter e.i.r.p. (dBm);

	GR	Antenna gain of the meteorological-satellite receiver in the direction of the UE transmitter (dBi);[footnoteRef:1] [1:  	Additional losses for polarization mismatch are not included.] 


	LAdd	Additional losses (dB);

	LP	Propagation loss (dB); and

	FDR	Frequency dependent rejection (dB).

Using Equation 1, the values of interference power level are calculated for each mobile/portable station being considered in the analysis. These individual interference power levels from each UE transmitter are then used in the calculation of the aggregate interference to the meteorological‑satellite receivers using Equation 2.[footnoteRef:2] [2:  	The interference power calculated in Equation 1 must be converted from dBm to Watts before calculating the aggregate interference seen by meteorological-satellite system receiver using Equation 2.] 


		

		

		(2)







where:

	IAGG	Aggregate interference to the meteorological-satellite receiver from UE transmitters (dBm);

	N	Number of UE transmitters; and

	I	Interference power level at the input of the meteorological-satellite receiver from an individual UE transmitter (Watts).

[bookmark: _Toc273517293][bookmark: _Toc273430545]The difference between the received aggregate interference power level computed using Equation 2 and the receiver interference protection criteria represents the available margin.  When the available margin is positive, compatible operation is possible.  The distance at which the available margin is zero represents the minimum distance separation that is necessary to protect the meteorological‑satellite receiver.

2.24	Mobile broadband UE e.i.r.p.

The e.i.r.p. of each UE used to compute the aggregate interference level can be randomly selected using Monte-Carlo analysis techniques. There will be a need to establish separate sets of potential UE e.i.r.p. values for each of the urban/suburban and rural regions. The maximum and minimum values for the e.i.r.p. levels used in the analysis will also need to be determined.

2.35	Meteorological-satellite receive Earth station antenna model

The antenna model for the meteorological-satellite receiving earth stations is based on Recommendation ITU-R F.1245-1.[footnoteRef:3]  The model is used to represent the azimuth and elevation antenna gain. [3:  	Recommendation ITU-R F.1245-2, Mathematical model of average or related radiation patterns for line-of-sight point-to-point radio relay system antenna for use in certain coordination studies and interference assessment in the frequency range from 1 GHz to about 70 GHz (2012).] 


In cases where the ratio between the antenna diameter and the wavelength is greater than 
100 (D/ > 100), the following equations will be used:

		

		

		(3)



		

		

		(4)



		

		

		(5)



		

		

		(6)





where:

	Gmax	maximum antenna gain (dBi);

	G()	gain relative to an isotropic antenna (dBi);

		off-axis angle (degrees);

	D	antenna diameter (m);

		wavelength (m);

	G1	gain of the first side lobe = 2 + 15 log (D/).
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In cases where the ratio between the antenna diameter and the wavelength is less than or equal to 100 (D/ ≤ 100), the following equation will be used:
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D/ is estimated using the following expression:

		

		

		





		  

		where: 

	Gmax:	Maximum antenna gain (dBi)

		





[bookmark: _Ref270951092][bookmark: _Toc273021365][bookmark: _Toc277158755]The antenna pattern for a 43 dBi mainbeam antenna gain is shown in Figure 1.

Figure 1

Azimuth and elevation antenna pattern

[image: ]

[bookmark: _Toc341885032]

The minimum elevation angle for each meteorological-satellite receive antenna is used to determine the antenna gain in the direction of the UE.

[bookmark: _Toc341885033]Signals from the polar orbiting meteorological-satellites can be received at any azimuth angle.  An analysis was performed using minimum propagation loss to determine the worst-case azimuth angle used in the analysis.  The worst case azimuth angle for each of the polar orbiting meteorological‑satellite receivers should be determined.

[bookmark: _Toc341885034]Signals from the geostationary meteorological-satellites are received at fixed azimuth angles that should be used in the analysis.

[bookmark: _Toc341885036]2.46	Additional losses

An additional factor is included for additional losses associated with meteorological-satellite receiver insertion loss, cable loss, polarization mismatch loss etc. A nominal value of 1 dB will be included in the analysis. 

[bookmark: _Toc341885037]2.57	Propagation model

A propagation model that takes into account the terrain around a meteorological-satellite receive site should be used. 

[bookmark: _Toc341885038]2.68	Frequency Dependent Rejection

Frequency Dependent Rejection (FDR) accounts for the fact that not all of the undesired transmitter energy at the receiver input will be available at the detector. FDR is a calculation of the amount of undesired transmitter energy that is rejected by a victim receiver. This FDR attenuation is composed of two parts: on-tune rejection (OTR) and off-frequency rejection (OFR). The OTR is the rejection provided by a receiver selectivity characteristic to a co-frequency transmitter as a result of an emission spectrum exceeding the receiver bandwidth, in dB. The OFR is the additional rejection, caused by specified detuning of the receiver with respect to the transmitter, in dB. The FDR values used in this analysis were computed using an automated program.

In the case of an undesired transmitter operating co-frequency to a victim receiver, the FDR is represented by the OTR using the following simplified form shown in Equation 12.

		

		

		(12)





where:



	:	emission bandwidth of the transmitter;



	:	intermediate Frequency (IF) bandwidth of the receiver.

The transmitter emission spectrum and receiver selectivity curves used to compute the FDR are defined in terms of a relative attenuation level specified in decibel as a function of frequency offset from center frequency in megahertz.

2.79	Meteorological-satellite receiver interference protection criteria

The interference protection criteria (IT) for the meteorological-satellite receivers are determined using Equation 13.[footnoteRef:4] [4:  	The receiver interference protection criteria are referred to as long-term criteria because their derivation assumes that the interfering signal levels are present most of the time.] 


		

		

		[bookmark: _Ref272065903][bookmark: _Ref272065914][bookmark: _Ref272065911](13)







where:

	I/N	Maximum permissible interference-to-noise ratio at the receiver IF output (detector input) necessary to maintain acceptable performance criteria (dB);

	N	Receiver inherent noise level at the receiver IF output referred to the receiver input (dBm).

For a known receiver IF bandwidth and receiver noise figure (NF) or system noise temperature, the receiver inherent noise level is given by:

		

		

		(14)



		

		

		(15)





where:

	BIF	receiver IF bandwidth (see equations for units);

	NF	receiver noise figure (dB);

	k	Boltzmann’s constant, 1.38x10-23 (Watts/K/Hz);

	Ts	system noise temperature (Kelvin).

The analysis will use an I/N of –10 dB, corresponding to a 0.4 dB increase in the receiver noise to establish the interference protection criteria for the meteorological-satellite receivers.

Recommendations ITU-R SA.1026-3 and ITU-R-SA.1158 which recommends a interference criteria of –180 dBW/4kHz for long-term interference (favourable sharing case). For a receiver with a noise temperature of 269 K and a 4 kHz bandwidth the system noise is –168.3 dBW. This results in an I/N of –11.7 dB.

So the value of I/N of –10 dB is between the I/N of –8.3 dB (Recommendation ITU-R SA.1026-3) and the I/N of –11.7 dB (Recommendation ITU-R SA.1158).

3	Analysis

Here we show how the analysis methodology, presented above, can be used to compute the required separation distances to protect meteorological-satellite receivers based on controlling aggregate interference by eliminating base stations and their associated user equipment (UE). The Miami, Florida Polar Earth Orbiting System (PEOS) site is used as an example calculation for the separation distances necessary to protect the earth station.

[bookmark: _Toc341885028]Commercial system technical parameters

UE transmitter power levels

The e.i.r.p. CDF curves shown in Figure 12 were generated for UE operating in suburban and rural environments.

Figure 12

Suburban and rural UE CDF

[image: ]



The e.i.r.p. for each UE will be randomly selected in accordance with the CDF curves shown in Figure 12 for each independent Monte-Carlo analysis trial.

UE channel bandwidth 

The analysis considered channel bandwidths of 5 MHz, 10 MHz, and 15 MHz for the UE in the analysis[footnoteRef:5]. For UE transmissions all of the frequencies within a channel are not used simultaneously under the LTE standard.  Rather, transmissions are scheduled using subcarriers referred to as Physical Resource Blocks (PRBs), containing 12 subcarriers that each have a bandwidth of 180 kHz. There are various options on how to allocate PRBs but they limit the maximum throughput available for a particular UE. Channel bandwidths of 5 MHz, 10 MHz, and 15 MHz should be considered in the analysis.  [5: 	The 3GPP standard specifies channel bandwidths of 1.4 MHz, 3 MHz, 5 MHz, 10 MHz, 15 MHz and 20 MHz.] 


The frequency bandwidth of a UE at any instant in time will depend on the data rate of the transmission. The analysis assumed the channel bandwidth is divided equally among the number of UE actively transmitting within a sector. For example, if the UEs have a channel bandwidth of 10 MHz and there are six transmitting UEs within the sector, the transmitter bandwidth for each UE is 1.6667 MHz.

UE antenna height

The antenna height of 1.5 meters is used for all of the UE.




Number of simultaneously transmitting UE

In LTE technology each UE only occupies a fraction of the available channel bandwidth.
The LTE base station provides uplink resource allocations for the UE, distributing 100 percent of the resources equally among the transmitting UEs in each base station sector. The number of simultaneously transmitting UE per base station sector for each channel bandwidth is shown in Table 12.

Table 12

Number of simultaneously transmitting UE

		Channel bandwidth

		5 MHz

		10 MHz

		15 MHz



		Number of simultaneously transmitting UE per sector

		3

		6

		9



		Number of simultaneously transmitting UE per base station

		9

		18

		27







Propagation model

[bookmark: _Ref270948541][bookmark: _Ref272326795]A propagation model that takes into account the actual terrain around the meteorological-satellite receiver was used in the analysis.  For the aggregate compatibility analysis associated with the meteorological-satellite receivers, the ITMpropagation model described in the point-to-point modeRecommendation ITU-R P.452 was used.  Since the point-to-point mode[footnoteRef:6]. This propagation model uses actual terrain data it should provide a better estimate of the propagation loss. 
The statistical and environmental parameters used with the actual terrain profiles in calculating propagation loss are shown in Table 23. [6:  International Telecommunication Union Radiocommunication Sector Recommendation 
ITU-R P.452-15, Prediction procedure for the evaluation of interference between stations on the surface of the Earth at frequencies above about 0.1 GHz.  ] 


[bookmark: _Ref272996016][bookmark: _Toc273517247][bookmark: _Toc273430499][bookmark: _Toc277158636]


Table 23

ITM point-to-point modeParameters used in application Recommendation ITU-R P.452 parameters

		Parameter

		Value



		Surface refractivity

		301 N-units



		Conductivity of groundRefractivity Gradient

		0.005 S/M50 N-units



		Dielectric constant of ground

		15



		Polarization

		Vertical



		ReliabilityPercentage of Time

		50 percent



		Confidence

		50 percent



		Frequency

		1 702.5 MHz



		Transmitter antenna height

		1.5 meters



		Receiver antenna height

		Variable



		Radio climate

		Continental temperate



		Terrain database

		United States Geological Survey (USGS) - 3 Second[footnoteRef:7]
GLOBE – 30 Second[footnoteRef:8] [7: 	The USGS terrain data downloadable from the following links: http://ntiacsd.ntia.doc.gov/msam/TOPO/USGS_CDED/T3Sec01.zip http://ntiacsd.ntia.doc.gov/msam/TOPO/USGS_CDED/T3Sec02.zip http://ntiacsd.ntia.doc.gov/msam/TOPO/USGS_CDED/T3Sec03.zip http://ntiacsd.ntia.doc.gov/msam/TOPO/USGS_CDED/T3Sec04.zip]  [8: 	The GLOBE 30 second terrain data can be downloaded from the http://www.ngdc.noaa.gov/mgg/topo/gltiles.html website.  The GLOBE data was used in areas where there is no USGS terrain data.] 








There were no additional losses associated with clutter or building attenuation included in the analysis. 

The ITM model was the domestically accepted model in the United States that produced the agreed upon calculations that led to the analysis methodology being used here.  Based on discussions in international meetings of JTG 4-5-6-7, the United States intends to update the example calculation to make use of the analysis methodology with a model from an approved ITU-R Recommendation, such as Recommendation ITU-R P.452.

Meteorological-satellite receive earth station antenna model

The antenna model for the meteorological-satellite receive Earth stations is based on Recommendation ITU-R F.1245-1.[footnoteRef:9]  The model is used to represent the azimuth and elevation antenna gain.  [9: 	Recommendation ITU-R F.1245-2, Mathematical model of average or related radiation patterns for line-of-sight point-to-point radio relay system antenna for use in certain coordination studies and interference assessment in the frequency range from 1 GHz to about 70 GHz (2012).] 


In cases where the ratio between the antenna diameter and the wavelength is greater than 
100 (D/ > 100), the following equations will be used:
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where:

	Gmax	maximum antenna gain (dBi);

	G()	gain relative to an isotropic antenna (dBi)

		off-axis angle (degrees);

	D	antenna diameter (m); 

		wavelength (m);

	G1	gain of the first side lobe = 2 + 15 log (D/).
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In cases where the ratio between the antenna diameter and the wavelength is less than or equal to 100 (D/ ≤ 100), the following equation will be used:
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D/ is estimated using the following expression:

		

		

		(25)





		  

		where: 

	Gmax:	Maximum antenna gain (dBi)

		





The azimuth and elevation antenna pattern for a 43 dBi mainbeam antenna gain is shown is shown below in Figure 23.

Figure 23

Azimuth and elevation antenna pattern

[image: ]

The minimum elevation angle for each meteorological-satellite receive antenna is used to determine the antenna gain in the direction of the UE. Signals from the polar orbiting meteorological-satellites can be received at any azimuth angle. An analysis was performed using minimum propagation loss to determine the worst-case azimuth angle used in the analysis.

Example protection distances

This provides an example of the meteorological-satellite receiver protection distances. The analysis considered channel bandwidths of 5 MHz, 10 MHz, and 15 MHz. The protection distances for each meteorological-satellite receiver were computed for various iterations of the analysis model randomizing the equivalent isotropically radiated power levels and the location of the user equipment (UE).  Randomizing the UE location also varies the meteorological-satellite receive antenna gain.

The technical characteristics for the Miami Florida Polar Earth Orbiting System (PEOS) site are provided in Table 34.

Table 34

Technical characteristics Miami, Florida (PEOS) site

		Parameter

		Value



		Latitude/Longitude

		254405 N/0800945 W



		Center frequency (MHz)

		1702.5, 1707, 1698



		Receiver 3 dB intermediate frequency bandwidth (MHz)

		2.4



		Noise temperature (K)

		100



		Mainbeam antenna gain (dBi)

		27.5



		Antenna height (meters) above local terrain

		11 



		Elevation angle (degrees)

		3



		Worst case azimuth angle (degrees)

		335



		Protection threshold (dBm)

		–124.8





The protection distances for each user equipment channel bandwidth are provided in Table 45 through 67.

Table 45

Miami Florida PEOS protection distances - 5 MHz channel bandwidth

		Number of iterations

		Minimum distance

(km)

		Mean distance

(km)

		Maximum distance

(km)



		1

		4034

		4034

		4034



		10

		3430

		38.332.6

		40



		100

		3430

		38.433.5

		4140



		500

		3430

		38.633.8

		4640



		1 000

		34

		38.13

		46





Figure 34

Miami Florida PEOS protection distances – 5 MHz channel (1 000 iterations)

[image: MiamiFL Cat I-POES_LTEbw5_Numitera1000_ExcRadCDF]

[image: C:\Users\edrocella\AppData\Local\Microsoft\Windows\Temporary Internet Files\Content.Outlook\W12ANVAL\MiamiFL Cat I-POES_LTEbw5_Numitera1000_ExcRadCDF2.png]



Table 56

Miami Florida PEOS protection distances - 10 MHz channel bandwidth

		Number of iterations

		Minimum distance

(km)

		Mean distance

(km)

		Maximum distance

(km)



		1

		4140

		4140

		4140



		10

		4034

		4138.8

		4640



		100

		4034

		4137.4

		4640



		500

		4043

		41.137.6

		46



		1 000

		40

		41.1

		46





Figure 45

Miami Florida PEOS protection distances – 10 MHz channel (1 000 Iterations)

[image: MiamiFL Cat I-POES_LTEbw10_Numitera1000_ExcRadCDF][image: P:\MetsatSimulationResults\MiamiPOES R452\MiamiPOES 1000iterations\MiamiFL Cat I-POES_LTEbw10_Numitera1000_ExcRadCDF.png]

Table 67

Miami Florida PEOS protection distances - 15 MHz channel bandwidth

		Number of iterations

		Minimum distance

(km)

		Mean distance

(km)

		Maximum distance

(km)



		1

		46

		46

		46



		10

		4140

		44.540.6

		46



		100

		4134

		44.439.5

		46



		500

		4034

		44.239.9

		46



		1 000

		40

		44.1

		46





Figure 56

Miami Florida PEOS protection distances – 15 MHz channel (1 000 Iterations)

[image: MiamiFL Cat I-POES_LTEbw15_Numitera1000_ExcRadCDF]

[image: P:\MetsatSimulationResults\MiamiPOES R452\MiamiPOES 1000iterations\MiamiFL Cat I-POES_LTEbw15_Numitera1000_ExcRadCDF.png]




Conclusion of Annex C

Based on the results presented here, the use of geographical limitations on terrestrial mobile broadband, computed using the analysis methodology described above, shows that the proposed mobile broadband applications in the mobile service in the frequency band 1 695-1 710 MHz are compatible with the incumbent meteorological-satellite service operating in and adjacent to this band.





______________



Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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Preliminary draft new Report ITU-R SA.[2 025-2 290 MHz]

Sharing between space-to-space links in space research, space operation and Earth exploration-satellite services and IMT systems in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz

{Editorial note: References to Working documents and documents submitted by Working Parties shall be replaced editorially by references to ITU-R Recommendations and Reports at a later stage.}
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[bookmark: _Toc369274504]1	Introduction

WRC-15 agenda item 1.1 calls for conducting sharing and compatibility studies with services already having allocations in candidate frequency bands for potential accommodation of International Mobile Telecommunication (IMT) systems. The frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz have been identified as suitable frequency ranges for accommodation of IMT systems.

Incumbent primary services in the frequency band 2 200-2 290 MHz include space operation (space-to-Earth and space-space), Earth exploration-satellite (space-to-Earth and space-space), fixed, mobile including aeronautical telemetry, and space research (space-to-Earth and space-to-space). Incumbent primary services in the frequency band 2 025-2 110 MHz include space operation (Earth-to-space and space-space), Earth exploration-satellite (Earth-to-space and space-space), fixed, mobile, and space research (Earth-to-space and space-to-space). 

The allocation to the mobile service in this band is under the limitation of RR No. 5.391:

5.391	In making assignments to the mobile service in the bands 2 025-2 110 MHz and 
2 200-2 290 MHz, administrations shall not introduce high-density mobile systems, as described in Recommendation ITU-R SA.1154,and shall take that Recommendation into account for the introduction of any other type of mobile system.     (WRC‑97)

This report considers the feasibility of Long Term Evolution (LTE) type of IMT systems sharing the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz with incumbent primary services of the space research, Earth exploration-satellite and space operation services in the space-to-space direction.  Sections 4.1.1 and 4.2.1 examine the sharing potential of commercial broadband systems with forward link transmissions from NASA geostationary Tracking and Data Relay Satellite System (TDRSS) satellites in the frequency band 2 025-2 110 MHz to some typical satellite users, which are in Low Earth Orbit (LEO). These are typical of the many forward link systems of various Data Relay Satellite (DRS) satellites and user spacecraft. The protection of DRS forward links is critical to USA and other administrations Earth science and space exploration programs as well as cooperative programs involving space agencies from around the world and authorized non-governmental user satellite operators.

Sections 4.2.1 and 4.2.2 examine the sharing potential of commercial broadband systems with return link transmissions of geostationary tracking and data relay satellite system satellites in 
the frequency band 2 200-2 290 MHz from the International Space Station (ISS), which is in low Earth orbit. These are typical of the many return link systems of various data relay satellites and user spacecraft. The protection of DRS return links is critical to USA and other administrations' Earth science and space exploration programs as well as cooperative programs involving space agencies from around the world and authorized non-governmental user satellite operators.

This report does not include analyses of LTE sharing with other incumbent services and systems in the 2 025-2 110 MHz and 2 200-2 290 MHz frequency bands, such as proximity links with the International Space Station, satellite space-to-Earth links, and aeronautical mobile telemetry or other low-density mobile systems. As a result of the findings of these sharing analyses, namely that sharing between commercial broadband systems and data relay satellite systems precludes the accommodation of LTE systems, it is considered unnecessary to study other incumbent services in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz.

An overview of the technical parameters used for this study is presented in section 3.  Detailed technical characteristics, including calculation steps and analysis procedures, are presented in Appendices A-E. 

The technical parameters for LTE systems in section 3 and the Appendices of this study are consistent with the agreed upon characteristics provided by to the JTG 4-5-6-7 in Document 4-5-6-7/236, the Draft New Report ITU-R M. [IMT. ADV. PARAM].

[bookmark: _Toc369274505]2	Background

This section provides background on the systems and parameters that were used for the sharing analysis between commercial broadband systems and DRS return links in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz.

[bookmark: _Toc362524728][bookmark: _Toc369274506]2.1	TDRSS

The tracking data and relay satellite system comprises six on-orbit tracking and data relay satellites located in geosynchronous orbit. Multiple additional TDRSs are available as backups for operational support at any given time. The TDRSS is a relay system which provides continuous, highly reliable, worldwide tracking and data relay services between low earth orbiting spacecraft and earth stations that are interconnected with command centres and data processing facilities. Figure 1 presents an overview of the TDRSS constellation operating at locations around the world. Several other DRS satellites not shown in Figure 1 are operated by other administrations.

FIGURE 1

Overview of TDRSS constellation 

[image: ]

The geostationary location of TDRSS provides capability for satellites in lower orbits to have seamless communications with one or more earth stations. This is a critical requirement for space science missions and space exploration programs as data to and from low Earth orbiting satellites observing the Earth, performing scientific measurements, or receiving telecommand can be transmitted in real-time via TDRSS. 

The analysis presented in this report on the sharing potential of the frequency band 
2 025-2 110 MHz focuses exclusively on the forward links from the TDRS located at 41°West longitude to a few of NASA’s satellites in low Earth orbit as a typical data relay operation.  These forward links are critical because they are used for command and control of LEO satellites that collect data for weather prediction and science research. For example, the International Space Station forward link must be available for uninterrupted communication because it is used exclusively by astronauts for communications with earth stations and command centres. The analysis presented in this report on the sharing potential in the frequency band 2 200-2 290 MHz focuses exclusively on the return links between ISS in low Earth orbit and the TDRS located at 41° West longitude as a typical data relay operation. As can be seen in Figure 2, the orbit of the ISS, while in communication with the TDRS at 41°West, places it above a variety of locations around the Earth. The ISS to TDRS links was used in these analyses because the return links used by the ISS astronauts is critical and must be available for uninterrupted communication to ground stations while the ISS is orbiting the Earth. Further, the ISS uses the TDRSS almost exclusively for communications to earth stations and command centres. With regards to the forward link analysis as discussed in the report, the track of the ISS as shown in Figure 2 is typical of many of the satellites considered in the analysis. 

FIGURE 2

Overview of ISS beam track over a 24 hour period

[image: satellitetracks.jpg]

This report focuses on one orbital location of the TDRS, however similar results would be obtained for other TDRS orbital locations because each TDRS has similar parameters.  Further, other DRSs operated by China (CTDRS), ESA (ARTEMIS), Japan (DRTS), and Russia (CSDRN-M/ VSSRD-2M/ WSDRN-M) have notified frequency assignments across the 2 025-2 110 MHz and 
2 200-2 290 MHz frequency band. These DRS systems can also be expected to have similar results as those presented for TDRS 41° West because their return links have characteristics similar to those of TDRS, as can be seen in Recommendation ITU-R SA.1414. Recommendation 
ITU-R SA.1275 specifies orbital locations for DRS systems in the 2 200-2 290 MHz frequency band. Recommends 1 from Recommendation ITU-R SA.1275 states: "that receivers on-board DRS that operate in the 2 200-2 290 MHz frequency band which should be protected in accordance with Recommendation ITU-R F.1247 are located in the following geostationary orbital positions (given in the East direction): 10.6°, 16.4°, 16.8°, 21.5°, 47°, 59°, 77°, 80°, 85°, 89°, 90.75°, 95°, 113°, 121°, 133°, 160°, 171°, 176.8°, 177.5°, 186°, 189°, 190°, 200°, 221°, 281°, 298°, 311°, 314°, 316°, 319°, 328°, 344°, 348°.” (Note that 319°E = 41°W).

[bookmark: _Toc362524729][bookmark: _Toc369274507]2.1.1	TDRSS protection criteria and applicable ITU-R Recommendations

The protection criteria used in the analyses considered in this document, as specified in Recommendation ITU-R SA.1154, is an aggregate interfering signal power density from mobile systems in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz of –184 dB (W/kHz) at the DRS receiving antenna port, not to be exceeded for more than 0.1% of the time. Applicable recommendations listing orbital locations and characteristics of data relay satellites include:

–	Recommendation ITU-R SA.1414 - Characteristics of data relay satellite systems

–	Recommendation ITU-R SA.1275 - Orbital locations of data relay satellites to be protected from the emissions of fixed service systems operating in the band 
2 200-2 290 MHz and hence the 2 025-2 110 MHz band since it is a companion to the 2 200-2 290 MHz band

–	Recommendation ITU-R SA.1155 - Protection criteria related to the operation of data relay satellite systems.

[bookmark: _Toc362524730][bookmark: _Toc369274508]2.2	Commercial broadband LTE systems

The wireless broadband technologies systems analysed at 2 025-2 110 MHz and 2 200-2 290 MHz were assumed to implement LTE technology with parameters that were provided by Working Party 5D to the JTG 4-5-6-7 for use in sharing studies under WRC-15 agenda item 1.1. Although this analysis assumes wireless broadband characteristics based on the LTE technology standard, the results would also apply to other types of wireless broadband technology with similar characteristics.  

[bookmark: _Toc369274509]3	Technical characteristics

This section provides the technical characteristics of the space-to-space forward and return links and the commercial broadband systems that were used for this sharing study. Section 3.1.1 provides the technical characteristics of the space-to-space links from the TDRS located at 41° West to some of NASA typical user satellites. Section 3.1.2 provides the technical characteristics of the space-to-space links from the ISS transmitting to a TDRS located at 41° West. Section 3.2 provides the technical characteristics for the commercial mobile broadband base stations and user equipment (UE) terminals. Additional technical characteristics used for these sharing analyses can be found in the Appendices.

[bookmark: _Toc362524732][bookmark: _Toc369274510]3.1	Technical characteristics for space-to-space links used in the analysis

[bookmark: _Toc362524733][bookmark: _Toc369274511]3.1.1	Space-to-space forward links

The forward links considered in this analysis are from TDRS 41° West to the systems listed in Table 1.

When calculating the interference into the forward links, it was assumed that:

–	the receiver technical characteristics as listed in Table 1;

–	the receiver antenna pattern used is Recommendation ITU-R S.672 (first sidelobe is 25 dB down from the peak);

–	the polarization discrimination is 3 dB on and off-axis (Circular polarized forward links vs. LTE linear polarization);

–	the ITU-R recommended threshold is threshold for Interference from mobile  System Transmitters: Io = –184 dBW/kHz to be exceeded no more than 0.1% of the time per Recommendation ITU-R SA.1154, recommends 1.2.

[bookmark: _Ref353196435]


Table 1

TDRS user satellite receiver technical characteristics

		Receiver 

		Altitude (km) 

		Inclination (degrees) 

		Eccentricity 

		Min. Frequency (MHz)

		Max. Frequency (MHz)

		Antenna Gain (dBi) 

		System Noise Temp. (K)



		Cygnus

		460

		51.6

		0.000

		2037.49

		2043.65

		1.6

		1849



		GPM

		407

		65.0

		0.000

		2103.33

		2109.49

		23.0

		226



		ISS - LGA

		400

		51.6

		0.000

		2082.61

		2088.77

		1.1

		479



		TERRA

		705

		98.2

		0.000

		2103.33

		2109.49

		25.8

		410



		TRMM - HGA

		403

		35.0

		0.001

		2073.86

		2080.02

		23.0

		513





[bookmark: _Toc362524734][bookmark: _Toc369274512]3.1.2	Space-to-space return links

The TDRSS technical system characteristics used in these analyses are indicated in Tables 2 and 3 below.

TABLE 2

TDRSS technical characteristics

		System

		Parameter

		Value



		TDRSS Inter-Orbit Return Link

Satellite at 41° West 

		Rx Antenna Gain & Polarization

		36.6 dBi, circular



		

		Polarization Discrimination

		3 dB on- and off-axis (vs LTE linear polarization)



		

		Rx Antenna Pattern

[Source: Rec. ITU-R SA.1414]

		As specified in 
Rec. ITU-R S.672-4 (LS = -25)



		

		Interference threshold for mobile Transmitters

Rec. ITU-R S.1154

		I = -184 dB(W/kHz) to be exceeded for no more than 0.1% of the time



		

		DRS return link receiver noise power (N)

		N = -170.7 (dBW/(kHz))



		

		Interference-to-Noise Power Ratio

		I/N =  -13.3 dB not to be exceeded for more than 0.1% of the time





TABLE 3

ISS transmit link technical characteristics

		System

		Parameter

		Value



		ISS Transmit Link
400 km Orbit at 51.6 degree inclination

		Tx Antenna Gain

		0 dBi, Omni





[bookmark: _Toc362524735][bookmark: _Toc369274513]3.2	Commercial broadband LTE parameters

As discussed in section 2.2, the technical parameters for commercial broadband LTE systems were provided by Working Party 5D to the JTG in Document 4-5-6-7/236 and in a proposed revision to the sector antenna pattern in Recommendation ITU-R F.1336-3, see Appendix C. The technical parameters used in the analyses were varied to test a range of assumptions. The assumptions regarding base station resource loading, power distributions, clutter and other propagation losses, were varied so as to encompass a range of assumptions that are associated with worst-case and best-case frequency sharing scenarios. Section 3.2.1 provides an overview of technical characteristics for LTE base stations and section 3.2.2 provides an overview of technical characteristics for LTE user equipment (UE). Further, more detailed parameters such as aggregate base station and user equipment e.i.r.p. calculation methods, deployment models, antenna patterns, and a listing of cities used in the analyses can be found in the appendices.

[bookmark: _Toc362524736][bookmark: _Toc369274514]3.2.1	Overview of LTE base station technical parameters

The LTE base station technical parameters are presented in Table 4 and an overview of the deployment model is presented in Table 5 and Figures 3 and 4. The transmit power values shown in Table 4 are levels emanating from LTE ground transmissions. 




TABLE 4

LTE base station technical characteristics

		LTE Base Station Parameter

		Parameter



		Antenna Pattern

		Sector antenna (proposed modification to Rec. ITU-R F.1336-3Annex 10, see Appendix C 



		Sector antenna pointing azimuth

		120 degree spacing on the same tower; randomly oriented among towers (relative to true north)



		Sector antenna pointing elevation 

		10 degrees down tilt for each urban zone sector antenna

6 degrees down tilt for each suburban zone sector antenna

3 degrees down tilt for each rural zone sector antenna



		Sector antenna height

		10 meters (AGL)



		Sector antenna gain

		16 dBi (ITU-R antenna) for each urban and suburban zone sector antenna

18 dBi (ITU-R antenna) for each rural zone sector antenna





		Sector transmit power

(Rec. ITU-R F.1336-3 antenna)

		Peak power of 40W/10 MHz with 50% and 20%,   time-frequency resource loading depending on interference scenario



		Net Power per city zone 

		 See Appendix B

Urban Zone : 29.44 dBW (50% loading), 25.47 dBW (20% loading)

Suburban Zone : 43 dBW (50% loading), 39 dBW (20% loading)

Rural Zone : 36.35 dBW (50% loading), 32.38 dBW (20% loading)



		LTE channel bandwidth

		10 MHz



		Elevation mask for Rec. 
ITU-R F.1336-3

		Three cases: hypothetical complete site shielding of signals on paths having elevation angles below 0, 20, 45 degrees 







TABLE 5

LTE base station deployment model

		Deployment scenario

		Value



		Analyses city deployment

		

160 large cities with population greater than 250,000 (see Appendix E)



		LTE Base Station deployment)

		· Urban zone extends out 0-3 km from city centre and contains 89 BS sites  (0.6 km ISD)

· Suburban zone extends 3-20 km from city centre and contains 996 base station sites (1.2 km ISD)

· Rural zone extends from 20-50 km from city centre and contains 216 BS sites  (6 km ISD)





Figure 3

LTE base station deployment for 160 large cities

[image: ]



[bookmark: _Toc362524737][bookmark: _Toc369274515]3.2.2	Overview of LTE user equipment (UE) technical parameters

The UE technical characteristics are presented in Table 6.  Please refer to Appendix A for the derivations of the aggregate total e.i.r.p. levels for cities. The aggregate, per-city e.i.r.p. level is the total e.i.r.p. from all UE located in the city (Figure 3 or 4) which is assumed to be emanating from the centre of the city, as further explained in Section 4 and Appendix A.

TABLE 6

LTE user terminal technical characteristic

		Technical characteristic

		Value



		Net Aggregate Power per UE city zone   

		Urban Zone : 39.96 dBm

Suburban Zone : 51.48 dBm

Rural Zone : 48.71 dBm



		Antenna Pattern

		Omni Directional



		Cellular Deployment Scenario

		Same as LTE Base Stations presented in section 3.2.1





[bookmark: _Toc369274516]4	Analysis

This section presents the results of the sharing feasibility assessment conducted between the TDRSS return links and commercial broadband LTE operations in the frequency bands
2 025-2 110 MHz and 2 200-2 290 MHz. For these analyses of sharing feasibility, software was used to model the dynamic interference situations. The TDRS 41° West location was selected as a representative DRS location operating with return links of the ISS. Interference from the LTE system was simulated using a cellular distribution around selected worldwide cities using technical parameters as discussed in section 3.2. The analyses considered potential interference from base station to UE emissions and UE to base station emissions. In the particular case of interference analysis to the TDRS forward links in the frequency band 2 025-2 110 MHz, at each time sample, which was selected randomly, potential interference into the TDRS user is calculated from the aggregate of LTE interferers. In the particular case of interference analysis to the TDRS return links in the frequency band 2 200-2 290 MHz, potential interference into the TDRS was calculated from the aggregate of LTE interferers every 10 seconds as the TDRS receiver tracked the ISS for a period long enough to obtain stable results. This varied from 14 to 30 days.

For the purposes of reduced computational complexity, the aggregate power from each base station distribution zone (i.e. Urban, Suburban, Rural) was assumed at the city centre. The power for all UE transmissions was aggregated at the centre of each city in the simulation. The method for calculating the aggregate power per city for LTE UEs is presented in Appendix A.  The method for calculating aggregate LTE base station power for cities is presented in Appendix B.

Figure 4 presents an overview of TDRSS operations and the potential for interference as studied in the analysis for the frequency band 2 025-2 110 MHz. The analysis presented in this document on these frequency bands considers interference paths to the TDRSS forward links as shown in Figure 4.

Figure 5 presents an overview of TDRSS operations and the potential for interference as studied in the analyses for the frequency band 2 200-2 290 MHz. As can be seen in the figure, the analyses presented in this document for these frequency bands consider interference paths to the TDRSS return links while receiving a transmission from the ISS. 

Figure 6 presents an overview of the TDRS 41°W receiver antenna main beam coverage while tracking the ISS over a 24 hour period. As can be seen, the TDRS beam is wide enough to cover significant portions of continents and multiple LTE deployment cities over any instant in time.

Section 4.1.1 presents results of potential interference to TDRSS return links from LTE Base Stations in the frequency band 2 025-2 110 MHz and section 4.1.2 presents the results of the same analyses in the frequency band 2 200-2 290 MHz. Section 4.2.1 presents results of potential interference to TDRSS return links from LTE user terminals in the frequency band 2 025-2 110 MHz and section 4.2.2 presents the results of the same analyses in the frequency band 2 200-2 290 MHz.

[bookmark: _Ref353206402]Figure 4

Overview of interference analysis into TDRS system in the 2 025-2 110 MHz frequency band
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Figure 5

Overview of sharing analyses conducted into TDRS operations in the 2 200-2 290 MHz 
frequency band and interference paths considered
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Figure 6

Overview of TDRS 41-W beam coverage over a 24 hour period while tracking the ISS
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The LTE deployment model considered in these analyses assumed no base stations more than 50 km from the centre of each city. In large metropolitan areas, it is likely that there will be deployments outside of the 50 km cut off considered in these analyses. The LTE base stations in these analyses assumed a peak output power value of 40 W/10 MHz. However, the LTE base station standards contain no power limits. Some other assumptions favouring sharing were low base station resource loading, and complete blockage of interfering signal paths based on the elevation angle from the city to the satellite due to shielding. Within the urban zones, WP 5D specified that 50% of the base stations were below building roof tops. It was assumed in the analysis that none of the base stations below building roof tops contributed any interference. Further, for the analyses involving UE transmissions, WP 5D specified that 70% of UE’s in the urban and suburban zone and 50% of UE’s in the rural zone are to be assumed indoors.  In the analyses all indoor UE’s were excluded from contributing to the interference.  In addition to the elevation angle based shielding blockages, an additional clutter loss for the UE transmissions was considered for every city. This clutter loss was based on Recommendation ITU-R P.452 § 4.5.3, where the clutter attenuation was calculated using a set of clutter categories from the recommendation. 

The maximum elevation angle for the interfering clutter path was then calculated for each city and the appropriate clutter loss was applied to each city (see Appendix D). Lastly, the analyses considered LTE deployment in only 160 worldwide cities within view of TDRSS at 41W, whereas a full deployment of LTE systems will involve many more cities that will be in view of the TDRS antenna beam.

The analysis approach used herein can be generalized to consider other sharing scenarios. 
The cumulative probability distributions (CDFs) of aggregate interfering signal power levels presented below in this document (Figures 8-11) can in many cases be shifted upward or downward to estimate the effects of alternative assumptions that have not been addressed in this study. 
For example, the aggregate UE and base station e.i.r.p. per-city values are key intermediate results that encompass the effects of several assumed IMT equipment operating parameters.

[bookmark: _Toc362524739][bookmark: _Toc369274517]4.1	Potential interference from LTE base stations

[bookmark: _Toc362524740][bookmark: _Toc369274518]4.1.1	Potential interference from LTE base stations in the frequency band 
2 025-2 110 MHz

Table 7 and Table 8 present the results of analysis considering the potential for sharing with LTE base stations. This analysis considered base station transmitters using the antenna pattern of Recommendation ITU-R F.1336-3, Annex 10 (See Appendix C) for the base station sector antennas. In each case, several loading scenarios were modelled. The analysis considered a shielding factor, which assumed full signal blockage at elevation angles below 0°, 20°, and 45° between the base station and the TDRS user in order to consider hypothetical best- and worst-case scenarios (e.g. a 20° elevation mask means that only LTE base stations, which have visibility with the TDRS user satellite above 20° contribute to the aggregate interference at a given time sample). From each table of results, one forward link was chosen - GPM Forward Link - to show the Cumulative Density Function (CDF) curve (Figure 7,) which demonstrated even at high percentage of the time (approaching or exceeding 10%) the ITU Io/No threshold criterion will not be met for all cases. Base station heights are above clutter heights in suburban and rural zones.  As mentioned previously all base stations below roof tops in urban zones (50%) were completely excluded from the analysis (i.e. complete blockage was assumed for base stations below urban rooftops).


Table 7

Potential interference from the base stations (Recommendation ITU-R F. 1336-3 antenna)
into typical NASA TDRS forward links with 20% time-frequency resource loading

		Visibility Elevation Mask (deg)

		0 degrees

		20 degrees

		45 degrees



		User Spacecraft

		SNT (K)

		No (dBW/Hz)

		Io/No  threshold (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)



		TERRA

		410

		-202.47

		-11.53

		32.5

		44.03

		21.4

		32.93

		18.1

		29.63



		Cygnus

		1849

		-195.93

		-18.07

		20.2

		38.27

		15.5

		33.57

		11

		29.07



		GPM

		226

		-205.06

		-8.94

		37.3

		46.24

		26.5

		35.44

		21.8

		30.74



		ISS-LGA

		479

		-201.80

		-12.20

		25.7

		37.90

		21.3

		33.50

		16.9

		29.10



		TRMM-HGA

		513

		-201.50

		-12.50

		37.6

		50.10

		22.1

		34.60

		18.3

		30.80





Table 8

Potential interference from the base stations (Recommendation ITU-R F, 1336-3 antenna)
into typical NASA TDRS forward links with 50% time-frequency resource loading



		Visibility Elevation Mask (deg)

		0 degrees

		20 degrees

		45 degrees



		User Spacecraft

		SNT (K)

		No (dBW/Hz)

		Io/No  threshold (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)



		TERRA

		410

		-202.47

		-11.53

		36.9

		48.43

		25.4

		36.93

		22.1

		33.63



		Cygnus

		1849

		-195.93

		-18.07

		24.2

		42.27

		19.5

		37.57

		15

		33.07



		GPM

		226

		-205.06

		-8.94

		41.4

		50.34

		30.5

		39.44

		25.7

		34.64



		ISS-LGA

		479

		-201.80

		-12.20

		29.6

		41.80

		25.2

		37.40

		20.9

		33.10



		TRMM-HGA

		513

		-201.50

		-12.50

		41.8

		54.30

		26.1

		38.60

		22.3

		34.80













[bookmark: _Ref353207675]Figure 7

Potential interference from LTE base stations  into GPM forward link taking into 
account site shielding elevation mask 
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[bookmark: _Toc362524741][bookmark: _Toc369274519]4.1.2	Potential interference from LTE base stations in the frequency band 
2 200-2 290 MHz

[bookmark: _Toc362524742]Table 9, table 10 and figure 8 present the results of analyses considering the potential for sharing with LTE base stations in the frequency band 2 200-2 290 MHz. These analyses considered base station transmitters using the antenna pattern of Recommendation ITU-R F.1336-3, Annex 10 (See Appendix C)for the base station sector antenna. In each analysis, several loading scenarios, corresponding to the peak LTE base station transmit power was modelled.  The analysis considered a shielding model assuming full signal blockage at elevation angles below 0, 20, and 45 degrees between the base station and the TDRS 41° West satellite in order to consider hypothetical best- and worst-case scenarios (e.g. a 20 degree elevation mask means that only LTE base stations which have visibility to the 41° West TDRS satellite above 20 degrees contribute to the aggregate interference).  Base station heights are above clutter heights in suburban and rural zones.  As mentioned previously, all base stations below roof tops in urban zones (50%) were completely excluded from the analysis (i.e. complete blockage was assumed for base stations below urban roof tops).




Table 9

Potential interference from base stations (Recommendation ITU-R F. 1336-3 antenna) using elevation mask clutter attenuation into typical NASA TDRS return links and 20% time-frequency resource loading



		Visibility Elevation Mask (deg)

		0 degrees

		20 degrees

		45 degrees



		

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)



		

		28.8

		42.1

		23.6

		36.9

		16.7

		30





Table 10

Potential interference from base stations (Recommendation ITU-R F. 1336-3 antenna) using elevation mask clutter attenuation into typical NASA TDRS return links and 50% time-frequency resource loading



		Visibility Elevation Mask (deg)

		0 degrees

		20 degrees

		45 degrees



		

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)



		

		32.8

		46.1

		27.6

		40.9

		20.7

		34







Figure 8

Potential interference from LTE base stations into TDRS return link taking 
into account site shielding elevation mask 
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[bookmark: _Toc369274520]4.2	Potential interference from LTE user equipment

[bookmark: _Toc362524743][bookmark: _Toc369274521]4.2.1	Potential interference from LTE user equipment in the frequency band 
2 025-2 110 MHz

Table 11 presents the results of analysis considering the potential of sharing LTE user equipment distributed over cities worldwide with TDRS 41° West forward link transmissions to some typical NASA TDRS users in the frequency band 2 025-2 110 MHz. For this case, a hypothetical shielding mask was analysed for angles below 0°, 20°, and 45° in relation to the TDRS users (e.g. a 20° elevation mask means that only LTE UE location which have visibility to the TDRS user satellite above 20° contribute to the aggregate interference at a given time sample). Further, an additional clutter factor based on Recommendation ITU-R P. 452 was considered in the analysis. Again, for illustrative purposes, one forward link was chosen (GPM) to show the Cumulative Density Function (CDF) curve (Figure 9).

[bookmark: _Ref353282292]Table 11

Potential interference from LTE user equipment including elevation angle based shielding blockage and additional clutter loss based on Recommendation ITU-R P. 452 into typical NASA TDRS forward links

		Visibility Elevation Mask (deg)



		0 deg

		20 deg

		45 deg



		User Spacecraft

		SNT (K)

		No (dBW/Hz)

		Io/No threshold (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)



		TERRA

		410

		-202.47

		-11.53

		6.7

		18.23

		6.4

		17.93

		4.2

		15.73



		Cygnus

		1849

		-195.93

		-18.07

		0.5

		18.57

		-0.2

		17.87

		-3.1

		14.97



		GPM

		226

		-205.06

		-8.94

		11.6

		20.54

		11.3

		20.24

		8

		16.94



		ISS-LGA

		479

		-201.80

		-12.20

		6.3

		18.50

		5.7

		17.90

		2.7

		14.90



		TRMM-HGA

		513

		-201.50

		-12.50

		7.2

		19.70

		6.5

		19.00

		4.1

		16.60







[bookmark: _Ref353282814]Figure 9

Potential Interference from the LTE User Equipment Terminals into GPM Forward Link taking into account site shielding mask and additional clutter based on Recommendation ITU-R P. 452
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[bookmark: _Toc362524744][bookmark: _Toc369274522]4.2.2	Potential interference from LTE user equipment in the frequency band 
2 200-2 290 MHz

Table 12 and figure 10 presents the results of analyses considering the potential of sharing LTE user equipment distributed over worldwide cities with TDRS 41° West return links receiving a transmission from the ISS.  For these analyses, a hypothetical full blockage shielding mask was analysed for those cities having elevation angles below 0 degrees, 20 degrees, and 45 degrees in relation to the TDRS 41° West (e.g. a 20 degree elevation mask means that only LTE user equipment which have visibility to the 41° West TDRS satellite above 20 degrees contribute to the aggregate interference). Further, an additional clutter factor based on Recommendation ITU-R P.452 was considered in the analysis.




Table 12

Potential interference from the LTE user equipment terminals using elevation mask shielding and additional clutter attenuation based on Recommendation ITU-R P. 452 into typical NASA TDRS return links



		Visibility Elevation Mask (deg)

		0 degrees

		20 degrees

		45 degrees



		

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)

		I/N (dB) @ 0.1%

		Exceedance (dB)



		

		8.1

		21.4

		7.3

		20.6

		2.1

		15.4







Figure 10

Potential interference from LTE user terminals into TDRS return links taking into account elevation angle based site shielding and additional clutter loss based on Recommendation ITU-R P. 452
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[bookmark: _Toc369274523]5	Summary

This document presents study results on the feasibility of sharing with DRS (space-to-space) forward link and return link operations between typical TDRSS users and the TDRSS in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz. 

Interference scenarios were considered between the DRS return link operations and a worldwide LTE deployment in 160 highly populated world cities (see Appendix E for a list of cities). LTE uplink and downlink operations that were considered included either transmitting base station or transmitting user equipment, but not both simultaneously. LTE base station and user equipment parameters used in these analyses were provided by Working Party 5D to the JTG 4-5-6-7 in Document 4-5-6-7/236 and the base station sector antenna pattern was provided in a proposed revision to the sector antenna pattern in Recommendation ITU-R F.1336-3 Annex C.  The assumptions and parameters used in the analyses such as LTE deployment models transmit power, shielding, clutter loss, and propagation conditions were varied in order to analyse a range of scenarios.  Although this analysis assumes wireless broadband characteristics based on the LTE technology standard, the results would also apply to other types of wireless broadband technology with similar characteristics.

The parameters used in the analyses were varied to test a range of assumptions. However, even with the wide range of parameters and very favourable sharing assumptions used for the analyses in this report, it can be seen that the level of interference exceeds the permissible criteria by so much that additional interference mitigations cannot sufficiently reduce interfering signal levels to enable sharing. 

[bookmark: _Toc369274524]6	Conclusion

As can be seen from the analysis results it is found that sharing is not feasible between LTE systems and incumbent DRS forward and return links operating in the 2 025-2 110 MHz and 
2 200-2 290 MHz frequency bands in the space research (space-to-space), Earth exploration-satellite (space-to-space) and space operations (space-to-space) services. 






Appendix A (To attachment 4)

Method for calculating aggregate power per city zone for LTE UEs

This Appendix describes the methodology used to compute aggregate UE power for the urban/suburban/rural zones used in the simulations. It is based in part on the Monte Carlo simulation algorithm described in the Working Party 5D Annex 2 to Document 4-5-6-7/236-E, dated 16 July 2013, and entitled, “Monte Carlo Simulation Assumptions and Methodology for Use in Modelling IMT Networks.” Specifically, steps 1 and 2, in Section 2.2.2 of Annex 2 document which describe the uplink LTE are utilized.

Figure A1 shows the (large) city LTE cell pattern layout assumed in the analysis. This cell pattern is deployed around each of the 160 cities used in the simulations.

Figure A1

LTE Cell Deployment Pattern
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Figure A2 shows a close-up of the cell pattern and the definitions of cell radius and inter-site distance.

Figure A2

Close-up of LTE Cell Deployment Pattern
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Note there are a total of 1301 BS sites in the pattern (89 urban + 996 suburban + 216 rural) and a total of 3 x 1301 = 3903 cells. Assuming a world-wide city deployment of 160 major cities (i.e. cities with population > 250,000), the total number of cells in the scenario is then 160 x 3903 = 624,480. The simulations involve calculating the aggregate interference from these LTE cells over a 10-day simulation period at 1-sec time steps (i.e. 864,000 time samples). Therefore, assuming 6 active UEs per cell, this represents a total of 624,480 x 864,000 x 6 = 3.24 trillion UE calculations. Sample MATLAB simulations with these parameters required approximately 15 hours of run-time. To reduce simulation time, the aggregate UE interference was modelled by assuming (3) “effective” UEs per city – one for urban zone, one for suburban zone, and one for rural zone with all (3) effective UEs co-located at the city centre. Comparison of simulation results using this effective UE approach vs the full cell approach has demonstrated that this is a valid simplifying assumption since the results of the aggregate interference at the satellite in both cases are virtually identical (even for the lower altitude satellites assumed in the TDRSS forward link analysis). Therefore, the remainder of this Appendix will describe the calculation steps of the aggregate UE transmit power of the effective UEs in the urban, suburban, and rural zones. The same steps are used to find the aggregate power of the effective UE in each of the 3 zones.

Step 1. Fill up a large circular region with LTE cells of the specified cell radius and find the number of BS sites in the region. For example, for the rural zone with a 4 km cell radius, we fill up a 100 kilometres radius circular region with 4 km cells as shown in Figure A3. In this case there are a total of 1 015 BS sites/3 045 cells.

Figure A3

100-kilometres radius circular region filled with 4-km radius LTE cells





Step 2. For a large number of trials, perform the following procedure. For the ith trial, uniformly distribute a large number of UEs over a smaller region inside the larger region of cells. This is to allow UEs on the boundary of the smaller region to possibly be assigned to BS outside the boundary of the smaller region so as not to skew the Path Loss (PL) distribution. For example, Figure A4 shows 1 000 UEs randomly uniformly distributed over a 50 kilometres radius region inside the 100 kilometres radius region of Figure A3.

Figure A4

Uniform distribution of 1000 UEs within 50 kilometres region inside 100 kilometres region

[image: ]

Step 3. Compute distance and PL between each UE and BS site (using modified Hata propagation model in Report ITU-R SM.2028-1, Appendix 1 to Annex 2). For example, for 1 015 BS sites and 1 000 UEs, this results in a PL matrix of size [1 000 x 1 015].

Step 4. For each UE find the minimum PL (PLmin) and the BS site associated with PLmin . For example, for 1 000 UEs and 1 015 BS sites, we generate a vector of 1 000 elements whose values are in the range 1-1015, indicating that for the ith UE (i = 1 to 1 000), the min PL is to the nth BS site (n = 1 to 1 015). 

Step 5. Now for each UE find the subset of BS sites for which the PL <= (PLmin + HO margin) where HO margin is the HandOver margin (here assumed to be 3 dB). As discussed in the Monte Carlo document (Annex 2 to Document 4-5-6-7/236), the HO margin is a predetermined value used to establish for each UE the set of LTE cells which that UE can connect to, besides the one with the strongest downlink received pilot power. Therefore, the UE (particularly those at the cell edges) may not always connect to the physically nearest BS site.

Step 6. For each UE, randomly link it to one of the BS sites from its corresponding subset of BS sites (i.e. those BS sites for which PL <= PLmin + HO margin). This will be its assigned BS site. For example, see Figure A5. 

Figure A5

UEs Linked to Assigned Base Stations
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Step 7.  For each UE, compute the PL (again using modified Hata)  between it and its assigned BS and add PL value to sample PL vector. 

Step 8. Repeat steps 2-7 for a large number of trials in order to obtain a large PL sample vector 
(e.g. 1 million PL samples).

Step 9. Use the PL sample vector to generate the CDF (Cumulative Distribution Function) of the PL. Figures A6, A7, and A8 are plots of the PL CDF for the urban, suburban, and rural zones, respectively.








Figure A6

PL CDF for Urban Cells
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Figure A7

PL CDF for Suburban Cells
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Figure A8

PL CDF for Rural Cells
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Step 10. From the CDFs, select a PL percentile value based on the % of UEs assumed to operate at max transmit power. Section 2.3 of the Annex 2 document discusses proper assumptions for UE uplink power control (UPC) and notes that LTE UPC has both open loop and closed loop components, but that for Monte-Carlo simulations, the open loop model is mainly used. This model sets the UE transmit power based on the PL between the UE and its serving base station along with other parameters, including one which corresponds to the % of active users transmitting at maximum power (Pmax). The Annex 2 document suggests that the % of UEs in macro-cells transmitting at Pmax be in the 2%-5% range. This analysis assumes 2%. Therefore, according to the UE UPC formula in Step 2 of Section 2.2.2 of the Annex 2 document, UEs whose PL exceed the 98%-percentile PL value will transmit at Pmax. Conversely, UEs whose PL <= the 98%-percentile PL value will transmit at a power level less than Pmax. The 98% PL values for the urban/suburban/rural cells are indicated in Figures A6, A7, and A8. 

These values are PLx-ile = 128.1 dB (urban); 124.3 dB (suburban); 121.9 dB (rural)

Thus, for example for the rural cells, the CDF in Figure A8 indicates that 98% of the UEs have PL less than or equal to 121.9 dB while 2% of the UEs have PL exceeding 121.9 dB. Therefore, that 2% of UEs is assumed to transmit at maximum power (e.g Pmax = +23 dBm/200 mW). 

Step 11. Specify other UE uplink power control parameters used in the Annex 2 UPC formula. 
In this analysis we assume Pmax = +23 dBm; Pmin = -40 dBm (min UE tx power);  = 1 (gamma is a value between 0 and 1 called the balancing factor); and Rmin = Pmin/Pmax.

Step 12. Now apply the UPC formula to the PL values from Step 8 to get the corresponding UE transmit power values and from these we can generate the UE transmit power CDFs. From Section 2.2.2 of the Annex 2 document, the UPC formula for the UE transmit power (Pt) (in dBm) in terms of the above parameters is given by:





The resulting (single) UE transmit power CDFs are shown in Figure A9.

Figure A9

 UE transmit power CDFs for urban/suburban/rural zones
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Step 13. From the LTE cell layout pattern in Figure A1 determine the number of simultaneously transmitting UEs in the urban/suburban/rural zones.

Referring to Figure A1, there are 89 BS sites/267 cells in the urban zone. Assuming 6 active UEs per cell (per Annex 2 doc), this results in a total of 267 x 6 = 1602 UEs. However, it is assumed in the analysis that 70% of these UEs are indoors and not contributing any interference. Therefore, only 30% of these UEs are assumed to be interfering UEs so that NUE = 0.3 x 1602 = 480.

For the suburban zone there are 996 BS sites/2988 cells so that total number of UEs is 6 x 2988 = 17,928. Again, however, 70% of these are assumed to be indoors contributing no interference. So in this case the number of interfering UEs is NUE = 0.3 x 17928 = 5378.

For rural zone there are 216 BS sites/648 cells so that total number of UEs is 6 x 648 = 3888. However, 50% of these are assumed to be indoors contributing no interference. So in this case the number of interfering UEs is NUE = 0.5 x 3888 = 1944.

Step 14. Using the urban/suburban/rural (single) UE transmit power CDFs from Step 12 and the number of simultaneously interfering UEs per zone from Step 13, perform another set of Monte Carlo trials to get the distribution and mean values of the aggregate UE power per zone. This involves performing a large number of trials (N trials) for each zone and for the nth trial:

a)	Generate NUE random samples of UE transmit power using the appropriate CDF from Step 12 (e.g. for urban zone, generate 480 samples of random UE transmit power using the urban CDF in Figure A9)

b)	Convert the sample UE transmit power values from dBm to mW; sum them to get the aggregate power (in mW); then convert back to dBm to get the aggregate power in dBm 

c)	Repeat steps a and b a large number of times (e.g. N = 100,000 trials) to get N sample values of the aggregate power (i.e. a vector V containing N sample values of aggregate power)

d)	Determine the aggregate power statistics using the above agg power vector (V)

This results in the following statistics for the 3 zones:
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Note that the aggregate power distribution is very narrow (looking at standard deviation values and min/max values). This is due to the “law of large numbers” effect. Even though the power distribution of a single UE can have a large variance (i.e. -40 to +23 dBm), the aggregate power distribution of a large number of UEs has a relatively small variance. So in the simulations, we assume the mean aggregate power values above as the effective UE power per zone values. 






Appendix B (to attachment 4)

Aggregate LTE Base Station Power for Cities

[bookmark: _Toc362524747]Method for calculating aggregate LTE base station 
power for worldwide cities

This Appendix describes the methodology used to compute aggregate LTE Base Station (BS) power for the urban/suburban/rural zones used in the simulations. For each city, 3 “effective” Base Stations are modelled in the simulation – representing the 3 city zones (urban/suburban/rural) – and are assumed to be co-located at the city centre. It is necessary to model 3 effective BSs per city since the BSs in each zone have different sector antenna gains and downtilt angles. Specifically, urban BSs are assumed to have a sector antenna gain of 16 dBi with a 10° downtilt; suburban BSs are assumed to have a sector antenna gain of 16 dBi with a 6° downtilt; and rural BSs are assumed to have a sector antenna gain of 18 dBi with a 3° downtilt. 

Therefore, for each zone, it is necessary to determine the net effective power of the effective BS representing that zone. As in the case of the UEs, simulations have been performed that demonstrate that using this effective BS approach yields essentially the same interference results into the satellite receiver as modelling each individual BS site in the LTE deployment pattern. Thus, using this effective BS approach is a valid assumption for the purpose of calculating aggregate interference into satellite receivers while having the advantage of significantly reducing simulation time. 

To determine the net power for the effective BS, we again refer to the LTE deployment pattern shown in Figure A1 and perform the following steps for each zone.

Step 1. Determine the number of interfering BS sites per zone. 

Referring to Figure A1, there are 89 BS sites in the urban zone. However, it is assumed in the analysis that 50% of the BS site antennas (20 metres height) are below the urban rooftop level and we make the conservative assumption that none of the BS sites below rooftop level contribute to the interference. Therefore, for the urban zone, we assume the number of interfering BS sites is NBS = 0.5 x 89 = 44 BS sites.

There are 996 BS sites in the suburban zone and the antennas of all these sites (25 m height) are assumed to be above suburban rooftop level, so the number of interfering BS sites in this case is NBS = 996 BS sites.

There are 216 BS sites in the rural zone and the antennas of all these sites (30 m height) are assumed to be above rooftop level, so the number of interfering BS sites for rural case is 
NBS = 216 BS sites.

Step 2. Define probability distribution function (PDF) for BS (eNB) transmit power. It is recognized that LTE Base Stations do not operate at maximum power all the time. In the analysis, it is assumed that BS transmit power is proportional to Resource Block (RB) loading on the downlink (i.e. if only half of the RBs are active, then the BS is only operating at half max power). The PDF for the RB loading is shown in Figure B1 and is a truncated Gaussian PDF with a mean value of 50% corresponding to BS transmit power equal to 50% of maximum power. In the simulation, a 10 MHz LTE channel bandwidth (50 RBs) with a maximum transmit power of Pmax = 46 dBm (40W) is assumed. (Note: this is the power output from the eNB transmitter prior to 3 dB feeder/line loss and prior to the sector antenna input.) The PDF is truncated to ensure the RB loading is always between 0 (no loading with 0W transmit power) and 1 (100% loading with transmit power = max power = 40W). Further, the standard deviation of the PDF is chosen equal to 0.266 corresponding to a call blocking probability of 3% (i.e. the area under the Gaussian curve above x = 1 is 0.03 implying that there is a 3% chance that a new UE cannot connect to the network because all RBs are already active and BS is at maximum transmit power).

Figure B1

Assumed Probability Distribution of Base Station Resource Block Loading/TX Power
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Step 3. Using the PDF in Step 2 and the number of interfering BS (NBS) in Step 1, perform a large number of Monte-Carlo trials (N) to determine the aggregate power for the effective BS for each zone. Therefore, for the nth trial, perform the following steps:

a)	Generate NBS random samples of RB loading (α) according to the above truncated Gaussian PDF

b)	Compute the corresponding values of transmit power (in Watts) based on the RB loading values (α) and the max power (pmax = 40W) (i.e. pt = α pmax) 

c)	Sum up all the transmit power values in step b (sum in Watts); then convert to dBm to get the aggregate transmit power value for the nth trial

d)	Repeat steps a-c for N trials to get an N-element vector (V) of aggregate power values (in dBm)

Step 4. Compute statistics of the aggregate power distribution from vector V. The results of doing this Monte-Carlo procedure for the 3 zones are shown below.
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Note again that the aggregate power distribution is very narrow (looking at standard deviation values and min/max values). This is due to the “law of large numbers” effect. Even though the power distribution of a single BS can have a large variance, the aggregate power distribution of a large number of BSs has a relatively small variance. So in the simulations, we assume the mean aggregate power values above as the effective BS power per zone values. 

Also, note that because the mean loading is assumed to be 50%, the aggregate mean values above can be very nearly reproduced using just the mean BS power (i.e. 20 W) and the number of interfering BS (NBS):

For urban: 10log(20 x 44) + 30 = 59.44 dBm

For suburban: 10log(20 x 996) + 30 = 72.99 dBm

For rural: 10log(20 x 216) + 30 = 66.35 dBm

For the 20% BS loading case (mean BS power = 0.2 x 40W = 8W), the aggregate values are:

For urban: 10log(8 x 44) + 30 = 55.46 dBm

For suburban: 10log(8 x 996) + 30 = 69.01 dBm

For rural: 10log(8 x 216) + 30 = 62.37 dBm

These power levels are then applied to the input of the sector antenna in Appendix C (after subtracting 3 dB feeder/line loss) and using the appropriate gain and downtilt for the particular zone.




Appendix C (to attachment 4)

LTE Base Station Sector Antenna Pattern

The LTE Base Station sector antenna pattern is based on a proposed revision to the sector antenna pattern in Recommendation ITU-R F.1336-3 and is given in Annex 10 of Annex 12 of Document 5C/171 (Working Party 5C Chairman’s Report). The average sidelobe pattern in Section 3.2 of the Annex 10 is assumed. 

The Ghr and Gvr equations are exactly the same as shown in the Annex 10 with the following exceptions:

–	In equation (A-2) of Annex 10, the normalized elevation angle xv = /3 is replaced with xv = /3

–	Also in equation (A-2) of Annex 10, the composite gain pattern is modified so that the relative vertical pattern Gvr(xv) is multiplied by a compression ratio, R, which weights the vertical gain as the azimuth angle varies from 0 to . Therefore, the revised composite relative gain pattern is given by:
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where the compression factor R is defined as:
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In these equations the azimuth angle  varies from -180 to 180 degrees and the elevation angle  varies from -90 to 90 degrees. The mainbeam gain is in the direction of (=0, =0); the principal EL plane is defined by (=0, = -90 to 90); and the principal AZ plane is defined by (= -180 to 180,  = 0).

Sample plots of this sector antenna pattern are shown below assuming the following additional parameters that define the pattern: 

Mainbeam gain = Go = 16 dBi

Azimuth plane HPBW (full-angle) = 3 = 65 degrees

Elevation plane HPBW (full-angle) = 3 = 11.98 degrees 

[Note: 3 is calculated as a function of Go and 3 using equation (3) of Section 3.3 of Recommendation ITU-R F.1336 which is: 3 = 31000 x 10(-0.1Go)/3]

k-parameters: ka = 0.7; kh = 0.7; kv = 0.3

The principal EL plane pattern in both rectangular and polar coordinates is shown in Figures C1 
and C2.

Figure C1

Principal EL Plane Pattern in Rectangular Coordinates
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Figure C2

 Principal EL Plane Pattern in Polar Coordinates
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The principal AZ plane pattern in both rectangular and polar coordinates is shown in Figures C3 and C4.

Figure C3

Principal AZ Plane Pattern in Rectangular Coordinates
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Figure C4

Principal AZ Plane Pattern in Polar Coordinates
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Figures C5-C7 show the 3D pattern from oblique, top-down, and side views. It should be noted that in these 3D plots, the actual minimum gain value of the pattern is G180 = -24.5 dB and the maximum gain value is 0 dB. But in order to plot the pattern as a 3D surface the gains must be treated as 
non-negative radii. Therefore a constant gain adjustment factor of K =  |G180| = +24.5 dB is added to all the gain values (i.e. the min gain value of -24.5 dB is assumed to have 0 radius). Therefore the actual relative gain value from the 3D pattern is the radius measured from the origin minus K. 

Figure C5

Oblique View of 3D Pattern
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Figure C6

Top Down View of 3D Pattern
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Figure C7

Side View of 3D Pattern
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Appendix D (to attachment 4)

Method for applying Recommendation ITU-R P. 452 clutter model

This Appendix describes the methodology used to apply the clutter model of Recommendation ITU-R P.452 § 4.5.3.  The model, which is intended to be used for interference from one point on the Earth to another point on the Earth, has a clutter model which is applied by: 

1	Calculate the clutter losses at either one or both ends of the link using a set of clutter categories and nominal values of clutter height and distance.

2	Assume the transmitter or receiver or both, which is imbedded in the clutter, is moved to the opposite side of the clutter.  (i.e., Place the antenna(s) imbedded in clutter at the nominal clutter height)

3	Calculate the rest of the losses as though there was no clutter using the new antenna placement(s) and add the clutter losses from step 1 at the end.

Since the application of Recommendation ITU-R P.452, as a terrestrial point-to-point model, assumes the propagation paths will be relatively horizontal than most cases as compared to signals going up to an aircraft or spacecraft (as considered in this analysis). This would generally make the propagation path through the clutter longer and, consequentially, clutter losses greater. Thus, this clutter model can be used as a worst case (i.e. maximum attenuation) for a scenario of a transmitter imbedded in clutter and receiver on a spacecraft. The application of this model as used in this analysis is described below:

–	Step 1. Apply clutter categories, heights and distances as provided in Table 4 of Recommendation ITU-R P.452.  The representative clutter categories as applied to the Recommendation ITU-R P.452 clutter categories with the rural, suburban, and urban categories used in the analysis is presented in table D1, below.

Table D1

Listing of P. 452 clutter categories

		

		Nominal clutter heights and distances



		

		Clutter (ground-cover) category

		Nominal height, ha

		Nominal distance, dk



		

		

		(m)

		(km)



		Rural

		High crop fields

		4

		0.1



		

		Park land

		

		



		

		Irregularly spaced sparse trees

		

		



		

		Orchard (regularly spaced)

		

		



		

		Sparse houses

		

		



		Suburban

		Suburban

		9

		0.025



		

		Dense suburban

		12

		0.02



		Urban

		Urban

		20

		0.02



		

		Dense urban

		25

		0.02



		

		High-rise urban

		35

		0.02





–	Step 2. Calculate clutter attenuation using equations (47) and (47a) of Recommendation ITU-R P.452.

–	Step 3.  Use equation atan((h-ha)/dk) to calculate the maximum elevation angle for the interfering clutter path for each city and apply the appropriate clutter loss for that city, where h is the height of the UE terminal, ha is the nominal clutter height, and dk is the nominal distance.

The attached excel spreadsheet presents a sample calculation utilizing the methods described above.  This sample calculation assumes a macro cell in an urban area, where the height of the LTE station (L10) is 20 meters.  The nominal clutter height (D27) is 35 meters.  And the horizontal clutter distance (E27) is 20 meters.  Using equations (47) and (47a) of Recommendation ITU-R P.452, the clutter loss (L27) is 12.8 dB and the angle from the transmitter to the top of the clutter height (M27) is atan ((35-20)/20)=36.9 degrees.  Therefore, if the aircraft/spacecraft is at an elevation angle at or below 36.9 degrees, 12.8 dB of clutter loss should be added.  If the spacecraft is above 36.9 degrees, there is no clutter loss.

Appendix E (to attachment 4)

List of Worldwide cities used in analyses

Table E1

List of 160 Major Cities Used in LTE-TDRSS Interference Simulations
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[bookmark: dbreak]1	Introduction/background

In order to support requirements for non-IMT broadband nomadic wireless access systems including radio local area networks (RLAN), sharing feasibility studies has been called for the frequency range 5 350-5 470 MHz has been called for sharing feasibility studies.

The frequency range 5 350-5 470 MHz is comprised of two frequency bands: 5 350-5 460 MHz and 5 460-5 470 MHz.  The 5 350‑5 460 MHz band is allocated to the Earth exploration-satellite (active), radiolocation, aeronautical radionavigation, and space research (active) services.  The 5 460-5 470 MHz frequency band is allocated to the Earth exploration-satellite (active), radiolocation, radionavigation, and space research (active) services.

The present Report provides 3multiple analyses based on various scenarios (static/dynamic, probabilistic/with orbital simulation, over simulated areas/over countries) to address the compatibility between RLAN systems and EESS (active) systems in the frequency range 5 350‑5 470 MHz and assess possible mitigation techniques.

Potential interference from EESS (active) systems to RLANs is not directly analysed.

[Editor’s note: the Report doesn’t cover the analysis of interference from EESS (active) into RLANs. No studies submitted on this aspect] 

2	Technical characteristics

2.1	EESS (active)

2.1.1	Interference criteria

The EESS (active) interference criterion is given in Recommendation ITU-R RS.1166-4 as a value of –6 dB I/N with 99% data availability (equivalent to [99%] of the time (to be confirmed)). i.e., the I/N = –6 dB criterion is not to be exceeded for more than 1% of the time.). This criteria is applied over data acquisition periods of time when the sensor is operating over the measurement area of interest.

The interference budget apportionment (radiolocation, aeronautical radionavigation) factor has not been considered in the studies, but may be considered as an aggravating factor.

2.1.2	Parameters

The following Table and the following antenna pattern descriptions provide the relevant EESS (active) system parameters to be used in the study.



		Parameter

		Radarsat-3 
(RCM)

		Sentinel-1 CSAR



		Sensor type

		SAR

		SAR



		Orbital altitude (km)

		586.9-615.2

		6953



		Orbital inclination (degrees)

		97.74

		98.18



		RF centre frequency (MHz)

		5 405

		5 405



		Peak radiated power (W)

		1 490

		4 140

(at ant input)



		Polarisation

		HH, VV, HV,VH, compact (circular on Tx, linear on Rx)

		V and H



		Antenna type

		Phase array

		Phase array



		Antenna gain (dBi)

		40-45

		43.5 to 45.1



		Antenna pattern steering capability

		Steerable in elevation from 16 to 51 degrees

		Steerable in elevation 18 to 40 deg



		Antenna pattern

		See Below

		See Below



		Antenna orientation (degrees from nadir)

		330  
(right-looking)

		20 to 47 deg



		Receiver noise figure (dB)

		6 (system)

		3.2



		Pulse/Receiver bandwidth (MHz)

		14-100 (selectable)

		Up to 100 MHz



		Noise power (dBW)

		–128/14 MHz to –119/100 MHz

		–121/100 MHz



		Service area

		Global

		Global



		Footprint (km2)

		225 (avg)

		250



		Image swath width (km)

		20-500

		20-250







Antenna pattern for Radarsat-3: 

[image: ] (Range)
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where:

	θ0 	is the elevation pointing angle of the main beam (in degrees);

	θel 	is the elevation angle in the direction under consideration (in degrees);

	θaz 	is the azimuth angle under consideration;

	L=	6.75 m;

	λ 	is the wavelength (meters);

	sinc(x) = 	sin(x)/x.

The overall gain is the product (sum in dB) of the elevation and azimuth antenna beam patterns, with a floor at 60 dB below the peak value.

Further characteristics of the RCM system are indicated in Document 4-5-6-7/188.

Antenna pattern for Sentinel-1 CSAR:



Elevation (Directivity: 43.53 dBi)

[image: ]

Azimuth

[image: ]

The Sentinel-1 antenna pattern is also well approximated using a sinc(x) function, using equations 3 and 4 for the elevation (vertical) and azimuth (horizontal) planes, respectively:

		Gver = 10*log10((sinc(coef_V*sind(angle_V))).^2).*(abs(angle_V)<=90)-
		1000.*(abs(angle_V)>90)	(3)

		Ghor = 10*log10((sinc(coef_H*sind(angle_H))).^2).*(abs(angle_H)<=90)-	

		1000.*(abs(angle_H) )>90)	(4)

		G = max(G_min,G_max+Gver+Ghor)   	(5)

where:

	Gver 	is the discrimination in the elevation plane (dB);

	angle_V 	is the off-axis angle in the elevation plane in the direction under 	consideration (equation 3 is valid for angle V < 90°);

	Ghor 	is the discrimination in the azimuth plane (dB);

	angle_H 	is the off-axis angle in the azimuth plane in the direction under 	consideration (equation 4 is valid for angle H <90°);

	coef_V 	is set equal to 9;

	coef_H 	is set equal to 200;

	G_min 	is the minimum gain (-10 dBi);

	G_max 	is the main beam (peak) gain (44 dBi).

Further characteristics of the RCM system are indicated in Document 4-5-6-7/188.

2.2	RLANMobile systems parameters and deployment.

[Editor’s note: The RLAN technical parameters generated by the Drafting Group on the RLAN parameters to be introduced in this section of the document by the Study Group Secretariat (BR)].



EIRP level distribution

		RLAN EIRP Level

		200 mW

(Omni-Directional)

		80 mW

(Omni-Directional)

		50 mW

(Omni-Directional)

		25 mW

(Omni-Directional)



		RLAN Device Percentage

		19%

		27%

		15%

		39%





NOTE - RLAN devices are assumed to be indoors only, based on the requirement to help facilitate coexistence. For the purposes of sharing studies, 5% of the devices should be modelled without building attenuation.

Alternatively administrations may choose to carry out a parametric analysis in any range between 2% and 10%.

These EIRP values apply across the entire RLAN channel bandwidth.

Alternatively administrations may choose to use a single e. i. r. p level.



Channel bandwidths distribution

		Channel bandwidth

		20 MHz

		40 MHz

		80 MHz

		160 MHz



		RLAN Device Percentage

		10%

		25%

		50%

		15%





Building attenuation

Gaussian distribution with a 17 dB mean and a 7 dB standard deviation (truncated at 1 dB).

Alternatively administrations may choose to use a 17 dB fixed value.

Propagation model

Aeronautical radar case:

Recommendation ITU-R P.528 (as revised – see Document 3/36(Rev.1)) + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1)) + building attenuation as described above

EESS radar case:

Recommendation ITU-R P.619 + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1))  + building attenuation as described above




Angular Clutter Loss Model:

The angular clutter loss model provided by the "RLAN User Defined Height" column of the attached worksheet should be used in conjunction with the antenna heights as described below.  The clutter loss values calculated for the "sparse houses", "suburban" and "urban" clutter (ground-cover) categories should be applied in the rural, suburban and urban zones of the RLAN deployment model, respectively.

Theta max (°) provides the angle from the RLAN transmitter to the top of the clutter height.  Therefore, if the aircraft/spacecraft is at an elevation angle at or below theta max (°), clutter loss should be added.  If the spacecraft is above theta max (°) of the respective clutter category, there is no clutter loss.







Antenna height

		RLAN Deployment Region

		Antenna Height

(meters)



		Urban

		1.5 to 28.5



		Suburban

		1.5, 4.5



		Rural

		1.5, 4.5







The antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps.  

Antenna gain/discrimination

Omnidirectional in azimuth for all scenarios.

For EESS/Aeronautical studies:

Option A1: Omnidirectional in elevation (from Document 4-5-6-7/437).

Option A2: Generic use of the elevation pattern as given in the table below with negative elevation angles above the horizon (from Document 4-5-6-7/495).

Table

RLAN Elevation Antenna Pattern

		Elevation Angle θ
(Degrees)

		Gain
(dBi)



		45  θ  90

		-4



		35  θ  45

		0



		0  θ  35

		3



		–15  θ  0

		-1



		–30  θ   –15

		-4



		–60  θ  –30

		-9



		–90  θ  –60

		-8







Option A3: An average 4 dB antenna discrimination applied to the EIRP level distribution above in the direction of the satellite (from Document 4-5-6-7/566).

RLAN device density relevant to sharing studies

The following RLAN device densities are to be used as simultaneously transmitting with the e. i. r. p. distribution as given above (no ranking implied).

Option D1: 5186 active devices per 20 MHz channel or 9871 active devices per 100 MHz channel per 5.25 million inhabitants (from Document 4-5-6-7/495).

Option D2: From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size  (from Document 4-5-6-7/430).

Option D3: Take into account the EESS interference threshold in order to determine the number of simultaneous RLAN connections which can be tolerated. The RLAN density can then be determined for a given population (from Document 4-5-6-7/478).

2.3	Mitigating factors

2.3.1	DFS (Dynamic Frequency Selection)

A study (Annex C) considered DFS at the -64 dBm threshold as a mitigation factor and concluded that DFS at this average power threshold will not be effective to mitigate interference into EESS (active) systems. 

Two studies considered DFS as mitigation factor and concluded that DFS is unlikely to be effective.Furthermore, other studies investigated the possible use of DFS as mitigation factor and concluded that the timing aspects of DFS would anyhow not be compatible with the protection of the EESS (active) system.

Therefore it is concluded that DFS is unlikely to be effective for protecting EESS(active) systems.

2.3.2  	Other mitigation techniques

Still under investigation




3	Analysis

5 sharing studies have been considered.

Based on the above assumptions and mobile service deployments, the relevant analyses are performed using:

1	A parametric study simulating the satellite orbital passes over 2 mid-size countries and a metropolitan area (Annex A).

21	A parametric study using the various options identified for the RLAN parameters. Two static analyses and a dynamic analysis. The first static analysis shows the impact of single RLAN transmitters. The second static analysis shows the sharing results assuming parameters from another study for comparison. The dynamic analyseis simulates the satellite orbital passes over 2a mid-size countries, a metropolitan areay and an hypothetical area composed of 3 concentric zones: urban, sub-urban and rural gives the resulting data loss generated by RLANs distributed across the country according to the population density (Annex BA). 

32	A study static analysis deriving the number of allowable RLAN connections in the SAR footprint on the basis of the probability of RLAN active connections simultaneously transmitting in that footprint. Results are provided in parametric way, depending on various scenarios. (Annex CB).

43	A dynamic analysis based on a simulated terminal distribution scenario within a hypothetical area composed of 3 concentric zones: urban, sub-urban and rural representing a typical scenario (Annex DC).

54	A static dynamic analysis over 2 different types of areas: one based on a simulated terminal distribution scenario within a hypothetical area composed of 3 concentric zones: urban, sub-urban and rural representing a typical scenario and another klooking at the rural case only. The analysis shows the sensitivity of the results to the outdoor usage assumptions simulating the satellite orbital passes over a mid-size country and gives the resulting data loss generated by RLANs distributed across the country according to the population density (Annex ED).

Editor’s note: The table below and associated text is put in square bracket. The meeting agreed with the presentation of the results in this tabular form, but the exact text needs to be agreed and the numbers need to be verified.

[The table below presents the results of these 5 sharing studies. The different rows present different assumptions on the RLAN parameters for antenna discrimination and active RLAN density. They range from the most optimistic case scenario (first row) to the worst case scenario (last row).






		Compatibility deficit

		Study A

Dynamic studies

		Study B

Pseudo-dynamic + dynamic studies

		Study C

(see Note 1)

		Study D

Pseudo-dynamic studies

		Study E

Static study



		High antenna discrimination +

Lowest density

		

		6.2 dB

		

		0.9 to 1.8 dB



		



		Omni antenna +

Lowest density

		

		

		17 dB

		

		



		Special set of parameters (lowest density, medium antenna discr., higher building attenuation, 0%-5% outdoor)

		

		

		

		

		8 to 13.4 dB urban

-4.4 to 0.1 dB rural



		High antenna discrimination +

Low density 

		

		9.4 dB

		

		

		



		High antenna discrimination+

High density 

		

		19.4 dB



		

		

		



		Omni antenna +

Low density 

		14.5 to 18 dB

		12.7 to 20.4 dB

		

		

		



		Omni antenna +

High density 

		23 to 26.5 dB

		22.7 to 30.4 dB

		

		

		







Omni antenna= 0 dBi gain in all directions.

Medium antenna discrimination= 4 dBi antenna discrimination towards the satellite for all RLAN devices.

High antenna discrimination= 12 dBi antenna discrimination towards the satellite for all RLAN devices.

High density = 0.04 active RLAN devices per inhabitant

Low density = 0.004 active RLAN devices per inhabitant 

Lowest density = 9871 active RLAN for a 3-zones area of 5.25 million inhabitants.

NOTE 1 - This study followed a different approach and concluded that a maximum of 43 active RLAN devices could be present in the SAR footprint (225 km2). This corresponds to a deficit of 17 dB when referred to the lowest density case.]

4	Summary/Conclusions

Initial sResults of sharing studiesresults in the annexes show that there is [some] difficulty in sharing between EESS (active) and RLAN systems in the 5 350-5 470 MHz frequency range but further investigation is required. to validate the assumptions and specific characteristics utilized.to see if other mitigation techniques can provide a compatible scenario.






ANNEX A (to attachment 5)



See Document 4-5-6-7/424

ANNEX B (to attachment 5)



See Documents 4-5-6-7/460

ANNEX C (to attachment 5)



See Document 4-5-6-7/478

ANNEX D (to attachment 5)



See Document 4-5-6-7/495

ANNEX E (to attachment 5)



See Document 4-5-6-7/566
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Sheet1








									This is the Only User Input =>			Frequency			5.35			GHz


									          Note: It has little effect on the final answer once above 1 GHz





									TABLE 4


									Nominal clutter heights and distances


									Clutter (ground-cover) category			Nominal height, ha			Nominal distance, dk			RLAN
User Defined
Height						UE any						Macro rural						Macro suburban						Macro urban						Small cell outdoor / micro urban						Small cell indoor / micro urban


												(m)			(km)			h=2 (m)			qmax (°)			h=1.5 (m)			qmax (°)			h=30 (m)			qmax (°)			h=25 (m)			qmax (°)			h=20 (m)			qmax (°)			h=6 (m)			qmax (°)			h=3 (m)			qmax (°)			ç Values of h taken from JTG 4-5-6-7/236 & JTG 5-6/180 Annex 2 (UE only)


						Rural			High crop fields			4			0.1			14.8 dB			1.1			17.3 dB			1.4			-0.3 dB			-14.6


									Park land


									Irregularly spaced sparse trees


									Orchard (regularly spaced)


									Sparse houses


									Village centre			5			0.07


									Deciduous trees (irregularly spaced)


									Deciduous trees (regularly spaced)			15			0.05


									Mixed tree forest


									Coniferous trees (irregularly spaced)			20			0.05


									Coniferous trees (regularly spaced)


									Tropical rain forest			20			0.03


						Suburban			Suburban			9			0.025			19.5 dB			15.6			19.6 dB			16.7									-0.3 dB			-32.6


									Dense suburban			12			0.02			19.7 dB			26.6			19.7 dB			27.7									-0.3 dB			-33.0


						Urban			Urban			20			0.02			19.7 dB			42.0			19.7 dB			42.8															-0.1 dB			0.0			19.4 dB			35.0			19.7 dB			40.4


									Dense urban			25			0.02			19.7 dB			49.0			19.7 dB			49.6															1.9 dB			14.0			19.6 dB			43.5			19.7 dB			47.7


									High-rise urban			35			0.02			19.7 dB			58.8			19.7 dB			59.2															12.8 dB			36.9			19.7 dB			55.4			19.7 dB			58.0


									Industrial zone			20			0.05


									é  This Table is taken from Rec ITU-R P.452-14 é									é     dBs of clutter loss calculated using equations (47) and (47a) of Rec. ITU-R P.452-14.       é


																		é           Maximum elevation angle of clutter, qmax, calculated using atan((ha-h)/dk).       é
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[bookmark: dbreak][Editor’s note: The text has become the reference working document that is to be reviewed, when considered appropriate, at future JTG meetings. In effect this document provides a cross referenced check list that allows the JTG to focus on the issues that it is likely to have to deal with under WRC‑15 agenda item 1.1. This revision includes all changes and additions considered at the fifth meeting of JTG 4-5-6-7.] 

As of its second meeting, Joint Task Group 4-5-6-7 has received a summary of ITU-R studies providing information relevant to sharing/compatibility studies for consideration under WRC-15 agenda item 1.1. In addition, JTG 4-5-6-7 has received input contributions that propose either that studies should be undertaken in certain frequency bands, or highlight that studies have already been carried out in certain frequency bands. Some input contributions contain material that is proposed to be taken into account in future studies. Some input contributions express their views on the appropriateness or inappropriateness of the use of some frequency bands/ranges by terrestrial mobile broadband applications including IMT.

Aspects of these submissions are summarised in the annexed table. This table contains a “List of frequency bands with related proposals and associated comments and explanations”. Column 6 of the table includes the nature of proposal (quoted from the input contribution) and associated comments and explanations as provided by the entity submitting the contribution. The ITU-R documents describing the results of the existing compatibility and/or sharing studies and the related texts have been included in a row in the table immediately above the rows to which they apply.  The texts listed are those sharing and compatibility studies relevant to WRC-15 agenda item 1.1.

The purpose of the table below is to provide more detailed explanations and related comments on the proposals made in the input contributions. It allows members to further explain their concerns and proposals in a common place as far as any frequency band is concerned. Furthermore, it is hoped that these details would prove useful to members when preparing input contributions to future meetings of the JTG. 

Working Party 5A and Working Party 5D have also submitted lists of the suitable frequency ranges and spectrum requirements for consideration by JTG 4-5-6-7. The suitable frequency ranges are listed in Appendix 2.

Proposals from some members of JTG 4-5-6-7 show frequency bands where studies have been called for by those members. These are: 470-694/698 MHz, 1 300-1 350 MHz, 1 350‑1 375 MHz, 1 375-1 400 MHz, 1 427-1 452 MHz, 1 452-1 492 MHz, 1 492-1 518 MHz, 1 518‑1 525/1 527 MHz, 1 695-1 700 MHz, 2 025-2 110 MHz, 2 200-2 290 MHz, 2 700‑2 900 MHz, 2 900-3 100 MHz, 3 300-3 400 MHz, 3 400-3 600 MHz, 3 600-3 800 MHz, 3 800-4 200 MHz, 4 400-4 500 MHz, 4 400-4 900 MHz, 4 800-5 000 MHz, 5 350-5 470 MHz, 5 725-5 850 MHz, 5 850-5 925 MHz and 5 925-6 425 MHz.  This list is open and subject to further contributions from the membership.

Further contributions providing additional material for inclusion in the table at the sixth meeting of the JTG are welcomed.  
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Appendix 1

List of frequency bands with related proposals and associated comments and explanations

Reference to ITU-R texts (Recommendations, Reports) providing existing ITU-R compatibility and/or sharing studies 
relevant to WRC-15 agenda item 1.1[footnoteRef:1] and other related remarks are included above the rows in the table to which they apply [1:  	A list of ITU-R texts relevant to the work of JTG 4-5-6-7 can be found in Annex 2 to the Chairman’s Report, Document 4-5-6-7/393).] 


Note:

1. When remarks and comments are made in Column 6 with respect to a submitted study these remarks and comments are those of the submitting entity and do not represent the conclusions on studies that may have been reached elsewhere in any of the Working Groups of the JTG. 

2. Where material has been provided on economic considerations, such material is purely for noting and this material has not been reviewed in the JTG. While noting the possibilities offered by No. 155[footnoteRef:2] of the ITU Convention, material from such documents is to be considered as the views of the submitting entity. [2:  	ITU Convention provisions Nos. 149 to 155 deal with studies that are to be undertaken by the Radiocommunication Study Groups. In particular, CV No. 155 states: “These studies shall not generally address economic questions, but when they involve comparing technical or operational alternatives, economic factors may be taken into consideration.”] 


3. Where material has been provided on future trends of services for inclusion in this Annex, such material is purely for noting and this material has not been reviewed by the Expert Groups responsible for those services. Material from such documents is to be considered as the views of the submitting entity only. 


		1

		2

		3

		4

		5

		6



		Frequency band (MHz)

		Sub-band (MHz)

		JTG 4-5-6-7 Document Number

		Source 

		Title 

		Nature of proposal
(quoted from the input contribution) and associated comments 
and explanations



		410-430

		

		324

		B

		“The 410-430 MHz band as a candidate band for IMT identification”

		The Brazilian Administration supports studies for the possible identification of the frequency band 410-430 MHz to IMT in order to expand IMT spectrum below 1 GHz, specially to develop mobile broadband in underserved areas in conjunction with the frequency band 450-470 MHz already identified to IMT by WRC‑07.



		

		

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda item 1.1” 

		Current fixed service and mobile service uses rather than IMT in many countries. The proponents of this document are in favour of the exclusion of the frequency range 410-430 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		445

		ARG

		“Considerations on the Frequency Ranges 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz under WRC-15 agenda item 1.1” 

		The Argentine Administration does not support the identification of the 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz bands to be used by IMT systems at the next World Radiocommunication Conference.

The Argentine Administration proposes the assessment of other bands among the candidates to be identified for the use of the IMT services at the WRC-15. These bands will be able to satisfy the spectrum demand without causing the damage indicated in this proposal. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as the bandwidth provided by this band would not be enough to meet the requirements of mobile broadband.



		

		420-430

		568

		IARU

		“IARU Position on WRC-15 agenda item 1.1”

		The frequency band 420-430 MHz is allocated to the amateur service on a secondary basis in some countries. As consideration is given to the identification of additional frequency bands for IMT, the IARU is of the view that care must be taken to maintain useful access to the radio spectrum at suitable intervals by the amateur and amateur-satellite services.



		For the frequency bands 470-694/698 MHz and 694/698-790 MHz, Reports ITU-R BT.2247, ITU-R M.2110 and ITU-R M.2241 contain existing compatibility and/or sharing studies.

The provisions of the GE06 Agreement apply to countries of Region 1 (except Mongolia) and to IRN. 

This band is extensively used for broadcasting in many countries.



		470-694/698

		

		309

		RCC

		“Preliminary position of the RCC Administrations on WRC-15 agenda items 1.1 and 1.2”

		The RCC administrations do not support consideration of  the frequency band 470‑694/698 MHz due to current and future spectrum requirements for terrestrial TV broadcasting



		

		470-520

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek identification of the band for use by IMT under WRC-15 agenda item 1.1. 



		

		470-694

		88

		GSMA

		“Discussions of suitable frequency ranges for candidate bands under
WRC-15 agenda item 1.1”

		Proposes that the JTG should undertake studies in the frequency band.

Recognize C and D of Resolution 233 (WRC-12) make clear the importance of frequency bands below 1 GHz for cost-effective IMT for wide area coverage in low population density areas.  This is particularly important for developing markets to benefit from the socio-economic benefits of mobile broadband/IMT.  WP 5D (in Doc. 4-5-6-7/237) indicated that some 
220 to 680 MHz of UHF might be needed by 2020. Depending on Region some 270 MHz is used for IMT below 1 GHz (including centre gap and guard bands). 

This suggests a significant shortfall for spectrum in this range.  Given the main use of this band in many countries is for terrestrial television, the introduction of digital TV offers the potential to release some of this spectrum as part of a digital dividend – for those countries that wish to maintain terrestrial TV.  This offers scope for a large market base and hence economies of scale, which will ultimately benefit consumers. This range also benefits from the fact that in Region 3 it is co-primary mobile.



		

		

		147

		ECOWAS[footnoteRef:3] + CME [3: 	ECOWAS Administrations are: Benin, Burkina Faso, Cape Verde, Côte D’Ivoire, Gambia, Ghana, Guinée, Guinée Bissau, Mali, Niger, Nigeria, Senegal, Sierra Leone and Togo. ] 


		Comment on Working Party 5D Liaison statement to JTG 4-5-6-7 July meeting regarding suitable candidate bands under WRC-15 agenda item 1.1

		The 470-694 MHz frequency band should not be considered for studies.



		

		

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Sweden proposes that this band should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		217

		G

		“Priority frequency ranges for JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Advice on the nature of studies and issues to consider.



		

		

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda item 1.1” 

		This band is widely used for broadcasting in many countries. The proponents of this document are in favour of the exclusion of the frequency range 470‑694 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		This band is not suitable as a candidate band due to existing TV broadcasting use. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt has no opposition to the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as this band is similar to both the 700 MHz and 800 MHz bands in terms of its ability to provide coverage at lower costs when compared to spectrum above 1 GHz. In addition it has preferable indoor penetration which gives the band even greater importance. Such a band will provide the great advantage of harmonization if it is allocated in all three regions. 



		

		

		552

		I

		“WRC-15 agenda item 1.1 - Candidate Frequency Bands for IMT”

		The Italian administration proposes the JTG 4-5-6-7 to remove the frequency band 470-694 MHz from the list of the candidate bands for additional spectrum allocations to the mobile service for consideration under WRC-15 agenda item 1.1, due to the current intensive use by TV broadcasting services and future growing demand of spectrum for new enhanced DTTB applications.. This position is also supported by the Vatican Administration. 



		

		470-698

		59

		CAN

		“Global allocation to the mobile service in the frequency band 470‑698 MHz while taking into account existing uses of the frequency band”

		Proposes that the JTG should undertake studies in the frequency band.



		

		

		105

		USA

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Globally harmonized allocations to the mobile service in the 470-698 MHz frequency band would enable introduction of innovative broadband services while preserving access to spectrum for the existing services such as broadcasting.  The new allocation to the mobile service would provide administrations with the necessary flexibility to maximize spectrum utilization consistent with their domestic timetables, requirements and objectives.  Under the proposed allocations arrangements, administrations, consistent with their domestic priorities, may continue to operate existing services such as broadcasting or utilize portions of the UHF band for implementation of new mobile broadband applications such as IMT.



		

		

		153

		AUS

		“Studies on frequency related matters for International Mobile Telecommunications and other terrestrial mobile broadband applications – Technical and regulatory framework in Australia to protect digital terrestrial television broadcasting below 694 MHz”

		In relation to identification of possible candidate bands for IMT and mobile broadband applications, Australia will exclude the 520-694 MHz band domestically because of its current use for digital television should it be considered as a global or regional consideration.

Australia has not included the frequency band 470-698 MHz as suitable to be considered for sharing studies among the frequency bands identified in the Australian contributions to Working Party 5D in Documents 5D/66, 5D/126 and 5D/225. 

Australia has recently completed re-planning DTTB services to operate within the frequency bands 174-230 MHz and 520-694 MHz.



		

		

		161



300



302

		RUS

		“Proposals for the development of CPM Text under WRC-15 agenda item 1.1” 

“Information concerning RCC studies and proposals development for WRC-15 agenda item 1.2”

“Compatibility of mobile and broadcasting services in adjacent bands taking into account the outcome of wireless broadband equipment field test in terrestrial TV broadcasting frequency band” 

		According to the results of RCC studies, in RCC countries band 
470-694/698 MHz is used and will be used for TV broadcasting due to the significant spectrum requirements of the broadcasting service and new broadcasting technologies development (please refer to Doc. 6A/237). The use of the frequency band 470-694/698 MHz by MS simultaneously with BS is coupled with significant sharing and coexistence issues: 

– 	high interference levels from broadcasting stations, including signals due tropospheric scattering, observed at large separation distances will limit application of those lower frequencies to provide coverage; 

– 	when using the same frequency range by broadcasting service and by mobile service, where one side of communication link is user controlled, it is very difficult to completely avoid interference by regulatory provisions or by technical mitigation techniques; 

– 	as broadcasting service doesn’t have alternative frequency ranges compared to mobile service which uses also higher frequency ranges, it limits coexistence potential by means of frequency separation in the frequency band 470-694/698 MHz;

– 	laboratory and field trial of wireless broadband access system in the frequency band 470-694 MHz were conducted in the Russian Federation and as a result protection ratios for broadcasting service of the order of 
–43 .. –35 dB were measured over a wide frequency range (up to channel N +14 and beyond).

Thus sharing between TV broadcasting and the mobile service in the frequency band 470-694/698 MHz is not possible and it shall be excluded from  the candidate bands for IMT. 



		

		

		223

		IRN

		“Iran strategy for broadband IMT spectrum”

		The frequency band 470-694/698 MHz shall be excluded from the study.

The infrastructure of overwhelming majority of countries, if not all, uses the frequency band 470 MHz to 694/698 MHz for the broadcasting service. Millions of Dollars of investment were made to establish that infrastructure and its recent conversion to digital broadcasting.

Sharing is not possible.



		

		

		229

		B

		“Meeting the mobile broadband spectrum requirements without impacting the DTT and the FSS in Region 2”

		Due to the heavy usage of this band by the broadcasting service, Brazil believes that other bands can better address mobile broadband spectrum demand. Therefore, the Brazilian Administration does not support the identification of the 470-698 MHz frequency band to IMT at WRC-15.



		

		

		233

		EBU

		“WRC-15 agenda item 1.1 – Suitable frequency ranges for IMT”

		EBU requests JTG 4-5-6-7 to remove this frequency range from its list of suitable frequency ranges for consideration under agenda item 1.1.

The 470-698 MHz frequency band is ideally suited to DTT and is the only UHF (below 1 GHz) spectrum available and allocated worldwide to the broadcasting service. Maintaining a worldwide harmonized band for television broadcasting will continue to allow for economies of scale in bringing affordable consumer equipment to market.

Result of WP 6A questionnaire showed that majority (93%, 
see Document 4-5-6-7/125(Rev.1) dated 26 July 2013) of those Administrations in Region 1 which responded indicated a requirement for at least 224 MHz of UHF spectrum for DTT.



		

		

		268

		J

		“Information on spectrum usage and sharing possibility of broadcasting and IMT in UHF band in Japan”

		The frequency range between 470-698 MHz is assigned and used by DTTB in Japan. Actually, about 12 000 transmitters are in operation together with the frequency band between 698-710 MHz and the spectrum is heavily congested.
Protection of existing services is indispensable principle of sharing and it shall be assured on technical basis. For example, as described in the Japanese case study in Report ITU-R BT.2247, sharing of broadcasting and IMT is not possible without using appropriate size of guard band. 



		

		

		273

		CBS

		“Further comments related to sharing and compatibility between the broadcasting service and the mobile service in the UHF band”

		Based upon the studies performed by CBS and others, the mobile and broadcasting services are not compatible and sharing is not feasible.



		

		

		445










444

		ARG

		“Considerations on the Frequency Ranges 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz under WRC-15 agenda item 1.1” 





“Assessment of Interference Levels and Sharing Criteria between Terrestrial IMT and DTTB System C (ISDB-T) in the Frequency Range 470-698 MHz under WRC-15 agenda item 1.1”

		The Argentine Administration does not support the identification of the 470-698 MHz band to be used by IMT systems at the next World Radiocommunication Conference.

The Argentine Administration proposes the assessment of other bands among the candidates to be identified for the use of the IMT services at the WRC-15. These bands will be able to satisfy the spectrum demand without causing the damage indicated in this proposal. 


This opinion is supported by the study that can be found in document 4-5-6-7/444. 



		694/698-790

		

		151

		APT

		“APT views on WRC-15 agenda item 1.1”

		Given existing use of the frequency band 698-790 MHz APT views on 
WRC-15 agenda item 1.1 and the adjacent 790-960 MHz frequency band for IMT, there are significant potential benefits from increased regional harmonization and the economies of scale which could result from the expansion of the existing identification of IMT in this band. 

In this context, account should be taken of the results of sharing and compatibility studies under Resolution 233 (WRC-12). 



		

		

		176

		KOR

		“Proposed draft CPM text for WRC-15 agenda item 1.1” 

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1. 



		

		

		223

		IRN

		“Iran strategy for broadband IMT spectrum”

		Any decision on the identification of above frequency band to IMT systems in Region 3 under WRC-15 agenda item 1.1, should take into account the result of sharing and compatibility studies which are on-going under WRC-15 agenda items 1.1 and 1.2. For this band, under WRC-15 agenda item 1.2 see Document 4-5-6-7/222.

Use of the filter as an option in a group of countries wishing not to use the frequency band above 694 MHz for broadcasting cannot be generalized as an overall solution for the problem of sharing and compatibility



		

		698-710

		268

		J

		“Information on spectrum usage and sharing possibility of broadcasting and IMT in UHF band in Japan”

		RR No. 5.313A says the frequency band, or portions of the frequency band 698-790 MHz, in some countries including Japan in Region 3 are identified for use by these administrations wishing to implement IMT; however, in Japan, the frequency band 698-710 MHz is assigned and used for DTTB as it is in the frequency band 470 698 MHz.
Protection of existing services is indispensable principle of sharing and it shall be assured on technical basis. For example, as described in the Japanese case study in Report ITU-R BT.2247, sharing of broadcasting and IMT is not possible without using appropriate size of guard band.



		

		710-714

		268

		J

		“Information on spectrum usage and sharing possibility of broadcasting and IMT in UHF band in Japan”

		RR No. 5.313A says the frequency band, or portions of the frequency band 698-790 MHz, in some countries including Japan in Region 3 are identified for use by these administrations wishing to implement IMT; however, in Japan, the frequency band 710-714 MHz is assigned for radio microphones for PMSE. Actually, many radio microphones will also operate in the future and the spectrum would be heavily congested.

Protection of existing services is indispensable principle of sharing and it shall be assured on technical basis. 



		1 300-1 400

		

		88

		GSMA

		“Discussions of suitable frequency ranges for candidate bands under
WRC-15 agenda item 1.1”

		Proposes that the JTG should undertake studies in the frequency band. 

It is clear from the studies in WP 5D (Doc. 4-5-6-7/237)  that total spectrum requirement for IMT in the year 2020 ranges from some 1 300 to 2 000 MHz.  Some 1 GHz has been identified for IMT currently (depending on Region).  This suggests a significant shortfall.  Whilst the frequency band is not primarily a “coverage” band in can augment higher data rates in some locations where higher frequencies are not cost effective.  Sharing studies submitted by GSMA (Doc. 4-5-6-7/195) show the favourable possibility of sharing with fixed links, which are widely deployed in these bands in many countries.

Scope exists to identify a band that is sufficiently large to make it attractive to industry to produce devices, and hence encourage the building up of economies of scale.

This range (i.e. above 1 350) is co-primary Mobile (except 1 350-1 400 in R2&3).



		

		

		101

		TeliaSonera

		“Possible future implementations of IMT in the 1 400 MHz range and required studies”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		161



295

		RUS

		“Proposals for the development of CPM Text under WRC-15 agenda

 item 1.1”

“Adjusted results of studies in compatibility of IMT systems with radiolocation systems in the frequency band 1 300-1 400 MHz”

		The frequency band 1 300-1 400 MHz is extensively used for different radiodetermination applications across the globe. The frequency band 
1 300-1 350 MHz is also allocated to aeronautical radionavigation service (ARNS) on a global primary basis.  ARNS radars are actively used for navigation purposes. Recommendation ITU-R М.1463 points out that radionavigation radars operate in a wide range of technical characteristics variation as defined by their missions. The Recommendation also points out that RR No. 4.10 applies to those radars stating that no harmful interference shall be caused to them.

In accordance with the results of sharing studies in order to protect radars operating in the frequency band 1 300-1 400 MHz from IMT separation distances exceeding 450 km is required. To fulfil this requirements would be extremely hard to implement and would prevent from providing effective operation of IMT systems.

For this reasons It is proposed to exclude the frequency band 1 300‑1 400 MHz from consideration as a candidate one for satisfying WRC‑15 agenda item 1.1. 



		

		

		195

		GSMA

		“Studies relating to compatibility/sharing”

		The frequency range 1 300-1 527 MHz (excluding 1 400-1 427 MHz) should be included in the list of candidate bands to be considered for WRC-15 agenda item 1.1. 



		

		

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Sweden proposes that the frequency bands 1 300-1 350, 1 350-1 375 and 1 375-1 400 MHz should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		217

		G

		“Priority frequency ranges for JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Advice on the nature of studies and issues to consider for the frequency bands 1 300-1 350, 1 350‑1 375 and 1 375-1 400 MHz. 



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		1 215-1 350 MHz. Primary radar: This band, especially frequencies above 1 260 MHz, is extensively used for long-range primary surveillance radar to support air traffic control in the en-route and terminal environments. No recent studies have been undertaken with respect to compatibility with terrestrial mobile systems. Given the similarity between these radars and those operating in the frequency band 2 700-2 900 MHz, the results of studies in that frequency band should be applicable.

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services (ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links,

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		278

		Telstra

		“Sharing studies between IMT‑Advanced and radiodetermination systems in the frequency band 1 300-1 400 MHz” 

		Document contains a preliminary Monte Carlo study exploring the possibility for local segmentation of the frequency band 1 300-1 400 MHz in some countries, where the frequency band may be only lightly used, for co-ordinated deployment of IMT user devices (uplink only) using appropriate mitigation methods to facilitate co-existence with radiodetermination and radionavigation systems.  A more developed/revised study is expected to be presented to the next meeting of JTG 4-5-6-7.



		

		

		316

		F

		“Protection of radionavigation-satellite service (RNSS) frequency bands in relation to WRC-15 agenda item 1.1”

		There are allocations to the radionavigation-satellite service (space-Earth and space-space) at 1 164-1 300 MHz, radionavigation-satellite service (Earth‑space) at 1 300-1 350 MHz and Earth exploration-satellite (active) in bands below 1 300 MHz that would also have to be considered. 

Operating satellite systems including Compass, Galileo, Glonass, GPS, IRNSS, QZSS, and corresponding geostationary augmentation systems. Millions of RNSS receivers are in use today for a wide range of applications using precise positioning, navigation and timing information. Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference.

JTG 4-5-6-7 should carefully consider both the in-band and adjacent band protection requirements of RNSS in the frequency bands 



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		This band is not supported as a possible IMT band. Existing uses in the band, e.g. radiolocation and RAS (1330-1400 MHz), and adjacent to this band, i.e. RAS and EESS in 1400-1427 MHz, need to be protected.



		

		1 300-1 350

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek a new mobile allocation in the band or identification of the band for use by IMT under WRC-15 agenda item 1.1.



		

		1 300-1 375

		309

		RCC

		“Preliminary position of the RCC Administrations on WRC-15 agenda items 1.1 and 1.2” 

		The RCC administrations do not support consideration of the frequency bands 1 300‑1 350 and 1 350-1 375 MHz due to intense use of the frequency bands by the ARNS according to RR 5.337, RLS and RNSS according to RR 5.337А. 



		

		1 375-1 400 

		82

		F

		“Possible consideration of the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz under WRC‑15 agenda item 1.1”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		206






322

		ESA

		“Compatibility study between IMT in the frequency bands 1 375‑1 400 MHz and 1 427‑1 452 MHz and EESS (passive) in the 1 400-1 427 MHz frequency band under WRC-15 agenda item 1.1”

“Proposed revisions to preliminary draft new Report ITU-R RS.[EESS 1.4 GHz]

		Should any decision made about identification of the frequency bands 1 375‑1 400 MHz and 1 427‑1 452 MHz for “broadband mobile”, this will have to be associated with certain conditions. 




Document 4-5-6-7/322 updates the compatibility study. 



		

		

		309

		RCC

		“Preliminary position of the RCC Administrations on agenda items 1.1 and 1.2 of the WRC-15” 

		The RCC administrations do not support consideration of the frequency band 1 375‑1 400 MHz due to the RNS according to 5.338 RR. 



		For the frequency band 1 400-1 427 MHz, Report ITU-R SM.2092 contains existing compatibility and/or sharing studies.

The 1 400-1 427 MHz range has been avoided since it is recognised that this is a passive band according to RR provision No. 5.340. 



		1 400-1 427

		

		63

		ESA

		“Information and concerns related to various bands proposed by WP 5D under WRC-15 agenda item 1.1”

		Passive band – not to be considered. 



		

		

		120

		WMO

		“WMO Preliminary position on WRC-15 agenda”

		WMO opposes any allocation in the 1 400-1 427 MHz frequency band, covered by RR No. 5.340, and also requires that protection of sensors in this band be ensured from unwanted emissions of terrestrial mobile broadband applications including IMT if proposed in the adjacent bands.



		1 427-
1 525/1 527

		

		88

		GSMA

		“Discussions of suitable frequency ranges for candidate bands under
WRC-15 agenda item 1.1”

		Proposes that the JTG should undertake studies in the frequency band. 

It is clear from the studies in WP 5D (Doc. 237)  that total spectrum requirement for IMT in the year 2020 ranges from some 1 300 to 2 000 MHz.  Some 1 GHz has been identified for IMT currently (depending on Region).  This suggests a significant shortfall.  Whilst the frequency band is not primarily a “coverage” band in can augment higher data rates in some locations where higher frequencies are not cost effective.  Sharing studies submitted by GSMA (Doc. 4-5-6-7/195) show the favourable possibility of sharing with fixed links, which are widely deployed in these bands in many countries. 

Scope exists to identify a band that is sufficiently large to make it attractive to industry to produce devices, and hence encourage the building up of economies of scale.

This range (i.e. above 1 350) is co-primary Mobile (except 1 350-1 400 in R2&3).



		

		

		101

		TeliaSonera

		“Possible future implementations of IMT in the 1 400 MHz range and required studies”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		161



293





294

		RUS

		“Proposals for the development of CPM Text under WRC-15 agenda item 1.1”

“Adjusted results of studies in compatibility of IMT systems and aeronautical telemetry systems in the frequency band 
1 429-1 535 MHz” 

“Analysis of interference effect caused by aeronautical telemetry systems operating in the frequency band 1 429-1 535 MHz on envisioned IMT systems”

		The conducted studies have shown that the required separation distance could exceed 400 km (about 400 km for protecting telemetry from IMT and around 412 km for protecting IMT from telemetry) when sharing the frequency band 1 429-1 535 MHz between IMT systems and telemetry within mobile aeronautical service  As a result, operation of IMT systems would be impractical or significantly restricted in the areas at a distance of about 400 km from the borders of countries using aeronautical telemetry systems.

In the case of Region 1 with limited number of countries using such systems potential restrictions on IMT networks deployment reduce harmonization possibilities. In Region 2, where according to the footnote No. 5.343 the use of the frequency band 1 435-1 525 MHz by the aeronautical mobile service for telemetry has priority over other uses by the mobile service, such restrictions will prevent wide scale IMT deployment. Considering this restrictions it is clear that IMT systems could not operate on a global basis in the frequency band 1 429-1 535 MHz.

The frequency band 1 427-1 525 MHz or its part is not suitable for the deployment of IMT systems or other mobile broadband applications. . It is proposed to exclude the frequency band 1 429-1 535 MHz from consideration as a candidate one for satisfying WRC-15 agenda item 1.1.



		

		

		195

		GSMA

		“Studies relating to compatibility/sharing”

		The frequency range 1 300-1 527 MHz (excluding 1 400-1 427 MHz) should be included in the list of candidate bands to be considered for WRC-15 agenda item 1.1. 



		

		

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Sweden proposes that the frequency bands 1 427-1 452, 1 452-1 492, 
1 492-1 518 and 1 518-1 525 MHz should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		217

		G

		“Priority frequency ranges for 
JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Advice on the nature of studies and issues to consider for the frequency bands 
1 427-1 452 and 1 452-1 492 MHz.  



		

		

		309

		RCC

		“Preliminary position of the RCC Administrations on WRC-15 agenda items 1.1 and 1.2” 

		The RCC administrations do not support consideration of the frequency band 
1 427-1 525 MHz due to the possibility of creating unacceptable interference to aeronautical telemetering systems operating in accordance with RR Nos. 5.342 and 4.10.



		

		1 427-1 452

		82

		F

		“Possible consideration of the frequency bands 1 375-1 400 MHz and 1 427-1 452 MHz under 
WRC-15 agenda item 1.1”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		206






322

		ESA

		“Compatibility study between IMT in the frequency bands 
1 375-1 400 MHz and 
1 427-1 452 MHz and EESS (passive) in the 1 400-1 427 MHz frequency band under WRC-15 agenda item 1.1”

“Proposed revisions to preliminary draft new Report ITU-R RS.[EESS 1.4 GHz]

		Should any decision made about identification of the frequency bands 
1 375-1 400 MHz and 1 427‑1 452 MHz for “broadband mobile”, this will have to be associated with certain conditions. 




Document 4-5-6-7/322 updates the compatibility study.



		

		

		275

		G on behalf of some CEPT countries

		“Proposal for initial set of potential candidate bands for draft CPM text” 

		The frequency bands 1 427-1 452 MHz and 1 452-1 492 MHz could be considered as potential candidate bands for IMT. They may be used in combination, either together with another band or for downlink. Propagation is suited to wide-area coverage. There is already a primary allocation to the mobile except aeronautical mobile service in Region 1 and the mobile service in Regions 2 and 3. CEPT is considering the potential benefits of harmonisation of these bands at a global level. CEPT is currently harmonising the 1 452-1 492 MHz band for mobile/fixed communication networks, used for downlink.



		

		1 427-1 492

		341

		D, FIN, F

		“Sharing studies between aeronautical telemetry terrestrial systems and IMT systems within 
1 427-1 492 MHz band” 

		The presented preliminary analysis showing impact of the IMT BS to the aeronautical telemetry stations within 1 427-1 492 MHz band allows to conclude that Macro BSs could be deployed in a coordinated manner with bilateral cross-border agreement which may ensure the sharing between both services by defining a suitable separation distance. Such conditions may be obtained by filtering and/or a frequency separation.



		

		1 427-1 518

		86

		FIN

		“Sharing studies under WRC-15 agenda items 1.1 and 1.2”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		145

		J

		“ Considerations on compatibility between services in the 1 400-
1 427 MHz frequency band and IMT systems in the 
1 427.9-1 462.9 MHz and 
1 475.9-1 510.9 MHz frequency bands under WRC-15 agenda item 1.1” 

		The frequency bands 1 427.9-1 462.9 MHz and 1 475.9-1 510.9 MHz are suitable for deployment of IMT systems.

IMT systems in the frequency bands 1 427.9-1 462.9 MHz and 
1 475.9-1 510.9 MHz are compatible with EESS (passive) in the frequency band 1 400-1 427 MHz based on the past ITU-R study results towards Resolution 750 (Rev.WRC-12).

IMT systems in the frequency bands 1 427.9-1 462.9 MHz and 
1 475.9-1 510.9 MHz are likely compatible with the SRS (passive) and RAS in the frequency band 1 400-1 427 MHz. Further detailed compatibility studies may be required in the JTG.



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 Agenda Item 1.1”

		Egypt supports the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as it has good propagation characteristics as well as being able to provide capacity in case a significant amount of spectrum can be made available.



		

		1 429-1 518

		207

		IND

		“Suitable frequency ranges for IMT for deployment of mobile broadband”

		India proposes necessary sharing and compatibility studies of this frequency range. 



		

		1 452-1 492

		81

		F

		“Possible consideration of the frequency band
1 452-1 492 MHz under WRC-15 agenda item 1.1”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		176

		KOR

		“Proposed draft CPM text for WRC-15 agenda item 1.1” 

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1. 



		

		

		223

		IRN

		“Iran strategy for broadband IMT spectrum”

		The frequency band 1 452-1 492 MHz to the IMT systems shall be excluded from the list of candidate frequency bands for IMT identification and no sharing studies supported. 

Due to non-coordinated usage of broadcasting/broadcasting-satellite receivers, co-frequency utilization of this frequency range by stations of existing services and IMT systems would be impossible and geographical separation distance cannot be ensured for interference-free operation.



		

		

		275

		G on behalf of some CEPT countries

		“Proposal for initial set of potential candidate bands for draft CPM text” 

		The frequency bands 1 427-1 452 MHz and 1 452-1 492 MHz could be considered as potential candidate bands for IMT. They may be used in combination, either together with another band or for downlink. Propagation is suited to wide-area coverage. There is already a primary allocation to the mobile except aeronautical mobile service in Region 1 and the mobile service in Regions 2 and 3. CEPT is considering the potential benefits of harmonisation of these bands at a global level. CEPT is currently harmonising the 1 452-1 492 MHz band for mobile/fixed communication networks, used for downlink.



		

		

		383

		EBU

		“WRC-15 agenda item 1.1 - suitable frequency ranges for IMT” 

		The EBU supports the flexible use of the frequency band 1 452 1 492 MHz for terrestrial digital audio broadcasting (T-DAB) and terrestrial mobile/fixed communications networks supplemental downlink (MFCN SDL). In the CEPT, this is governed by the framework of the Maastricht 2002 Special Arrangement as revised in Constanta in 2007. Such flexible use needs to be reflected in the Radio Regulations table of frequency allocations if identification to IMT is added in this band.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		This band is supported as candidate band since it is already harmonized for use as supplemental IMT downlink (SDL) in CEPT. 



		1 435-1 525

		

		291

		USA

		“Study in support of CPM text regarding sharing between LTE systems and aeronautical mobile telemetry systems in the frequency band 1 435–1 525 MHz”

		Compatibility analysis for Region 2 shows that sharing between IMT systems and telemetry within the aeronautical mobile service in the 1 435-1 525 MHz band is not feasible because of the large required separation distances.



		The frequency bands 1 518-1 559, 1 626.5-1 660.5 and 1 668-1 675 MHz are extensively used by the MSS. 

RR Footnote No. 5.356 restricts use of the frequency band 1 544-1 545 MHz to safely and distress communications.



		1 518-1 559

		

		94

		ASTRIUM SAS, Boeing
ESA
Eutelsat
Inmarsat
Intelsat
SES WORLD SKIES
Thuraya

		“Current and planned use of certain bands allocated to the FSS and MSS”

		Proposes that studies should not be considered in this band. 



		

		

		203

		INS

		“Proposals on WRC-15 agenda item 1.1”

		The frequency bands 1 525-1 559 MHz and 1 626.5-1 660.5 MHz are shared at least between 9 different L-band GSO MSS operators.  The frequency bands 1 518-1 525 MHz and 1 668-1 675 MHz were allocated to the MSS at WRC-03. 

The ability of the MSS systems to share with other services is very limited, partly due to the ubiquitous coverage provided by the MSS and partly due to the high sensitivity to interference (user terminals and satellites have to be sufficiently sensitive to receive the desired signal from 36 000 km; and both the user terminals and satellites are limited in the available power to transmit the desired signal). 

MSS in these bands is also the most reliable backup for telecommunications backbone during various national disasters. 

Thus, the frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 
1 668-1 675 MHz should not be identified for terrestrial IMT systems. 



		

		

		240

		Inmarsat

		“Potential use of the frequency bands 1 518-1 559 MHz, 1 626.5-
1 660.5 MHz and 1 668-1 675 MHz by terrestrial IMT systems”

		The studies in Document 4-5-6-7/240 address sharing with the MSS and show that, it is not feasible to deploy terrestrial IMT systems in these bands.  The frequency band should not be considered as a candidate band under WRC-15 agenda item 1.1. 



		

		

		245





394

		IMO

		“Additional comments in relation to frequency bands identified by 
ITU-R for future assessment of the suitability for IMT”


“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters”

		The frequency band 1 518-1 559 MHz is in use for satellite terminals on board SOLAS ships. IMO requests ITU-R to exclude the frequency band 
1 518-1 559 MHz as a candidate band under WRC-15 agenda item 1.1, due to the potential adverse impact to maritime safety and the efficient movement of international commerce.

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		1 525-1 559

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda 
item 1.1” 

		The ranges 1 525-1 559 MHz and 1 626.5-1 660.5 MHz are used for mobile-satellite service in different parts of the world. The proponents of this document are in favour of the exclusion of the frequency range 
1 525-1 559 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek a new primary mobile allocation in the band or identification of the band for use by IMT under WRC-15 agenda item 1.1.



		

		1 545-1 555

		256

		ICAO

		“ICAO position for the WRC-15”

		Aeronautical mobile satellite communication systems: The frequency bands 1 545-1 555 MHz and 1 646.5-1 656.5 MHz as well as the frequency band 1 610-1 626.5 MHz are used for the provision of ICAO standardised satellite communication services. A number of recent studies have been undertaken within Europe and United States with respect to the compatibility between terrestrial mobile systems and satellite systems in a frequency range that covers these assignments. Those studies indicated that sharing was not possible.



		1 559-1 610

		

		245




394

		IMO

		“Additional comments in relation to frequency bands identified by 
ITU-R for future assessment of the suitability for IMT”

“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters” 

		The frequency band 1 559-1 610 MHz is in use for RNSS. IMO requests 
ITU-R to exclude the frequency band 1 559-1 610 MHz as a candidate band under WRC-15 agenda item 1.1, due to the potential adverse impact to maritime safety and the efficient movement of international commerce.

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Global navigation satellite systems: These systems are used by the ICAO standardised satellite navigation systems for navigation in the en-route, terminal and airport environments. A number of recent studies have been undertaken within United States with respect to the compatibility between terrestrial mobile systems operating in an adjacent frequency band and satellite navigation systems. Those studies indicated that sharing was not possible. 

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services 
(ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links,

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		316

		F

		“Protection of radionavigation-satellite service (RNSS) frequency bands in relation to WRC-15 agenda item 1.1”

		There is an allocation to the radionavigation-satellite service (space-Earth and space-space) at 1 559-1 610 MHz, that would also have to be considered.

Operating satellite systems including Compass, Galileo, Glonass, GPS, IRNSS, QZSS, and corresponding geostationary augmentation systems. Millions of RNSS receivers are in use today for a wide range of applications using precise positioning, navigation and timing information. Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference.

JTG 4-5-6-7 should carefully consider both the in-band and adjacent band protection requirements of RNSS in the frequency bands. 



		1 626.5-
1 660.5

		

		94

		ASTRIUM SAS, Boeing
ESA
Eutelsat
Inmarsat
Intelsat
SES WORLD SKIES
Thuraya

		“Current and planned use of certain bands allocated to the FSS and MSS”

		Proposes that studies should not be considered in this band. 



		

		

		203

		INS

		“Proposals on WRC-15 agenda item 1.1”

		The frequency bands 1 525-1 559 MHz and 1 626.5-1 660.5 MHz are shared at least between 9 different L-band GSO MSS operators.  The frequency bands 1 518-1 525 MHz and 1 668-1 675 MHz were allocated to the MSS at WRC-03. 

The ability of the MSS systems to share with other services is very limited, partly due to the ubiquitous coverage provided by the MSS and partly due to the high sensitivity to interference (user terminals and satellites have to be sufficiently sensitive to receive the desired signal from 36 000 km; and both the user terminals and satellites are limited in the available power to transmit the desired signal). 

MSS in these bands is also the most reliable backup for telecommunications backbone during various national disasters. 

Thus, the frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 
1 668-1 675 MHz should not be identified for terrestrial IMT systems. 



		

		

		240

		Inmarsat

		“Potential use of the frequency bands 1 518-1 559 MHz, 
1 626.5-1 660.5 MHz and 
1 668-1 675 MHz by terrestrial IMT systems”

		The studies in the Document 4-5-6-7/240 address sharing with the MSS and show that, it is not feasible to deploy terrestrial IMT systems in these bands.  The frequency band should not be considered as a candidate band under WRC-15 agenda item 1.1. 



		

		

		245





394

		IMO

		“Additional comments in relation to frequency bands identified by 
ITU-R for future assessment of the suitability for IMT”


“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters”

		The frequency band 1 626.5-1 660.5 MHz is in use for satellite terminals on board SOLAS ships. IMO requests ITU-R to exclude the frequency band 
1 626.5-1 660.5 MHz as a candidate band under WRC-15 agenda item 1.1, due to the potential adverse impact to maritime safety and the efficient movement of international commerce.

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda 
item 1.1” 

		The ranges 1 525-1 559 MHz and 1 626.5-1 660.5 MHz are used for mobile-satellite service in different parts of the world. The proponents of this document are in favour of the exclusion of the frequency range 
1 626.5-1 660.5 MHz from the potential candidate bands for IMT under WRC‑15 agenda item 1.1.



		

		

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek a new mobile allocation in the band or identification of the band for use by IMT under WRC-15 agenda item 1.1.



		

		1 646.5-
1 656.5

		256

		ICAO

		“ICAO position for the WRC-15”

		Aeronautical mobile satellite communication systems: The frequency bands 
1 545-1 555 MHz and 1 646.5-1 656.5 MHz as well as the frequency band 
1 610-1 626.5 MHz are used for the provision of ICAO standardised satellite communication services. A number of recent studies have been undertaken within Europe and United States with respect to the compatibility between terrestrial mobile systems and satellite systems in a frequency range that covers these assignments. Those studies indicated that sharing was not possible ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services (ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links.

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		1 668-1 675

		

		94

		ASTRIUM SAS, Boeing
ESA
Eutelsat
Inmarsat
Intelsat
SES WORLD SKIES
Thuraya



		“Current and planned use of certain bands allocated to the FSS and MSS”

		Proposes that studies should not be considered in this band.



		

		

		203

		INS

		“Proposals on WRC-15 agenda item 1.1”

		The frequency bands 1 525-1 559 MHz and 1 626.5-1 660.5 MHz are shared at least between 9 different L-band GSO MSS operators.  The frequency bands 1 518-1 525 MHz and 1 668-1 675 MHz were allocated to the MSS at WRC-03. 

The ability of the MSS systems to share with other services is very limited, partly due to the ubiquitous coverage provided by the MSS and partly due to the high sensitivity to interference (user terminals and satellites have to be sufficiently sensitive to receive the desired signal from 36 000 km; and both the user terminals and satellites are limited in the available power to transmit the desired signal). 

MSS in these bands is also the most reliable backup for telecommunications backbone during various national disasters. 

Thus, the frequency bands  1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 
1 668-1 675 MHz should not be identified for terrestrial IMT systems. 



		

		

		240

		Inmarsat

		“Potential use of the frequency bands 1 518-1 559 MHz, 
1 626.5-1 660.5 MHz and 
1 668-1 675 MHz by terrestrial IMT Systems”

		The studies in 4-5-6-7/240 address sharing with the MSS and show that, it is not feasible to deploy terrestrial IMT systems in these bands.  The frequency band should not be considered as a candidate band under WRC-15 agenda item 1.1. 



		

		

		245





394

		IMO

		“Additional comments in relation to frequency bands identified by 
ITU-R for future assessment of the suitability for IMT”


“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters”

		The frequency band 1 668-1 675 MHz is the uplink band paired with the downlink band 1 518-1 525 MHz. IMO requests ITU-R to exclude the frequency band 1 668-1 675 MHz as a candidate band under WRC-15 agenda item 1.1, due to the potential adverse impact to maritime safety and the efficient movement of international commerce.

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek identification of the band for use by IMT under WRC-15 agenda item 1.1.



		1 695-1 700

		

		60

		CAN

		“Considerations for the use of the frequency band 1 695-1 700 MHz for the mobile service”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek identification of the band for use by IMT under WRC-15 agenda item 1.1.



		1 695-1 710

		

		120

		WMO

		“WMO Preliminary position on WRC-15 agenda”

		WMO opposes allocation/identification for terrestrial mobile broadband applications including IMT of the frequency band 1 675-1 710 MHz. 



		

		

		171

		USA

		“Sharing studies between mobile broadband applications in the mobile service to protect earth stations of the meteorological-satellite service operating in and adjacent to the 1 695-1 710 MHz frequency band”

		Based on the results presented here, the use of geographical limitations on terrestrial mobile broadband, computed using the methodology described in Appendix A Annex 2, shows that the proposed mobile broadband applications in the mobile service in the frequency band 1 695-1 710 MHz are compatible with the incumbent meteorological-satellite service operating in and adjacent to this band. 



		

		

		190

		EUMETSAT

		"Compatibility assessment between MetSat systems and IMT stations in the 1 695-1 710 MHz frequency band"

		Proposes that this band is not considered as a candidate band, due to incompatibility with MetSat in this band.



		

		

		199

		CHN

		“View on 1 695-1 710 MHz frequency band under WRC-15 agenda item 1.1” 

		The frequency band 1 695-1 710 MHz should not be considered in the potential candidate frequency band for WRC-15 agenda item 1.1. 



		

		

		281

		CHN

		“Compatibility assessment between meteorological-satellite systems and IMT System in the 
1 695-1 710 MHz band for WRC‑15 agenda item 1.1”

		Proposes that no allocation/identification for IMT in the frequency band 1 695‑1 710 MHz, due to incompatibility with MetSat in this band. 



		

		

		330

		EUMETSAT

		“Compatibility assessment between meteorological-satellite systems and IMT stations in the 
1 695-1 710 MHz band”  

		The document show that the required protection area around MetSat stations from which potential IMT base stations (BS) in the 1 695-1 710 MHz band would have to be excluded would be very large, of several hundred kms and that, for user terminals, it is also shown that large separation distances would be needed for user terminals. EUMETSAT is therefore opposing an allocation/identification for terrestrial mobile broadband applications including IMT in the frequency band 1 675-1 710 MHz.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		This band is not suitable as a candidate band due to limited bandwidth available. The band is widely used in Europe by meteorological satellite systems (space-to-Earth) and this use is not compatible with typical mobile deployment. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as the bandwidth provided by this band would not be enough to meet the requirements of mobile broadband. 



		

		1 700-1 710

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek identification of the band for use by IMT under WRC-15 agenda item 1.1.



		For the frequency bands 2 025-2 110 and 2 200-2 290 MHz, Annex 1 to Recommendation ITU-R SA.1154 contains existing compatibility and/or sharing studies.

RR 5.391 requires that “administrations shall not introduce high-density mobile systems” in these two bands. Recommendation ITU R SA.1154 refers (Incorporated by Reference in the RR).



		2 025-2 110 & 2 200-
2 290

		

		63

		ESA

		“Information and concerns related to various bands proposed by WP 5D under WRC-15 agenda 
item 1.1”

		Proposes that studies should not be considered in this band. 



		

		

		120

		WMO

		“WMO Preliminary position on WRC-15 agenda”

		WMO opposes allocation/identification for terrestrial mobile broadband applications including IMT of the frequency bands 2 025-2 110 MHz and 
2 200-2 290 MHz. 



		

		

		170





165

		USA





USA

		“Feasibility assessment for accommodation of mobile broadband long term evolution (LTE) systems  in the 
2 025-2 110 MHz frequency band” 

“Feasibility assessment for accommodation of mobile broadband long term evolution (LTE) systems in the 
2 200-2 290 MHz frequency band”

		Recommends that JTG 4-5-6-7 exclude the frequency band 
2 025-2 110 MHz from consideration as a candidate band under WRC-15 agenda item 1.1 at this time. 



Recommends that JTG 4-5-6-7 exclude the frequency band 
2 200-2 290 MHz from consideration as a candidate band under WRC-15 agenda item 1.1 at this time.



		

		

		207

		IND

		“Suitable frequency ranges for IMT for deployment of mobile broadband”

		India proposes necessary sharing and compatibility studies of these frequency ranges. 



		

		

		310

		Telstra

		“Sharing between IMT-Advanced and Earth exploration-satellite and space operations systems in the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz” 

		Document contains a preliminary Monte Carlo study exploring the possibility for local segmentation of the frequency bands 2 090-2 110 MHz and 
2 200-2 215 MHz in some countries, for co-ordinated deployment of IMT base stations using appropriate mitigation methods to facilitate co-existence with EESS, SOS, and SRS ground-stations, and noting the existing co-primary allocation to the FS in widespread use in many countries.  A more developed/revised study is expected to be presented to the next meeting of JTG 4-5-6-7.



		

		

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia does not support identification of the bands 2 025 2 110 MHz and 2 200 2 290 MHz for use by IMT under WRC 15 agenda item 1.1



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		These bands are not suitable as candidate bands due to incompatibility of IMT systems with existing terrestrial, space and science service applications in the bands. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of these bands in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as they are used extensively by science services that require protection. Furthermore, footnote 5.391 excludes the use of high density mobile systems in this band. 



		

		2 025-2 090 & 2 200-
2 290

		337

		USA

		“Feasibility assessment for accommodation of mobile broadband long term evolution (LTE) systems in the 
2 025-2 110 MHz and 
2 200-2 290 MHz

frequency bands”

		This report considers the feasibility of Long Term Evolution (LTE) type of IMT systems sharing the frequency bands 2 025-2 110 MHz and 
2 200-2 290 MHz with incumbent primary services of the space research, Earth exploration-satellite and space operation services in the space-to-space direction.  Recommends that JTG 4-5-6-7 exclude the frequency bands 
2 025-2 110 and 2 200-2 290 MHz from consideration as a candidate band under WRC-15 agenda item 1.1 at this time. 



		

		

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda 
item 1.1” 

		The proponents of this document are in favour of the exclusion of the frequency ranges 2 025-2 090 MHz and 2 200-2 290 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1 at this time.



		

		2 090-2110 & 2 200-
2 215

		201

		S

		“Proposed candidate bands for agenda item 1.1”

		Sweden proposes that the frequency bands 2 090-2 110 and 2 200-2 215 MHz should be a subject of the relevant sharing studies under WRC-15 agenda 
item 1.1.



		For the frequency band 2 700-2 900 MHz, Report ITU-R M.2112 contains existing compatibility and/or sharing studies. 



		2 700-3 100

		

		130

		Telstra 

		“Rationalisation of the frequency band 2 700-3 100 MHz for potential future sharing with IMT systems under WRC-15 agenda item 1.1”

		This contribution refers to a previous contribution from Australia 
(Document 5B/101), which concluded that it may be possible for aeronautical radionavigation, meteorological RADARs and maritime radionavigation systems to co-exist in approximately 161 MHz of spectrum. RADAR spectrum allocations could be rationalised and consolidated in such a way that a portion of paired FDD spectrum for IMT could also be identified, to help satisfy WRC-15 agenda item 1.1.  

This document also highlights several options for identifying additional spectrum resources for IMT that may become available, subject to sharing studies, if some rationalisation were to be undertaken of the current usage of the frequency band 2 700-3 100 MHz by radiolocation and radionavigation services. 

This document could be useful for administrations when considering possible methods to satisfy in the CPM text.  For example, by suggesting band segmentation.



		

		

		158

		RUS

		“Analysis of possible operation of IMT systems in the frequency band 2 700-3 100 MHz”

		The frequency bands 2 700-2 900 MHz and 2 900-3 100 MHz should be excluded from the list of the candidate frequency bands to satisfy WRC-15 agenda item 1.1.



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Approach primary radar: This band is extensively used to support air traffic control services at airports especially approach services. There have been a number of studies undertaken within the ITU, Europe and the United States on sharing with respect to compatibility with terrestrial mobile systems. The more recent studies are related to the introduction of mobile systems below 2 690 MHz and compatibility with radars operating above 2 700 MHz. These studies have shown significant compatibility issues which would suggest that co-frequency band sharing would be impractical. Additionally, previous technical studies in the ITU, in particular on co-channel compatibility between primary radars operating in the frequency range 
2 700-3 100 MHz and mobile service showed that co-frequency compatibility between the terrestrial mobile service and radar systems was not feasible. 

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services (ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links.

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		277

		Telstra

		“Sharing studies between IMT-Advanced and radiodetermination systems in the frequency band 2 700-3 100 MHz” 

		Document contains a preliminary Monte Carlo study exploring the possibility for local segmentation of the frequency band 2 700-3 100 MHz in some countries, where the frequency band may be only lightly used, for co-ordinated deployment of IMT base stations and user devices using appropriate mitigation methods to facilitate co-existence with aeronautical and meteorological radars, and shipping operations in coastal areas.  A more developed/revised study is expected to be presented to the next meeting of JTG 4-5-6-7.



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as this band is used for radionavigation and radiolocation services, and therefore, IMT systems might not be able to operate while at the same time providing adequate protection for these services. 



		

		2 700-2 900

		86

		FIN

		“Sharing studies under WRC-15 agenda items 1.1 and 1.2”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		120

		WMO

		“WMO Preliminary position on WRC-15 agenda”

		WMO opposes allocation/identification for terrestrial mobile broadband applications including IMT of the frequency band 2 700-2 900 MHz. 



		

		

		193

		GSMA

		“Consideration of the 2.7-2.9 GHz band and economic benefits that would arise from making this band available for IMT”

		The frequency range 2.7-2.9 GHz should be included in the list of candidate bands to be considered for WRC-15 agenda item 1.1.

This economic benefits study looked at the benefits versus the costs of making this band available for IMT.  The study was developed for Western Europe based on information supplied to the European Commission and publically available data.  The independent study found that:  “the benefit of making the frequency band available to mobile services is approximately 
11 times the costs that would be incurred by doing so.”

The proximity of the frequency band to existing IMT suggests that there will be no technical difficulty in developing IMT equipment for this band.



		

		

		201

		S

		“Proposed candidate bands for agenda item 1.1”

		Sweden proposes that this band should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		217

		G

		“Priority frequency ranges for 
JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Studies involving the 2 700-2 900 MHz frequency band should not be limited to co-channel scenarios; the adjacent channel scenario, looking at requirements on frequency separation between mobile and radar for the case where part of the frequency band is cleared, should also be studied. 



		

		

		223

		IRN

		“Iran strategy for broadband IMT spectrum”

		JTG 4-5-6-7 may wish to examine the possibility of sharing of this band with IMT, while considering result of studies provided in Report ITU-R M.2112.



		

		

		290

		USA

		“Co-existence of mobile broadband systems and radars in the frequency band 2 700–2 900 MHz”

		1)	In administrations where the full 2 700-2 900 MHz frequency range is required for the radiodetermination service, mobile services should not be allocated.

2)	In administrations where the full 2 700-2 900 MHz frequency range is not required for the radiodetermination service: 

	a)	the required guard band between frequencies used for the radiodetermination service and the frequencies used for mobile service should be determined using the specific system characteristics for the two services, and 

	b)	the radiodetermination service requirements of neighbouring administrations must be taken into account, before making any assignments for mobile service systems.



		

		

		309

		RCC

		“Preliminary position of the RCC Administrations on agenda 
items 1.1 and 1.2 of the WRC-15” 

		The RCC administrations do not support consideration of the frequency band 
2 700-2 900 MHz due to no possibility of sharing between IMT systems and stations of existing services in these bands



		

		

		351

		G

		“Proposal for inclusion of 
2 700 2 900 MHz in the set of potential candidate frequency bands for draft CPM text”

		This important frequency band should be included on the list of potential candidate frequency bands for further study and consideration at CPM and at WRC-15. This band has a close proximity to the existing 2 500-2 690 MHz IMT frequency band. There are likely to be synergies between the two bands for internal components in terminals. 



		

		

		394

		IMO

		“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters”

		If the band 2 700-2 900 MHz was decided to be a candidate band under WRC-15 agenda item 1.1., IMO requests ITU to address the impact on the band 2 900-3 100 MHz, including the co-existence between different types of radars. 

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		Studies showed that sharing with the aeronautical radionavigation service and radiolocation service is not feasible. 



		

		2 700-[2 900/3 100]

		161



292

		RUS

		“Proposals for the development of CPM text under WRC-15 agenda item 1.1”

“Analysis of feasibility for sharing between IMT systems and radiolocation systems in the frequency band 2 700-3 100 MHz”

		From the studies in the Report ITU-R M.2112, as well as from more recent studies, it can be concluded that IMT systems and radars in the frequency band 2 700-2 900 MHz operating on a co-frequency basis are not compatible. 

Result of the studies concluded that providing protection for radars operating in the frequency bands 2 700-2 900 MHz and 2 900-3 100 MHz would require separation distances exceeding 780 km. Considering a global nature of radiolocation service allocations sharing between IMT stations and the radars in the frequency bands 2 700-2 900 MHz and 2 900-3 100 MHz would be extremely hard to implement and would prevent from providing effective operation of IMT systems.

For this reasons it is proposed to exclude the frequency bands 
2 700-2 900 MHz and 2 900-3 100 MHz from consideration as a candidate for satisfying WRC-15 agenda item 1.1.



		

		2 900-3 100

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Sweden proposes this band should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		245














394

		IMO

		“Additional comments in relation to frequency bands identified by ITU‑R for future assessment of the suitability for IMT”











“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters”

		The frequency band 2 900-3 100 MHz, in use for maritime radionavigation (S‑band radar), is of particular importance for safety of navigation (safety of life service) and directly impacts upon maritime safety and protection of the marine environment, in particular, in adverse weather conditions.  IMO requests ITU-R to exclude the frequency band 2 900-3 100 MHz as a candidate band under WRC-15 agenda item 1.1, due to the potential adverse impact to maritime safety and the efficient movement of international commerce.

If the frequency band 2 700-2 900 MHz was decided to be a candidate band under WRC-15 agenda item 1.1, IMO requests ITU to carry out feasibility studies which would address the impact on the frequency band 
2 900-3 100 MHz. These feasibility studies should include, among others, 
co-existence between different types of radars.

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		Studies showed that sharing with the aeronautical radionavigation service and radiolocation service is not feasible. 



		3 300-3 400

		

		198

		CHN

		“China proposes JTG 4-5-6-7 include these following bands in potential candidate frequency bands for WRC-15 agenda item 1.1” 

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1. 



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		For this band sharing studies in CEPT show incompatibility between radiolocation and mobile (IMT) services. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as this band is used for the Radiolocation service and IMT systems might not be able to operate while at the same time providing adequate protection for these services. 



		

		

		568

		IARU

		“IARU Position on WRC-15 agenda item 1.1”

		The frequency band 3300-3400 MHz is allocated to the amateur service on a secondary basis in ITU Regions 2 and 3. As consideration is given to the identification of additional frequency bands for IMT, the IARU is of the view that care must be taken to maintain useful access to the radio spectrum at suitable intervals by the amateur and amateur-satellite services.



		For the frequency band 3 400-4 200 MHz, Recommendation ITU-R F.1706 and Reports ITU-R M.2109 and ITU-R S.2199 contain existing compatibility and/or sharing studies.

The frequency band 3 400-4 200 MHz is extensively used by the FSS. 



		3 400-4 200

		

		35

		Inmarsat, SES WORLD SKIES, Intelsat, Eutelsat

		“Use of the frequency band 
3.4-4.2 GHz by FSS systems and potential use by terrestrial IMT systems”

		Existing studies demonstrate that co-frequency, co‑coverage sharing is not feasible, and therefore proposes that studies should not be considered in this band.



		

		

		69

		NABA

		“Support for Inmarsat, SES World Skies, Intelsat and Eutelsat’s Doc. 4-5-6-7/35 – Use of the 3.4‑4.2 GHz by FSS systems and potential use by terrestrial IMT systems”

		Existing studies demonstrate that co-frequency, co‑coverage sharing is not feasible, and therefore proposes that studies should not be considered in this band.



		

		

		74

		LUX

		“Proposals on WRC-15 agenda item 1.1”

		Existing studies demonstrate that co-frequency, co‑coverage sharing is not feasible, and therefore proposes that studies should not be considered in this band.



		

		

		94

		ASTRIUM SAS, Boeing
ESA
Eutelsat
Inmarsat
Intelsat
RASCOM
SES WORLD SKIES
Thuraya

		“Current and planned use of certain bands allocated to the FSS and MSS”

		Existing studies demonstrate that co-frequency, co‑coverage sharing is not feasible, and therefore proposes that studies should not be considered in this band.



		

		

		120

		WMO

		“WMO Preliminary position on WRC-15 agenda”

		WMO states its requirement to maintain relevant fixed satellite service capacity and availability in the 3 400-4 200 MHz frequency band.



		

		

		143

		J

		“Considerations on 
3 400-4 200 MHz and 
4 400-4 900 MHz frequency bands under WRC-15 agenda item 1.1”

		The frequency band 3 400-4 200 MHz is suitable for deployment of IMT systems, and necessary studies in this band should be conducted in the JTG as a potential candidate band related to WRC-15 agenda item 1.1.

With regard to the sharing studies between IMT and the fixed-satellite service in the frequency bands 3 400-4 200 MHz, the JTG should reassess the studies taking into account  additional information on the latest system parameters for IMT and propagation model that were not fully addressed in Report ITU-R M.2109.

With regard to the sharing studies between IMT and the fixed service in the frequency bands 3 400-4 200 MHz, the results of studies captured in the CPM Report for WRC-07 agenda item 1.4 will be still valid. New deployment and sharing scenarios for IMT, such as small-cell deployment of IMT systems using low power and low antenna height, can further improve sharing conditions between IMT and systems in the fixed service. 



		

		

		147

		ECOWAS + CME

		“Comment on Working Party 5D Liaison statement to JTG 4-5-6-7 July meeting regarding suitable candidate bands under agenda item 1.1”

		The 3 400-4 200 MHz frequency band should not be considered for studies. It is considered that current studies under Report ITU-R M.2109 are still valid and that there is no compatibility between IMT and FSS in these bands. 



		

		

		161

		RUS

		“Proposals for the development of CPM Text under WRC-15 agenda item 1.1” 

		It should be noted that WRC-07 concluded that regulatory provisions in the frequency band 3 400-4 200 MHz should not be changed on an ITU Region wide basis based on the studies within Report ITU-R M.2109. The main result of those studies is that if FSS is deployed in a ubiquitous manner and/or with no individual licensing of earth stations, sharing is not feasible in the same geographical area. There is no reason to think that the potential for IMT deployment has improved since then, or that the conclusions reached by WRC-07 might have changed.

The 3 400-3 600 MHz, 3 600-3 800 MHz, 3 800 4 200 MHz frequency bands are not suitable for the deployment of IMT systems or other mobile broadband applications.



		

		

		187

		RASCOM

		“Use of the frequency band 
3.4–4.2 GHz and 4.5‑4.8 GHz in RASCOM network and risks associated to their use by Terrestrial Mobile Systems” 

		The potential use of the frequency band 3 400-4 200 MHz for IMT systems would cause severe damage to satellite industry services and particularly RASCOM services in Africa.



		

		

		194

		GSMA

		“Studies relating to compatibility/sharing between IMT and FSS in 3.4-4.2 GHz”

		The frequency range 3.4-4.2 GHz should be included in the list of candidate bands to be studies in JTG 4-5-6-7 and considered for WRC-15 agenda item 1.1.

This study shows that some of the assumptions made in Report ITU-R M.2109 might be out of date and hence not realistic now. This implies that sharing may be more feasible than assumed at WRC-07. The paper also refers to GSMA document 88, that notes parts of the frequency band are already used for IMT (3.4-3.6GHz) after identification at WRC-07. Hence sharing is possible between FSS and IMT between countries.

There is also the possibility of further segmentation as well as the updating of sharing studies. Such sharing study updates may make cross border coordination easier between FSS and IMT. Hence this is an attractive band.



		

		

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Sweden proposes that the frequency bands 3 400-3 600, 3 600-3 800 and 
3 800-4 200 MHz should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		203

		INS

		“Proposals on WRC-15 agenda item 1.1”

		The technology of FSS in the frequency band 3 400-4 200 MHz is mature and the equipment is available at low cost. This, together with the wide coverage beam provided by this band, has led to FSS satellite in 3 400-4 200 MHz frequency band being an important part of telecommunication in many countries which has been used massively for many services including very small aperture terminal (VSAT) networks, internet providers, point-to-multipoint links and direct-to-home (DTH) receivers. 

From December 2012, there are totally 283 satellites all over the world operating in the 3 400-4 200 MHz frequency bands, and many satellites that operate in other frequency bands have their control and monitoring operations (telemetry, tracking and command) in the frequency band 3 400-4 200 MHz. FSS in this band is also the most reliable backup for telecommunications backbone during various national disasters. 

Existing studies demonstrate that co-frequency and co coverage sharing between satellite service and terrestrial IMT systems is not feasible. Therefore the frequency band 3 400–4 200 MHz should not be identified for terrestrial IMT systems. 



		

		

		217

		G

		“Priority frequency ranges for JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Advice on the nature of studies and issues to consider for the frequency bands 3 400-3 600 and 3 600-4 200 MHz.  



		

		

		245





394

		IMO

		“Additional comments in relation to frequency bands identified by 
ITU-R for future assessment of the suitability for IMT”


“Report of the Ninth Meeting of the Joint IMO/ITU Experts Group on Maritime Radiocommunication Matters”

		The frequency band 3 400-4 200 MHz is partly in use for feeder links of Inmarsat. IMO requests ITU-R to exclude the frequency band 
3 400-4 200 MHz as a candidate band under WRC-15 agenda item 1.1, due to the potential adverse impact to maritime safety and the efficient movement of international commerce.

IMO seeks to ensure that out of band emissions from IMT user equipment operating in adjacent bands to these frequency bands do not affect the operation of the existing maritime systems.



		

		

		255

		ICAO 
(AFCAC on behalf of fifty-four African States)

		“Sustainable frequency spectrum availability for the operation of fixed satellite service based aeronautical VSAT networks in support of the Global Air Traffic Management (ATM) concept”

		AFCAC supports ITU-R studies on the appropriate regulatory and/or technical measures that Telecommunication Regulatory Authorities in the AFI region should apply to guarantee protection of the existing and future FSS earth stations in the 3 400-4 200 MHz band used for satellite communications related to safe operation of aircraft and reliable distribution of meteorological information



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Fixed-satellite service (FSS) systems used for aeronautical purposes:  FSS systems are used in the frequency range 3 400-4 200 MHz and the frequency band 4 500-4 800 MHz as part of the ground infrastructure for transmission of critical aeronautical and meteorological information (see Resolution 154 (WRC-12) and WRC-15 agenda item 9.1.5). FSS systems in the 3.4-4.2 GHz frequency range are also used for feeder links to support AMS(R)S systems. Report ITU‑R M.2109 contains sharing studies between IMT and FSS in the frequency range 3 400-4 200 MHz and frequency band 4 500-4 800 MHz and Report ITU-R S.2199 contains studies on compatibility of broadband wireless access systems and FSS networks in the frequency range 3 400-4 200 MHz. Both studies show a potential for interference from IMT and broadband wireless access stations into FSS earth stations at distances of up to several hundred km. Such large separation distances would impose substantial constraints on both mobile and satellite deployments. The studies also show that interference can occur when IMT systems are operated in the adjacent frequency band.

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services (ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed-satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links.

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Adjacent band 4 200-4 400 MHz: 
This frequency band is used by aeronautical radio altimeters. Radio altimeters provide an essential safety-of-life function during all phases of flight, including the final stages of landing where the aircraft has to be manoeuvred into the final landing position or attitude.

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to frequency bands allocated to aeronautical safety services; or frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links, unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		480

		NABA

		“Sharing study on the effects of International Mobile Telecommunications-Advanced Systems on C-Band earth stations (updated)”

		The conclusion of this study is that sharing the frequency band from 
3 400-4 200 MHz is not feasible due to the size of the needed exclusion zones, up to an area of over 865,000 sq km, and the large number of C-Band earth stations that would need to be protected.  Prior ITU studies, as are summarized in Report ITU-R M.2109, drew the same conclusions. 



		

		

		343

		GSMA

		“Consideration of the 3.4-4.2 GHz band and economic benefits that would arise from making part this band available for IMT”

		The rain fade for higher FSS bands can be overcome with today’s modern satellite technology, for non-critical FSS. The frequency range 3.4-4.2 GHz should be included in the list of candidate bands to be considered for WRC-15 agenda item 1.1.

The study looked at the benefits versus the costs of making this band available in a number of countries in the APAC region.

Also contiguous bands of sufficient bandwidth will be important. This will be particularly useful for ensuring higher data rates can be made available.

The study also discuss the correlation between rain fade margin and service availability



		

		

		348

		UAE

		“Proposals on views about certain bands  allocated to fixed-satellite service under WRC-15 agenda 
item 1.1” 

		The Administration of the UAE is not in favour of the inclusion of the frequency ranges 3 400-4 200 MHz, 4 500-4 800 MHz, and 5 850-6 725 MHz as potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		378

		AsiaSat, Eutelsat, Hispasat, Inmarsat, Intelsat, Lockheed Martin Corporation,  SES World Skies, Thales Communications, Thuraya Telecommunications 

		“View on certain bands allocated to fixed-satellite service under WRC‑15 agenda item 1.1” 

		In order to ensure the protection and availability of the frequency ranges 
3 400-4 200 MHz, 4 500-4 800 MHz, 5 850-6 425 MHz for current and future FSS, operations of IMT is not feasible within the area delineated by the minimum required separation distances (more than 100 kilometres in some cases) in these frequency ranges pursuant to the current and latest ITU-R sharing and compatibility studies. When these large separation distances are considered in conjunction with the extensive deployment of C-band in many parts of the world the only conclusion that can be reached is that this band should not be considered as a candidate band by the JTG.



		

		

		383

		EBU

		“WRC-15 agenda item 1.1 – Suitable frequency ranges for IMT” 

		In some European countries (e.g. Italy) parts of the 3 400-4 200 MHz band are used for microwave links for video/audio contribution services and for distribution backbone of DTT networks. 

The EBU notes that some EBU members’ activities in international broadcasting (particularly outside Europe) rely on satellite downlink frequencies in the 3 800-4 200 MHz band for programme distribution.

Studies on technical and regulatory conditions for coexistence between MFCN (mobile/fixed communication networks) and fixed links and fixed-satellite services in the frequency band 3 400-4 200 MHz should be taken into account before allocation to mobile services in this band is made and, if necessary, appropriate measures should be indicated in the Radio Regulations.



		

		

		462

		B

		“Views on Certain Bands Allocated to the FSS and Need to Establish Compatibility Conditions Between the FSS and Wireless Systems Operating in the Adjacent Band”

		The Brazilian Administration does not support the identification of the 3 600-4 200 MHz, 4 500-4 800 and 5 850-6 425 MHz bands to IMT at WRC 15 and is of the opinion that it is necessary to establish technical conditions to guarantee sharing of IMT operating in the band 3 400-3 600 MHz with FSS operating in the adjacent band 3 600-4 200 MHz. 

The Brazilian Administration proposes to split the band 3 400-4 200 MHz into 2 sub-bands, 3 400-3 600 MHz and 3 600-4 200 MHz, in order to facilitate the study of these 2 adjacent bands. 



		

		

		520

		UMTS Forum

		“Study on Spectrum Uses, Trends and Demands in the Range 3 400-
4 200 MHz (C-Band)” 

		Countries are having diverging uses and positions on the range 3 400 4 200 MHz (C-band) providing a fragmented representation of conditions. Even so, this study, based on 40 countries, is offering a representative summary view on the C-band usage on a global basis. Through the results, we can notice that climate conditions, size of countries, quality of terrestrial networks and population densities are key differentiation factors related to the C-band adoption at national level while considering the opportunities to share with IMT-Advanced application in the mobile service. 

The demands for satellite transponders (TPEs) in the C-band have come to a halt and will remain flat for the years to come up to 2021 / 2022. The introduction of new technologies in the satellite industry, such as Adaptive Coding and Modulation (ACM), etcetera is allowing for a gradual shift from the C-band to higher frequency Ka- and Ku-bands.

The trends of increased mobile broadband uses and numbers of subscriptions are confirming the need for urgent reviews of the use and sharing between the mobile service with regard to the spectrum allocations for use in the C-band.

Based on the studied countries, our findings are suggesting that there is already a trend in the countries, to consider allocations to the mobile service and identifications for IMT.



		

		3 400-3 500

		568

		IARU

		“IARU Position on WRC-15 agenda item 1.1”

		The frequency band 3 400-3 500 MHz is allocated to the amateur service on a secondary basis in ITU Regions 2 and 3. The frequency band 3 400-3 475 MHz is allocated to the amateur service on a secondary basis in certain countries in ITU Region 1. The frequency band 3 400-3 410 MHz is allocated to the amateur-satellite service on a non-interference basis in ITU Regions 2 and 3 through RR No. 5.282.  

Footnote EU17 of the European Common Frequency Allocation Table notes amateur service operation in the segment 3 400-3 410 MHz, and provides, “In making assignments to other services, CEPT administrations are requested wherever possible to maintain these sub-bands in such a way as to facilitate the reception of amateur emissions with minimal power flux densities.”

As consideration is given to the extension of bands already identified for IMT in some countries to additional countries or regions, the IARU is of the view that care must be taken to maintain useful access to the radio spectrum at suitable intervals by the amateur and amateur-satellite services.



		

		3 400-3 600

		275

		G on behalf of some CEPT countries

		“Proposal for initial set of potential candidate bands for draft CPM text”

		The frequency band 3 400-3 600 MHz could be considered as potential candidate bands for IMT. There is a primary allocation to the mobile, except aeronautical mobile service and identification for IMT in many countries in Region 1 through RR No. 5.430A. This band is harmonised on a non-exclusive basis for mobile/fixed communication networks in CEPT. CEPT is considering the potential benefits of extending harmonisation of this band to the global level.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		In CEPT this band is widely used for broadband wireless access (BWA) and mobile/fixed communications networks (MFCN). A worldwide harmonisation for IMT is supported. Germany considers that many countries outside ITU-R Region 1 would benefit from the opportunity to make use of this band with IMT technology. Fostering this opportunity the band might be subject to primary allocation to mobile service at WRC-15. This would also be beneficial for the creation of economies of scale on the market of equipment for this specific band. Notwithstanding, Germany is of the view that the WRC should not precedent any national decision which radiocommunication service should be implemented, when allocated in the international table of frequency allocation. Taking into account the existing provisions for the use of this band within the Radio Regulations, there is no justification to prohibit other countries from using the band in divergent use, if they so wish. 



		

		

		

		

		

		



		

		3 400-3 800

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt supports the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as it has the ability to provide capacity. Allocating the band on a primary basis to the mobile service and identifying it for IMT on a worldwide basis would provide a large amount of bandwidth which would support increased data rates. Even though the propagation characteristics of this band are inferior to bands lower in the spectrum, it could be a good solution to provide hotspot coverage in regions where the demand is too high to be covered by any other means. 



		

		3 600-3 800

		275

		G on behalf of some CEPT countries

		“Proposal for initial set of potential candidate bands for draft CPM text”

		The frequency band 3 400-3 600 MHz could be considered as potential candidate bands for IMT. CEPT is considering carefully the potential benefits of upgrading the current secondary mobile allocation to a primary allocation and extending harmonisation of this band to the global level, taking into account the on-going use of the frequency band for the fixed satellite service. This band is harmonised on a non-exclusive basis for mobile/fixed communication networks in CEPT. 



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		This band is already used for BWA and MFCN in CEPT. A worldwide harmonisation for IMT is supported. See also the additions on 3 400 – 3 600 MHz. 



		

		3 600-4 200

		107

		AFS, ZWE

		“Suitable frequency ranges for IMT in the context of WRC-15 agenda item 1.1”

		Existing studies demonstrate that co-frequency, co‑coverage sharing is not feasible. 



		

		

		200

		CHN

		“View on certain bands allocated to fixed-satellite service under WRC‑15 agenda item 1.1” 

		Is not in favour of the inclusion of the frequency range 3 600-4 200 MHz in potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		223

		IRN

		“Iran strategy for broadband IMT spectrum”

		The frequency band 3 600-4 200 MHz to the IMT systems shall be excluded from the list of candidate frequency bands for IMT identification and no additional sharing studies are supported/required.

The minimum required separation distances from IMT-Advanced base stations for co-channel operation, when using the long-term interference criterion, are at least in the tens of kilometres, while with short-term interference criterion, generally, but not in all cases, exceed one hundred kilometres.

If FSS is deployed in a ubiquitous manner and/or with no individual licensing of earth stations, sharing is not feasible in the same geographical area since no minimum separation distance can be guaranteed.



		

		

		229

		B

		“Meeting the mobile broadband spectrum requirements without impacting the DTT and the FSS in Region 2”

		Due to the heavy usage and unique characteristics of this band for satellite communications, Brazil believes that other bands can better address mobile broadband spectrum demand. Therefore, the Brazilian Administration does not support the identification of the 3 600-4 200 MHz frequency band to IMT at WRC-15.



		

		3 600-3 800[footnoteRef:4] [4:  	RCC may have comments concerning this band at a later stage; Document 4-5-6-7/309 refers. ] 


		86

		FIN

		“Sharing studies under WRC-15 agenda items 1.1 and 1.2”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		176

		KOR

		“Proposed draft CPM text for WRC-15 agenda item 1.1”

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1. 



		

		3 700-4 200

		154

		NABA

		“Sharing study on the effects of International Mobile Telecommunications-Advanced systems on C-Band earth stations”

		Sharing the frequency band 3 700-4 200 MHz is not feasible due to the size of the needed exclusion zones, and the large number of C-Band earth stations that would need to be protected.



		

		

		433

		PNG

		“The Criticality of C-Band to the Pacific Islands” 

		The operation of future IMT and FSS in standard C-band frequencies are mutually exclusive within “exclusion zones”. IMT would cause unacceptable interference to existing FSS receive stations and would preclude or severely constrain further deployment of FSS earth stations in C-band. 

This would have the effect of rendering satellite C-band beams uneconomic in developed countries and therefore in all countries.

In the medium to long term, satellite C-band services would cease, and the Pacific Island countries which are heavily reliant on C-band FSS would lose their services completely.

As a consequence, it is proposed that extended C-band frequencies be removed from the list of candidate bands proposed for sharing by future terrestrial IMT services

A No Change (NOC) is recommended for the C-band (3.4-4.2 GHz). 

By implication, the appropriate considerations should be given to the matching uplink band. 



		

		

		445

		ARG

		“Considerations on the Frequency Ranges 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz under WRC-15 agenda item 1.1” 

		The Argentine Administration does not support the identification of the 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz bands to be used by IMT systems at the next World Radiocommunication Conference.

The Argentine Administration proposes the assessment of other bands among the candidates to be identified for the use of the IMT services at the WRC-15. These bands will be able to satisfy the spectrum demand without causing the damage indicated in this proposal. 



		

		3 800-4 200

		86

		FIN

		“Sharing studies under WRC-15 agenda items 1.1 and 1.2”

		Proposes that the JTG should undertake studies in the frequency band. 



		

		

		176

		KOR

		“Proposed draft CPM text for WRC-15 agenda item 1.1”

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1.



		

		

		309

		RCC

		“Preliminary position of the RCC Administrations on WRC-15 agenda items 1.1 and 1.2” 

		The RCC administrations do not support consideration of the frequency band 
3 800-4 200 MHz due to no possibility of sharing between IMT systems and stations of existing services in these bands



		

		

		422

		AUS

		“WRC-15 agenda item 1.1—Current Australian views on particular frequency bands”

		Australia will not seek identification of the band for use by IMT under WRC-15 agenda item 1.1.



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		Germany opposes to open these bands for IMT due to the existing and planned usage by FSS and that this usage is necessary for the European and worldwide satellite services. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as this band is extensively used in many countries for the fixed and fixed satellite services 



		4 400-4500

		

		198

		CHN

		“China proposes JTG 4-5-6-7 include these following bands in potential candidate frequency bands for WRC-15 agenda item 1.1” 

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1.



		

		

		207

		IND

		“Suitable frequency ranges for IMT for deployment of mobile broadband”

		India proposes necessary sharing and compatibility studies of this frequency range.



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Adjacent band 4 200-4 400 MHz: 
This frequency band is used by aeronautical radio altimeters. Radio altimeters provide an essential safety-of-life function during all phases of flight, including the final stages of landing where the aircraft has to be manoeuvred into the final landing position or attitude.

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to frequency bands allocated to aeronautical safety services; or frequency bands used by fixed-satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links, unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		4 400-4900

		

		143

		J

		“Considerations on 
3 400-4 200 MHz and 
4 400-4 900 MHz frequency bands under WRC-15 agenda item 1.1”

		The frequency band 4 400-4 900 MHz is suitable for deployment of IMT systems, and necessary studies in this band should be conducted in the JTG as a potential candidate band related to WRC-15 agenda item 1.1.

With regard to the sharing studies between IMT and the fixed-satellite service in the frequency bands 4 500-4 800 MHz, the JTG should reassess the studies taking into account  additional information on the latest system parameters for IMT and propagation model that were not fully addressed in Report ITU-R M.2109.

With regard to the sharing studies between IMT and the fixed service in the frequency bands 4 400-4 900 MHz, the results of studies captured in the CPM Report for WRC-07 agenda item 1.4 will be still valid. New deployment and sharing scenarios for IMT, such as small-cell deployment of IMT systems using low power and low antenna height, can further improve sharing conditions between IMT and systems in the fixed service.



		4 400-5 000

		

		346

		BHR, KWT, OMA, QAT, ARS, UAE 

		“Proposals on  views about certain bands  under WRC-15 agenda 
item 1.1” 

		Co-frequency and co coverage sharing between satellite service and terrestrial IMT systems is not feasible. The proponents of this document are in favour of the exclusion of the frequency range 4 400-5 000 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1 at this time. 



		

		

		528

		EGY

		“Views on Candidate Frequency Bands under WRC-15 agenda item 1.1”

		Egypt is not in favour of the inclusion of this band in the list of candidate bands to be considered for WRC-15 agenda item 1.1 as this band is extensively used for the fixed service. 



		For the frequency band 4 500-4 800 MHz, Recommendation ITU-R F.1706 and Reports ITU-R M.2109 and ITU-R M.2119 contain existing compatibility and/or sharing studies.

Use of this band is subject to the provisions of AP30B. 



		4 500-4 800

		

		94

		ASTRIUM SAS, Boeing
ESA
Eutelsat
Inmarsat
Intelsat
RASCOM
SES WORLD SKIES
Thuraya

		“Current and planned use of certain bands allocated to the FSS and MSS”

		Existing studies demonstrate that co-frequency, co‑coverage sharing is not feasible, and therefore proposes that studies should not be considered in this band.



		

		

		187

		RASCOM

		“Use of the frequency band 
3.4–4.2 GHz and 4.5-4.8 GHz in RASCOM network and risks associated to their use by terrestrial mobile systems” 

		The potential use of the frequency band 4 500-4 800 MHz for IMT systems would cause severe damage to satellite industry services and particularly RASCOM services in Africa.



		

		

		200

		CHN

		“View on certain bands allocated to fixed-satellite service under WRC‑15 agenda item 1.1”

		Is not in favour of the inclusion of the frequency range 4 500-4 800 MHz in potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		203

		INS

		“Proposals on WRC-15 agenda item 1.1”

		Existing studies demonstrate that co-frequency and co coverage sharing between satellite service and terrestrial IMT systems is not feasible. Therefore the frequency band 4 500-4 800 MHz should not be identified for terrestrial IMT systems.



		

		

		223

		IRN

		“Iran strategy for broadband IMT spectrum”

		The frequency band 4 500-4 800 MHz to the IMT systems shall be excluded from the list of candidate frequency bands for IMT identification and no additional sharing studies are supported/required. 

The minimum required separation distances from IMT-Advanced base stations for co-channel operation, when using the long-term interference criterion, are at least in the tens of kilometres, while with short-term interference criterion, generally, but not in all cases, exceed one hundred kilometres.

If FSS is deployed in a ubiquitous manner and/or with no individual licensing of earth stations, sharing is not feasible in the same geographical area since no minimum separation distance can be guaranteed.



		

		

		309

		RCC

		“Preliminary position of the RCC Administrations on WRC-15 agenda items 1.1 and 1.2” 

		The RCC administrations do not support consideration of the frequency band 
4 500-4 800 MHz due to no possibility of sharing between IMT systems and stations of existing services in these bands.



		

		

		348

		UAE

		“Proposals on views about certain bands  allocated to fixed-satellite service under WRC-15 agenda 
item 1.1” 

		The Administration of the UAE is not in favour of the inclusion of the frequency ranges 3 400-4 200 MHz, 4 500-4 800 MHz, and 5 850-6 725 MHz as potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		378

		AsiaSat, Eutelsat, Hispasat, Inmarsat, Intelsat, Lockheed Martin Corporation,  SES World Skies, Thales Communications, Thuraya Telecommunications 

		“View on certain bands allocated to fixed-satellite service under 
WRC-15 agenda item 1.1” 

		In order to ensure the protection and availability of the frequency ranges 
3 400-4 200 MHz, 4 500-4 800 MHz, 5 850-6 425 MHz for current and future FSS, operations of IMT is not feasible within the area delineated by the minimum required separation distances (more than 100 kilometres in some cases) in these frequency ranges pursuant to the current and latest ITU-R sharing and compatibility studies. When these large separation distances are considered in conjunction with the extensive deployment of C-band in many parts of the world the only conclusion that can be reached is that this band should not be considered as a candidate band by the JTG.



		

		

		462

		B

		“Views on Certain Bands Allocated to the FSS and Need to Establish Compatibility Conditions Between the FSS and Wireless Systems Operating in the Adjacent Band”

		The Brazilian Administration does not support the identification of the 3 600-4 200 MHz, 4 500-4 800 and 5 850-6 425 MHz bands to IMT at WRC 15 and is of the opinion that it is necessary to establish technical conditions to guarantee sharing of IMT operating in the band 3 400-3 600 MHz with FSS operating in the adjacent band 3 600-4 200 MHz. 

The Brazilian Administration proposes to split the band 3 400-4 200 MHz into 2 sub-bands, 3 400-3 600 MHz and 3 600-4 200 MHz, in order to facilitate the study of these 2 adjacent bands.



		4 800-4 900

		

		176

		KOR

		“Proposed draft CPM text for WRC-15 agenda item 1.1”

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1.



		4 800-4 990

		

		198

		CHN

		“China proposes JTG 4-5-6-7 include these following bands in potential candidate frequency bands for WRC-15 agenda item 1.1” 

		Include this band in potential candidate frequency bands for WRC-15 agenda item 1.1.



		4 800-5 000

		

		207

		IND

		“Suitable frequency ranges for IMT for deployment of mobile broadband”

		India proposes necessary sharing and compatibility studies of this frequency range.



		

		

		316

		F

		“Protection of radionavigation-satellite service (RNSS) frequency bands in relation to WRC-15 agenda item 1.1”

		There are allocations to the radionavigation-satellite service (space-Earth and space-space) in the frequency band 5 010-5 030 MHz and to the radionavigation-satellite service (Earth-to-space) in the frequency band 
5 000-5 010 MHz that have to be considered. 

Operating satellite systems including Compass, Galileo, Glonass, GPS, IRNSS, QZSS, and corresponding geostationary augmentation systems. Millions of RNSS receivers are in use today for a wide range of applications using precise positioning, navigation and timing information. Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference. 

JTG 4-5-6-7 should carefully consider both the in-band and adjacent band protection requirements of RNSS in the frequency bands. 



		For the frequency band 5 350-5 47 MHz, Recommendation ITU-R RS.1632 contains information on a similar issue in the adjacent lower band.



		5 150-5 925

		

		370

		Broadcast Networks Europe 

		“Recognising the importance of additional frequencies for RLAN services to support the growth in mobile data traffic” 

		Noting the conclusions that upwards of 80% of mobile data traffic will be delivered via off-load frequencies by 2016 and assuming that the available spectrum for Wi-Fi offload at this time will potentially be 775 MHz of spectrum between 5 150–5 925 MHz. Therefore, we urge policy makers and administrations to take account of the practical reality of wireless data service provision and the importance of securing the right balance between low and high frequency spectrum both licensed and un-licensed. 



		5 350-5 470

		

		63

		ESA

		“Information and concerns related to various bands proposed by WP 5D under WRC-15 agenda 
item 1.1”

		Should this band be considered for any “nomadic RLAN type”, to derive relevant conditions of protection of EESS (active) based on Resolution 229 (WRC-12).



		

		

		120

		WMO

		“WMO Preliminary position on WRC-15 agenda”

		WMO opposes allocation/identification for terrestrial mobile broadband applications including IMT of the frequency band 5 350-5 470 MHz. 



		

		

		168

		USA

		“Proposed revisions to working document towards preliminary draft CPM text for WRC-15 agenda item 1.1”

		If compatibility studies determine sharing feasibility and mitigation measures, including appropriate technical and regulatory mechanisms to protect existing services, the United States supports a primary allocation to the mobile (except aeronautical) service for the implementation of wireless access systems including RLANs in the 5 350-5 470 MHz frequency band.



		

		

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		[bookmark: _GoBack]Sweden proposes that this band should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		

		

		205

		ESA

		“Sharing studies between RLANs and EESS (active) in the 
5 350-5 470 MHz frequency band under WRC-15 agenda item 1.1”

		No identification of RLAN should be made in the frequency band 
5 350-5 470 MHz.



		

		

		217

		G

		“Priority frequency ranges for 
JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Advice on the nature of studies and issues to consider. 



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Airborne Weather Radar: The frequency range 5 350-5 470 MHz is globally used for airborne weather radar. The airborne weather radar is a safety critical instrument assisting pilots in deviating from potential hazardous weather conditions and detecting wind shear and microbursts. This use is expected to continue for the long term. 

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services (ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links.

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		309

		RCC

		“Preliminary position of the RCC Administrations on WRC-15 agenda items 1.1 and 1.2” 

		The RCC administrations do not support consideration of the frequency band 
5 350-5 470 MHz due to the ARNS according to RR No. 5.449. 



		

		

		320

		ESA

		“Sharing studies between RLANS and EESS (active) in the 
5 350-5 470 MHz band under WRC-15 agenda item 1.1”  

		This document demonstrates that RLANs cannot share the frequency band 
5 350-5 470 MHz with EESS (active) and that any introduction of RLANs into this band will endanger the operation of current and planned EESS systems in this band. No identification of RLAN be made in the frequency band 5 350-5 470 MHz. 



		

		

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda item 1.1” 

		No current compatibility studies to determine sharing feasibility, including appropriate technical and regulatory mechanisms to protect existing services, The proponents of this document are in favour of the exclusion of the frequency range 5 350-5 470 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1 at this time. 



		

		

		451

		D

		“Consideration on Frequency Bands with regard to WRC-15 agenda item 1.1” 

		This band is allocated to and used by a number of sensitive services like the EESS, RLS and ARNS while some are also of large public interest. As the use of the allocation based on delicate compromise decisions by WRC-03, these services need full continued protection in the future. 



		5 650-5 925

		

		568

		IARU

		“IARU Position on WRC-15 agenda item 1.1”

		The frequency band 5 650-5 925 MHz is allocated to the amateur service on a secondary basis in ITU Region 2. The frequency band 5 650-5 850 MHz is allocated to the amateur service on a secondary basis in ITU Regions 1 and 3. The frequency band 5 650-5 670 MHz is allocated to the amateur-satellite service for use in the Earth-to-space direction only on a non-interference basis through RR No. 5.282. The frequency band 5 830-5 850 MHz is allocated to the amateur-satellite service for use in the space-to-Earth direction only on a secondary basis. 

Footnote EU17 of the European Common Frequency Allocation Table notes amateur service operation in the segment 5 660-5 670 MHz, and provides, “In making assignments to other services, CEPT administrations are requested wherever possible to maintain these sub-bands in such a way as to facilitate the reception of amateur emissions with minimal power flux densities.”

As consideration is given to the identification of additional frequency bands for IMT or other broadband applications, the IARU is of the view that care must be taken to maintain useful access to the radio spectrum at suitable intervals by the amateur and amateur-satellite services.



		5 725-5 850

		

		201

		S

		“Proposed candidate bands for agenda item 1.1”

		Sweden proposes that this band should be a subject of the relevant sharing studies under WRC-15 agenda item 1.1.



		5 725-5 925

		

		217

		G

		“Priority frequency ranges for 
JTG 4-5-6-7 studies under WRC-15 agenda item 1.1”

		Advice on the nature of studies and issues to consider. 



		For the frequency band 5 925-6 700 MHz, Report ITU-R M.2119 contains existing compatibility and/or sharing studies.

The frequency band 5 850-6 725 MHz is extensively used by the FSS.



		5 850-6 725

		

		203

		INS

		“Proposals on WRC-15 agenda item 1.1”

		Sharing between the FSS and IMT systems cannot be considered a practicable solution. Thus, the frequency band 5 850-6 725 MHz should not be identified for terrestrial IMT systems.



		

		5 850-6 425[footnoteRef:5] [5:  	RCC may have a comments concerning the frequency band [5 920-5 925 MHz] in the 5 850-5 925 MHz band at a later stage; 
Document 4-5-6-7/309 refers.] 


		94

		ASTRIUM SAS, Boeing,
ESA,
Eutelsat,
Inmarsat,
Intelsat,
RASCOM,
SES WORLD, SKIES,
Thuraya

		“Current and planned use of certain bands allocated to the FSS and MSS”

		Proposes that studies should not be considered in this band.



		

		

		147

		ECOWAS + CME

		Comment on Working Party 5D Liaison statement to JTG 4-5-6-7 July meeting regarding suitable candidate bands under WRC-15 agenda item 1.1

		The 5 850-6 425 MHz frequency band should not be considered for studies.



		

		

		201

		S

		“Proposed candidate bands for WRC-15 agenda item 1.1”

		Sweden proposes that the frequency bands 5 850-5 925 and 5 925-6 425 MHz should be a subject of the relevant sharing studies under WRC-15 agenda 
item 1.1.



		

		

		256

		ICAO

		“ICAO position for the WRC-15”

		Fixed-satellite service (FSS) systems used for aeronautical purposes: The frequency range 5 850-6 425 MHz is used by aeronautical VSAT networks for transmission (E-s) of critical aeronautical and meteorological information.

ICAO Position: To oppose any new allocation to the mobile service in or adjacent to:

–	frequency bands allocated to aeronautical safety services (ARNS, AM(R)S, AMS(R)S); or

–	frequency bands used by fixed satellite service (FSS) systems for aeronautical purposes as part of the ground infrastructure for transmission of aeronautical and meteorological information or for AMS(R)S feeder links.

Unless it has been demonstrated through agreed studies that there will be no impact on aeronautical services.



		

		

		348

		UAE

		“Proposals on  views about certain bands  allocated to fixed-satellite service under WRC-15 agenda 
item 1.1” 

		The Administration of the UAE is not in favour of the inclusion of the frequency ranges 3 400-4 200 MHz, 4 500-4 800 MHz, and 5 850-6 725 MHz as potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		

		378

		AsiaSat, Eutelsat, Hispasat, Inmarsat, Intelsat, Lockheed Martin Corporation,  SES World Skies, Thales Communications, Thuraya Telecommuni-cations 

		“View on certain bands allocated to Fixed-satellite service under WRC‑15 agenda item 1.1” 

		In order to ensure the protection and availability of the frequency ranges 
3 400-4 200 MHz, 4 500-4 800 MHz, 5 850-6 425 MHz for current and future FSS, operations of IMT is not feasible within the area delineated by the minimum required separation distances (more than 100 kilometres in some cases) in these frequency ranges pursuant to the current and latest ITU-R sharing and compatibility studies. When considering the use of C-band band for IMT the only conclusion that can be reached is that this band should not be considered as a candidate band by the JTG.



		

		

		462

		B

		“Views on Certain Bands Allocated to the FSS and Need to Establish Compatibility Conditions Between the FSS and Wireless Systems Operating in the Adjacent Band”

		The Brazilian Administration does not support the identification of the 3 600-4 200 MHz, 4 500-4 800 and 5 850-6 425 MHz bands to IMT at WRC 15 and is of the opinion that it is necessary to establish technical conditions to guarantee sharing of IMT operating in the band 3 400-3 600 MHz with FSS operating in the adjacent band 3 600-4 200 MHz. 

The Brazilian Administration proposes to split the band 3 400-4 200 MHz into 2 sub-bands, 3 400-3 600 MHz and 3 600-4 200 MHz, in order to facilitate the study of these 2 adjacent bands.



		

		5 850-6 700

		200 

		CHN

		“View on certain bands allocated to fixed-satellite service under WRC‑15 agenda item 1.1”

		Is not in favour of the inclusion of the frequency range 5 850-6 700 MHz in potential candidate bands for IMT under WRC-15 agenda item 1.1.



		

		5 925-6 425

		78






161



162




299

		RUS

		“Consideration of the 
5 925-6 425 MHz frequency band as a potential candidate frequency band to be studied under WRC-15 agenda item 1.1 and related sharing studies”

“Proposals for the development of CPM Text under WRC-15 agenda item 1.1”

“Sharing and coexistence study between IMT systems networks and FSS space stations in the 
5 925-6 425 MHz frequency band”

“Proposed modifications to working document towards preliminary draft CPM text on the 
5 925-6 425 MHz band”

		The 5 925-6 425 MHz frequency range is one of the possible ranges to respond into significant mobile data traffic demand originated in dense urban areas and primarily from indoor IMT applications. These band provide opportunities for very wide channel (more than 100 MHz). 
The 5 925-6 425 MHz band is allocated to mobile services on the primary basis in all Regions.

According to the available studies IMT implementation in this band is possible with the restriction of maximum e.i.r.p. of IMT stations down to 
30 dBm/100 MHz and deployment limited to indoor. 

With this constrains IMT systems could share the frequency band 
5 925-6 425 MHz with all incumbent services (FSS and FS). It is proposed that the 5 925-6 425 MHz band be identified for IMT systems taking into account the aforementioned constraints. 



		

		

		249

		NABA

		“IMT sharing studies in high C‑band should consider certain satellite and fixed services transmission facilities” 

		The frequency band 5 925-6 425 GHz is heavily used worldwide for uplinks to geostationary communications satellites.  The transmission characteristics of the uplink stations are well known so sharing studies can be conducted.  However, it is also important that IMT systems implemented in this band in the aggregate do not significantly degrade the satellites’ receiver sensitivity.  To mitigate this concern, it should be required that all IMT systems implemented in this band comply with  the current ITU Radio Regulations (Article 21) on fixed service illumination of the geostationary arc.



		

		

		270

		WBU
Technical Committee 

		“Support for NABA requiring  IMT sharing studies in high C-band to consider certain satellite and fixed services transmission facilities” 

		The WBU-TC fully supports NABA’s position as submitted in 
Documents 4-5-6-7/249. 



		

		

		317

		F

		“5 925-6 425 MHz, a key band for mobile network backhauling” 

		France invites JTG 4-5-6-7:

•	to note that the frequency band 5 925-6 425 MHz is heavily used in many CEPT countries for fixed links. It is a criticality spectrum resource for the current and future mobile backhauling networks;

•	to mention in the CPM text for WRC-15 agenda item 1.1 that the frequency band “5 925-6 425 MHz “is not suitable as a candidate band due to its heavy use and its criticality for the current and future mobile.



		

		

		318

		F

		“Concerns relating to the use of the frequency band 5 925-6 425 MHz by IMT systems in relation to the protection of FSS uplink links”

		This document shows that the theoretical analysis of the compatibility between IMT and FSS in the 5 925-6 425 MHz carried out in Annex 7 of Attachment 4 to the Chairman Report is not sufficient and does not address properly the remaining concerns raised in section 3 of this document about the effective possibility to restrict IMT operational characteristics in order to protect FSS satellite receivers.

It is therefore proposed to include these concerns in the draft CPM text and to conclude that protection of FSS uplinks by IMT systems cannot be properly ensured in the frequency band 5 925 6 425 MHz. 



		

		

		445

		ARG

		“Considerations on the Frequency Ranges 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz under WRC-15 agenda item 1.1” 

		The Argentine Administration does not support the identification of the 410-430 MHz, 470-698 MHz, 3 700-4 200 MHz and 5 925-6 425 MHz bands to be used by IMT systems at the next World Radiocommunication Conference.

The Argentine Administration proposes the assessment of other bands among the candidates to be identified for the use of the IMT services at the WRC-15. These bands will be able to satisfy the spectrum demand without causing the damage indicated in this proposal. 



		

		5 925-6 700

		346

		BHR, KWT, OMA, QAT, ARS, UAE

		“Proposals on  views about certain bands  under WRC-15 agenda 
item 1.1” 

		Restrictions will be on IMT deployment, The proponents of this document are in favour of the exclusion of the frequency range 5 925-6 700 MHz from the potential candidate bands for IMT under WRC-15 agenda item 1.1 at this time.
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Appendix 2



A	List of suitable frequency ranges received from Working Party 5D



NOTE – The discussion within WP 5D on the suitability of frequency ranges for the further development of IMT did not address other elements relating to suitability such as details of current allocations, compatibility with current and planned services, and other regulatory matters, as they are outside the scope of WP 5D’s responsibilities for this agenda item.




		Description

		Suitable frequency ranges (in MHz) to facilitate the task of the JTG

		RR frequency bands (in MHz) 
for reference



		

		

		



		Bands below 1 GHz

		410-430

		410-420



		

		

		420-430



		

		470-694

		470-694/698 (R1 and R3/R2)



		

		

		



		

		

		



		

		

		



		

		694-790

		694-790 (R1 and R3)



		Bands around 
1.5 GHz

		1 000-1 700

		1 164-1 215 and 1 215-1 240
and 1 240-1 300



		

		

		1 300-1 350



		

		

		1 350-1 400



		

		

		1 400-1 427



		

		

		1 427-1 429 and 1 429-1 452



		

		

		1 452-1 492



		

		

		



		

		

		



		

		

		1 492-1 518



		

		

		



		

		

		1 518-1 525



		

		

		1 525-1 530 and 1 530-1 535
and 1 535-1 559



		

		

		1 559-1 610



		

		

		1 610-1 610.6 and 1 610.6-1 613.8
and 1 613.8-1 626.5 and 1 626.5‑1 660 and 1 660-1 660.5



		

		

		1 660.5-1 668



		

		

		1 668-1 668.4 and 1 668.4-1 670 and 1 670-1 675



		

		

		1 675-1 690 and 1 690-1 710



		Bands around 2 GHz

		2 025-2 110

		2 025-2 110



		

		

		



		

		2 200-2 290

		2 200-2 290



		

		

		



		

		2 700-3 400

		2 700-2 900



		

		

		2 900-3 100



		Bands between 
3-5 GHz

		

		



		

		

		3 100-3 300



		

		

		



		

		

		3 300-3 400



		

		3 400-5 000

		3 400-3 500 and 3 500-3 600



		

		

		



		

		

		



		

		

		



		

		

		3 600-3 700 and 3700-3 800



		

		

		3 800-4 200



		

		

		4 200-4 400



		

		

		4 400-4 500 and 4 500-4 800 and 4 800-4 990 and 4 990-5 000



		

		

		



		Bands above 5 GHz

		5 350-5 470

		5 350-5 460 and 5 460-5 470



		

		5 850-6 425

		5 850-5 925



		

		

		5 925-6 700





SUITABILITY CRITERIA



Suitability criteria that have been considered by Working Party 5D when examining the spectrum requirements for IMT include: propagation characteristics, possibility for large, contiguous bands, and reduced equipment complexity (in particular, proximity to current deployments).

It is important to emphasize that no single frequency range satisfies all the criteria required to deploy IMT systems, particularly in countries with diverse geography and population density; therefore, to meet the capacity and coverage requirements of IMT systems multiple frequency ranges would be needed. In addition, it is important to note that the categories of coverage, capacity, and performance are not distinct and can overlap.

If large, contiguous bandwidths are available within a single band, high capacity and high speed data rates can be achieved without using multiple carriers in multiple bands or in a non-contiguous single band.  This will reduce the equipment complexity required to access multiple bands.  The benefits of contiguous spectrum can also be achieved by using carrier aggregation technology.





		

		Descriptive text on suitability[footnoteRef:6]
(To facilitate discussions under agenda item 1.1) [6: 	It is important to note that, based on the decisions of CPM15-1, the discussions in WP 5D considered suitability only from the view point of coverage, capacity and performance relating to the future development of IMT systems and did not address the compatibility, the current allocations in the RR and the associated footnotes and the status of the use of the frequency band by the services to which they are allocated and the planned use of these services.  ] 




		Suitable frequency ranges below 1 GHz

		· Frequencies below 1 GHz have favorable propagation characteristics that allow broadband wireless coverage to be provided over large areas with fewer cells compared to higher frequency band which reduces network infrastructure costs. 

· Lower frequencies, particularly below 1 GHz, are used for the macro network and allow for reliable outdoor and indoor coverage as these frequency ranges also offer favorable building penetration of radio signals. 

· Parts of the spectrum below 1 GHz are currently used or planned for use, inter alia by IMT systems in a number of countries and are covered by relevant international standards. Also, the lower and upper edges of the 470-694/698 MHz frequency range are adjacent to bands in which IMT systems are currently deployed (i.e. 450-470 MHz and 698-960 MHz). The use of bands currently used by IMT terminals, or in close proximity to bands currently implemented in IMT terminals, could result in greater availability of RF components and reduce equipment complexity.



		Suitable frequency ranges around 
1.5 GHz

		· Frequencies around 1.5 GHz have favorable propagation characteristics that are suitable for mobile broadband systems that provide reliable wide area coverage over urban and rural areas. 

· At the same time frequencies around 1.5 GHz are used for macrocell and microcell network to provide capacity.

· Parts of the spectrum around 1.5 GHz are currently used, or planned for use, for IMT systems in some countries. Equipment based on international standards, are already available in portions of this range.





		Suitable frequency ranges
around 2 GHz

		· Frequencies around 2 GHz have propagation characteristics that are suitable for use in urban areas where the deployment of mobile networks is typically capacity limited.

· These frequencies around 2 GHz have some potential to provide large contiguous bandwidths that can be used for macrocell and microcell network to provide increased capacity.

· Parts of the spectrum around 2 GHz are widely used for IMT systems, which makes RF components readily available. Frequency bands within this range could support mobile broadband applications with minimal hardware modifications allowing for economies of scale to be met in deployment of new systems and networks. 

· The use of certain additional frequencies around 2 GHz would allow for simple extension of existing bands used for IMT deployments. 



		Suitable frequency ranges
between 
3-6 GHz

		· Frequencies between 3-6 GHz have propagation characteristics that are suitable for use in dense urban areas where the deployment of mobile networks is typically capacity limited since it provides an opportunity for increased frequency reuse.

· These frequencies have potential to provide large contiguous bandwidths that can be used for microcell and picocell network to provide increased capacity and performance.

· Parts of the spectrum between 3-6 GHz are also used for IMT systems and are covered by relevant international standards, which make RF components readily available. Some frequency ranges between 3-6 GHz could support mobile broadband applications with minimal hardware modifications allowing for economies of scale to be met in deployment of new systems and networks.

· RF components, antennas and amplifiers, as well as design solutions, already exist for certain frequencies in 5-6 GHz and are already embedded in user equipment which could be used for IMT implementation.







(Source: Documents 4-5-6-7/46, 118 and 220)






B	List of suitable frequency ranges received from Working Party 5A

In the 5 GHz range the 5 350‑5 470 MHz and 5 725-5 850 MHz ranges are particularly attractive for RLANs as equipment cost and complexity for development of RLAN devices in 5 350‑5 470 MHz and 5 725-5 850 MHz ranges may be less complicated than other bands not adjacent to the existing RLAN bands. A new international allocation to the mobile service for 5 350‑5 470 MHz and 5 725‑5 850 MHz ranges would facilitate contiguous spectrum for RLANs, which would increase the number of non-overlapping channels available for use. The contiguous spectrum would enable two additional 80 MHz channels as well as one additional 160 MHz channel. (Note: The increase in channel bandwidth is greater than the corresponding increase in spectrum to enable a more efficient spectrum utilization and band plan.)

Working Party 5A would kindly request JTG 4-5-6-7 to conduct sharing and compatibility studies for the 5 350‑5 470 MHz and 5 725-5 850 MHz ranges as required taking into account relevant Recommendations and/or Reports as provided by the contributing groups.

(Source: Documents 4-5-6-7/109 and 137)

Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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This Annex contains the technical and operational parameters to be used in sharing and compatibility studies as provided by the concerned groups for the respective systems and services up to the 3rd meeting of the JTG and complemented with supplementary information to clarify certain aspects of the parameters.

For studies submitted to future meetings of the JTG, parameters as contained in this Annex should be used. Studies already submitted to previous meetings of the JTG should ideally be updated to use the parameters as submitted by the concerned groups. In cases where this is not possible, the study should clearly indicate at the beginning, which parameters deviate from those as submitted by the concerned groups.

Attachments 1 to 4 to this document contain the protection criteria, system characteristics, and sharing studies already performed or underway in the ITU-R related to the:

	Attachment 1: Broadcasting service

	Attachment 2: Terrestrial services

	Attachment 3: Satellite services

	Attachment 4: Science services, and

	Attachment 5 contains radiowave propagation information.











Attachments:  5




ATTACHMENT 1

Source: 	Annex 3 to Annex 2 to Document 4-5-6-7/42
Attachments 1 and 5 (Table (a) only) to Document 4-5-6-7/71
Documents 4-5-6-7/55, 126, 127, 129, 140, 146, 185, 235

Protection criteria, system characteristics, and sharing studies already performed or underway in ITU-R related to the broadcasting service

This Attachment contains references to protection criteria, system characteristics, and sharing studies already performed or underway in ITU-R related to the broadcasting service that are relevant for the work of JTG 4-5-6-7. The information is divided in suitable frequency ranges as submitted by WPs 5D and 5A[footnoteRef:1]. The information in this Attachment is derived from the Radio Regulations (Edition 2008) and the Final Acts of WRC-12. [1:  	Initial information on the Suitable Frequency Ranges was submitted by WP 5D in Document 4‑5-6-7/46. Initial information on spectrum requirement studies from WP 5A was submitted in Document 4-5-6-7/109. The discussion within WP 5D on the suitability of frequency ranges for the further development of IMT did not address other elements relating to suitability such as details of current allocations, compatibility with current and planned services, and other regulatory matters.] 


This Attachment also includes the following Appendixes:

–	Appendix 1 “Existing broadcasting service in the relevant frequency bands”

–	Appendix 2 “Technical and operational characteristics, protection requirements and information on current and planned use of the broadcasting service to be used for the JTG 4-5-6-7 sharing studies between the broadcasting service and the mobile service”

–	Appendix 3 “Technical characteristics of typical radio microphones and portable audio links”

–	Appendix 4 “Co-existence parameters for SAB/SAP”

–	Appendix 5 “Technical Parameters of DTTB System C (ISDB-T) for sharing and compatibility studies between the broadcasting service and the mobile service”

–	Appendix 6 “Supplementary values of broadcasting receivers adjacent channel selectivity to assist in sharing studies”.

The material in this Attachment reflects the information submitted to-date and will be updated at future meetings of JTG 4-5-6-7 if more information is submitted.

Technical characteristics

–	Recommendation ITU-R BT.419 – Directivity and polarization discrimination of antennas in the reception of television broadcasting.

–	Recommendation ITU-R BT.1123 – Planning methods for 625-line terrestrial television in VHF/UHF bands.

–	Recommendation ITU-R BT.1125 – Basic objectives for the planning and implementation of digital terrestrial television broadcasting systems.

–	Recommendation ITU-R BT.1206 – Spectrum shaping limits for digital terrestrial television broadcasting (under PSAA process for revision).

–	Recommendation ITU-R BT.1209 – Service multiplex methods for digital terrestrial television broadcasting.

•	Recommendation ITU-R BT.1299 – The basic elements of a worldwide common family of systems for digital terrestrial television broadcasting.

•	Recommendation ITU-R BT.1300 – Service multiplex, transport, and identification methods for digital terrestrial television broadcasting.

•	Recommendation ITU-R BT.1306 – Error correction, data framing, modulation and emission methods for digital terrestrial television broadcasting.

•	Recommendation ITU-R BT.1368 – Planning criteria, including protection ratios, for digital terrestrial television services in the VHF/UHF bands.

•	[Recommendation ITU-R BT.2036 – Characteristics of a reference receiving system for frequency planning of digital terrestrial television systems.]

	[Editor’s Note: Concerns were expressed regarding the inclusion of this document into the list as it was not submitted by the concerned group as called for in the Terms of Reference of JTG 4-5-6-7, and the fact that the characteristics may not be in line with those as provided by the concerned group which would then result in inconsistent conclusions for the relevant sharing studies.]

•	Report ITU-R BT.1212 – Measurements and test signals for digitally encoded colour television signals.

•	Report ITU-R BT.1223 – A layered model approach for digital television.

•	Report ITU-R BT.2035 – Guidelines and techniques for the evaluation of digital terrestrial television broadcasting systems including assessment of their coverage areas.

•	Report ITU-R BT.2137 – Coverage prediction methods and planning software for digital terrestrial television broadcasting (DTTB) networks.

•	Report ITU-R BT.2138 – Radiation pattern characteristics of UHF television receiving antennas.

•	Report ITU-R BT.2139 – Diversity reception of digital terrestrial television broadcasting signals.

•	Report ITU-R BT.2143 – Boundary coverage assessment of digital terrestrial television broadcasting signals.

•	Report ITU-R BT.2209 – Calculation model for SFN reception and reference receiver characteristics of ISDB-T system.

•	Report ITU-R M.2241 – Compatibility studies in relation to Resolution 224 (Rev.WRC-12) in the bands 698-806 MHz and 790-862 MHz.

•	Report ITU-R BT.2247 – Field measurement and analysis of compatibility between DTTB and IMT.

•	Report ITU-R BT.2248 – A conceptual method for the representation of loss of broadcast coverage.

•	Recommendation ITU-R BS.1114 – Systems for terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency range 30-3 000 MHz.

•	Recommendation ITU-R SM.1541 – Unwanted emissions in the out-of-band domain (Annex 6 – OoB domain emission limits for television broadcasting systems).

•	Recommendation ITU-R BS.1547 – Terrestrial component of systems for hybrid satellite-terrestrial digital sound broadcasting to vehicular, portable and fixed receivers in the frequency range 1 400-2 700 MHz.

•	Final Acts of RRC06 – The GE06 Agreement[footnoteRef:2]. [2:  	For Region 1 and the Islamic republic of Iran except the territory of Mongolia the use of the band 470-694 MHz is subject to the GE06 agreement.] 


•	ITU-R DTTB Handbook.

Operational characteristics

•	Recommendation ITU-R BT.500 – Methodology for the subjective assessment of the quality of television pictures.

•	Recommendation ITU-R BT.710 – Subjective assessment methods for image quality in high-definition television.

•	Recommendation ITU-R BT.802 – Test pictures and sequences for subjective assessments of digital codecs conveying signals produced according to Recommendation ITU-R BT.601.

•	Recommendation ITU-R BT.813 – Methods for objective picture quality assessment in relation to impairments from digital coding of television signals.

•	Recommendation ITU-R BT.1127 – Relative quality requirements of television broadcast systems.

•	Recommendation ITU-R BT.1129 – Subjective assessment of standard definition digital television (SDTV) systems.

•	Recommendation ITU-R BT.1210 – Test materials to be used in subjective assessment.

•	Recommendation ITU-R BT.1380 – Standards for bit rate reduction coding systems for SDTV.

•	Recommendation ITU-R BT.1382 – Assessment of the picture quality of multi-programme services.

•	Recommendation ITU-R BT.1683 – Objective perceptual video quality measurement techniques for standard definition digital broadcast television in the presence of a full reference.

•	Recommendation ITU-R BT.1735 – Methods for objective quality coverage assessment of digital terrestrial television broadcasting signals of System B specified in Recommendation ITU-R BT.1306.

•	Recommendation ITU-R BT.1866 – Objective perceptual video quality measurement techniques for broadcasting applications using low definition television in the presence of a full reference signal.

•	Recommendation ITU-R BT.1867 – Objective perceptual visual quality measurement techniques for broadcasting applications using low definition television in the presence of a reduced bandwidth reference.

•	Recommendation ITU-R BT.1877 – Error-correction, data framing, modulation and emission methods for second generation of digital terrestrial television broadcasting systems.

•	Recommendation ITU-R BT.1885 – Objective perceptual video quality measurement techniques for standard definition digital broadcast television in the presence of a reduced bandwidth reference.

–	Recommendation ITU-R BT.1907 – Objective perceptual video quality measurement techniques for broadcasting applications using HDTV in the presence of a full reference signal.

–	Recommendation ITU-R BT.1908 – Objective video quality measurement techniques for broadcasting applications using HDTV in the presence of a reduced reference signal.

–	Report ITU-R BT.1206 – Methods for picture quality assessment in relation to impairments from digital coding of television signals.

–	Report ITU-R BT.1213 – Test pictures and sequences for subjective assessments of digital codecs.

–	Report ITU-R BT.2020 – Objective quality assessment technology in a digital environment.

Protection requirements

–	Recommendation ITU-R BT.798 – Digital television terrestrial broadcasting in the VHF/UHF bands.

–	Recommendation ITU-R BT.803 – The avoidance of interference generated by digital television studio equipment.

–	Recommendation ITU-R BT.1368 – Planning criteria, including protection ratios, for digital terrestrial television services in the VHF/UHF bands.

–	Recommendation ITU-R BT.1895 – Protection criteria for terrestrial broadcasting systems.

–	Recommendation ITU-R BT.2033 - Planning criteria, including protection ratios, for second generation of digital terrestrial television broadcasting systems in the VHF/UHF bands.

–	Report ITU-R BT.2075 – Protection requirements for terrestrial television broadcasting services in the 620‑790 MHz band against potential interference from GSO and non‑GSO broadcasting-satellite systems and networks.

–	Report ITU-R BT.2215 – Measurements of protection ratios and overload thresholds for broadcast TV receivers.

–	Report ITU-R BT.2254 – Frequency and network planning aspects of DVB-T2.

–	Report ITU-R BT.2265 – Guidelines for the assessment of interference into the broadcasting service”.

–	Final Acts of RRC06 – The GE06 Agreement2.

Sharing studies

–	Report ITU-R BT.2247 – Field measurement and analysis of compatibility between DTTB and IMT.

–	Report ITU-R M.2241 – Compatibility studies in relation to Resolution 224 (Rev.WRC-12) in the bands 698-806 MHz and 790-862 MHz.

Table 1-1 summarizes the frequency bands allocated to the broadcasting service on a primary basis within the initial list of suitable frequency ranges as indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in 
Document 4-5-6-7/109.

Table 1-1

Relevant frequency bands allocated to the broadcasting service on a primary basis 

		Frequency ranges 
(in MHz)

		Allocation of the broadcasting service (in MHz) on a 
primary basis(2)

		Applicable ITU-R documents for the work of the JTG 4-5-6-7



		470–694

		470–790 (Region 1, 3)

470–608, 614–790 (Region 2)

		(Protection criteria)

Rec. ITU-R BT.1368

Rec. ITU-R BS./BT.1895

Report ITU-R BT.2265

(System characteristics)

Rec. ITU-R BT.419

Rec. ITU-R BT.1206

Rec. ITU-R BT.1306

Rec. ITU-R BT.1735

Rec. ITU-R BS.1114

Annex 6 to Rec. ITU-R SM.1541

(Sharing studies)

Report ITU-R BT.2247

Report ITU-R M.2241



		694–790(1)

		

		



		1 000–1 700

		1 452–1 492(3)

		(Protection criteria)

Rec. ITU-R BS./BT.1895

Report ITU-R BT.2265

(System characteristics)

Rec. ITU-R BS.1114

Rec. ITU-R BS.1547



		NOTE (1) − This band is also being considered under WRC-15 Agenda item 1.2.

NOTE (2) − The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the 2012 edition of the Radio Regulations. 

See also RR 5.345 and Resolution 528 (WRC-03).





Table 1-2 provides DVB-T coverage radii for generic adjacent band compatibility studies between the mobile service and the broadcasting service as developed in a Correspondence Group between the 2nd and 3rd meetings of JTG 4-5-6-7.






Table 1-2

DVB-T coverage radii

		DVB-T coverage radii1 to be used for generic adjacent band compatibility

studies between the mobile service and the broadcasting service



		Propagation model



		JTG 5-6 



		Urban fixed rooftop reception



		Medium power transmitter case



		e.i.r.p. (dBm)

		Transmitter

antenna height (m)

		Receiver

antenna height (m)

		Coverage

radius (km)



		69.15

		150

		10

		12.62



		High power transmitter case



		e.i.r.p. (dBm)

		Transmitter

antenna height (m)

		Receiver

antenna height (m)

		Coverage

radius (km)



		85.15

		300

		10

		39.5



		Rural fixed rooftop reception



		Medium power transmitter case



		e.i.r.p. (dBm)

		Transmitter

antenna height (m)

		Receiver

antenna height (m)

		Coverage

radius (km)



		69.15

		150

		10

		32.11



		High power transmitter case



		e.i.r.p. (dBm)

		Transmitter

antenna height (m)

		Receiver

antenna height (m)

		Coverage

radius (km)



		85.15

		300

		10

		70.53



		1 Single transmitter case (Assignments), see Document 4-5-6-7/55








Appendix 1

Existing broadcasting service in the relevant frequency bands

NOTE – The mark “X” in the following tables denotes that the broadcasting services are allocated on a primary basis as indicated in the Table of Article 5 of the Radio Regulations. The analyses in the following tables are based on the Radio Regulations (Edition 2008) and the Final Acts of WRC‑12. 

[Editor’s Note: Administrations are asked to review and verify the contained information in this table, as it may not fully take into account the primary services indicated in the footnotes of the Table of Article 5 of the Radio Regulations.]

NOTE – Shaded rows in the following table indicate that there is no allocation for the broadcasting service on a primary basis.



(a) Broadcasting service

		Frequency ranges 
(in MHz)*

		Frequency bands 
(in MHz) based on the segments in the Radio Regulation

		Broadcasting

		



		470-694

		470-694**

		X 
(470-790: Regions 1 and 3,

470-608, 614-790: Region2)

		



		694-790

		694-790*

		

		



		1 000-1 700

		960-1 164

		

		



		

		1 164-1 215

		

		



		

		1 215-1 240

		

		



		

		1 240-1 300

		

		



		

		1 300-1 350

		

		



		

		1 350-1 400

		

		



		

		1 400-1 427

		

		



		

		1 427-1 429

		

		



		

		1 429-1 452

		

		



		

		1 452-1 492

		X

		



		

		1 492-1 518

		

		



		

		1 518-1 525

		

		



		

		1 525-1 530

		

		



		

		1 530-1 535

		

		



		

		1 535-1 559

		

		



		

		1 559-1 610

		

		



		

		1 610-1 610.6

		

		



		

		1 610.6-1 613.8

		

		



		

		1 613.8-1 626.5

		

		



		

		1 626.5-1 660

		

		



		

		1 660-1 660.5

		

		



		

		1 660.5-1 668

		

		



		

		1 668-1 668.4

		

		



		

		1 668.4-1 670

		

		



		

		1 670-1 675

		

		



		

		1 675-1 690

		

		



		

		1 690-1 700

		

		



		2 025-2 110

		2 025-2 110

		

		



		2 200-2 290

		2 200-2 290

		

		



		2 700-3 400

		2 700-2 900

		

		



		

		2 900-3 100

		

		



		

		3 100-3 300

		

		



		

		3 300-3 400

		

		



		3 400-5 000

		3 400-3 500*

		

		



		

		3 500-3 600*

		

		



		

		3 600-3 700*

		

		



		

		3 700-4 200*

		

		



		

		4 200-4 400

		

		



		

		4 400-4 500

		

		



		

		4 500-4 800

		

		



		

		4 800-4 990

		

		



		

		4 990-5 000

		

		



		5 350-5 470

		5 350-5 460

		

		



		

		5 460-5 470

		

		



		5 850-6 425

		5 850-5 925

		

		



		

		5 925-6 700

		

		



		NOTE * – Refers to the segmentation of the initial list indicating suitable frequency ranges as provided by WP 5D in Document 4-5-6-7/46.

NOTE ** – The segment of this frequency band is not identical to that in the Radio Regulations because different segments are employed in respective Regions.







APPENDIX 2

Technical and operational characteristics, protection requirements and information on current and planned use of the broadcasting service 
to be used for the JTG 4-5-6-7 sharing studies between 
the broadcasting service and the mobile service





APPENDIX 3

Technical characteristics of typical radio microphones 
and portable audio links







APPENDIX 4

Co-existence parameters for SAB/SAP







APPENDIX 5

Technical Parameters of DTTB System C (ISDB-T) for sharing and compatibility studies between the broadcasting service and 
the mobile service under WRC-15 agenda items 1.1 and 1.2







APPENDIX 6

Supplementary values of broadcasting receivers adjacent channel selectivity to assist in sharing studies complementing Appendix 2





ATTACHMENT 2

Source:	Attachments 2 and 5 to Document 4-5-6-7/71, Annex 2 to Annex 2 to Document 4-5-6-7/42, Documents 4-5-6-7/48, 49, 57, 58(Rev.1), 83, 108, 109, 110, 134, 135, 138

Protection criteria, system characteristics, related materials on modelling considerations and sharing studies already performed or underway 
in ITU-R related to the terrestrial services

This Attachment contains references to protection criteria, system characteristics, related materials on modelling considerations and sharing studies already performed or underway in ITU-R related to the terrestrial services that are relevant for the work of JTG 4-5-6-7. The information is grouped by service and is derived from the Radio Regulations (Edition 2008) and the Final Acts of WRC-12.

This Attachment also includes the following Appendixes.

–	Appendix 1 “IMT related information”

–	Appendix 1A “Consolidated list of questions and answers resulting from the discussion under DG Parameters to provide additional clarification on some parameters as submitted to JTG” containing clarifying information that should be taken into account in conjunction with Appendix 1

–	Appendix 1B “Monte Carlo simulation assumptions and methodology for use in modelling IMT”

–	Appendix 2 “RLAN characteristics and related materials on modelling considerations for the 5 to 6 GHz frequency range”

–	Appendix 3 “Existing terrestrial services in the relevant frequency bands”.

The material in this Attachment reflects the information submitted to-date and will be updated at future meetings of JTG 4-5-6-7 if more information is submitted.

The following chart summarizes the various allocations for the terrestrial services that fall within the initial list of suitable frequency ranges as submitted by WP 5D and WP 5A[footnoteRef:3]. More detailed information for each service is available in their respective sections. This information would need to be taken into account by the JTG when conducting sharing and compatibility studies. [3: 	Information on the suitable frequency ranges was submitted by WP 5D in Document 4-5-6-7/46. Initial information on spectrum requirement studies from WP 5A was submitted in Document 4-5-6-7/109. The discussion within WP 5D on the suitability of frequency ranges for the further development of IMT did not address other elements relating to suitability such as details of current allocations, compatibility with current and planned services, and other regulatory matters.] 


[Editor’s Note: Update the Table with the final suitable frequency ranges and corresponding allocations at the next JTG meeting and fix table heading]




		[bookmark: _Ref341808210]Suitable (as submitted by WPs 5A and 5D) Frequency ranges
(in MHz)2

		Frequency bands (in MHz) based on the segments in the Radio Regulations

		Mobile service

		Fixed service

		Aeronautical mobile service

		Radionavigation service

		Aeronautical radionavigation service

		Maritime radionavigation service

		Radiolocation service



		470-694

		470-694*

		X

		X

		

		X

		X

		

		



		694-790

		694-790**

		X

		X

		

		

		X

		

		



		1 000-1 700

		960-1 164

		

		

		X

		

		X

		

		



		

		1 164-1 215

		

		

		

		

		X

		

		



		

		1 215-1 240

		X

		X

		

		X

		

		

		X



		

		1 240-1 300

		X

		X

		

		X

		X

		

		X



		

		1 300-1 350

		

		

		

		

		X

		

		X



		

		1 350-1 400

		X

		X

		

		

		X

		

		X



		

		1 400-1 427

		

		

		

		

		

		

		



		

		1 427-1 429

		X

		X

		

		

		

		

		



		

		1 429-1 452

		X

		X

		X

		

		

		

		



		

		1 452-1 492

		X

		X

		X

		

		

		

		



		

		1 492-1 518

		X

		X

		X

		

		

		

		



		

		1 518-1 525

		X

		X

		X

		

		

		

		



		

		1 525-1 530

		X

		X

		X

		

		

		

		



		

		1 530-1 535

		

		

		X

		

		

		

		



		

		1 535-1 559

		

		X

		

		

		

		

		



		

		1 559-1 610

		

		

		

		

		X

		

		



		

		1 610-
1 610.6

		

		X

		X

		

		X

		

		



		

		1 610.6-
1 613.8

		

		X

		X

		

		X

		

		



		

		1 613.8-
1 626.5

		

		X

		X

		

		X

		

		



		

		1 626.5-
1 660

		

		X

		

		

		

		

		



		

		1 660-
1 660.5

		

		

		

		

		

		

		



		

		1 660.5-
1 668

		

		

		

		

		

		

		



		

		1 668-
1 668.4

		

		

		

		

		

		

		



		

		1 668.4-
1 670

		X

		X

		

		

		

		

		



		

		1 670-1 675

		X

		X

		

		

		

		

		



		

		1 675-1 690

		X

		X

		

		

		

		

		



		

		1 690-1 700

		X

		X

		

		

		

		

		



		2 025-2 110

		2 025-2 110

		X

		X

		

		

		

		

		



		2 200-2 290

		2 200-2 290

		X

		X

		

		

		

		

		



		2 700-3 400

		2 700-2 900

		

		

		

		

		X

		X

		X



		

		2 900-3 100

		

		

		

		X

		

		

		X



		

		3 100-3 300

		

		

		

		X

		

		

		X



		

		3 300-3 400

		X

		X

		

		X

		

		

		X



		3 400-5 000

		3 400-
3 500*

		X

		X

		

		

		

		

		X



		

		3 500-
3 600*

		X

		X

		

		

		

		

		X



		

		3 600-
3 700*

		X

		X

		

		

		

		

		



		

		3 700-
4 200*

		X

		X

		

		

		

		

		



		

		4 200-4 400

		

		

		

		

		X

		

		



		

		4 400-4 500

		X

		X

		

		

		

		

		



		

		4 500-4 800

		X

		X

		

		

		

		

		



		

		4 800-4 990

		X

		X

		

		

		

		

		



		

		4 990-5 000

		X

		X

		

		

		

		

		



		5 350-5 470

		5 350-5 460

		

		

		

		

		X

		

		X



		

		5 460-5 470

		

		

		

		X

		

		

		X



		5 725-5 850

		5 725-5 830

		

		

		

		

		

		

		X



		

		5 830-5 850

		

		

		

		

		

		

		X



		5 850-6 425

		5 850-5 925

		X

		X

		

		

		

		

		



		

		5 925-6 700

		X

		X

		

		

		

		

		



		NOTE – Shaded rows in the table indicate that there is no allocation for the terrestrial services concerned on a primary basis.

NOTE * – The segment of this frequency band is not identical to that in the Radio Regulations because different segments are employed in respective Regions.

NOTE ** – This band is allocated to the mobile service on a primary basis effective immediately after WRC-15 in accordance with Resolution 232 (WRC-12).





1	Mobile service

The following information for the mobile service is relevant for the work in JTG 4-5-6-7. IMT related information is available in the Appendix 1 to this Attachment. RLAN characteristics and related materials on modelling considerations for the 5 to 6 GHz frequency range are available in the Appendix 2 to this Attachment.

Intelligent transport systems

–	Recommendation ITU-R M.1453 “Intelligent transport systems – Dedicated short range communications at 5.8 GHz”.

–	Report ITU-R M.2228 “Advanced intelligent transport systems (ITS) radiocommunications”.




Land mobile systems above 30 MHz (excluding IMT)

–	Recommendation ITU-R M.478 “Technical characteristics of equipment and principles governing the allocation of frequency channels between 25 and 3 000 MHz for the FM land mobile service”.

–	Recommendation ITU-R M.1184 “Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service (MSS) and other services” (Note – Contains the technical characteristics of systems operating in the land mobile-satellite service.)

–	Recommendation ITU-R M.1450 “Characteristics of broadband radio local area networks” (Note – At its November 2012 meeting, WP 5A informed JTG 4-5-6-7 that it has initiated work on revising this Recommendation.)

–	Recommendation ITU-R M.1808 “Technical and operational characteristics of conventional and trunked land mobile systems operating in the mobile service allocations below 869 MHz to be used in sharing studies” (Note – Section 2.1 of Annex 1 contains the protection criteria for the mobile service to be used in the sharing studies “that an interference-to-noise ratio of I/N = −6 dB be used to determine the interference impact for land mobile systems, and that for applications with greater protection requirements, such as public protection and disaster relief (PPDR), an I/N of −10 dB may be used”.)

–	Recommendation ITU-R M.1823 “Technical and operational characteristics of digital cellular land mobile systems for use in sharing studies”.

–	Recommendation ITU-R M.1824 “System characteristics of television outside broadcast, electronic news gathering and electronic field production in the mobile service for use in sharing studies”.

–	Report ITU-R M.2116 “Characteristics of broadband wireless access systems operating in the land mobile service for use in sharing studies” (NOTE – At its November 2012 meeting, WP 5A informed JTG 4-5-6-7 that it has initiated work on revising 
Report ITU-R M.2116.)

–	Recommendation ITU-R F.1402 “Frequency sharing criteria between a land mobile wireless access system and a fixed wireless access system using the same equipment type as the mobile wireless access system”.

–	Report ITU-R F.2086 “Technical and operational characteristics and applications of broadband wireless access in the fixed service”.

–	Recommendation ITU-R M.1739 “Protection criteria for wireless access systems, including radio local area networks, operating in the mobile service in accordance with Resolution 229 (WRC-03) in the bands 5 150‑5 250 MHz, 5 250-5 350 MHz and 
5 470-5 725 MHz”.

Table 2-1 summarizes the frequency bands allocated to the mobile service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4-5-6-7/109.

[Editor’s Note: Update the Table with the final suitable frequency ranges and corresponding allocations at the next JTG meeting.]




Table 2-1

Relevant frequency bands allocated to the mobile service on a primary basis

		Frequency ranges
(in MHz)

		Allocation of the mobile service
(in MHz) on a primary basis(2)

		Applicable ITU-R documents for the work of JTG 4-5-6-7



		470-694

		470-694 (Region 3)

470-512 (No. 5.292)

470-512, 614-694 (No. 5.293)

512-608 (No. 5.297)

		



		694-790(1)

		694-790 (Region 1, No. 5.312A and Res. 232(WRC-12)[footnoteRef:4]) (1) [4: 	The allocation is effective immediately after WRC-15.] 


698-790 (Region 2)

694-790 (Region 3)

694-698 (No. 5.293)

		(System characteristics)

Rec. ITU-R M.1824



		1 000-1 700

		1 215-1 300 (No. 5.330)

1 350-1 400 (Region 1)

1 427-1 525

1 525-1 530 (No. 5.349)

1 668.4-1 690

1 690-1 700 (Nos. 5.381 and 5.382) 

		



		2 025-2 110

		2 025-2 110

		



		2 200-2 290

		2 200-2 290

		



		2 700-3 400

		3 300-3 400 (No. 5.429) 

		



		3 400-5 000

		3 400-3 500 (Nos. 5.431A, 5.432, and 5.432B)

3 400-3 600 (No.5.430A)

3 500-4 200 (Regions 2 and 3)

4 400-5 000

		



		5 850-6 425

		5 850-6 425

		(System characteristics)

Rec. ITU-R M.1824

Rec. ITU-R M.1450



		NOTE (1) − This frequency band is also being considered under WRC-15 agenda item 1.2.

NOTE (2) − The frequency ranges in the second column indicate the mobile service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.
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2	Fixed service

The following information for the fixed service is relevant for the work in JTG 4-5-6-7.

Fixed service characteristics

Appropriate fixed service characteristics for sharing studies between the fixed service and other services can be found in Recommendation ITU-R F.758.  As a starting point, WP 5C would request that compatibility should be established with the example systems found in these Recommendations to determine the viability of any new mobile allocation in fixed service frequency bands.

–	Recommendation ITU-R F.758 “System parameters and considerations in the development of criteria for sharing or compatibility between digital fixed wireless systems in the fixed service and systems in other services and other sources of interference”.

The following ITU-R document is related to television system in the fixed service.

–	Recommendation ITU-R F.1777 “System characteristics of television outside broadcast, electronic news gathering and electronic field production in the fixed service for use in sharing studies”.

Fixed service protection criteria

Protection criteria for fixed systems can be found in Recommendations ITU-R F.758 and ITU-R F.1334.

–	Recommendation ITU-R F.758

–	Recommendation ITU-R F.1334 “Protection criteria for systems in the fixed service sharing the same frequency bands in the 1 to 3 GHz range with the land mobile service”.

Fixed service modelling

Fixed systems antenna and modelling considerations can be found in Recommendations ITU‑R F.699, ITU-R F.1245, ITU-R F.1334, ITU-R F.1336 and ITU-R F.1518.  WP 5C will ensure the JTG 4-5-6-7 is made aware of any revisions to these Recommendations.  Annex 2, section 2.2 of Recommendation ITU-R F.758 should also be considered when modelling fixed systems for sharing with mobile systems.

–	Recommendation ITU-R F.699 “Reference radiation patterns for fixed wireless system antennas for use in coordination studies and interference assessment in the frequency range from 100 MHz to about 70 GHz”.

–	Recommendation ITU-R F.1245 “Mathematical model of average and related radiation patterns for line-of-sight point-to-point fixed wireless system antennas for use in certain coordination studies and interference assessment in the frequency range from 1 GHz to about 70 GHz”.

–	Recommendation ITU-R F.1334

–	Recommendation ITU-R F.1336 “Reference radiation patterns of omnidirectional, sectoral and other antennas in point-to-multipoint systems for use in sharing studies in the frequency range from 1 GHz to about 70 GHz”.

[bookmark: Pre_title]–	Recommendation ITU-R F.1518 “Spectrum requirement methodology for fixed wireless access and mobile wireless access networks using the same type of equipment, when coexisting in the same frequency band”.

–	Recommendation ITU-R F.758




As a first level look to determine the feasibility of selecting any fixed service frequency bands for further studies, a distribution of 60%, 30% and 10% for urban, suburban and rural link deployments can be used.  Stations should be in paired links with random distances (within the same zone) and elevation angles (00 – 300).  Each link should be modelled using appropriate channels from the fixed service channel plans found in the following Recommendations (ITU-R F.746 provides guidelines and compilation of channel plans for various bands):

Recommendations ITU-R F.382, ITU-R F.383, ITU-R F.384, ITU-R F.385, ITU-R F.386, ITU‑R F.635, ITU-R F.701, ITU-R F.1098, ITU-R F.1099, ITU-R F.1242, ITU-R F.1243, ITU‑R F.1488 and ITU-R F.1567 for frequency bands between 0.4 GHz and 10 GHz.

–	Recommendation ITU-R F.382 “Radio-frequency channel arrangements for fixed wireless systems operating in the 2 and 4 GHz bands”.

–	Recommendation ITU-R F.383 “Radio-frequency channel arrangements for high‑capacity fixed wireless systems operating in the lower 6 GHz (5 925 to 6 425 MHz) band”.

–	Recommendation ITU-R F.384 “Radio-frequency channel arrangements for medium- and high-capacity digital fixed wireless systems operating in the 6 425-7 125 MHz band”.

–	Recommendation ITU-R F.385 “Radio-frequency channel arrangements for fixed wireless systems operating in the 7 110-7 900 MHz band”.

–	Recommendation ITU-R F.386 “Radio-frequency channel arrangements for fixed wireless systems operating in the 8 GHz (7 725 to 8 500 MHz) band”.

–	Recommendation ITU-R F.635 “Radio-frequency channel arrangements based on a homogeneous pattern for fixed wireless systems operating in the 4 GHz band”.

–	Recommendation ITU-R F.701 “Radio-frequency channel arrangements for digital point-to-multipoint radio systems operating in frequency bands in the range 1 350 to 2 690 MHz (1.5, 1.8, 2.0, 2.2, 2.4 and 2.6 GHz)”.

–	Recommendation ITU-R F.1098 “Radio-frequency channel arrangements for fixed wireless systems in the 1 900-2 300 MHz band”.

–	Recommendation ITU-R F.1099 “Radio-frequency channel arrangements for high- and medium-capacity digital fixed wireless systems in the upper 4 GHz (4 400-5 000 MHz) band”.

–	Recommendation ITU-R F.1242 “Radio-frequency channel arrangements for digital radio systems operating in the range 1 350 MHz to 1 530 MHz”.

–	Recommendation ITU-R F.1243 “Radio-frequency channel arrangements for digital radio systems operating in the range 2 290-2 670 MHz”.

–	Recommendation ITU-R F.1488 “Frequency block arrangements for fixed wireless access systems in the range 3 400-3 800 MHz”.

–	Recommendation ITU-R F.1567 “Radio-frequency channel arrangement for digital fixed wireless systems operating in the frequency band 406.1-450 MHz”.

–	Recommendation ITU-R F.746 “Radio-frequency arrangements for fixed service systems”.

A probability of interference to determine the overall potential impact to the fixed service can be derived by evaluating each link pair individually to determine if the required short or long term interference criterion is exceeded from the aggregate of the mobile transmitters. 

An overall review of the percentage chance of negative impact can be determined by determining the percentage of link pairs that have their criteria exceeded (should be expressed separately for short term and long term interference). Further analysis may be required to determine the potential impact on specific individual fixed service links. The appropriate P series recommendations should be used to determine the ground propagation model to be used for each appropriate candidate band and there is a possibility that a combination model may be required to properly model interference.

Applicability of Recommendation ITU-R F.1336 to the frequency range below 1 GHz

At its May 2012 meeting, Working Party 5C initiated study on applicability of the sectoral antenna pattern approximations in Recommendation ITU-R F.1336-3, which are under joint responsibility with WP 5A, to the frequency range below 1 GHz.

Discussion was made based on a contribution which provided measured antenna patterns in the 850 MHz frequency band. Working Party 5C decided to continue the study on this subject inviting more contributions at its future meetings.

At the November 2012 meeting, both Working Parties 5A and 5C jointly considered this issue based on the liaison from Working Party 5D and also on another input from one administration.

Discussion has resulted in the conclusion that Working Parties 5A and 5C are in agreement with the view of Working Party 5D as summarized in the Annex to this liaison statement and developed new text elements for inclusion in a future revision of Recommendation ITU-R F.1336-3.

It was also agreed between the two Working Parties that the work on the revision of Recommendation ITU-R F.1336-3 would be continued with a view to expand its applicable frequency range, inviting more contributions at the next meeting.

Noting that, in sharing/compatibility studies in the past, the reference sectoral antenna radiation patterns defined in this Recommendation have been used for system parameters for base stations in the land mobile service, the progress of the above study will be communicated to the relevant groups for information.

Table 2-4 summarizes the frequency bands allocated to the fixed service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4-5-6-7/109.

Consideration on separating the k values

Working Party 5C has further discussed the applicability of separating the k values into kh and kv parameters in approximation of the reference patterns for sectoral antennas. It was agreed that there is a need to consider appropriate separate values to more closely align the statistical model with the measured antenna performance, and WP 5C has selected appropriate kh and kv parameters for the fixed service as shown in Table 2-2 and Table 2-3 below. WP 5C is preparing a revision of Recommendation ITU-R F.1336 and would request that JTG 4-5-6-7 utilize these parameters in future sharing studies for the fixed service.  These reference figures can also be found in the working document toward preliminary draft revision of Recommendation ITU-R F.1336-3 carried forward in the WP 5C Chairman’s Report (Annex 12 of Document 5C/171).




TABLE 2-2

The values of kh  and kv parameters for typical peak patterns for the fixed service

		Equation

		Below 1 GHz

		1-6 GHz

		6-70 GHz



		New approach

		kh

		0.8

		0.8

		TBD



		

		kv

		0.7

		0.7

		-



		Current Previous approach
(Annex 8 to ITU-R F.1336-3)

		k

		0.7

		0.7

		-



		Reference figure No.

		Fig. A-1

(see Annex 12 to Document 5C/171Recommendation ITU-R F.1336-4)

		Fig. A-2

(see Annex 12 to Document 5C/171Recommendation ITU-R F.1336-4)

		





TABLE 2-3

The values of kh and kv parameters for typical average patterns for the fixed service

		Equation

		Below 1GHz

		1-6 GHz

		6-70 GHz



		New approach

		kh

		0.7

		0.8

		TBD



		

		kv

		0.7

		0.7

		-



		Current Previous approach
(Annex 8 to ITU-R F.1336-3)

		k

		0.7

		0.7

		-



		Reference figure No.

		Fig. A-3

(see Annex 12 to Document 5C/171Recommendation ITU-R F.1336-4)

		Fig. A-4

(see Recommendation ITU-R F.1336-4Annex 12 to Document 5C/171)

		







Table 2-4

Relevant frequency bands allocated to the fixed service on a primary basis

		Frequency ranges
(in MHz)

		Allocation of the fixed service
(in MHz) on a primary basis(2)

		Applicable ITU-R documents for the work of JTG 4-5-6-7



		470-694

		470-790 (Region 3)

470-512 (No. 5.292)

470-512, 614-790 (No. 5.293)

512-608 (No. 5.297)

614-790 (No. 5.297)

		(Protection criteria)

Rec. ITU-R F.758

Rec. ITU-R F.1334

(System characteristics)

Rec. ITU-R F.758

Rec. ITU-R F.1777



		694-790(1)

		

		



		1 000-1 700

		1 215-1 300 (No. 5.330)

1 350-1 400 (Region 1)

1 427-1 525

1 525-1 530 (Regions 1 and 3)

1 550-1 559, 1 610-1 645.5, and
1 646.5-1 660 MHz (No. 5.359)

1 668.4-1 690

1 690-1 700 MHz (Nos. 5.381 
and 5.382)

		(Protection criteria)

Rec. ITU-R F.758

Rec. ITU-R F.1334

(System characteristics)

Rec. ITU-R F.758

(Antenna and modelling considerations)

Rec. ITU-R F.699

Rec. ITU-R F.1245

Rec. ITU-R F.1334

Rec. ITU-R F.1336

Rec. ITU-R F.1518

Annex 2, section 2.2 of
Rec. ITU-R F.758

(Channel plans)

Rec. ITU-R F.701

Rec. ITU-R F.1242

(Sharing studies)

Rec. ITU-R F.1334



		2 025-2 110

		2 025-2 110

		(Protection criteria)

Rec. ITU-R F.758

Rec. ITU-R F.1334

(System characteristics)

Rec. ITU-R F.758

Rec. ITU-R F.1777

(Antenna and modelling considerations)

Rec. ITU-R F.699

Rec. ITU-R F.1245

Rec. ITU-R F.1334

Rec. ITU-R F.1336

Rec. ITU-R F.1518

Annex 2, section 2.2 of
Rec. ITU-R F.758

(Channel plans)

Rec. ITU-R F.382

Rec. ITU-R F.701

Rec. ITU-R F.1098

(Sharing studies)

Rec. ITU-R F.1334



		2 200-2 290

		2 200-2 290

		



		3 400-5 000

		3 300-3 400 MHz (No. 5.429)

3 400-4 200

4 400-5 000

		(Protection criteria)

Rec. ITU-R F.758

(System characteristics)

Rec. ITU-R F.758

(Antenna and modelling considerations)

Rec. ITU-R F.699

Rec. ITU-R F.1245

Rec. ITU-R F.1334

Rec. ITU-R F.1336

Rec. ITU-R F.1518

Annex 2, section 2.2 of
Rec. ITU-R F.758

(Channel plans)

Rec. ITU-R F.382

Rec. ITU-R F.635

Rec. ITU-R F.1099

Rec. ITU-R F.1488

(Sharing studies)

Rec. ITU-R F.1706



		
5 850-6 425

		5 850-6 425

		(Protection criteria)

Rec. ITU-R F.758

(System characteristics)

Rec. ITU-R F.758

Rec. ITU-R F.1777

(Antenna and modelling considerations)

Rec. ITU-R F.699

Rec. ITU-R F.1245

Rec. ITU-R F.1334

Rec. ITU-R F.1336

Rec. ITU-R F.1518



Annex 2, section 2.2 of
Rec. ITU-R F.758

(Channel plans)

Rec. ITU-R F.383



		NOTE (1) − This band is also being considered under WRC-15 agenda item 1.2.

NOTE (2) − The frequency ranges in the second column indicate the fixed service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.
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The following information for the aeronautical mobile service is relevant for the work in JTG 4‑5-6-7.

Aeronautical mobile (route) service

–	Recommendation ITU-R M.1827 – “Technical and operational requirements for stations of the aeronautical mobile (R) service (AM(R)S) limited to surface application at airports and for stations of the aeronautical mobile service (AMS) limited to aeronautical security (AS) applications in the band 5 091-5 150 MHz”.

–	Report ITU-R M.2121 – “Guidelines for AM(R)S sharing studies in the 960-1 164 MHz band”.

–	Report ITU-R M.2205 – “Results of studies of the AM(R)S allocation in the band 
960-1 164 MHz and of the AMS(R)S allocation in the band 5 030-5 091 MHz to support control and non-payload communications links for unmanned aircraft systems”.

–	Report ITU-R M.2235 – “Aeronautical mobile (route) service sharing studies in the frequency band 960-1 164 MHz”.

–	Report ITU-R M.2171 – “Characteristics of unmanned aircraft systems and spectrum requirements to support their safe operation in non-segregated airspace”.

–	Report ITU-R M.2237 – “Compatibility study to support the line-of-sight control and non-payload communications link(s) for unmanned aircraft systems proposed in the frequency band 5 030-5 091 MHz”.

–	Report ITU-R M.2238 – “Compatibility study to support line of sight control and non‑payload communications links for unmanned aircraft systems proposed in the frequency band 5 091-5 150 MHz”.

Aeronautical mobile telemetry

–	Recommendation ITU-R M.1459 – “Protection criteria for telemetry systems in the aeronautical mobile service and mitigation techniques to facilitate sharing with geostationary broadcasting-satellite and mobile-satellite services in the frequency bands 1 452-1 525 MHz and 2 310-2 360 MHz”.

–	Recommendation ITU-R M.1828 – “Technical and operational requirements for aircraft stations of aeronautical mobile service limited to transmissions of telemetry for flight testing in the bands around 5 GHz”.

–	Report ITU-R M.2118 – “Compatibility between proposed systems in the aeronautical mobile service and the existing fixed-satellite service in the 5 091-5 250 MHz band”.

–	Report ITU-R M.2119 – “Sharing between aeronautical mobile telemetry systems for flight testing and other systems operating in the 4 400-4 940 and 5 925-6 700 MHz bands”.

–	Report ITU-R M.2221 – “Feasibility of MSS operations in certain frequency bands”.

–	Working document towards a draft new Report ITU-R M.[AMT.OP] – “Working document towards a preliminary draft new Report on the operational characteristics of aeronautical mobile telemetry systems”.

Table 2-5 summarizes the frequency bands allocated to the aeronautical mobile service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4-5-6-7/109.

Table 2-5

Relevant frequency bands allocated to the aeronautical mobile service on a primary basis

		Frequency ranges
(in MHz)

		Allocation of the aeronautical mobile service (in MHz) on a primary basis(1)

		Applicable ITU-R documents for the work of the JTG 4-5-6-7



		1 000-1 700

		1 000-1 164(2) 

1 429-1 535 (Nos. 5.342, 5.343, 
and 5.344)

1 525-1 530 (No. 5.350)

1 610-1 626.5 (No. 5.367)

		(Protection criteria and system characteristics)

Rep. ITU-R M.2235

Rec. ITU-R M.1459

Rep. ITU-R [AMT.OP]

Rep. ITU-R M.2121

Rep. ITU-R M.2205



		NOTE (1) − The frequency ranges in the second column indicate the aeronautical mobile service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.

NOTE (2) − Aeronautical mobile (route) service allocation
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1 429-1 535 MHz

At the second JTG 4-5-6-7 meeting the frequency bands 1 427-1 518 MHz, 1 452-1 492 MHz and 1 518-1 559 MHz were indicated by several Administrations as possible ones for the compatibility studies with the possible IMT systems (see Annex 8 to Doc. 4-5-6-7/113).

The analysis of the RR provisions shows that in Region 1 in countries listed in RR No. 5.342, the frequency band 1 429-1 535 MHz is allocated to the aeronautical mobile service on a primary basis exclusively for the purposes of aeronautical telemetry (“AMT”) within the national territory.  Also according to RR No. 5.342, as clarified by the BR, as of 1 April 2007 the use of the frequency band 1 452-1 492 MHz by new AMT systems is subject to agreement between the administrations concerned.

The indicated aeronautical telemetry systems in the 1 429-1 535 MHz frequency band consist of ground transceiver and associated airborne transceivers, operating within the service area of the ground transceiver. In the present liaison statement WP 5B draws the attention of JTG 4-5-6-7 to protection criteria of the aeronautical telemetry ground and associated aircraft stations.

Working Party 5B notes that the protection criteria for the terrestrial aeronautical telemetry systems are given in Recommendation ITU-R M.1459 previously referenced to the Joint Task Group (see Doc. 4-5-6-7/11).

The protection criteria set forth in the Recommendation have been used for the protection of aeronautical mobile telemetry ground stations in studies on WRC-07 agenda item 1.17 for the frequency band 1 430-1 432 MHz (see CPM-07 Report, section 3/1.17/2.2); and in Report ITU‑R M.2238, section 6.4 on sharing with UAS terrestrial links. For WRC-07, there has been no consideration of protection of airborne receivers under WRC-07 agenda item 1.17.

For protection of the aircraft stations of the aeronautical telemetry systems operating in the countries listed in RR No. 5.342 another criterion is used: the permissible pfd value in the reference bandwidth of 4 kHz at the aperture of the aircraft receive antenna shall not exceed 
(‑140 dB(W/m2)). This criterion was used in the studies in the frequency band 1 518-1 525 MHz under WRC-03 agenda item 1.31 concerning sharing between MSS and AMT systems (see CPM‑02 Report section 2.8.1.1.1) and was based on the results of theoretical and experimental studies.  However, it should be noted that these links could be considered as telecommand, not telemetry, under the CPM text for WRC-03 agenda item 1.31. That is why RR No. 5.342 could be viewed as not justifying the protection of telecommand links and their associated airborne receivers used by administrations listed in RR No. 5.342.

4	Radionavigation service

The following information for the radionavigation service is relevant for the work in JTG 4‑5‑6‑7.

–	Recommendation ITU-R M.1461 – “Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services”.

–	Recommendation ITU-R M.1851 – “Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses”.

Table 2-6 summarizes the frequency bands allocated to the radionavigation service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4-5-6-7/109.

Table 2-6

Relevant frequency bands allocated to the radionavigation service on a primary basis

		Frequency ranges
(in MHz)

		Allocation of the radionavigation service (in MHz) on a 
primary basis(1)

		Applicable ITU-R documents for the work of the JTG 4-5-6-7



		470-694

		585-610 (Region 3)

		



		1 000-1 700

		1 215-1 300 (No. 5.331)

		



		2 700-3 400

		2 900-3 100

		(Antenna and modelling considerations)

Rec ITU-R M.1851

(Sharing studies)

Rec. ITU-R M.1461



		5 350-5 470

		5 460-5 470

		



		NOTE (1) − The frequency ranges in the second column indicate the radionavigation service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.
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The following information for the aeronautical radionavigation service is relevant for the work in JTG 4-5-6-7.

–	Recommendation ITU-R M.1461 – “Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services”.

–	Recommendation ITU-R M.1464 – “Characteristics of radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700-2 900 MHz”.

–	Recommendation ITU-R M.1584 – “Method for determining coordination distances, in the 5 GHz band, between the international standard microwave landing system stations operating in the aeronautical radionavigation service and stations of the radionavigation-satellite service (Earth-to-space)”.

–	Recommendation ITU-R M.1638 – “Characteristics of and protection criteria for sharing studies for radiolocation, aeronautical radionavigation and meteorological radars operating in the frequency bands between 5 250 and 5 850 MHz”.

–	Recommendation ITU-R M.1639 – “Protection criterion for the aeronautical radionavigation service with respect to aggregate emissions from space stations in the radionavigation-satellite service in the band 1 164-1 215 MHz”.

–	Recommendation ITU-R M.1642 – “Methodology for assessing the maximum aggregate equivalent power flux-density at an aeronautical radionavigation service station from all radionavigation-satellite service systems operating in the 
1 164-1 215 MHz band”.

–	Recommendation ITU-R M.1830 – “Technical characteristics and protection criteria of aeronautical radionavigation service systems in the 645-862 MHz frequency band”.

–	Recommendation ITU-R M.2007 – “Characteristics of and protection criteria for radars operating in the aeronautical radionavigation service in the frequency band 5 150‑5 250 MHz”.

–	Recommendation ITU-R M.2013 – “Technical characteristics of, and protection criteria for non-ICAO aeronautical radionavigation systems, operating around 1 GHz”.

–	Report ITU-R M.2112 – “Compatibility/sharing of airport surveillance radars and meteorological radar with IMT systems within the 2 700-2 900 MHz band”.

–	Recommendation ITU-R M.1851 – “Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses”.

–	Draft new Recommendation ITU-R M.[TBD] “Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz”.
[Editor’s Note: This draft new Recommendation has been submitted agreed by WP 5B to SG 5 for approval (see Document 5/55). The [TBD] will be replaced by the appropriate number once the Recommendation has been published on the ITU website.]

Table 2-7 summarizes the frequency bands allocated to the aeronautical radionavigation service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4‑5‑6‑7/109.

Table 2-7

Relevant frequency bands allocated to the aeronautical radionavigation service on a primary basis

		Frequency ranges (in MHz)

		Allocation of the aeronautical radionavigation service (in MHz)
on a primary basis(2)

		Applicable ITU-R documents for the work of the JTG 4-5-6-7



		470-694

		645-790 (No. 5.312)

		(System characteristics)

Rec. ITU-R M.1830

(Protection criteria)

Rec. ITU-R M.1461



		694-790(1)

		

		



		1 000-1 700

		1 000-1 215

1 240-1 300 (No. 5.331)

1 300-1 350

1 350-1 370 (No. 5.334)

1 559-1 626.5

		(Protection criteria and system characteristics)

Rec. ITU-R M.1639

Rec. ITU-R M.2013

(Sharing studies)

Rec. ITU-R M.1642



		2 700-3 400

		2 700-2 900

		(Protection criteria and system characteristics)

Rec. ITU-R M.1464

(Sharing/compatibility studies)

Rep. ITU-R M.2112



		3 400-5 000

		4 200-4 400

		(Protection criteria and system characteristics)

Draft New Rec. ITU-R M.[TBD](3)



		5 350-5 470

		5 350-5 460

		(Protection criteria and system characteristics)

Rec. ITU-R M.1638

Rec. ITU-R M.2007

(Sharing studies)

Rec. ITU-R M.1584



		NOTE (1) − This frequency band is also being considered under WRC-15 agenda item 1.2.

NOTE (2) − The frequency ranges in the second column indicate the aeronautical radionavigation service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.

Note (3) – Draft new Recommendation “Operational and technical characteristics and protection criteria of radio altimeters utilizing the band 4 200-4 400 MHz” as submitted by WP 5B to SG 5 for approval (see Document 5/55).





[bookmark: _Ref341808307]Currently, there are no ITU-R Recommendations that deal specifically with the protection criterion for ARNS systems from MS systems in this particular frequency band. However, Recommendation ITU-R М.1461-1 contains a recommended protection criterion for radars in general, when there are no others available in ITU-R Recommendations, when considering potential interference from other services. The recommended criterion of I/N = –6 dB is specified in section 3.3 the Annex of Recommendation ITU-R M.1461-1. This criterion may be used as the required protection level for ARNS, taking into account relevant noise figures in the range of 5 to 10 dB for the considered ARNS systems. In the case of multiple interference sources, this criterion should not be exceeded due to the aggregate interference from these sources.

In case the I/N= –6 dB protection criteria, for different reasons, is not appropriate, the interference field strength levels provided in Table 2-8 may be considered.
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Table 2-8

Aeronautical radionavigation systems characteristics and protection criteria in the band 645-862 MHz

		Type of station

Characteristics

		RSBN

		RLS 2 (Type 1)

		RLS 2 (Type 2)

		RLS 1 (Type 1)

		RLS 1 (Type 2)



		Application

		“Air-Ground”

		Secondary radars – Type 1 
(air traffic control)

		Secondary radars – Type 2

		Primary radars – Type 1

		Primary radars – Type 2



		Transmitter characteristics



		Station name

		Aircraft transmitter

		Ground radar transmitter

		Aircraft transponder transmitter

		Ground radar transmitter

		Aircraft transponder transmitter

		Ground radar transmitter

		Ground radar transmitter



		Place of station 

		Aircraft

		Airfields

		Aircraft

		Airfields

		Aircraft

		Airfields

		Airfields



		Maximum effective radiated pulse power (e.r.p.) (dBW)

		30.5

		48

		35

		69.5

		34.5

		82

		82



		Pulse power (dBW)

		27

		31

		32

		40

		31

		52.5

		52.5



		Mean power (dBW)

		0.5

		1

		14

		19.5

		10.5

		19.5

		19.5



		Off-duty ratio

		447

		1 000

		63.1

		112

		112

		1 995

		1 995



		Pulse repetition cycle (ms)

		2.3

		1.3

		0.6

		1.8

		1.8

		1.8

		1.8



		Pulse length (μs)

		5.1

		1.3

		8.7

		16

		16

		0.9-2

		0.9-2



		Necessary emission bandwidth (MHz)

		3/0.7

		4

		4

		3

		8

		6

		3



		Class of emission

		P0X/PXX

		K0X

		K0X

		M1X

		M1X

		P0N

		P0N



		Operating frequencies (MHz)

		772, 776, 780, 784, 788, 792, 796, 800, 804, 808

		668

		668

		835, 836, 837.5

		740

		833, 835, 836, 858

		844, 847, 853, 859



		Antenna height (m)

		0 to 10 000

		10

		0 to 10 000

		10

		0 to 10 000

		10

		10



		Maximum antenna gain (dBi)

		3.5

		17

		3

		29.5

		3.5

		29.5

		29.5



		Antenna pattern

		ND

		3 dB beamwidth: vert. pl. = 28°
hor. pl. = 4°

		ND

		3 dB beamwidth: vert. pl. = 45°
hor. pl. = 3-5°

		ND

		3 dB beamwidth: 
vert. pl. = 45°
hor. pl. = 4°

		3 dB beamwidth: 
vert. pl. = 45°
hor. pl. = 4°









		Type of station

Characteristics

		RSBN

		RLS 2 (Type 1)

		RLS 2 (Type 2)

		RLS 1 (Type 1)

		RLS 1 (Type 2)



		Direction of the antenna main beam

		Lower hemisphere

		Azimuth: 0-360° 
Revolution speed 6 rev/min.

		Lower hemisphere

		Azimuth: 0-360° 
Revolution speed 10 rev/min.

		Lower hemisphere

		Azimuth: 0-360° 
Revolution speed 6/10 rev/min.

		Azimuth: 0-360° 
Revolution speed 6/10 rev/min.



		Receiver characteristics



		Station name

		Ground radar receiver

		Aircraft responder of ground radar

		Ground radar receiver

		Aircraft responder of ground radar

		Ground radar receiver

		Ground radar receiver

		Ground radar receiver



		Service type code

		AA8

		BD

		BA

		BC

		AA2

		AB

		AB



		Place of station 

		Airfields

		Aircraft

		Airfields

		Aircraft

		Airfields

		Airfields

		Airfields



		Antenna height (m)

		10

		0-10 000

		10

		0-10 000

		10

		10

		10



		Polarization(1)

		Linear, horizontal

		Linear, vertical

		Linear, vertical

		Linear, horizontal

		Linear, horizontal

		Linear, horizontal

		Linear, horizontal



		Maximum antenna gain (dBi)

		22

		3

		17

		3

		28.4

		29.5

		29.5



		Antenna pattern

		3 dB beamwidth: 
vert. pl. = 50°
hor. pl. = 4-5°

		ND

		3 dB beamwidth: 
vert. pl. = 28°
hor. pl. = 4°

		ND

		3 dB beamwidth:
vert. pl. = 45°
hor. pl. = 3-5°

		3 dB beamwidth: 
vert. pl. = 45°
hor. pl. = 3-5°

		3 dB beamwidth: 
vert. pl. = 45°
hor. pl. = 3-5°



		Direction of antenna main beam

		Azimuth: 0-360°
Revolution speed 100 rev/min.

		Lower hemisphere

		Azimuth: 
0-360°
Revolution speed 6 rev/min.

		Lower hemisphere

		Azimuth: 
0-360°
Revolution speed 10 rev/min.

		Azimuth:
0-360°
Revolution speed 6/10 rev/min.

		Azimuth: 0-360°
Revolution speed 6/10 rev/min.



		Permissible aggregate interference field strength level for the necessary emission bandwidth (from all service) E(3), dB(μV/m)

		42(2)

		52(2)

		29(2)

		73(2)

		24(2)

		13(2)

		13(2)



		(1)	In the case when the interferer has orthogonal polarization in relation to the wanted signal, a value of 16 dB should be added to interference field strength levels due to polarization discrimination.

(2)	Radiowave propagation model for ground receiver is used in accordance with Recommendation ITU-R P.1546 (at 10% time and 50% location); free space propagation model is used for aeronautical receiver.

(3)	The field strength values indicated in the Table refer to permissible interference aggregate field strength (from all services) in the necessary emission bandwidth of ARNS system.
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6	Maritime radionavigation service

The following information for the maritime radionavigation service is relevant for the work in JTG 4-5-6-7.

–	Recommendation ITU-R M.824 –“Technical parameters of radar beacons (racons)”.

–	Recommendation ITU-R M.1176 – “Technical parameters of radar target enhancers”.

–	Recommendation M.629 – “Use of the radionavigation service of the frequency bands 2 900-3 100 MHz, 5 470-5 650 MHz, 9 200-9 300 MHz, 9 300-9 500 MHz and 
9 500-9 800 MHz”.

–	Recommendation ITU-R M.1461 – “Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services”.

–	Recommendation ITU-R M.1851 – “Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses”.

–	Report ITU-R M.2050 – “Test results illustrating the susceptibility of maritime radionavigation radars to emissions from digital communication and pulsed systems in the bands 2 900 3 100 MHz and 9 200-9 500 MHz”.

–	Recommendation ITU-R M.1372 – “Efficient use of the radio spectrum by radar stations in the radiodetermination service”.

–	Report ITU-R M.2032 – “Tests illustrating the compatibility between maritime radionavigation radars and emissions from radiolocation radars in the band 
2 900–3 100 MHz”.

Table 2-9 summarizes the frequency bands allocated to the maritime radionavigation service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4‑5‑6‑7/109.

Table 2-9

Relevant frequency bands allocated to the maritime radionavigation service on a primary basis

		Frequency ranges
(in MHz)

		Allocation of the radiolocation service (in MHz) on
a primary basis(1)

		Applicable ITU-R documents for the work of JTG 4-5-6-7



		2 700-3 400

		2 850-2 900 (No. 5.424)

		(Protection criteria and system characteristics)

Rec. ITU-R M.824

Rec. ITU-R M.1176

(Antenna and modelling considerations)

Rec. ITU-R M.1851

(Sharing studies)

Rec. ITU-R M.1461



		NOTE (1) − The frequency ranges in the second column indicate the maritime radionavigation service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.





[bookmark: _Ref341808319]7	Radiolocation service

The following information for the radiolocation service is relevant for the work in JTG 4-5-6-7.

–	Recommendation ITU-R M.1227 – “Technical and operational characteristics of wind profiler radars in bands in the vicinity of 1 000 MHz”.

–	Recommendation ITU-R M.1460 – “Technical and operational characteristics and protection criteria of radiodetermination radars in the 2 900-3 100 MHz band”.

–	Recommendation ITU-R M.1461 – “Procedures for determining the potential for interference between radars operating in the radiodetermination service and systems in other services”.

–	Recommendation ITU-R M.1462 – “Characteristics of and protection criteria for radars operating in the radiolocation service in the frequency range 420-450 MHz”.

–	Recommendation ITU-R M.1463 – “Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 1 215-1 400 MHz”.

–	Recommendation ITU-R M.1465 – “Characteristics of and protection criteria for radars operating in the radiodetermination service in the frequency band 3 100-3 700 MHz”.

–	Recommendation ITU-R M.1638 – “Characteristics of and protection criteria for sharing studies for radiolocation, aeronautical radionavigation and meteorological radars operating in the frequency bands between 5 250 and 5 850 MHz”.

–	Recommendation ITU-R M.1849 – “Technical and operational aspects of ground-based meteorological radars”.

–	Recommendation ITU-R M.1851 – “Mathematical models for radiodetermination radar systems antenna patterns for use in interference analyses”.

–	Report ITU-R M.2013 – “Wind profiler radars”.

–	Report ITU-R M.2112 – “Compatibility/sharing of airport surveillance radars and meteorological radar with IMT systems within the 2 700-2 900 MHz band”.

–	Report ITU-R M.2136 – “Theoretical analysis and testing results pertaining to the determination of relevant interference protection criteria of ground-based meteorological radars”.

–	Recommendation ITU-R M.1372 – “Efficient use of the radio spectrum by radar stations in the radiodetermination service”.

–	Recommendation ITU-R M.1464 – “Characteristics of radiolocation radars, and characteristics and protection criteria for sharing studies for aeronautical radionavigation and meteorological radars in the radiodetermination service operating in the frequency band 2 700-2 900 MHz”.

–	Report ITU-R M.2032 – “Tests illustrating the compatibility between maritime radionavigation radars and emissions from radiolocation radars in the band 
2 900-3 100 MHz”.

Table 2-10 summarizes the frequency bands allocated to the radiolocation service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4-5-6-7/109.

Table 2-10

Relevant frequency bands allocated to the radiolocation service on a primary basis

		Frequency ranges
(in MHz)

		Allocation of the radiolocation service (in MHz) on
a primary basis(1)

		Applicable ITU-R documents for the work of JTG 4-5-6-7



		1 000-1 700

		1 215–1 400

		(Protection criteria and system characteristics)

Rec. ITU-R M.1463



		2 700-3 400

		2 700-2 900 MHz (No.5.423)

2 900-3 400

3 400-3 600 (No. 5.433)

		(Protection criteria and system characteristics)

Rec. ITU-R M.1464

Rec. ITU-R M.1465

Rec. ITU-R M.1849

Rec. ITU-R M.2136



		5 350-5 470

		5 350-5 470

		(Protection criteria and system characteristics)

Rec. ITU-R M.1638



		5 725-5 850

		5 725-5 850

		(Protection criteria and system characteristics)

Rec. ITU-R M.1638



		NOTE (1) − The frequency ranges in the second column indicate the radiolocation service allocated on a primary basis within the frequency ranges as listed in the 1st column. The frequency segmentation in this table may be different from that in the Table of Frequency Allocations in Article 5 of the Radio Regulations. It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.





8	Amateur and amateur-satellite services

The following information for the amateur service is relevant for the work in JTG 4-5-6-7.

Amateur and amateur satellite service systems

–	Recommendation ITU-R M.1044 – “Frequency sharing criteria in the amateur and amateur-satellite services”.

–	Recommendation ITU-R M.1732 – “Characteristics of systems operating in the amateur and amateur-satellite services for use in sharing studies”.

–	Recommendation ITU-R F.240 – “Signal-to-interference protection ratios for various classes of emission in the fixed service below about 30 MHz” (Note – Adopted for the amateur and amateur-satellite services via Recommendation ITU-R M.1044.)

–	Recommendation ITU-R M.1041 – “Future amateur radio systems”.

Table 2-11 summarizes the frequency bands allocated to the amateur and amateur-satellite services on a secondary basis within the suitable frequency ranges indicated by WP 5D in Documents 4‑5‑6‑7/46 and 4-5-6-7/220, as well as initial information on spectrum requirements studies indicated by WP 5A in Document 4-5-6-7/109.

Table 2-11

Relevant frequency bands allocated to the amateur and amateur-satellite service on a secondary basis

		Frequency ranges
(in MHz)

		Allocation of the amateur and amateur-satellite services (in MHz) on a secondary basis

		Applicable ITU-R documents for the work of JTG 4-5-6-7



		410-430

		420-430 (No. 5.270)

		(Protection criteria and system characteristics)

Rec. ITU-R M.1732

Rec. ITU-R M.1044



		1 000-1 700

		1 240-1 300 (amateur)

1 260-1 270 (amateur-satellite,
Earth-to-space, No. 5.282)

		(Protection criteria and system characteristics)

Rec. ITU-R M.1732

Rec. ITU-R M.1044



		2 700-3 400

		3 300-3 400 (Regions 2 and 3)

		(Protection criteria and system characteristics)

Rec. ITU-R M.1732

Rec. ITU-R M.1044



		3 400-5 000

		3 400-3 500 (Regions 2 and 3)

3 400-3 475 (No. 5.431)

3 400-3 410 (amateur-satellite, 
Regions 2 and 3, No. 5.282)

		(Protection criteria and system characteristics)

Rec. ITU-R M.1732

Rec. ITU-R M.1044












Appendix 1

IMT related information
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(Clarifying information in Appendix 1A should be taken into account 
in conjunction with this information)

Based on Document 4-5-6-7/432, JTG 4-5-6-7 discussed IMT UE power and densities for use in co-existence studies. It was agreed to provide the following text to clarify the relevance of different values and methodologies.

In Report ITU-R M.2292, “Characteristics of terrestrial IMT-Advanced systems for frequency sharing/interference analyses”, average UE power values are provided for active terminals, where active terminals are defined as “terminals with an active communication session but which are not necessarily transmitting”. These values should only be used in conjunction with the corresponding user densities (for active terminals) provided in the same Report.

In case only the transmitting UEs are taken into account in co-existence studies, the average power levels from Report ITU-R M.2292 should not be used. In that case the applicable power levels must be computed differently, and may be obtained from simulations, as described in Appendix 1C below (sections 2.2 and 2.3) and in document 4-5-6-7/432 (with an example of UE average power calculation for the 1 300-1 400 MHz frequency range resuting in 15 dBm average power in particular for indoor terminals). In this case it is also necessary to specify the number of terminals that are actually transmitting at a given moment in time. In this regard 1 transmitting terminal per sector provides a good estimate of IMT-Advanced UL load. When assuming the case of 3 transmitting terminals per sector as also covered in Appendix 1C, the impact of partial resource block allocation, which is described in Appendix 1B below, needs to be considered as well.



Appendix 1A

Consolidated list of questions and answers resulting from the discussion under DG Parameters to provide additional clarification on some parameters 
as submitted to JTG





Appendix 1B

Impacts from partial IMT Resource Block allocation and 
channel bandwidths on UE OOBE

Out-of-band (OOB) emission limits for IMT UEs in the 3GPP standards (see 3GPP TS 36.101) are based on full allocation of all resource blocks (RBs) in the IMT channel (e.g. 100 RBs in 20 MHz). However, IMT systems operating in the 700 MHz band will in most cases use channels with 10 MHz or 5 MHz bandwidths and IMT UEs will typically be transmitting on fewer RBs.

Based on Documents 4-5-6-7/365 and 4-5-6-7/385, when an IMT system is using a narrower channel bandwidth and/or an IMT UE is not using all the RBs, then the OOB emission levels will be reduced compared to the limits in the standards. Hence, in order to be more realistic, the modelling conducted for adjacent channel compatibility studies should take into account this effect.

Furthermore, when the IMT UE transmit power is reduced, the OOB emissions are also reduced (ratio is linear, i.e. 1 dB reduction in transmit power means 1 dB reduction in OOB emissions).

[Editor’s Note: Work is on-going on how to treat this effect.]



Appendix 1C

Monte Carlo simulation assumptions and methodology for use 
in modelling IMT networks





In line with guidance provided by WP 5D it is proposed to use the following settings for the 
IMT UE power control for use in Monte Carlo simulations.

Table 1

Power Control settings: 100% Outdoor

		Environment

		Urban

		Suburban

		Rural



		CLxile in dB

		122

		122

		123.3



		

		1

		1

		1



		Portion of UE with maximum tx power

		~1%

		~2%

		~5%





Table 2

Power Control settings: Indoor/Outdoor ratio

		Environment

		Urban 70%/30%

		Suburban 70%/30%

		Rural 50%/50%



		CLxile in dB

		122

		122

		123.3



		

		1

		1

		1



		Portion of UE with maximum tx power

		~20%

		~26%

		~25%







APPENDIX 2

RLAN characteristics and related materials on modelling considerations
for the 5 to 6 GHz frequency range







APPENDIX 2A

Technical/operational characteristics to be used for sharing studies 
with RLAN in the 5 GHz band
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Appendix 3

Existing terrestrial services in the relevant frequency bands

[Editor’s Note: Administrations are asked to review and verify the contained information in this table, as it may not fully take into account the primary services indicated in the footnotes of the Table of Article 5 of the Radio Regulations.]







ATTACHMENT 3

Protection criteria, system characteristics and sharing studies already performed or under way in ITU-R related to satellite services

This Attachment contains protection criteria, system characteristics and sharing studies already performed in ITU-R related to satellite services that are relevant for the work of JTG 4-5-6-7. The information is grouped by service and then divided in suitable frequency ranges indicated by WP 5D[footnoteRef:5] in Document 4-5-6-7/46 as well as initial information on spectrum requirement studies indicated by WP 5A in Document 4-5-6-7/109. The analysis in this attachment is based on the information in the Radio Regulations (Edition 2008) and the Final Acts of WRC-12. [5:  	The discussion within WP 5D on the suitability of frequency ranges for the further development of IMT did not address other elements relating to suitability such as details of current allocations, compatibility with current and planned services, and other regulatory matters.] 


This Attachment also includes the following Appendixes.

–	Appendix 1 “Existing satellite service allocations in the initial list of frequency ranges considered for possible deployment of terrestrial mobile broadband applications, including IMT”

–	Appendix 2 “Compilation of material submitted by concerned groups on satellite matters”

–	Appendix 3 “Characteristics and protection criteria of satellites in the 3 400-4 200, 4 500-4 800 MHz and 5 850-6 700 bands.”  The material in this document reflects the information submitted to-date and could be updated at future meetings of JTG 4-5-6-7 when more information is submitted. Appendix 2 to this attachment, contains a list of references to ITU publications addressing satellite services provided in contributions to JTG 4-5-6-7, both relevant to frequency bands currently considered by the JTG and frequency bands not currently considered by the JTG.

1	Fixed-satellite service

Table 3-1 summarizes the frequency bands allocated to the fixed-satellite service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46 as well as initial information on spectrum requirement studies indicated by WP 5A in Document 4-5-6-7/109, applicable studies already performed in ITU-R and contributions received by JTG 4-5-6-7 providing technical information.

Among the bands allocated to the fixed-satellite service listed in Table 3-1, the frequency band 3 500‑4 200 MHz is allocated to the mobile service on a primary basis in Regions 2 and 3. In some countries in Regions 1 and 3, the frequency band 3 400-3 600 MHz is allocated to the mobile service and identified for IMT. Furthermore, the frequency bands 4 500-4 800 MHz and 5 850‑6 425 MHz are allocated to the mobile service on a primary basis in all three Regions.

The most recent versions of the following ITU-R publications concerning sharing issues are relevant for the work in the JTG.

–	Report ITU-R M.2109 – “Sharing studies between IMT Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 and 4 500-4 800 MHz frequency bands”.

–	Report ITU-R F.2240 – “Interference analysis modelling for sharing between HAPS gateway links in the fixed service and other systems/services in the range 5 850-7 075 MHz”.

–	Report ITU-R S.2199 – “Studies on compatibility of broadband wireless access (BWA) systems and fixed-satellite service (FSS) networks in the 3 400-4 200 MHz band”.

–	Recommendation ITU-R S.465 – “Reference radiation pattern of earth station antennas in the fixed-satellite service for use in coordination and interference assessment in the frequency range from 2 to 31 GHz.”

–	Recommendation ITU-R S.466 – “Maximum permissible level of interference in a telephone channel of a geostationary-satellite network in the fixed-satellite service employing frequency modulation with frequency-division multiplex, caused by other networks of this service.”

–	Recommendation ITU-R S.483 – “Maximum permissible level of interference in a television channel of a geostationary-satellite network in the fixed-satellite service employing frequency modulation, caused by other networks of this service.”

–	Recommendation ITU-R S.523 – “Maximum permissible levels of interference in a geostationary-satellite network in the fixed-satellite service using 8-bit PCM encoded telephony, caused by other networks of this service.”

–	Recommendation ITU-R S.524 – “Maximum permissible levels of off-axis e.i.r.p. density from earth stations in geostationary-satellite orbit networks operating in the fixed-satellite service transmitting in the 6 GHz, 13 GHz, 14 GHz and 30 GHz frequency bands.”

–	Recommendation ITU-R S.672 – “Satellite antenna radiation pattern for use as a design objective in the fixed-satellite service employing geostationary satellites”

–	Recommendation ITU-R S.728 – “Maximum permissible level of off-axis e.i.r.p. density from very small aperture terminals (VSATs).”

–	Recommendation ITU-R S.735 –“Maximum permissible levels of interference in a geostationary-satellite network for an HRDP when forming part of the ISDN in the fixed-satellite service caused by other networks of this service below 15 GHz.”

–	Recommendation ITU-R S.1323 –“Maximum permissible levels of interference in a satellite network (GSO/FSS; non-GSO/FSS; non-GSO/MSS feeder links) in the fixed‑satellite service caused by other co-directional FSS networks below 30 GHz.”

–	Recommendation ITU-R S.1432 –“Apportionment of the allowable error performance degradations to fixed-satellite service (FSS) hypothetical reference digital paths arising from time invariant interference for systems operating below 30 GHz.”

–	Recommendation ITU-R S.1528 –“Satellite antenna radiation patterns for non‑geostationary orbit satellite antennas operating in the fixed-satellite service below 30 GHz.”

–	Recommendation ITU-R S.1587 – “Technical characteristics of earth stations on board vessels communicating with FSS satellites in the frequency bands 5 925-6 425 MHz and 14-14.5 GHz which are allocated to the fixed-satellite service.”

–	Recommendation ITU-R S.1711 –“Performance enhancements of transmission control protocol over satellite networks.”

–	Recommendation ITU-R S.1716 –“Performance and availability objectives for fixed-satellite service telemetry, tracking, and command systems.”

–	Recommendation ITU-R S.1855 – “Alternative reference radiation pattern for earth station antennas used with satellites in the geostationary-satellite orbit for use in coordination and/or interference assessment in the frequency range from 2 to 31 GHz.”

–	Recommendation ITU-R S.1856 – “Methodologies for determining whether an IMT station at a given location operating in the band 3 400-3 600 MHz would transmit without exceeding the power flux-density limits in the Radio Regulations Nos. 5.430A, 5.432A, 5.432B and 5.433A”.

Table 3-1

Relevant frequency bands allocated to the fixed-satellite service on a primary basis

		Frequency ranges 
(in MHz)

		Allocation of the fixed-satellite service (in MHz) on a primary basis

		Applicable studies already 
performed in ITU-R



		3 400-5 000

		3 400-4 200 (space-to-Earth)

4 500-4 800 (space-to-Earth)

		(Protection criteria and system characteristics)

Rep. ITU-R M.2109
Rep. ITU-R S.2199
(See also ITU-R deliverables referenced 
in this Report)

(Sharing studies)

Rep. ITU-R M.2109

Rep. ITU-R S.2199

Rec. ITU-R S.1856



		5 725-5 850

		5 725-5 830 (Earth-to-space)

5 830-5 850 (Earth-to-space)

		Rec. ITU-R S.672

Rec. ITU-R S.1432

Rep. ITU-R F.2240



		5 850-6 425

		5 850-6 425 (Earth-to-space)

		





Information on sharing and compatibility studies, including on the deployment and usage of FSS systems, which may be relevant for sharing studies to be carried out in JTG 4-5-6-7 can also be found in Documents 4-5-6-7/10, 28, 29, 35, 94 (in particular Annex 1) and 107.

2	Mobile-satellite service

Table 3-2 summarizes the frequency bands allocated to the mobile-satellite service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, applicable studies already performed in ITU-R and contributions received by JTG 4-5-6-7 providing technical information.

Among the bands allocated to the mobile-satellite service listed in Table 3-2, the frequency bands 1 518‑1 525 MHz and 1 668.4-1 675 MHz are also allocated to the mobile service on a primary basis.

The most recent versions of the following ITU-R publications concerning sharing issues are relevant for the work in JTG 4-5-6-7.

–	Recommendation ITU-R M.1091 – “Reference off-axis radiation patterns for mobile earth station antennas operating in the land mobile-satellite service in the frequency range 1 to 3 GHz”.

–	Recommendation ITU-R M.1184 – “Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service (MSS) and other services”.

–	Recommendation ITU-R M.1229 – “Performance objectives for the digital aeronautical mobile-satellite service (AMSS) channels operating in the bands 1 525 to 1 559 MHz and 1 626.5 to 1 660.5 MHz not forming part of the ISDN”. 

–	Recommendation ITU-R M.1475 – “Methodology for derivation of performance objectives of non-geostationary mobile-satellite service systems operating in the 1‑3 GHz band not using satellite diversity”.

–	Recommendation ITU-R M.1799 – “Sharing between the mobile service and the mobile-satellite service in the band 1 668.4-1 675 MHz”.

Table 3-2

Relevant frequency bands allocated to the mobile-satellite service on a primary basis

		Frequency ranges 
(in MHz)

		Allocation of the mobile-satellite service (in MHz) on a primary basis

		Applicable studies already performed in ITU-R



		1 000-1 700

		1 518-1 559 (space-to-Earth)

1 610-1 660.5 (Earth-to-space)

1 668-1 675 (Earth-to-space)

		(System characteristics)

Rec. ITU-R M.1184

(Ref. ant. pattern)

Rec. ITU-R M.1091

(AMSS performance objectives)

Rec. ITU-R M.1229

(Non-GSO performance objectives)

Rec. ITU-R M.1475

(Sharing Studies)

Rec. ITU-R M.1799





Information on the deployment and usage of MSS systems which may be relevant for sharing studies to be carried out in JTG 4-5-6-7 can also be found in Document 4-5-6-7/94.

3	Broadcasting-satellite service

Table 3-3 summarizes the frequency bands allocated to the broadcasting-satellite service on a primary basis within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, applicable studies already performed in ITU-R and contributions received by JTG 4-5-6-7 providing technical information.

The frequency band 1 452-1 492 MHz is allocated to the broadcasting-satellite and mobile services on a co‑primary basis. 

The most recent versions of the following ITU-R publications concerning sharing issues are relevant for the work in JTG 4-5-6-7.

–	Report ITU-R BO.631 – “Frequency sharing between the broadcasting-satellite service (sound and television) and terrestrial services.”

–	Report ITU-R BO.634 – “Measured interference protection ratios for planning television broadcasting systems.”

–	Recommendation ITU-R BO.1293 – “Protection masks and associated calculation methods for interference into broadcast-satellite systems involving digital emissions.”

–	Recommendation ITU-R BO.1773 – “Criterion to assess the impact of interference to the broadcasting-satellite service from emissions of devices without a corresponding frequency allocation in the Radio Regulations, that produce fundamental emissions in the frequency bands allocated to the broadcasting satellite service.”

–	Recommendation ITU-R M.1388 – “Threshold levels to determine the need to coordinate between space stations in the broadcasting-satellite service (sound) and particular systems in the land mobile service in the band 1 452-1 492 MHz”.

Table 3-3

Relevant frequency bands allocated to the broadcasting-satellite service on a primary basis

		Frequency ranges 
(in MHz)

		Allocation of the broadcasting-satellite service (in MHz) on a primary basis

		Applicable studies already performed in ITU-R



		1 000-1 700

		1 452-1 492

		(Sharing studies)

Rec. ITU-R M.1388





4	Radiodetermination-satellite service and radionavigation-satellite service

Table 3-4 summarizes the frequency bands allocated to the radiodetermination-satellite service and radionavigation-satellite service within the suitable frequency ranges indicated by WP 5D in Document 4-5-6-7/46, applicable studies already performed in ITU-R and contributions received by JTG 4-5-6-7 providing technical information.

The frequency band 1 610-1626.5 MHz, which is allocated to the radiodetermination-satellite service in Region 2, is not allocated to the mobile services. Furthermore, the frequency bands allocated to the radionavigation-satellite service listed in Table YY-4 are not allocated to the mobile services on a primary basis.

The most recent revisions of the following ITU-R publications concerning the radionavigation-satellite services in the frequency bands 1 164-1 350 MHz and 1 559-1 610 MHz are relevant for the work in the JTG.

–	Report ITU-R M.2235 – “Aeronautical mobile (route) service sharing studies in the frequency band 960-1 164 MHz”, in particular sections 7 and 8.  
NOTE – The protection criteria for RNSS in the 1 164-1 215 MHz band from 
non-pulsed emissions from AM(R)S in the 960-1 164 MHz band are reflected in Resolution 417 (Rev.WRC‑12).  

–	Report ITU-R M.2236 – “Compatibility study to support the line of sight control and non-payload communication links for unmanned aircraft systems proposed in the frequency bands 5 000-5 010 and 5 010-5 030 MHz”.

–	Recommendation ITU-R M.1318 – “Evaluation model for continuous interference from radio sources other than in the radionavigation-satellite service to the radionavigation-satellite service systems and networks operating in the 1 164-1 215 MHz, 1 215‑1 300 MHz, 1 559-1 610 MHz and 5 010-5 030 MHz bands”.

–	Recommendation ITU-R M.1787 – “Description of systems and networks in the radionavigation-satellite service (space-to-Earth and space-to-space) and technical characteristics of transmitting space stations operating in the bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz”.




–	Recommendation ITU-R M.1901 – “Guidance on ITU-R Recommendations related to systems and networks in the radionavigation-satellite service operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz, 1 559-1 610 MHz, 5 000-5 010 MHz and 5 010-5 030 MHz”.

–	Recommendation ITU-R M.1902 – “Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) operating in the band 1 215-1 300 MHz”.

–	Recommendation ITU-R M.1903 – “Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) and receivers in the aeronautical radionavigation service operating in the band 1 559-1 610 MHz”.

–	Recommendation ITU-R M.1904 – “Characteristics, performance requirements and protection criteria for receiving stations of the radionavigation-satellite service 
(space-to-space) operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz”.

–	Recommendation ITU-R M.1905 – “Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) operating in the band 1 164-1 215 MHz”.

–	Recommendation ITU-R M.1906 – “Characteristics and protection criteria of receiving space stations and characteristics of transmitting earth stations in the radionavigation‑satellite service (Earth-to-space) operating in the band 
5 000-5 010 MHz”. 

–	Recommendation ITU-R M.[S-E RX+TX] – “Characteristics and protection criteria of receiving earth stations and characteristics of transmitting space stations of the radionavigation-satellite service (space-to-Earth) operating in the band 
5 010-5 030 MHz”.

Table 3-4

Relevant frequency bands allocated to the radiodetermination-satellite service and 
radionavigation-satellite service on a primary basis 

		Frequency ranges (in MHz)

		Allocation to the radiodetermination-satellite service and radionavigation-satellite service (in MHz) on a primary basis

		Applicable studies already performed in ITU-R



		1 000-1 700

		Radionavigation-satellite service

		1 164-1 300 


1 300-1 350

1 559-1 610

		(space-to-Earth) (space-to-space) 

(Earth-to-space)

(space-to-Earth) 
(space-to-space)

		(Protection criteria and system characteristics)

Rec. ITU-R M.1787

Rec. ITU-R M.1901

Rec. ITU-R M.1902

Rec. ITU-R M.1903

Rec. ITU-R M.1904

Rec. ITU-R M.1905
Rep. ITU-R M.2235

Res. 417 (Rev.WRC-12)



		

		Radiodetermination-satellite service

		1 610-1 626.5



		(Earth-to-space) (Region 2)

		



		3 400-5 000

		Radionavigation-satellite service

		5 000-5 010 

5 010-5 030

		(Earth-to-space) 

(space-to-Earth)
(space-to-space)

		Rep. ITU-R M.2236
Rec. ITU-R M.1906

Rec. ITU-R M.[S-E RX+TX]





Appendix 1

Existing satellite service allocations in the initial list of frequency ranges considered for possible deployment of terrestrial mobile broadband applications, including IMT as indicated by WP 5D in 
Document 4-5-6-7/109 and by WP 5A in 
Document 4-5-6-7/109



NOTE 1 – The mark “X” in the following tables denotes that the respective satellite service is allocated on a primary basis as indicated in the Table of Article 5 of the Radio Regulations. 
The analyses in the following tables are based on the Radio Regulations (Edition 2008) and the Final Acts of WRC-12. 

NOTE 2 – Shaded rows in the following tables indicate that there is no allocation for the satellite services concerned on a primary basis.
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c) Satellite services

		Suitable frequency ranges (in MHz) for deployment of IMT systems

		Frequency bands (in MHz) based on the segments in the Radio Regulation

		Fixed-
Satellite

		Mobile-
satellite

		Broadcasting-
satellite

		Radio determination-
satellite

		Radio navigation-
satellite



		470-694

		470-694*

		

		

		

		

		



		694-790

		694-790*

		

		

		

		

		



		1 000-1 700

		960-1 164

		

		

		

		

		



		

		1 164-1 215

		

		

		

		

		X (space-to-Earth) 
(space-to-space)



		

		1 215-1 240

		

		

		

		

		X (space-to-Earth) 
(space-to-space)



		

		1 240-1 300

		

		

		

		

		X (space-to-Earth) 
(space-to-space)



		

		1 300-1 350

		

		

		

		

		X (Earth-to-space)



		

		1 350-1 400

		

		

		

		

		



		

		1 400-1 427

		

		

		

		

		



		

		1 427-1 429

		

		

		

		

		



		

		1 429-1 452

		

		

		

		

		



		

		1 452-1 492

		

		

		X

		

		



		

		1 492-1 518

		

		

		

		

		



		

		1 518-1 525

		

		X (space-to-Earth)

		

		

		



		

		1 525-1 530

		

		X (space-to-Earth)

		

		

		



		

		1 530-1 535

		

		X (space-to-Earth)

		

		

		



		

		1 535-1 559

		

		X (space-to-Earth)

		

		

		



		

		1 559-1 610

		

		

		

		

		X (space-to-Earth) 
(space-to-space)





		

		1 610-1 610.6

		

		X (Earth-to-space)

		

		X (Earth-to-space) (Region 2)


No. 5.369 (1 610-1 626.5 MHz)

		



		

		1 610.6-1 613.8

		

		X (Earth-to-space)

		

		X (Earth-to-space) (Region 2)



No. 5.369 (1 610-1 626.5 MHz)

		



		

		1 613.8-1 626.5

		

		X (Earth-to-space)

		

		X (Earth-to-space) (Region 2)



No. 5.369 (1 610-1 626.5 MHz)

		



		

		1 626.5-1 660

		

		X (Earth-to-space)

		

		

		



		

		1 660-1 660.5

		

		X (Earth-to-space)

		

		

		



		

		1 660.5-1 668

		

		

		

		

		



		

		1 668-1 668.4

		

		X (Earth-to-space)

		

		

		



		

		1 668.4-1 670

		

		X (Earth-to-space)

		

		

		



		

		1 670-1 675

		

		X (Earth-to-space)

		

		

		



		

		1 675-1 690

		

		

		

		

		



		

		1 690-1 700

		

		

		

		

		



		2 025-2 110

		2 025-2 110

		

		

		

		

		



		2 200-2 290

		2 200-2 290

		

		

		

		

		



		2 700-3 400

		2 700-2 900

		

		

		

		

		



		

		2 900-3 100

		

		

		

		

		



		

		3 100-3 300

		

		

		

		

		



		

		3 300-3 400

		

		

		

		

		



		3 400-5 000

		3 400-3 500*

		X (space-to-Earth)

		

		

		

		



		

		3 500-3 600*

		X (space-to-Earth)

		

		

		

		



		

		3 600-3 700*

		X (space-to-Earth)

		

		

		

		



		

		3 700-4 200*

		X (space-to-Earth)

		

		

		

		



		

		4 200-4 400

		

		

		

		

		



		

		4 400-4 500

		

		

		

		

		



		

		4 500-4 800

		X (space-to-Earth)

		

		

		

		



		

		4 800-4 990

		

		

		

		

		



		

		4 990-5 000

		

		

		

		

		



		

		5 000-5 010

		

		

		

		

		X (Earth-to-space)



		

		5 010-5 030

		

		

		

		

		X (space-to-Earth) (apace-to-space)



		5 350-5 470

		5 350-5 460

		

		

		

		

		



		

		5 460-5 470

		

		

		

		

		



		5 725-5 850

		5 725-5 830

		X (Earth-to-space)

		

		

		

		



		

		5 830-5 850

		X (Earth-to-space)

		

		

		

		



		5 850-6 425

		5 850-5 925

		X (Earth-to-space)

		

		

		

		



		

		5 925-6 700

		X (Earth-to-space)

		

		

		

		



		NOTE * – The segment of this frequency band is not identical to that in the Radio Regulations because different segments are employed in respective Regions.
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Appendix 2

Compilation of material submitted by concerned groups 
on satellite matters

This document contains in the Annexes below a compilation of material relevant for satellite matters submitted to JTG 4-5-6-7 to date by the concerned groups under WRC-15 agenda items 1.1 and 1.2 based on a request from the Chairman of JTG 4-5-6-7 to submit information relevant for the work of JTG 4-5-6-7.

The material in this document reflects the information submitted to-date and is likely to be updated at future meetings of JTG 4-5-6-7 when more information is submitted by the concerned groups in line with the timelines set out in Annex 10 of Administrative Circular CA/201 as already indicated by some of the concerned groups.

This document is intended to provide a consolidated and up-to-date list of material relevant for the work of the SWGs of JTG 4-5-6-7. Additionally, members of JTG 4‑5‑6-7 are encouraged to take this information into account when developing input contributions to JTG 4-5-6-7.

The in-force versions of the Recommendations and Reports listed below can be found at http://www.itu.int/pub/R-REC and http://www.itu.int/pub/R-REP.

1	Technical characteristics and protection criteria for FSS and BSS networks; Recommendations and Reports

	Recommendation ITU-R S.465 – Reference radiation pattern of earth station antennas in the fixed-satellite service for use in coordination and interference assessment in the frequency range from 2 to 31 GHz.

	Recommendation ITU-R S.466 – Maximum permissible level of interference in a telephone channel of a geostationary-satellite network in the fixed-satellite service employing frequency modulation with frequency-division multiplex, caused by other networks of this service.

	Recommendation ITU-R S.483 – Maximum permissible level of interference in a television channel of a geostationary-satellite network in the fixed-satellite service employing frequency modulation, caused by other networks of this service.

–	Recommendation ITU-R S.523 – Maximum permissible levels of interference in a geostationary-satellite network in the fixed-satellite service using 8-bit PCM encoded telephony, caused by other networks of this service.

–	Recommendation ITU-R S.524 – Maximum permissible levels of off-axis e.i.r.p. density from earth stations in geostationary-satellite orbit networks operating in the fixed-satellite service transmitting in the 6 GHz, 13 GHz, 14 GHz and 30 GHz frequency bands.

–	Recommendation ITU-R S.728 – Maximum permissible level of off-axis e.i.r.p. density from very small aperture terminals (VSATs).

Recommendation ITU-R S.735 – Maximum permissible levels of interference in a geostationary-satellite network for an HRDP when forming part of the ISDN in the fixed-satellite service caused by other networks of this service below 15 GHz.

[bookmark: _GoBack]–	Recommendation ITU-R S.1323 – Maximum permissible levels of interference in a satellite network (GSO/FSS; non-GSO/FSS; non-GSO/MSS feeder links) in the 
fixed-satellite service caused by other co-directional FSS networks below 30 GHz.

–	Recommendation ITU-R S.1426 – Aggregate power flux-density limits, at the FSS satellite orbit for radio local area network (RLAN) transmitters operating in the 5 150‑5 250 MHz band sharing frequencies with the FSS (RR No. S5.447A).

–	Recommendation ITU-R S.1427 – Methodology and criterion to assess interference from terrestrial wireless access system/radio local area network transmitters to non‑geostationary-satellite orbit mobile-satellite service feeder links in the band 5 150‑5 250 MHz.

–	Recommendation ITU-R S.1432 – Apportionment of the allowable error performance degradations to fixed-satellite service (FSS) hypothetical reference digital paths arising from time invariant interference for systems operating below 30 GHz.

–	Recommendation ITU-R S.1528 – Satellite antenna radiation patterns for non‑geostationary orbit satellite antennas operating in the fixed-satellite service below 30 GHz.

–	Recommendation ITU-R S.1587 – Technical characteristics of earth stations on board vessels communicating with FSS satellites in the frequency bands 5 925-6 425 MHz and 14-14.5 GHz which are allocated to the fixed-satellite service.

–	Recommendation ITU-R S.1711 – Performance enhancements of transmission control protocol over satellite networks.

–	Recommendation ITU-R S.1716 – Performance and availability objectives for fixed‑satellite service telemetry, tracking, and command systems.

–	Recommendation ITU-R S.1855 – Alternative reference radiation pattern for earth station antennas used with satellites in the geostationary-satellite orbit for use in coordination and/or interference assessment in the frequency range from 2 to 31 GHz.

–	Recommendation ITU-R S.1856 – Methodologies for determining whether an IMT station at a given location operating in the band 3 400-3 600 MHz would transmit without exceeding the power flux-density limits in the Radio Regulations Nos. 5.430A, 5.432A, 5.432B and 5.433A.

–	Recommendation ITU-R BO.652 – Reference patterns for earth station and satellite antennas for the broadcasting satellite service in the 12 GHz band and for the associated feeder links in the 14 GHz and 17 GHz bands.

–	Recommendation ITU-R BO.792 – Interference protection ratios for the broadcasting-satellite service (television) in the 12 GHz band.

–	Recommendation ITU-R BO.1213 – Reference receiving earth station antenna pattern for the broadcasting-satellite service in the 11.7-12.75 GHz band.

–	Recommendation ITU-R BO.1293 – Protection masks and associated calculation methods for interference into broadcast-satellite systems involving digital emissions.

–	Recommendation ITU-R BO.1773 – Criterion to assess the impact of interference to the broadcasting-satellite service from emissions of devices without a corresponding frequency allocation in the Radio Regulations, that produce fundamental emissions in the frequency bands allocated to the broadcasting satellite service.

–	Recommendation ITU-R BO.1776 – Maximum power flux-density for the broadcasting-satellite service in the band 21.4-22.0 GHz in Regions 1 and 3.

–	Recommendation ITU-R BO.1898 – Power flux-density value required for the protection of receiving earth stations in the broadcasting-satellite service in Regions 1 and 3 from emissions by a station in the fixed and/or mobile services in the band 21.4‑22 GHz.

–	Recommendation ITU-R BO.1900 – Reference receive earth station antenna pattern for the broadcasting-satellite service in the band 21.4-22 GHz in Regions 1 and 3.

–	Report ITU-R M.2109 – Sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 and 4 500-4 800 MHz frequency bands.

–	Report ITU-R S.2199 – Studies on compatibility of broadband wireless access (BWA) systems and fixed-satellite service (FSS) networks in the 3 400-4 200 MHz band.

–	Report ITU-R BO.631 – Frequency sharing between the broadcasting-satellite service (sound and television) and terrestrial services.

–	Report ITU-R BO.634 – Measured interference protection ratios for planning television broadcasting systems.

See Resolution 549 (WRC-07) for reference to relevant BSS assignments with associated technical parameters of systems and the use of the frequency band 620-790 MHz.

2	Technical characteristics and protection criteria for MSS, RDSS and RNSS; Recommendations and Reports

–	Recommendation ITU-R M.1039 – “Co-frequency sharing between stations in the mobile service below 1 GHz and mobile earth stations of non-geostationary mobile‑satellite systems (Earth-space) using frequency division multiple access (FDMA)”.

–	Recommendation ITU-R M.1091 – “Reference off-axis radiation patterns for mobile earth station antennas operating in the land mobile-satellite service in the frequency range 1 to 3 GHz”.

–	Recommendation ITU-R M.1184 – “Technical characteristics of mobile satellite systems in the frequency bands below 3 GHz for use in developing criteria for sharing between the mobile-satellite service (MSS) and other services”.

–	Recommendation ITU-R M.1229 – “Performance objectives for the digital aeronautical mobile-satellite service (AMSS) channels operating in the bands 1 525 to 1 559 MHz and 1 626.5 to 1 660.5 MHz not forming part of the ISDN”.

–	Recommendation ITU-R S.1427 – “Methodology and criterion to assess interference from terrestrial wireless access system/radio local area network transmitters to non‑geostationary-satellite orbit mobile-satellite service feeder links in the band 5 150‑5 250 MHz”.

–	Recommendation ITU-R M.1318 – “Evaluation model for continuous interference from radio sources other than in the radionavigation-satellite service to the radionavigation‑satellite service systems and networks operating in the 1 164‑1 215 MHz, 1 215‑1 300 MHz, 1 559-1 610 MHz and 5 010-5 030 MHz bands”.

–	Recommendation ITU-R M.1454 – “e.i.r.p. density limit and operational restrictions for RLANS or other wireless access transmitters in order to ensure the protection of feeder links of non-geostationary systems in the mobile-satellite service in the frequency band 5 150-5 250 MHz”.

	Recommendation ITU-R M.1787 – “Description of systems and networks in the radionavigation-satellite service (space-to-Earth and space-to-space) and technical characteristics of transmitting space stations operating in the bands 1 164-1 215 MHz 1 215-1 300 MHz and 1 559-1 610 MHz”.

	Recommendation ITU-R M.1901 – “Guidance on ITU-R Recommendations related to systems and networks in the radionavigation-satellite service operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz, 1 559-1 610 MHz, 5 000-5 010 MHz and 5 010-5 030 MHz”.

	Recommendation ITU-R M.1902 – “Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) operating in the band 1 215-1 300 MHz”.

	Recommendation ITU-R M.1903 – “Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) and receivers in the aeronautical radionavigation service operating in the band 1 559-1 610 MHz”.

	Recommendation ITU-R M.1904 – “Characteristics, performance requirements and protection criteria for receiving stations of the radionavigation-satellite service (space‑to-space) operating in the frequency bands 1 164-1 215 MHz, 1 215-1 300 MHz and 1 559-1 610 MHz”.

	Recommendation ITU-R M.1905 – “Characteristics and protection criteria for receiving earth stations in the radionavigation-satellite service (space-to-Earth) operating in the band 1 164-1 215 MHz”.

	Recommendation ITU-R M.1906 – “Characteristics and protection criteria of receiving space stations and characteristics of transmitting earth stations in the radionavigation‑satellite service (Earth-to-space) operating in the band 5 000‑5 010 MHz”.

	Report ITU-R M.2041 – “Sharing and adjacent band compatibility in the 2.5 GHz band between the terrestrial and satellite components of IMT-2000”.

	Report ITU-R M.2221 – “Feasibility of MSS operations in certain frequency bands”.

	Report ITU-R M.2235 – “Aeronautical mobile (route) service sharing studies in the frequency band 960-1 164 MHz”, in particular Sections 7 and 8.  NOTE ‑ The protection criteria for RNSS in the 1 164-1 215 MHz band from non‑pulsed emissions from AM(R)S in the 960-1 164 MHz band are reflected in Resolution 417 (Rev.WRC‑12).

–	Report ITU-R M.2236 – “Compatibility study to support the line of sight control and non-payload communication links for unmanned aircraft systems proposed in the frequency bands 5 000-5 010 and 5 010-5 030 MHz”.

Working Party 4C would also like to indicate that it recently approved the draft new Recommendation ITU-R M.[S-E Rx+Tx] – “Characteristics and protection criteria of receiving earth stations and characteristics of transmitting space stations of the radionavigation-satellite service (space-to-Earth) operating in the band 5 010-5 030 MHz”. This Recommendation was adopted by the September 2012 meeting of Study Group 4 with minor editorial changes  and subsequently has been sent out for approval by consultation in accordance with § 10.4 of Resolution ITU-R 1-6.

See also Resolution 205 (Rev.WRC-12) – “Protection of the systems operating in the mobile-satellite service in the band 406-406.1 MHz”.

Appendix 3

Characteristics and protection criteria of satellites in the 3 400-4 200, 
4 500-4 800 MHz and 5 850-6 700 bands





Appendix 4

Typical parameters of BSS (sound) systems for compatibility study with IMT systems on the 1 452-1 492 MHz frequency band

NOTE – Further action on the use of this information is pending resolution of the issue under discussion in the plenary of JTG 4-5-6-7 on the appropriateness of this approach.










ATTACHMENT 4

Source:	Documents 4-5-6-7/42 (Annex 4 to Attachment 2), 45, 46, 70, 71 
(Attachment 4 and table (d) of Attachment 5), 137, 220

ITU-R Recommendations and Reports relevant to the science services 
in the suitable frequency ranges listed by WPs 5A and 5D

This Attachment provides lists of ITU-R Recommendations and Reports dealing with performance, interference and protection criteria, system characteristics and sharing studies already performed in the ITU-R relevant to the science services in the suitable frequency ranges listed by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220.  The information is grouped by service and frequency range related to:

–	the space operation service (section 1);

–	the space research service (section 2);

–	the meteorological-satellite service (section 3);

–	the meteorological aids service (section 4);

–	the Earth exploration-satellite service (section 5);

–	the radio astronomy service (section 6).

Table 4-1 provides an overview on the existing allocations to the science services in frequency bands listed by WPs 5A and 5D.

The mark “X” denotes the respective radiocommunication services that are allocated on a primary basis as indicated in the Table of Frequency Allocations of Article 5 of the Radio Regulations; however the development of this table does not take into account the primary services indicated in the footnotes of the Table of Frequency Allocations. The “X” are hyperlinked to the corresponding sections.
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Table 4-1

Existing science services in the list of frequency ranges indicated by 
WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges
(in MHz)

		Frequency bands
(in MHz)

		Space 
operation

		Space
research

		Meteorological-
satellite

		Meteorological
aids

		Earth exploration-
satellite

		Radio
Astronomy

		(For reference)
Mobile



		410-430

		410-420

		

		X (space-to-space)

		

		

		

		

		X



		

		420-430

		

		

		

		

		

		

		X



		470-694

		470-694*

		

		

		

		

		

		X (Region 2: 608-614)

		X (Region 3)



		694-790

		694-790*

		

		

		

		

		

		

		X (Region 1: the allocation in resolves 1 of Res. 232 (WRC-12) is effective immediately after WRC-15)

X (Region 2: 698-790)

X (Region 3)



		1 000-1 700

		960-1 164

		

		

		

		

		

		

		



		

		1 164-1 215

		

		

		

		

		

		

		



		

		1 215-1 240

		

		X (active)

		

		

		X (active)

		

		



		

		1 240-1 300

		

		X (active)

		

		

		X (active)

		

		



		

		1 300-1 350

		

		

		

		

		

		

		



		

		1 350-1 400

		

		

		

		

		

		

		X (Region 1)



		

		1 400-1 427[footnoteRef:6] [6: 	According to RR No. 5.340 all emissions are prohibited in the frequency band 1 400-1 427 MHz.] 


		

		X (passive)

		

		

		X (passive)

		X

		



		

		1 427-1 429

		X (Earth-to-space)

		

		

		

		

		

		X



		

		1 429-1 452

		

		

		

		

		

		

		X



		

		1 452-1 492

		

		

		

		

		

		

		X



		

		1 492-1 518

		

		

		

		

		

		

		X



		

		1 518-1 525

		

		

		

		

		

		

		X



		

		1 525-1 530

		X (space-to-Earth)

		

		

		

		

		

		



		

		1 530-1 535

		X (space-to-Earth)

		

		

		

		

		

		



		

		1 535-1 559

		

		

		

		

		

		

		



		

		1 559-1 610

		

		

		

		

		

		

		



		

		1 610-1 610.6

		

		

		

		

		

		

		



		

		1 610.6-1 613.8

		

		

		

		

		

		X

		



		

		1 613.8-1 626.5

		

		

		

		

		

		

		



		

		1 626.5-1 660

		

		

		

		

		

		

		



		

		1 660-1 660.5

		

		

		

		

		

		X

		



		

		1 660.5-1 668

		

		X (passive)

		

		

		

		X

		



		

		1 668-1 668.4

		

		X (passive)

		

		

		

		X

		



		

		1 668.4-1 670

		

		

		

		X

		

		X

		X



		

		1 670-1 675

		

		

		X (space-to-Earth)

		X

		

		

		X



		

		1 675-1 690

		

		

		X (space-to-Earth)

		X

		

		

		X



		

		1 690-1 700

		

		

		X (space-to-Earth)

		X

		

		

		



		2 025-2 110

		2 025-2 110

		X (Earth-to-space) 
(space-to-space)

		X (Earth-to-space) 
(space-to-space)

		

		

		X (Earth-to-space) 
(space-to-space)

		

		X



		2 200-2 290

		2 200-2 290

		X (space-to-Earth) 
(space-to-space)

		X (space-to-Earth) 
(space-to-space)

		

		

		X (space-to-Earth) 
(space-to-space)

		

		X



		2 700-3 400

		2 700-2 900

		

		

		

		

		

		

		



		

		2 900-3 100

		

		

		

		

		

		

		



		

		3 100-3 300

		

		

		

		

		

		

		



		

		3 300-3 400

		

		

		

		

		

		

		



		3 400-5 000

		3 400-3 500*

		

		

		

		

		

		

		



		

		3 500-3 600*

		

		

		

		

		

		

		X (Regions 2 and 3)



		

		3 600-3 700*

		

		

		

		

		

		

		X (Regions 2 and 3)



		

		3 700-4 200*

		

		

		

		

		

		

		X (Regions 2 and 3)



		

		4 200-4 400

		

		

		

		

		

		

		



		

		4 400-4 500

		

		

		

		

		

		

		X



		

		4 500-4 800

		

		

		

		

		

		

		X



		

		4 800-4 990

		

		

		

		

		

		

		X



		

		4 990-5 000

		

		

		

		

		

		X

		X



		5 350-5 470

		5 350-5 460

		

		X (active)

		

		

		X (active)

		

		



		

		5 460-5 470

		

		X (active)

		

		

		X (active)

		

		



		5 725-5 850

		5 725-5 830

		

		

		

		

		

		

		



		

		5 830-5 850

		

		

		

		

		

		

		



		5 850-6 425

		5 850-5 925

		

		

		

		

		

		

		X



		

		5 925-6 425

		

		

		

		

		

		

		X



		NOTE * – The segment of this frequency band is not identical to that in the Radio Regulations because different segments are employed in respective Regions.
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[bookmark: _1_Space_operation]1	Space operation service

Table 4-2 summarizes the frequency bands allocated to the space operation service on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.

Among the frequency bands allocated to the space operation service listed in Table 4-2, the frequency bands 1 427-1 429 MHz, 2 025-2 110 MHz, and 2 200-2 290 MHz are also allocated to the mobile service on a primary basis.

Table 4-2 contains applicable information concerning protection criteria, system characteristics and sharing studies already performed in the ITU-R.

Furthermore, Annex 1 to Recommendation ITU-R SA.1154 “Provisions to protect the space research (SR), space operations (SO) and Earth exploration-satellite services (EESS) and to facilitate sharing with the mobile service in the 2 025-2 110 MHz and 2 200-2 290 MHz bands” would be useful for consideration by JTG 4-5-6-7.

Table 4-2

Frequency bands allocated to the space operation service on a primary basis within the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the space operation service (in MHz) on
a primary basis

		Applicable ITU-R Recommendations and Reports



		1 000-1 700

		1 427-1 429 (Earth-to-space)

1 525-1 535 (space-to-Earth)

		(Protection criteria)

Rec. ITU-R SA.363

Rec. ITU-R SA.1743



		2 025-2 110

		2 025-2 110 (Earth-to-space)

(space-to-space)

		(Protection criteria)

Rec. ITU-R SA.363

Rec. ITU-R SA.1154

Rec. ITU-R SA.1155

Rec. ITU-R SA.1743

(Sharing studies)

Rec. ITU-R SA.1154



		2 200-2 290

		2 200-2 290 (space-to-Earth)

(space-to-space)

		(Protection criteria)

Rec. ITU-R SA.363

Rec. ITU-R SA.1154

Rec. ITU-R SA.1155

Rec. ITU-R SA.1743

(Sharing studies)

Rec. ITU-R SA.1154
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2	Space research service

2.1	Space research service communication links

Table 4-3 summarizes the frequency bands allocated to the space research service on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.

Among the frequency bands allocated to the space research service listed in Table 4-3, the frequency bands 410-420 MHz, 2 025-2 110 MHz and 2 200-2 290 MHz are also allocated to the mobile service on a primary basis.

Table 4-3 contains applicable information concerning protection criteria, system characteristics and sharing studies already performed in the ITU-R.

Furthermore, Annex 1 to Recommendation ITU-R SA.1154 “Provisions to protect the space research (SR), space operations (SO) and Earth exploration-satellite services (EESS) and to facilitate sharing with the mobile service in the 2 025-2 110 MHz and 2 200-2 290 MHz bands” would be useful for consideration by JTG 4-5-6-7.

Table 4-3

Frequency bands allocated to the space research service on a primary basis within the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the space research service (in MHz) on
a primary basis(1)

		Applicable ITU-R Recommendations and Reports



		410-430

		410-420 MHz (space-to-space)

		(System characteristics)

Rep. ITU-R SA.2162

(Sharing studies)

Rep. ITU-R SA.2162



		2 025-2 110

		2 025-2 110 (Earth-to-space)

(space-to-space)

		(Protection criteria)

Rec. ITU-R SA.609

Rec. ITU-R SA.1154

Rec. ITU-R SA.1155

Rec. ITU-R SA.1743

(System characteristics)

Rec. ITU-R SA.509

Rec. ITU-R SA.1414

(Sharing studies)

Rec. ITU-R SA.1154



		2 200-2 290

		2 200-2 290 (space-to-Earth)

(space-to-space)

		(Protection criteria)

Rec. ITU-R SA.1154

Rec. ITU-R SA.1155

Rec. ITU-R SA.1743

Rec. ITU-R SA.609

(System characteristics)

Rec. ITU-R SA.509

Rec. ITU-R SA.1414

(Sharing studies)

Rec. ITU-R SA.1154





[bookmark: _2.2_Space_research]2.2	Space research service remote sensing

Table 4-4 summarizes the frequency bands allocated to the space research service (active) and (passive) on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.  Table 4-4 also contains applicable information concerning protection criteria and system characteristics already performed in the ITU-R.

Table 4-4

Frequency bands allocated to the space research service (active) and (passive) on a primary basis within
the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in
Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the space research service (in MHz) on
a primary basis(1)

		Applicable ITU-R Recommendations and Reports



		1 000-1 700

		1 215-1 300 (active)

		(System characteristics)

Rec. ITU-R RS.577

Rec. ITU-R RS.1347

Rec. ITU-R RS.1749



		

		1 400-1 427 (passive)(2)

		(Performance and interference criteria)

Rec. ITU-R RS.2017



		

		1 660.5-1 668.4 (passive)

		



		5 350-5 470

		5 350-5 470 (active)

		(System characteristics)

Rec. ITU-R RS.577



		NOTE (1) – It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.

NOTE (2) – According to RR No. 5.340 all emissions are prohibited in the frequency band 1 400-1 427 MHz.
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Table 4-5 summarizes the frequency bands allocated to the meteorological-satellite service on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.

Among the frequency bands allocated to the meteorological-satellite service listed in Table 4-5, the frequency band 1 670-1 690 MHz is also allocated to the mobile service on a primary basis.

Table 4-5 contains applicable information concerning protection criteria and system characteristics of meteorological-satellite systems.

Table 4-5

Frequency bands allocated to the meteorological-satellite service on a primary basis within the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the meteorological-satellite service (in MHz)
on a primary basis(1)

		Applicable ITU-R Recommendations and Reports



		1 000-1 700

		1 670-1 700 (space-to-Earth)

		(Protection criteria)

Rec. ITU-R SA.1027

Rec. ITU-R SA.1161

(System characteristics)

Rec. ITU-R SA.1159

Rec. ITU-R SA.1162



		NOTE (1) − It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.
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Table 4-6 summarizes the frequency bands allocated to the meteorological aids service on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.

The frequency band 1 668.4-1 690 MHz allocated to the meteorological aids service and listed in Table 4-6 is also allocated to the mobile service on a primary basis.

Table 4-6 contains applicable information concerning protection criteria and system characteristics of meteorological aids applications.

Table 4-6

Frequency bands allocated to the meteorological aids service within the frequency ranges indicated by WP 5A 
in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the meteorological aids service (in MHz) on
a primary basis 

		Applicable ITU-R Recommendations and Reports



		1 000-1 700

		1 668.4-1 700

		(Protection criteria)

Rec. ITU-R RS.1263

(System characteristics)

Rec. ITU-R RS.1165
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Table 4-7 summarizes the frequency bands allocated to the Earth exploration-satellite service on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.

Among the frequency bands allocated to the Earth exploration-satellite service listed in Table 4-7, the frequency bands 2 025-2 110 MHz and 2 200-2 290 MHz are also allocated to the mobile service on a primary basis.

Table 4-7 contains applicable information concerning protection criteria, system characteristics and sharing studies already performed in the ITU-R.

Furthermore, Annex 1 of Recommendation ITU-R SA.1154 “Provisions to protect the space research (SR), space operations (SO) and Earth exploration-satellite services (EESS) and to facilitate sharing with the mobile service in the 2 025-2 110 MHz and 2 200-2 290 MHz bands” would be useful for consideration by JTG 4-5-6-7.

Table 4-7

Frequency bands allocated to the Earth exploration-satellite service on a primary basis within the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the Earth exploration-satellite service (in MHz)
on a primary basis(1)

		Applicable ITU-R Recommendations and Reports



		2 025-2 110

		2 025-2 110 (Earth-to-space)

(space-to-space)

		(Protection criteria)

Rec. ITU-R SA.1154

Rec. ITU-R SA.1155

Rec. ITU-R SA.1164

(System characteristics)

Rec. ITU-R SA.1162

Rec. ITU-R SA.1414

(Sharing studies)

Rec. ITU-R SA.1154



		2 200-2 290

		2 200-2 290 (space-to-Earth)

(space-to-space)

		(Protection criteria)

Rec. ITU-R SA.1154

Rec. ITU-R SA.1155

(System characteristics)

Rec. ITU-R SA.1159

Rec. ITU-R SA.1414

Rec. ITU-R SA.1627

(Sharing studies)

Rec. ITU-R SA.1154



		NOTE (1) − It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.





[bookmark: _5.2_Earth_exploration-satellite]5.2	Earth exploration-satellite service remote sensing

Table 4-8 summarizes the frequency bands allocated to the Earth exploration-satellite service on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 and applicable studies already performed in the ITU-R.

Table 4-8 also contains applicable information concerning protection criteria, system characteristics and compatibility studies already performed in the ITU-R.

Moreover, Report ITU-R SM.2092 “Studies related to the impact of active services allocated in adjacent or nearby bands on Earth exploration-satellite service (passive)” would also be useful in addressing compatibility issues between the Earth exploration-satellite service (passive) in the frequency band 1 400-1 427 MHz and the mobile service in the adjacent frequency bands.

Table 4-8

Frequency bands allocated to the Earth exploration-satellite service (active) and (passive) on a primary basis within the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in
Document 4-5-6-7/46 and 4-5-6-7/220

		Frequency ranges 
(in MHz)

		Allocation to the Earth exploration‑satellite service (in MHz)
on a primary basis(1)

		Applicable ITU-R Recommendations and Reports



		1 000-1 700

		1 215-1 300 (active)

		(Protection criteria)

Rec. ITU-R RS.1166

(System characteristics)

Rec. ITU-R RS.577

Rec. ITU-R RS.1347

Rec. ITU-R RS.1749



		

		1 400-1 427 (passive)(2)

		(Performance and interference criteria)

Rec. ITU-R RS.2017

(System characteristics)

Rec. ITU-R RS.1813

Rec. ITU-R RS.1861

Rec. ITU-R RS.1858

(Compatibility studies)

Rep. ITU-R SM.2092



		5 350-5 470

		5 350-5 470 (active)

		(Protection criteria)

Rec. ITU-R RS.1166

(System characteristics)

Rec. ITU-R RS.577

Rec. ITU-R RS.1632(3)



		NOTE (1) – It should be noted that the adjacent frequency ranges in this column may also need to be taken into account, as appropriate, for compatibility studies.

NOTE (2) – According to RR No. 5.340 all emissions are prohibited in the frequency band 1 400-1 427 MHz.

NOTE (3) – This Recommendation also contains sharing studies on a similar case in the frequency band 5 250‑5 350 MHz.
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Table 4-9 summarizes the frequency bands allocated to the radio astronomy service (not shared) and (shared) on a primary basis within the suitable frequency ranges for deployment of terrestrial mobile broadband applications including IMT as indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46, 4-5-6-7/220.

Among the frequency bands allocated to the radio astronomy service listed in Table 4-9, the frequency bands 1 668.4-1 670 MHz, 4 825-4 835 MHz and 4 990-5 000 MHz are also allocated to the mobile service (except aeronautical mobile) on a primary basis.

Table 4-9 contains applicable information concerning radio astronomy station protection criteria.




Table 4-9

		Frequency bands allocated to the radio astronomy service on a primary basis within the frequency ranges indicated by WP 5A in Document 4-5-6-7/137 and WP 5D in Documents 4-5-6-7/46 and 4-5-6-7/220 frequency ranges 
(in MHz)

		Allocation to the radio astronomy service (in MHz) on
a primary basis

		Applicable ITU-R Recommendations and Reports



		470-694

		608-614 (shared) (Region 2) (2,4)

		(Protection criteria)

Rec. ITU-R RA.769

Rec. ITU-R RA.1513



		1 000-1 700

		1 400-1 427(1)

		



		

		1 610.6-1 613.8 (shared) (4)

1 660-1 670 (shared) (4)

		(Protection criteria)

Rec. ITU-R RA.769

Rec. ITU-R RA.1513



		3 400-5 000

		4 990-5 000 (not shared) (3)

		(Protection criteria)

Rec. ITU-R RA.769

Rec. ITU-R RA.1513



		NOTES 

(1)	According to RR No. 5.340 all emissions are prohibited in the frequency band 1 400-1 427 MHz.

(2) 	RR Nos. 5.305, 5.306 and 5.307 allocate the 608-614 MHz band to the RAS on a primary basis in China, in parts of Africa, and in India, respectively.

(3) 	The band 4 990-5 000 MHz is a passive band in the United States, subject to the national equivalent of RR No. 5.340.

(4) For bands subject to RR No. 5.149, protection criteria for in-band emissions, and for “not-in-band” unwanted emissions from outside these bands, as described in Recommendation ITU-R RA.769 are subject to Recommendation ITU-R RA.1513.

(5) According to RR No. 5.340 all emissions are prohibited in the adjacent frequency band 2 690-2 700 MHz. Compatibility studies with the RAS in this adjacent should be undertaken.










attachment 5

Radiowave propagation information

Working Parties 3K and 3M provided the following information (Documents 4-5-6-7/12, 13, 390(Rev.1) and 391), as currently available information on propagation models with relevance to the work of JTG 4-5-6-7.

Two propagation Recommendations have recently been developed that are, amongst others, relevant to the work required for terrestrial sharing studies relating to WRC-15 agenda items 1.1 and 1.2.  Recommendation ITU-R P.1812 is designed for point-to-area prediction but can be used for area‑to‑point interference prediction for terrestrial services in the VHF and UHF bands.  Recommendation ITU-R P.2001 is specifically designed for Monte Carlo simulation in the frequency range 30 MHz – 50 GHz, and takes into account the full range of time percentages (0‑100 %).  Both Recommendations make use of terrain profiles, which is more appropriate for interference studies involving low terminals. However, these Recommendations do not preclude use of Recommendation ITU-R P.1546 if specific terrain profiles are not taken into account.

A recent revision to Recommendation ITU-R P.528 may also be applicable to the work of JTG 4‑5‑6-7 in relation to sharing studies with aeronautical radionavigation services.

In addition, the table below lists replies to previous liaison statements regarding the particular use of propagation prediction methods which may be relevant to the work of JTG 4-5-6-7.



		Mtg Date

		Input Document

		Response from
WP 3K or 3M



		Sep. 2006

		3M/131: Sharing study between IMT-Advanced systems and radars in the 3 400-3 700 MHz band

		8F/1036



		Sep. 2006

		3M/132: Sharing study between systems beyond IMT-2000 and radars in the ARNS and meteorological service in the2 700-2 900 MHz band

		8F/1037



		Sep. 2006

		3M/140: Sharing study between IMT-Advanced systems and radars in the 2 700-2 900 MHz band and the3 400-3 700 MHz band

		8F/1057



		Apr. 2007

		3M/185: Sharing study between IMT-Advanced systems and FSS: Short‑term propagation mechanisms on interference paths

		8F/1182



		Apr. 2007

		3M/186: Sharing study between IMT-Advanced systems and radars in the 3 400-3 700 MHz band

		8F/1181



		Jan. 2009

		3K/52: Propagation models needed for use in sharing studies at UHF frequencies

		5-6/54



		Jun. 2009

		3K/76: Propagation models needed for use in sharing studies at UHF frequencies

		5-6/90



		Jun. 2009

		3M/81: Sharing studies between aeronautical radionavigation service (ARNS) and mobile service stations in the 790-862 MHz frequency band on WRC-12 agenda item 1.17 

		5-6/92



		Apr.2010

		(Question was an E-mail message from the JTG 5-6 Chairman): Sharing studies between mobile service and aeronautical radionavigation service stations in the frequency band 790-862 MHz according to WRC-12 agenda item 1.17 

		5-6/149



		Nov. 2010

		3M/147: Propagation methods to be used for coexistence studies between mobile services and other services in the UHF band

		5D/887



		Oct. 2011

		3M/176: Usage of buildings information with the propagation model in Recommendation ITU-R P.452

		5D/1166





Working Party 3M has developed a Handbook on the use of radio propagation models for interference prediction and ITU-R sharing studies.

The Handbook is intended to be used in conjunction with ITU-R P-Series Recommendations to assist in performing interference analyses and applying prediction methods on radiocommunication service systems. Detailed sharing scenario examples have been included showing the application of the methods in ITU-R P-Series Recommendations to specific interference analysis scenarios.

Working Party 3M is pleased to announce that the Handbook has been completed and approved during the June 2012 Working Party meetings. The Handbook is available on http://www.itu.int/pub/R-HDB-58.

Appropriate propagation information where a current Recommendation may not seem to be wholly applicable as provided by WP’s 3K and 3M

There are a number of primary services in the UHF band and their characteristics and interference protection criteria are quite diverse. However, since it appears to WP’s 3K and 3M that the focus of the liaison statement from JTG 4-5-6-7 is principally on the requirements for coexistence studies between the mobile service and the broadcast service, our reply is similarly focused. In particular, our reply assumes that the coexistence studies are required to accommodate a wide range of time percentages, as infrequent, but high unwanted signal levels, must be taken into account. Under this assumption, it is relatively straightforward to offer the following general advice.

Recent modifications to Recommendation ITU-R P.1546 

It should be noted that modifications to Recommendation ITU-R P.1546 have been proposed, and are now pending approval and adoption. These revisions extend the range of applicability of the prediction methods of this Recommendation for, among other configurations: very short horizontal distance paths (d ≤ [image: ]1 km) with disparate transmitter and receiver antenna heights; and, for transmitter/base station antenna heights at or below the surrounding clutter height. The modified Recommendation also warns the user that the values of the location variability standard deviations cited in Annex 5, § 12, are not valid for path distances less than 1 km. (Because location variability at path distances less than 1 km may be of concern to JTG 4-5-6-7, note that the location variability for very short suburban paths, when both antennas are below rooftop height, is addressed in Recommendation ITU-R P.1411, Annex 1, § 4.3. Recommendation ITU-R P.1411 provides information for line-of-sight/non-line-of-sight path location variabilities, as a function of distance, for these very short path distances.) This calculation method (Revision 1 to Document 3/39) should be used for coexistence studies by JTG 4-5-6-7, rather than the model found in Document 5-6/180.

Wanted/unwanted signals from broadcast transmitters

If detailed clutter and terrain height elevation information is not available, the wanted signal for the broadcast service should always be computed using Recommendation ITU-R P.1546 at the median time variability quantile, except when building entry loss is expected to be important for interference estimation (see our advice below concerning building entry loss). The same Recommendation can be used at this and lower time variability quantiles for the unwanted signal from the broadcast service (if necessary, taking due account of building entry loss). If detailed location and terrain and clutter height elevation information is available for coexistence studies, then Recommendation ITU-R P.1812 is the more appropriate model, with similar caveats concerning the time variability quantiles.




Wanted/unwanted signals from the mobile service

As recommended above for the broadcast service, the wanted signal for the mobile service should be computed at the median time variability quantile using either Recommendation ITU-R P.1546 or Recommendation ITU-R P.1812, depending on whether or not detailed location and terrain elevation information is available.

For the prediction of the unwanted signal strength there are, making a somewhat approximate distinction, two broad scenarios that may be assumed to apply: unwanted signals from the mobile service at long distances, due, for example, to a network of mobile service base stations (downlink) or user equipment (uplink) that are co-channel to the broadcast service receivers; and unwanted signals at rather short distances, due, for example, to a network of mobile service user equipment (UE) or base stations that are using channels adjacent to that of the broadcast service. Each scenario is of concern.

For the ‘long’ distance scenarios, either Recommendation ITU-R P.1546 or ITU-R P.1812 should be used, with due consideration given to the degree to which the aggregated mobile service path-loss time variability quantile is affected by correlation. The randomness of the mobile service transmitter locations and powers is, in this scenario, not expected to be an important factor for interference estimation. Mean values of these quantities may be sufficient for estimation in coexistence studies.

For the short distance scenarios, particularly with low antenna heights, the time variability of path loss is unlikely to be an important factor in interference estimation, so mean path loss values might also be used. Conversely, the statistics of this interference will be dominated by the randomness associated with the nearest transmitters’ locations and powers. In this regard, note also that Recommendation ITU-R P.1411 is suitable for short paths in urban/suburban environments.

Building-entry loss

Recommendation ITU-R P.1546 does not include loss due to building entry, when either the receiver or transmitter is indoors. Table 6 of Recommendation ITU-R P.1812 provides median values and standard deviations of building entry loss that are suitable for use in interference studies.

Aggregation of time-varying signals

As noted in Documents 4-5-6-7/53 and 3K/39, WP 3K has been studying the topic of the aggregation of time-varying interfering signals. This work has been targeted on the specific issue of evaluating interference at 1% of the time into broadcast receivers in cases where the interfering sources (broadcast or mobile) are many tens of kilometres distant, and hence subject to 
time-varying propagation conditions.

This targeted work has now concluded, and is described in Document 6A/198. In brief, two methods for the aggregation of time-varying interference are proposed: a simple empirical correction; and a more complex, but more general, method suitable for use within Monte Carlo simulations. At its recent meeting, WP 3K offered a number of clarifications on the general method to WP 6A, in response to a request in Document 3K/44.

Propagation model to be used for conducting sharing studies between IMT indoor systems and radar systems in the band 3 300-3 400 MHz

The Chairman of WP 3K has reviewed Document 4-5-6-7/197 and Report ITU-R M.2135. The propagation models put forward in these documents seem most appropriate to mobile system planning exercises, as opposed to electromagnetic compatibility/sharing studies. Firstly, the outdoor propagation model, while consistent with other mobile system planning models, may tend to overestimate the propagation losses to carefully engineered radar sites.

Secondly, there seem to be excessive estimates made for propagation losses due to passage through buildings’ exterior walls and in-building propagation for the outdoor-to-indoor propagation problem of interest to JTG 4-5-6-7.

Given the difficulty of defining specific scenarios, the Chairman of WP 3K is of the view that these studies must be general in nature (point-to-area), whilst allowing for building entry losses. WP 3K does not currently provide a recommendation which readily satisfies these requirements, in this frequency range. In the view of the Chairman of WP 3K however, Recommendation ITU-R P.452 (outdoor propagation effects modelled using general terrain elevation profiles) and Recommendation ITU-R P.1238 or Recommendation ITU-R P.2040-0 (building entry loss) provide ample information on building entry losses. The Chairman believes that these recommendations should be used instead of Report ITU-R M.2135.

[Editor’s Note: Recommendation ITU-R P.2040-0 has completed its adoption and approval procedure. (see Document 3/21)]

Link budget calculations for the user equipment (UE) within a cell with a radius as specified by Working Party 5D

Working Party 5D provided JTG 4-5-6-7 with Monte Carlo simulation assumptions and methodologies for use in modelling IMT networks to assist JTG 4‑5-6-7 in its work of undertaking sharing studies in support of WRC-15 agenda items 1.1 and 1.2 (Document 4-5-6-7/236).

Working Parties 3K and 3M understand that, for some of the sharing and compatibility studies between the broadcast service and the mobile service, JTG 4-5-6-7 must simulate mobile service UE transmit power control behaviour. This is to be done by calculating the UE uplink power based on the predicted basic transmission loss,  (dB), between the UE and its serving base station. The UE uplink power,  (dBm), is calculated as follows:

 (dBm)

with the following typical parameter values liaised by WP 5D: 

 dBm;

 dBm;

 and

 dB.

Furthermore, if a UE’s basic transmission loss with respect to its serving base station exceeds a specified maximum allowable value, which is determined by the base station’s receiver sensitivity, the maximum UE transmit power, etc., then this UE would not be scheduled for transmission in any case.

Therefore, it is important that the propagation model employed by WP 5D to predict the inter-site distance between base stations also be used to predict the UE uplink power, particularly if other, different propagation models yield substantive differences in their basic transmission loss predictions.

At 700 MHz and with typical UE and base station antenna heights, WP 3K confirms that the modified Hata model provided in Report ITU-R SM.2028, when applied to rural/open environments, will predict substantially less basic transmission loss than the model in Recommendation ITU-R P.1546, for short path distances and low antenna heights which are typical of mobile service cell radii (see Figure 1). Therefore, WP’s 3K and 3M suggest that the model in Recommendation ITU-R P.1546 should not be used to predict UE uplink powers.

Figure 1

Comparison between Recommendation ITU-R P.1546 and the modified Hata model, with the
frequency set to 700 MHz and the UE height above ground set to 1.5 m.



The discrepancy between these two models’ basic transmission losses is both remarkable and somewhat troubling. It is thought to be related to the fact that Hata’s correction from urban to rural/open is based on Figure 22 of Okumura, et al [1968], representing the difference between the quasi-maximum of field strength in an ideal open area and the median field strength in an urban area. In Figure 22 of Okumura, et al, the quasi-maximum ideal open area field strength was considered exceptional enough that a separate curve for ‘quasi-open’ conditions was added, which gives around 5 dB higher loss at 700 MHz (this was not included in the Hata formulation). Therefore, the Chairmen of WP’s 3K and 3M suggest that it would be useful to fully characterize all of the details of the “variant” of the modified Hata model used for system planning purposes by WP 5D.

Comments concerning the choice of propagation model to be used to predict interference from the mobile service uplink into the broadcast service receivers

The Chairmen of WP’s 3K and 3M note that JTG 4-5-6-7 has established a framework for sharing and compatibility studies that, for assessment of interference from the mobile service UE uplinks into broadcast service receivers, “the modified Hata model of Report ITU-R SM.2028 will be used together with all other parameters provided by WP 5D”.

The modified Hata model found in Report ITU-R SM.2028 has certain features in common with the COST-Hata model, notably, the adoption of a modified constant and frequency dependence for the basic transmission loss for frequencies greater than 1 500 MHz and less than or equal to 2 000 MHz. The COST-Hata model’s (and the original Hata model’s) applicable distance range is 1 ‑ 20 km, the applicable mobile height range is 1-10 m and the applicable base height range is 
30-200 m. (The original Hata model’s applicable frequency range is 150-1 500 MHz). The modified Hata model differs from the COST-Hata model in:

–	extensions of the applicable distance range to 0-100 km (though the upper limit is not given explicitly); 

–	extensions of the applicable frequency range to 30-150 MHz and 2 000-3 000 MHz; and

–	the addition of a modification of the mobile height gain function, , and, also, the addition of a base height gain function, . 

These changes to the height gain functions might seem to extend the range of applicability of the original Hata model’s (and the COST-Hata model’s) base and mobile antenna height ranges and, in particular, to overcome the constraint noted in the COST-231 Report that the model should not be used for base station heights below the adjacent roof-top levels. However, the modified Hata model’s base station height gain function does not correctly treat the case of a base station whose height is below the surrounding clutter height in a general fashion.

In contrast with the original Hata and the COST-Hata models, where there is a clear distinction and, further, no overlap between the mobile and base heights, the modified Hata model in Report ITU‑R SM.2028 appears to relax these classes. Report ITU-R SM.2028 simply states that the lower of the two antenna heights should be assigned to the mobile. It should be noted, however, that the modified Hata model given in Report ITU-R SM.2028 is not reciprocal under exchange of the two terminals. No guidance is given on the applicable range of antenna heights, other than the note that if either antenna height is less than 1 m, a value of 1 m should be used along with the warning that the use of antenna heights greater than 200 m might also lead to significant errors. As a practical matter, the mobile height is limited to values less than or equal to 10 m, with a subsequent decrease in loss of  for heights greater than 10 m. The opposite adjustment is made for 0 m. These height gain behaviours have implicit (and poorly understood) clutter heights built in, about which it can only be said that these clutter heights are between approximately 10 m and 30 m in height for the mobile and base terminals, respectively.  Note, however, there is no justification for assuming the logarithmic height dependence below that clutter height.

Recommendation ITU-R P.1546 gives values of nominal/reference clutter heights which may be used for calculation of urban/suburban/rural clutter losses. These clutter heights will generally yield propagation losses that are larger than the modified Hata model’s propagation losses for the same clutter category, especially so if the base station height is below the local clutter height.  These nominal clutter heights have been chosen to produce the best correspondence to the limited propagation measurement data sets available to Study Group 3. These nominal heights have not been chosen to give the best match to the modified Hata model’s predictions.

Note also, that, in the modified Hata model, a different base station height gain function adjustment is applied to the base station height in the case of ‘short range devices in the case of low base station antenna heights’ (neither of which subject distance and height ranges are defined). This height gain function appears only to be applicable to devices that are very nearly inter-visible to the base station in long urban canyons. The Chairmen of WP’s 3K and 3M make no further comment on this aspect of the base station height gain function, other than to note that this seems to be a special case which may lead to more, instead of less, scenario-dependent results. In particular, it is viewed to be very inapplicable to most long distance paths that might be of interest.

If it is assumed that, for outdoor scenarios, the mobile service UE height is generally lower than the broadcast service receiver antenna height, then, as long as the UE height is within the height range of 1 – 10 m, the modified Hata model’s mobile height gain might be assumed to be applicable. However, the applicability of the modified Hata model’s base station height gain for broadcast service receive antenna heights that are less than 30 m height is questionable, unless it is in an uncluttered location.

Another issue with the modified Hata model found in Report ITU-R SM.2028 concerns the standard deviation for the lognormal distribution, which can be as large as 12 dB for propagation above rooftops and 17 dB for propagation below rooftops for path lengths between 100-200 m. Because the slope of the modified Hata model (with respect to ) is greater than 20, that model will, in some cases, predict losses less than free space in this distance range. The instruction given is to limit the median loss to the free space value, but the very large values of the standard deviation may lead to unphysical results for (combined) time and location percentages less than 50%.

In most cases, for interference predictions where the UE and broadcast service receiver both have urban and/or rural locations, the UEs’ uplink/transmit powers will be lower using the modified Hata model than if these were computed using Recommendation ITU-R P.1546 model with nominal clutter heights. Moreover, for short distances and nominal clutter heights, say, less than about 20 km, between the UEs and a broadcast service receiver, the basic transmission losses will also be lower using the modified Hata model, offsetting somewhat the reduction in the UEs’ transmit powers. However, the discrepancy between the propagation models is so large, at, say, distances corresponding to 122 dB of basic transmission loss, that it is hard to estimate the efficacy of these interference predictions. Note also that the discrepancy increases with increasing distance.
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Rural/Open Comparison (h1=30 m): P.1546 vs. Modified Hata
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Characteristics of terrestrial IMT-Advanced systems for
frequency sharing/interference analyses





IMT systems have been the main method of delivering wide area mobile broadband applications. In order to accommodate increasing amount of mobile traffic and user demand for higher data rates, IMT-Advanced which is evolution of IMT-2000, is planned to be deployed in the world.


Frequency sharing studies and interference analyses involving IMT systems and other systems and services operating in the same or the adjacent bands may need to be undertaken within ITU-R. To perform the necessary sharing studies between IMT systems and systems in other services, characteristics of the terrestrial component of IMT-Advanced systems are needed.


This Report provides the baseline characteristics of terrestrial IMT-Advanced systems for use of sharing and compatibility studies between IMT-Advanced systems and other systems and services. 


It should be noted that in case of parameters having a range of values, ‘typical’ values should be used in sharing studies, where applicable.


1	Relevant ITU-R Reports and Recommendations


· Report ITU-R M.2039, “Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses”


· Report ITU-R M.2030 – Coexistence between IMT-2000 time division duplex and frequency division duplex terrestrial radio interface technologies around 2 600 MHz operating in adjacent bands and in the same geographical area.


· Report ITU-R M.2031 – Compatibility between WCDMA 1800 downlink and GSM 1900 uplink, addresses adjacent band compatibility at 1 850 MHz.


· Report ITU-R M.2045 – Mitigating techniques to address coexistence between IMT‑2000 time division duplex and frequency division duplex radio interface technologies within the frequency range 2 500‑2 690 MHz operating in adjacent bands and in the same geographical area.


· Report ITU-R M.2109 – Sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 MHz and 4 500-4 800 MHz frequency bands.


· Report ITU-R M.2110 – Sharing studies between radiocommunication services and IMT systems operating in the 450-470 MHz band.


· Report ITU-R M.2111 – Sharing studies between IMT-Advanced and the radiolocation service in the 3 400-3 700 MHz band.


· Report ITU-R M.2112 – Compatibility/sharing of airport surveillance radars and meteorological radar with IMT systems within the 2 700‑2 900 MHz band.


· Report ITU-R M.2113 – Report on sharing studies in the 2 500-2 690 MHz band between IMT‑2000 and fixed broadband wireless access systems including nomadic applications in the same geographical area.


· Report ITU-R M.2146 – Coexistence between IMT-2000 CDMA-DS and IMT-2000 OFDMA TDD WMAN in the 2 500-2 690 MHz band operating in adjacent bands in the same area.


· Report ITU-R M.2241 – Compatibility studies in relation to Resolution 224 in the bands 698‑806 MHz and 790-862 MHz.


· Recommendation ITU-R M.1036 – Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) identified for IMT in the Radio Regulations.


· Recommendation ITU-R M.1457 – Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications-2000 (IMT-2000).


· Recommendation ITU-R M.1580 – Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-2000.


· Recommendation ITU-R M.1581 – Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-2000.


· Recommendation ITU-R M.1635 – General methodology for assessing the potential for interference between IMT-2000 or systems beyond IMT-2000 and other services.


· Recommendation ITU-R M.2012 – Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications Advanced (IMT‑Advanced).


· Recommendation ITU-R M.1646 – Parameters to be used in co-frequency sharing and pfd threshold studies between terrestrial IMT-2000 and BSS (sound) in the 2 630‑2 655 MHz band.


· Recommendation ITU-R M.1654 – A methodology to assess interference from broadcasting‑satellite service (sound) into terrestrial IMT‑2000 systems intending to use the band 2 630‑2 655 MHz.


Additionally WP 5D would like to point out that Documents 5-6/106, 5-6/140 and Annex 2 of 5‑6/180 were developed during the last study period to assist JTG 5-6 and contain further developed information on IMT characteristics and system deployment and may be relevant for the work of JTG 4-5-6-7. Section 2.2.3 of Report ITU-R M.2241 also provides guidance how to interpret some of these parameters when used in detailed sharing studies.


2	Specification-related parameters


The following parameters in Table A are specification-related parameters of IMT-Advanced. 









Table A


IMT-Advanced specification related parameters








			


			


			IMT-Advanced 





			


			Duplex mode


			FDD


			TDD





			No.


			Parameter


			Base station


			Mobile station


			Base station


			Mobile station





			1


			Channel bandwidth (MHz)(1)


			1.4, 3, 5, 10, 15 and 20


			1.4, 3, 5, 10, 15 and 20





			2


			Signal bandwidth (MHZ)(1)


			1.08, 2.7, 4.5, 9, 13.5 and 18


			1.08, 2.7, 4.5, 9, 13.5 and 18





			3


			Transmitter characteristics


			


			


			


			





			3.3


			Power dynamic Range (dB)


			(2)


			63(18)


			(2)


			63(18)





			


			Polarization discrimination (dB)


			3(19)


			0


			3(19)


			0





			3.4


			Spectral mask


			(3) (17)


			(4) (17)


			(3) (17)


			(4) (17)





			3.5


			ACLR


			(5)(17)


			(6)(17)


			(5)(17)


			(6) (17)





			3.6


			Maximum output power


			(7)


			(8)


			(7)


			(8)





			3.7


			Spurious emissions


			(15), (17)


			(16), (17)


			(15), (17)


			(16), (17)





			4


			Receiver characteristics


			


			


			


			





			4.1


			Noise Figure


			5 dB


			9 dB


			5 dB


			9 dB





			4.2


			Sensitivity


			(9)


			(10)


			(9)


			(10)





			4.3


			Blocking response


			(11)


			(12)


			(11)


			(12)





			4.4


			ACS


			(13)


			(14)


			(13)


			(14)








Notes to the table


(1)	See 3GPP Document TS 36.101 v.11.2.0, §5.6. Signal bandwidth in MHz corresponds to “Transmission bandwidth configuration*0.180”.


(2)	See 3GPP Document TS 36.104 v.11.2.0, § 6.3.2.1.


(3)	See 3GPP Document: TS 36 104 v 11.2.0, § 6.6.3. 


(4)	See 3GPP Document: TS 36 101 v 11.2.0, § 6.6.2.1, 6.6.2.1A, 6.6.2.2 and 6.6.2.2A describe UE spectrum emissions masks for different channel bandwidths. In case multiple UEs are transmitting simultaneously on the same carrier they will share the available radio blocks. As the actual transmission bandwidth is thus decreased the unwanted emissions performance might be improved. This may be taken into account during sharing analysis when measurements or detailed models are available.


(5)	See 3GPP Document TS 36.104 v.11.2.0, § 6.6.2.


(6)	See 3GPP Document TS 36.101 v.11.2.0, § 6.6.2.3.


(7)	See 3GPP Document TS 36.104 v.11.2.0, § 6.2.


(8)	See 3GPP Document TS 36.101 v.11.2.0, § 6.2.


(9)	See 3GPP Document TS 36.104 v.11.2.0, § 7.2.


(10)	See 3GPP Document TS 36.101 v.11.2.0, § 7.3.


(11)	See 3GPP Document TS 36.104 v.11.2.0, § 7.6.


(12)	See 3GPP Document TS 36.101 v.11.2.0, § 7.6 and § 7.7.


(13)	See 3GPP Document TS 36.104 v.11.2.0, § 7.5.


(14)	See 3GPP Document TS 36.101 v.11.2.0, § 7.5.


(15)	See 3GPP Document TS 36.104 v.11.2.0, § 6.6.4.


(16)	See 3GPP Document TS 36.101 v.11.2.0, § 6.6.3.


(17)	These unwanted emission limits are the upper limits from SDO specifications for laboratory testing with maximum transmitting power. It is assumed that when the in-band transmitting power is reduced by x dB through power control, the unwanted emission levels would be reduced by x dB in consequence in the coexistence simulations.


(18)	See 3GPP Document TS 36.101 v.11.2.0, § 6.3.


(19)	Typically base stations today use cross-polarized antennas (two sets of dipoles slanted at ±45° against the horizontal plane), usually transmitting on one of the two polarisation paths (either +45° or −45° for a given frequency) whilst receiving on both paths (to achieve polarisation diversity). Such signals provide an isolation of 3 dB against both horizontally and vertically polarized signals (e.g. DVB-T signals) due to cross-polarisation discrimination.





REFERENCES for Section 2


(Documents publically available at http://www.3gpp.org/specification-numbering)


[1]	TR 25.942 v 11.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; RF System Scenarios (Release 11).


[2]	TS 36.101 v.11.2.0, 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception (Release 11).


[3]	TS 36.104 v.11.2.0, 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception (Release 11).


[4]	TR 36.942 V11.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios (Release 11) – Note this is a working document. 


[5]	3GPP TR 36.912 v11.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Feasibility study for Further Advancements for E-UTRA (LTE-Advanced) (Release 11) – Section 16.






3	Deployment-related parameters 


This section describes and proposes values for typical deployment parameters for different deployment scenarios and in different frequency bands. In many cases the values of these parameters vary within a range, but to facilitate sharing studies wherever possible a single value has been chosen that is representative for use in sharing studies. 


These parameter values are appropriate for studies concerning the impact of a single IMT cell operating in the presence of another system/service. For some parameters such as transmitted power levels, however, studies to assess the impact of an entire IMT network will in some cases need to take account of the varying nature of an IMT network, in particular power control.  Inter-cell interference must be minimised and parameters such as power levels adjusted in order to optimize the operational performance and capacity of the network.


3.1	Base station characteristics and cell structure


Deployment-dependent parameters describing the cell structure and other base station related parameters needed to conduct sharing studies are summarized below. In addition, it should be stressed that in the sharing studies it is necessary to select the appropriate deployment type (macro rural/suburban/urban, small cell outdoor/indoor), that corresponds to expected usage of a certain frequency band, as indicated in the parameter tables. For nationwide studies a combination of deployment types could be considered.


3.1.2	Cell size and base station density


Figure 1


Macro cell geometry
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Figure 1 illustrates the geometry for a 3-sector deployment, and defines the parameters cell radius (A) and inter-site distance (B). Each cell (also referred to as a sector) is shown as a hexagon, and in this figure there are 3 cells/sectors per base station site. Cell sizes in IMT networks can vary considerably depending on the environment the network is deployed in. Tables B, C, and D indicate typical cell sizes for different types of networks. Sharing studies using cell radii corresponding to urban and suburban deployment should take into account that those are only deployed in limited areas, central areas of large cities and suburban areas. Furthermore, rural deployments often do not cover all areas in a country/region, as coverage may be provided by other frequency bands, therefore assuming that rural cells have complete coverage will overestimate interference in most of the cases. 


Indoor urban cell sizes will also vary depending on frequency band and the configuration of the building interior.


3.1.3	Antenna height


Typical antenna heights above ground level when deploying IMT networks are indicated in Tables B, C, and D for each type of network. Antennas deployed in indoor urban environments may vary in height depending on the building configuration. 


3.1.4	Sectorization


The number of sectors used per site is an important factor to take into account when undertaking sharing studies for compatibility between IMT and other services. It is assumed that the most common way to deploy macro base stations in an IMT network is to use 3 sectors with an azimuthal spacing of 120 degrees at each site. For small cell deployments it is assumed that one sector is being used.  


3.1.5	Downtilt


Typical downtilt used in IMT networks are indicated in the tables. This includes both the electrical downtilt which is built into the antenna as well as the mechanical downtilt which is applied when mounting the antenna on the cell site (tilt brackets).


3.1.6	Frequency reuse


Typical frequency reuse figures used for IMT networks are 1 or 3 but a frequency re-use of 1 is the most common one and it is proposed to be used for all scenarios. Fractional frequency reuse (FFR) may also be used in some IMT network deployments but this option is not included in the table.


3.1.7	Antenna pattern


Recommendation ITU-R F.1336 has been used in the past when conducting sharing studies. It should be noted that the Recommendation states that “it is essential that every effort be made to utilize the actual antenna pattern in coordination studies and interference assessment” (Note 1 to recommends 1). In the tables below, parameters to be used with Recommendation ITU-R F.1336 are proposed. These parameters apply to recommends 3.1 Annex 10 of the working document towards a preliminary draft new revision of Recommendation ITU-R F.1336, which is shown in Annex 12 of Document 5C/171. The parameters are intended for use in sharing studies. The parameter values are applicable for both average and peak side lobes, noting that the equations for average and peak side lobes are not identical, and are valid in the frequency range 400-6 000 MHz. To implement a tilt it is only necessary to apply a tilt angle value in the equations for the vertical patterns in recommends 3.1 Annex 10 to obtain the corresponding tilted antenna pattern. 


3.1.8	Indoor base station deployment


Base stations are often installed indoors especially in urban areas. Typical percentages of base stations deployed indoors for the different deployment scenarios are indicated in Tables C and D. It is proposed that the floor loss model of Recommendation ITU-R P.1238 is used to determine building penetration loss in the vertical direction (Section 3.1, Table 3). 


3.1.9	Below rooftop base station antenna deployment


When conducting sharing studies it is also important to account for how the antennas are deployed in relation to the surrounding environment, including the clutter. If the antennas are deployed below the rooftop level it might be necessary to use a different propagation model compared to the scenario when the antennas are installed above the roof top level. Tables B, C, and D indicate the typical percentage of base station antennas installed below the rooftop level. An alternative approach could be to add clutter loss to propagation loss calculations.


3.1.10	Maximum and average base station output power


Maximum output powers from base stations are indicated in Tables B, C, and D for each environment. Additionally, typical average activity of a base station and corresponding average output powers during busy hour are indicated in the tables. For further details see Report ITU-R M.2241, section 2.2.3.2. The choice between maximum or average output power depends on the type of study. 


In case TDD is used, base station downlink transmission occurs only part of the time, which will further reduce average base station power. 


3.2	User terminal parameters


3.2.1	Indoor user terminal usage and indoor user terminal penetration loss


A large proportion of IMT user terminals are used indoors. Tables B, C, and D indicate suitable figures for the percentage of terminals that are expected to be used indoors. Additionally, suitable figures for the indoor penetration attenuation are indicated. Note that the indoor penetration losses here include not only the building entry/wall loss but also additional attenuation for the signal to penetrate deeper into the building. This penetration loss may be frequency dependent.


3.2.2	User terminal density in active mode


In Report ITU-R M.2039 and Document JTG 5-6/180 Annex 2 the density of terminals in “active mode” is indicated. By “active mode” it should be understood that these are terminals with an active communication session but are not necessarily transmitting. 


3.2.3	Average transmit power of user terminals transmitting


The average transmit power of terminals are indicated in Report ITU-R M.2039 and JTG 5-6/180 Annex 2 and should be understood as the average transmit power of the terminals in active mode (i.e. when they have an active communication session). The figures given are including power control and activity factor of the user terminal. See also section 2.2.3 of Report ITU-R M.2241. It should be noted that as average user terminal transmitter output power is much lower than the maximum transmitter output power in the transmitting frequency band, an average OOBE level would be much lower than the specified OOBE level.


3.2.4	Antenna gain for user terminals


Typical values for the antenna gain of a user terminal are indicated in Tables B, C, and D. The antenna gain is dependent on operating frequency and type of terminal.


3.2.5	Body loss


Proposed values for body loss are indicated in Tables B, C, and D.  The figure indicated is representative of all different user cases (i.e. speech position, browsing position, etc.)


3.3	Parameters


The following tables of deployment parameters should be read in conjunction with the descriptions in section 2 and the footnotes.






Table B 


Deployment-related parameters for bands below 1 GHz


			Base station characteristics / Cell structure





			Cell radius


			> 5 km (typical 8 km[footnoteRef:1])
for macro rural scenario [1:  	According to JTG 5-6/180 Annex 2.] 






0.5-5 km (typical 2 km1)
for macro urban/suburban scenario





			Antenna height


			


30 m(See Note 1)





			Sectorization


			3 sectors





			Downtilt


			3 degrees 





			Frequency reuse


			1





			Antenna pattern


			Recommendation ITU-R F.1336 Annex 10


· ka = 0.7


· kp = 0.7


· kh = 0.7


· kv = 0.3





Horizontal 3 dB beamwidth: 65 degrees


Vertical 3 dB beamwidth: Determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.








			Antenna polarization


			linear / +- 45 degrees





			Feeder loss


			3 dB





			Maximum base station output power


			46 dBm in 10 MHz





			base station antenna gain


			15 dBi





			base station EIRP


			58 dBm in 10 MHz





			Average base station activity factor


			50 %





			Average base station EIRP/sector taking into account activity factor 


			55 dBm in 10 MHz











Note 1) In macro rural cases in various regions, typical antenna heights could vary depending on the notion of rural territory, i.e. population density, actual distribution of settlements, infrastructure availability, etc. Based on the available statistics in many cases typical antenna height around 30 m provides the most representative value for macro rural case. For some specific areas where statistics indicate significantly higher antenna heights than 30 meters, in those cases, antenna heights of 50 m may be more representative.









			User terminal characteristics





			Indoor user terminal usage


			50% for macro rural scenario


70% for macro urban/suburban scenario





			Average Indoor user terminal penetration loss


			15 dB for macro rural scenario


20 dB for macro urban/suburban scenario





			User terminal density in active mode to be used in sharing studies[footnoteRef:2] [2:  	Document 5-6/180, Annex 2.] 



			0.17 / 5 MHz/km2 for macro rural scenario


2.16 / 5 MHz/km2 for urban/suburban scenario





			Maximum user terminal transmitter output power


			23 dBm





			Average user terminal transmitter output power[footnoteRef:3] [3:  According to JTG5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 



			2 dBm for macro rural scenario


-9 dBm for macro urban/suburban scenario





			Antenna gain for user terminals


			-3 dBi





			Body loss


			4 dB















Table C 


Deployment-related parameters for bands between 1 and 3 GHz


			


			Macro rural


			Macro suburban


			Macro
urban


			 Small cell outdoor / Micro urban


			 Small cell indoor / Indoor urban





			Base station characteristics / Cell structure


			


			


			


			


			





			Cell radius / Deployment density (for bands between 1 and 2 GHz)


			[bookmark: _Ref334600713]> 3 km
(typical figure to be used in sharing studies 5 km)


			0.5-3 km
(typical figure to be used in sharing studies 1 km)


			0.25-1 km


(typical figure to be used in sharing studies 0.5 km)


			1-3 per urban macro cell[footnoteRef:4] [4:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 



<1 per suburban macro site


			depending on indoor coverage/ capacity demand





			Cell radius / Deployment density (for bands between 2 and 3 GHz)


			> 2 km
(typical figure to be used in sharing studies 4 km)


			0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)


			0.2-0.8 km


(typical figure to be used in sharing studies 0.4 km)


			1-3 per urban macro cell4


<1 per suburban macro site


			depending on indoor coverage/ capacity demand





			Antenna height


			30 m


			30 m (1-2 GHz)


25 m (2-3 GHz)


			25 m (1-2 GHz)


20 m 2-3 GHz)


			6 m


			3 m





			Sectorization


			3-sectors


			3-sectors


			3-sectors


			single sector


			single sector





			Downtilt


			3 degrees


			6 degrees


			10 degrees


			n.a.


			n.a.





			Frequency reuse[footnoteRef:5] [5:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 



			1


			1


			1


			1


			1





			Antenna pattern


			Recommendation ITU-R F.1336 Annex 10 (see “Antenna Pattern” section)


· ka = 0.7


· kp = 0.7


· kh = 0.7


· kv = 0.3





Horizontal 3 dB beamwidth: 65 degrees


Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.


			Recommendation ITU-R F.1336


omni








			Antenna polarization


			linear / +- 45 degrees


			linear / +- 45 degrees


			linear / +- 45 degrees


			linear


			linear





			Indoor base station deployment


			n.a.


			n.a.


			n.a.


			n.a.


			100 %





			Indoor base station penetration loss


			n.a.


			n.a.


			n.a.


			n.a.


			20 dB (horizontal)


P.1238, Table 3 (vertical)





			Below rooftop base station antenna deployment


			0 %


			0 %


			30 % (1-2 GHz)


50 % (2-3 GHz)


			100 %


			n.a.





			Feeder loss


			3 dB


			3 dB


			3 dB


			n.a


			n.a





			Maximum base station output power (5/10/20 MHz)


			43/46/46 dBm


			43/46/46 dBm


			43/46/46 dBm


			35 dBm


			24 dBm





			Maximum base station antenna gain


			18 dBi


			16 dBi


			16 dBi


			5 dBi


			0 dBi





			Maximum base station output power (EIRP)


			58/61/61 dBm


			56/59/59 dBm


			56/59/59 dBm


			40 dBm


			24 dBm





			Average base station activity


			50 %


			50 %


			50%


			50 %


			50 %





			Average base station power/sector 


			55/58/58 dBm





			53/56/56 dBm





			53/56/56 dBm





			37 dBm


			21 dBm











			User terminal characteristics


			


			


			


			


			





			Indoor user terminal usage


			50 %


			70 %


			70 %


			70 %


			100%





			Indoor user terminal penetration loss


			15 dB


			20 dB


			20 dB


			20 dB


			20 dB





			User terminal density in active mode


			0.17 / 5MHz/km2


			2.16 / 5MHz/km2


			3 / 5MHz/km2


			3 / 5MHz/km2


			depending on indoor coverage/ capacity demand





			Maximum user terminal output power


			23 dBm


			23 dBm


			23 dBm


			23 dBm


			23 dBm





			Average user terminal output power[footnoteRef:6] [6:  	According to JTG5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 



			2 dBm


			-9 dBm


			-9 dBm


			-9 dBm


			-9 dBm





			Typical antenna gain for user terminals


			-3 dBi


			-3 dBi


			-3 dBi


			-3 dBi


			-3 dBi





			Body loss –


			4 dB


			4 dB


			4 dB


			4 dB


			4 dB








Table D 


Deployment-related parameters for bands between 3 and 6 GHz


			


			Macro suburban


			Macro
urban


			 Small cell outdoor


			Small cell indoor





			Base station characteristics / Cell structure


			


			


			


			





			Cell radius / Deployment density


			0.3-2 km
(typical figure to be used in sharing studies 0.6 km)


			0.15-0.6 km
(typical figure to be used in sharing studies 0.3 km)


			1-3 per urban macro cell[footnoteRef:7]
<1 per suburban macro site [7:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 



			depending on indoor coverage/capacity demand





			Antenna height


			25 m


			20 m


			6 m


			3 m





			Sectorization


			3-sectors


			3-sectors


			single sector


			single sector





			Downtilt


			6 degrees


			10 degrees


			n.a.


			n.a.





			Frequency reuse[footnoteRef:8] [8:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 



			1


			1


			1


			1





			Antenna pattern


			Recommendation ITU-R F.1336


Annex 10 (see “Antenna Pattern” section)


· ka = 0.7


· kp = 0.7


· kh = 0.7


· kv = 0.3





Horizontal 3 dB beamwidth: 65 degrees


Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.


			Recommendation ITU-R F.1336
omni





			Antenna polarization


			linear / +- 45 degrees


			linear / +- 45 degrees


			linear


			linear





			Indoor base station deployment


			n.a.


			n.a.


			n.a.


			100 %





			Indoor base station penetration loss


			n.a.


			n.a.


			n.a.


			20 dB (3-5 GHz)


25 dB (5-6 GHz)
(horizontal direction)
P.1238, Table 3 (vertical direction)





			Below rooftop base station antenna deployment


			0%


			50 %


			100 %


			n.a.





			Feeder loss


			3 dB


			3 dB


			n.a


			n.a





			Maximum base station output power (5/10/20 MHz)


			43/46/46 dBm


			43/46/46 dBm


			24 dBm


			24 dBm





			Maximum base station antenna gain


			18 dBi


			18 dBi


			5 dBi


			0 dBi





			Maximum base station output power (EIRP)


			58/61/61 dBm


			58/61/61 dBm


			29 dBm


			24 dBm





			Average base station activity


			50 %


			50%


			50 %


			50 % 





			Average base station power/sector (to be used in sharing studies)


			55/58/58 dBm


			55/58/58 dBm


			26 dBm


			21 dBm 











			User terminal characteristics


			


			


			


			





			Indoor user terminal usage


			70 %


			70 %


			70 %


			100%





			Indoor user terminal penetration loss


			20 dB


			20 dB


			20 dB


			20 dB (3-5 GHz)


25 dB (5-6 GHz)


(horizontal direction)


P.1238, Table 3 (vertical direction)





			User terminal density in active mode to be used in sharing studies[footnoteRef:9]  [9:  	According to JTG 5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 



			2.16 / 5MHz/km2


			3 / 5MHz/km2


			3 / 5MHz/km2


			depending on indoor coverage/capacity demand





			Maximum user terminal output power


			23 dBm


			23 dBm


			23 dBm


			23 dBm





			Average user terminal output power9


			-9 dBm


			-9 dBm


			-9 dBm


			-9 dBm





			Typical antenna gain for user terminals


			-4 dBi


			-4 dBi


			-4 dBi


			-4 dBi





			Body loss 


			4 dB


			4 dB


			4 dB


			4 dB
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Characteristics of terrestrial IMT-Advanced systems for
frequency sharing/interference analyses





IMT systems have been the main method of delivering wide area mobile broadband applications. In order to accommodate increasing amount of mobile traffic and user demand for higher data rates, IMT-Advanced which is evolution of IMT-2000, is planned to be deployed in the world.


Frequency sharing studies and interference analyses involving IMT systems and other systems and services operating in the same or the adjacent bands may need to be undertaken within ITU-R. To perform the necessary sharing studies between IMT systems and systems in other services, characteristics of the terrestrial component of IMT-Advanced systems are needed.


This Report provides the baseline characteristics of terrestrial IMT-Advanced systems for use of sharing and compatibility studies between IMT-Advanced systems and other systems and services. 


It should be noted that in case of parameters having a range of values, ‘typical’ values should be used in sharing studies, where applicable.


1	Relevant ITU-R Reports and Recommendations


· Report ITU-R M.2039, “Characteristics of terrestrial IMT-2000 systems for frequency sharing/interference analyses”


· Report ITU-R M.2030 – Coexistence between IMT-2000 time division duplex and frequency division duplex terrestrial radio interface technologies around 2 600 MHz operating in adjacent bands and in the same geographical area.


· Report ITU-R M.2031 – Compatibility between WCDMA 1800 downlink and GSM 1900 uplink, addresses adjacent band compatibility at 1 850 MHz.


· Report ITU-R M.2045 – Mitigating techniques to address coexistence between IMT‑2000 time division duplex and frequency division duplex radio interface technologies within the frequency range 2 500‑2 690 MHz operating in adjacent bands and in the same geographical area.


· Report ITU-R M.2109 – Sharing studies between IMT-Advanced systems and geostationary satellite networks in the fixed-satellite service in the 3 400-4 200 MHz and 4 500-4 800 MHz frequency bands.


· Report ITU-R M.2110 – Sharing studies between radiocommunication services and IMT systems operating in the 450-470 MHz band.


· Report ITU-R M.2111 – Sharing studies between IMT-Advanced and the radiolocation service in the 3 400-3 700 MHz band.


· Report ITU-R M.2112 – Compatibility/sharing of airport surveillance radars and meteorological radar with IMT systems within the 2 700‑2 900 MHz band.


· Report ITU-R M.2113 – Report on sharing studies in the 2 500-2 690 MHz band between IMT‑2000 and fixed broadband wireless access systems including nomadic applications in the same geographical area.


· Report ITU-R M.2146 – Coexistence between IMT-2000 CDMA-DS and IMT-2000 OFDMA TDD WMAN in the 2 500-2 690 MHz band operating in adjacent bands in the same area.


· Report ITU-R M.2241 – Compatibility studies in relation to Resolution 224 in the bands 698‑806 MHz and 790-862 MHz.


· Recommendation ITU-R M.1036 – Frequency arrangements for implementation of the terrestrial component of International Mobile Telecommunications (IMT) identified for IMT in the Radio Regulations.


· Recommendation ITU-R M.1457 – Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications-2000 (IMT-2000).


· Recommendation ITU-R M.1580 – Generic unwanted emission characteristics of base stations using the terrestrial radio interfaces of IMT-2000.


· Recommendation ITU-R M.1581 – Generic unwanted emission characteristics of mobile stations using the terrestrial radio interfaces of IMT-2000.


· Recommendation ITU-R M.1635 – General methodology for assessing the potential for interference between IMT-2000 or systems beyond IMT-2000 and other services.


· Recommendation ITU-R M.2012 – Detailed specifications of the terrestrial radio interfaces of International Mobile Telecommunications Advanced (IMT‑Advanced).


· Recommendation ITU-R M.1646 – Parameters to be used in co-frequency sharing and pfd threshold studies between terrestrial IMT-2000 and BSS (sound) in the 2 630‑2 655 MHz band.


· Recommendation ITU-R M.1654 – A methodology to assess interference from broadcasting‑satellite service (sound) into terrestrial IMT‑2000 systems intending to use the band 2 630‑2 655 MHz.


Additionally WP 5D would like to point out that Documents 5-6/106, 5-6/140 and Annex 2 of 5‑6/180 were developed during the last study period to assist JTG 5-6 and contain further developed information on IMT characteristics and system deployment and may be relevant for the work of JTG 4-5-6-7. Section 2.2.3 of Report ITU-R M.2241 also provides guidance how to interpret some of these parameters when used in detailed sharing studies.


2	Specification-related parameters


The following parameters in Table A are specification-related parameters of IMT-Advanced. 









Table A


IMT-Advanced specification related parameters








			


			


			IMT-Advanced 





			


			Duplex mode


			FDD


			TDD





			No.


			Parameter


			Base station


			Mobile station


			Base station


			Mobile station





			1


			Channel bandwidth (MHz)(1)


			1.4, 3, 5, 10, 15 and 20


			1.4, 3, 5, 10, 15 and 20





			2


			Signal bandwidth (MHZ)(1)


			1.08, 2.7, 4.5, 9, 13.5 and 18


			1.08, 2.7, 4.5, 9, 13.5 and 18





			3


			Transmitter characteristics


			


			


			


			





			3.3


			Power dynamic Range (dB)


			(2)


			63(18)


			(2)


			63(18)





			


			Polarization discrimination (dB)


			3(19)


			0


			3(19)


			0





			3.4


			Spectral mask


			(3) (17)


			(4) (17)


			(3) (17)


			(4) (17)





			3.5


			ACLR


			(5)(17)


			(6)(17)


			(5)(17)


			(6) (17)





			3.6


			Maximum output power


			(7)


			(8)


			(7)


			(8)





			3.7


			Spurious emissions


			(15), (17)


			(16), (17)


			(15), (17)


			(16), (17)





			4


			Receiver characteristics


			


			


			


			





			4.1


			Noise Figure


			5 dB


			9 dB


			5 dB


			9 dB





			4.2


			Sensitivity


			(9)


			(10)


			(9)


			(10)





			4.3


			Blocking response


			(11)


			(12)


			(11)


			(12)





			4.4


			ACS


			(13)


			(14)


			(13)


			(14)








Notes to the table


(1)	See 3GPP Document TS 36.101 v.11.2.0, §5.6. Signal bandwidth in MHz corresponds to “Transmission bandwidth configuration*0.180”.


(2)	See 3GPP Document TS 36.104 v.11.2.0, § 6.3.2.1.


(3)	See 3GPP Document: TS 36 104 v 11.2.0, § 6.6.3. 


(4)	See 3GPP Document: TS 36 101 v 11.2.0, § 6.6.2.1, 6.6.2.1A, 6.6.2.2 and 6.6.2.2A describe UE spectrum emissions masks for different channel bandwidths. In case multiple UEs are transmitting simultaneously on the same carrier they will share the available radio blocks. As the actual transmission bandwidth is thus decreased the unwanted emissions performance might be improved. This may be taken into account during sharing analysis when measurements or detailed models are available.


(5)	See 3GPP Document TS 36.104 v.11.2.0, § 6.6.2.


(6)	See 3GPP Document TS 36.101 v.11.2.0, § 6.6.2.3.


(7)	See 3GPP Document TS 36.104 v.11.2.0, § 6.2.


(8)	See 3GPP Document TS 36.101 v.11.2.0, § 6.2.


(9)	See 3GPP Document TS 36.104 v.11.2.0, § 7.2.


(10)	See 3GPP Document TS 36.101 v.11.2.0, § 7.3.


(11)	See 3GPP Document TS 36.104 v.11.2.0, § 7.6.


(12)	See 3GPP Document TS 36.101 v.11.2.0, § 7.6 and § 7.7.


(13)	See 3GPP Document TS 36.104 v.11.2.0, § 7.5.


(14)	See 3GPP Document TS 36.101 v.11.2.0, § 7.5.


(15)	See 3GPP Document TS 36.104 v.11.2.0, § 6.6.4.


(16)	See 3GPP Document TS 36.101 v.11.2.0, § 6.6.3.


(17)	These unwanted emission limits are the upper limits from SDO specifications for laboratory testing with maximum transmitting power. It is assumed that when the in-band transmitting power is reduced by x dB through power control, the unwanted emission levels would be reduced by x dB in consequence in the coexistence simulations.


(18)	See 3GPP Document TS 36.101 v.11.2.0, § 6.3.


(19)	Typically base stations today use cross-polarized antennas (two sets of dipoles slanted at ±45° against the horizontal plane), usually transmitting on one of the two polarisation paths (either +45° or −45° for a given frequency) whilst receiving on both paths (to achieve polarisation diversity). Such signals provide an isolation of 3 dB against both horizontally and vertically polarized signals (e.g. DVB-T signals) due to cross-polarisation discrimination.





REFERENCES for Section 2


(Documents publically available at http://www.3gpp.org/specification-numbering)


[1]	TR 25.942 v 11.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; RF System Scenarios (Release 11).


[2]	TS 36.101 v.11.2.0, 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; Evolved Universal Terrestrial Radio Access (E-UTRA); User Equipment (UE) radio transmission and reception (Release 11).


[3]	TS 36.104 v.11.2.0, 3rd Generation Partnership Project; Technical Specification Group Radio Access Networks; Evolved Universal Terrestrial Radio Access (E-UTRA); Base Station (BS) radio transmission and reception (Release 11).


[4]	TR 36.942 V11.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios (Release 11) – Note this is a working document. 


[5]	3GPP TR 36.912 v11.0.0 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Feasibility study for Further Advancements for E-UTRA (LTE-Advanced) (Release 11) – Section 16.






3	Deployment-related parameters 


This section describes and proposes values for typical deployment parameters for different deployment scenarios and in different frequency bands. In many cases the values of these parameters vary within a range, but to facilitate sharing studies wherever possible a single value has been chosen that is representative for use in sharing studies. 


These parameter values are appropriate for studies concerning the impact of a single IMT cell operating in the presence of another system/service. For some parameters such as transmitted power levels, however, studies to assess the impact of an entire IMT network will in some cases need to take account of the varying nature of an IMT network, in particular power control.  Inter-cell interference must be minimised and parameters such as power levels adjusted in order to optimize the operational performance and capacity of the network.


3.1	Base station characteristics and cell structure


Deployment-dependent parameters describing the cell structure and other base station related parameters needed to conduct sharing studies are summarized below. In addition, it should be stressed that in the sharing studies it is necessary to select the appropriate deployment type (macro rural/suburban/urban, small cell outdoor/indoor), that corresponds to expected usage of a certain frequency band, as indicated in the parameter tables. For nationwide studies a combination of deployment types could be considered.


3.1.2	Cell size and base station density


Figure 1


Macro cell geometry
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Figure 1 illustrates the geometry for a 3-sector deployment, and defines the parameters cell radius (A) and inter-site distance (B). Each cell (also referred to as a sector) is shown as a hexagon, and in this figure there are 3 cells/sectors per base station site. Cell sizes in IMT networks can vary considerably depending on the environment the network is deployed in. Tables B, C, and D indicate typical cell sizes for different types of networks. Sharing studies using cell radii corresponding to urban and suburban deployment should take into account that those are only deployed in limited areas, central areas of large cities and suburban areas. Furthermore, rural deployments often do not cover all areas in a country/region, as coverage may be provided by other frequency bands, therefore assuming that rural cells have complete coverage will overestimate interference in most of the cases. 


Indoor urban cell sizes will also vary depending on frequency band and the configuration of the building interior.


3.1.3	Antenna height


Typical antenna heights above ground level when deploying IMT networks are indicated in Tables B, C, and D for each type of network. Antennas deployed in indoor urban environments may vary in height depending on the building configuration. 


3.1.4	Sectorization


The number of sectors used per site is an important factor to take into account when undertaking sharing studies for compatibility between IMT and other services. It is assumed that the most common way to deploy macro base stations in an IMT network is to use 3 sectors with an azimuthal spacing of 120 degrees at each site. For small cell deployments it is assumed that one sector is being used.  


3.1.5	Downtilt


Typical downtilt used in IMT networks are indicated in the tables. This includes both the electrical downtilt which is built into the antenna as well as the mechanical downtilt which is applied when mounting the antenna on the cell site (tilt brackets).


3.1.6	Frequency reuse


Typical frequency reuse figures used for IMT networks are 1 or 3 but a frequency re-use of 1 is the most common one and it is proposed to be used for all scenarios. Fractional frequency reuse (FFR) may also be used in some IMT network deployments but this option is not included in the table.


3.1.7	Antenna pattern


Recommendation ITU-R F.1336 has been used in the past when conducting sharing studies. It should be noted that the Recommendation states that “it is essential that every effort be made to utilize the actual antenna pattern in coordination studies and interference assessment” (Note 1 to recommends 1). In the tables below, parameters to be used with Recommendation ITU-R F.1336 are proposed. These parameters apply to recommends 3.1 Annex 10 of the working document towards a preliminary draft new revision of Recommendation ITU-R F.1336, which is shown in Annex 12 of Document 5C/171. The parameters are intended for use in sharing studies. The parameter values are applicable for both average and peak side lobes, noting that the equations for average and peak side lobes are not identical, and are valid in the frequency range 400-6 000 MHz. To implement a tilt it is only necessary to apply a tilt angle value in the equations for the vertical patterns in recommends 3.1 Annex 10 to obtain the corresponding tilted antenna pattern. 


3.1.8	Indoor base station deployment


Base stations are often installed indoors especially in urban areas. Typical percentages of base stations deployed indoors for the different deployment scenarios are indicated in Tables C and D. It is proposed that the floor loss model of Recommendation ITU-R P.1238 is used to determine building penetration loss in the vertical direction (Section 3.1, Table 3). 


3.1.9	Below rooftop base station antenna deployment


When conducting sharing studies it is also important to account for how the antennas are deployed in relation to the surrounding environment, including the clutter. If the antennas are deployed below the rooftop level it might be necessary to use a different propagation model compared to the scenario when the antennas are installed above the roof top level. Tables B, C, and D indicate the typical percentage of base station antennas installed below the rooftop level. An alternative approach could be to add clutter loss to propagation loss calculations.


3.1.10	Maximum and average base station output power


Maximum output powers from base stations are indicated in Tables B, C, and D for each environment. Additionally, typical average activity of a base station and corresponding average output powers during busy hour are indicated in the tables. For further details see Report ITU-R M.2241, section 2.2.3.2. The choice between maximum or average output power depends on the type of study. 


In case TDD is used, base station downlink transmission occurs only part of the time, which will further reduce average base station power. 


3.2	User terminal parameters


3.2.1	Indoor user terminal usage and indoor user terminal penetration loss


A large proportion of IMT user terminals are used indoors. Tables B, C, and D indicate suitable figures for the percentage of terminals that are expected to be used indoors. Additionally, suitable figures for the indoor penetration attenuation are indicated. Note that the indoor penetration losses here include not only the building entry/wall loss but also additional attenuation for the signal to penetrate deeper into the building. This penetration loss may be frequency dependent.


3.2.2	User terminal density in active mode


In Report ITU-R M.2039 and Document JTG 5-6/180 Annex 2 the density of terminals in “active mode” is indicated. By “active mode” it should be understood that these are terminals with an active communication session but are not necessarily transmitting. 


3.2.3	Average transmit power of user terminals transmitting


The average transmit power of terminals are indicated in Report ITU-R M.2039 and JTG 5-6/180 Annex 2 and should be understood as the average transmit power of the terminals in active mode (i.e. when they have an active communication session). The figures given are including power control and activity factor of the user terminal. See also section 2.2.3 of Report ITU-R M.2241. It should be noted that as average user terminal transmitter output power is much lower than the maximum transmitter output power in the transmitting frequency band, an average OOBE level would be much lower than the specified OOBE level.


3.2.4	Antenna gain for user terminals


Typical values for the antenna gain of a user terminal are indicated in Tables B, C, and D. The antenna gain is dependent on operating frequency and type of terminal.


3.2.5	Body loss


Proposed values for body loss are indicated in Tables B, C, and D.  The figure indicated is representative of all different user cases (i.e. speech position, browsing position, etc.)


3.3	Parameters


The following tables of deployment parameters should be read in conjunction with the descriptions in section 2 and the footnotes.






Table B 


Deployment-related parameters for bands below 1 GHz


			Base station characteristics / Cell structure





			Cell radius


			> 5 km (typical 8 km[footnoteRef:1])
for macro rural scenario [1:  	According to JTG 5-6/180 Annex 2.] 






0.5-5 km (typical 2 km1)
for macro urban/suburban scenario





			Antenna height


			


30 m(See Note 1)





			Sectorization


			3 sectors





			Downtilt


			3 degrees 





			Frequency reuse


			1





			Antenna pattern


			Recommendation ITU-R F.1336 Annex 10(recommends 3.1)


· ka = 0.7


· kp = 0.7


· kh = 0.7


· kv = 0.3





Horizontal 3 dB beamwidth: 65 degrees


Vertical 3 dB beamwidth: Determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.








			Antenna polarization


			linear / +- 45 degrees





			Feeder loss


			3 dB





			Maximum base station output power


			46 dBm in 10 MHz





			base station antenna gain


			15 dBi





			base station EIRP


			58 dBm in 10 MHz





			Average base station activity factor


			50 %





			Average base station EIRP/sector taking into account activity factor 


			55 dBm in 10 MHz











Note 1) In macro rural cases in various regions, typical antenna heights could vary depending on the notion of rural territory, i.e. population density, actual distribution of settlements, infrastructure availability, etc. Based on the available statistics in many cases typical antenna height around 30 m provides the most representative value for macro rural case. For some specific areas where statistics indicate significantly higher antenna heights than 30 meters, in those cases, antenna heights of 50 m may be more representative.









			User terminal characteristics





			Indoor user terminal usage


			50% for macro rural scenario


70% for macro urban/suburban scenario





			Average Indoor user terminal penetration loss


			15 dB for macro rural scenario


20 dB for macro urban/suburban scenario





			User terminal density in active mode to be used in sharing studies[footnoteRef:2] [2:  	Document 5-6/180, Annex 2.] 



			0.17 / 5 MHz/km2 for macro rural scenario


2.16 / 5 MHz/km2 for urban/suburban scenario





			Maximum user terminal transmitter output power


			23 dBm





			Average user terminal transmitter output power[footnoteRef:3] [3:  According to JTG5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 



			2 dBm for macro rural scenario


-9 dBm for macro urban/suburban scenario





			Antenna gain for user terminals


			-3 dBi





			Body loss


			4 dB















Table C 


Deployment-related parameters for bands between 1 and 3 GHz


			


			Macro rural


			Macro suburban


			Macro
urban


			 Small cell outdoor / Micro urban


			 Small cell indoor / Indoor urban





			Base station characteristics / Cell structure


			


			


			


			


			





			Cell radius / Deployment density (for bands between 1 and 2 GHz)


			[bookmark: _Ref334600713]> 3 km
(typical figure to be used in sharing studies 5 km)


			0.5-3 km
(typical figure to be used in sharing studies 1 km)


			0.25-1 km


(typical figure to be used in sharing studies 0.5 km)


			1-3 per urban macro cell[footnoteRef:4] [4:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 



<1 per suburban macro site


			depending on indoor coverage/ capacity demand





			Cell radius / Deployment density (for bands between 2 and 3 GHz)


			> 2 km
(typical figure to be used in sharing studies 4 km)


			0.4-2.5 km
(typical figure to be used in sharing studies 0.8 km)


			0.2-0.8 km


(typical figure to be used in sharing studies 0.4 km)


			1-3 per urban macro cell4


<1 per suburban macro site


			depending on indoor coverage/ capacity demand





			Antenna height


			30 m


			30 m (1-2 GHz)


25 m (2-3 GHz)


			25 m (1-2 GHz)


20 m 2-3 GHz)


			6 m


			3 m





			Sectorization


			3-sectors


			3-sectors


			3-sectors


			single sector


			single sector





			Downtilt


			3 degrees


			6 degrees


			10 degrees


			n.a.


			n.a.





			Frequency reuse[footnoteRef:5] [5:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 



			1


			1


			1


			1


			1





			Antenna pattern


			Recommendation ITU-R F.1336 (recommends 3.1)Annex 10 (see “Antenna Pattern” section)


· ka = 0.7


· kp = 0.7


· kh = 0.7


· kv = 0.3





Horizontal 3 dB beamwidth: 65 degrees


Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.


			Recommendation ITU-R F.1336


(omni: recommends 2)








			Antenna polarization


			linear / +- 45 degrees


			linear / +- 45 degrees


			linear / +- 45 degrees


			linear


			linear





			Indoor base station deployment


			n.a.


			n.a.


			n.a.


			n.a.


			100 %





			Indoor base station penetration loss


			n.a.


			n.a.


			n.a.


			n.a.


			20 dB (horizontal)


P.1238, Table 3 (vertical)





			Below rooftop base station antenna deployment


			0 %


			0 %


			30 % (1-2 GHz)


50 % (2-3 GHz)


			100 %


			n.a.





			Feeder loss


			3 dB


			3 dB


			3 dB


			n.a


			n.a





			Maximum base station output power (5/10/20 MHz)


			43/46/46 dBm


			43/46/46 dBm


			43/46/46 dBm


			35 dBm


			24 dBm





			Maximum base station antenna gain


			18 dBi


			16 dBi


			16 dBi


			5 dBi


			0 dBi





			Maximum base station output power (EIRP)


			58/61/61 dBm


			56/59/59 dBm


			56/59/59 dBm


			40 dBm


			24 dBm





			Average base station activity


			50 %


			50 %


			50%


			50 %


			50 %





			Average base station power/sector 


			55/58/58 dBm





			53/56/56 dBm





			53/56/56 dBm





			37 dBm


			21 dBm











			User terminal characteristics


			


			


			


			


			





			Indoor user terminal usage


			50 %


			70 %


			70 %


			70 %


			100%





			Indoor user terminal penetration loss


			15 dB


			20 dB


			20 dB


			20 dB


			20 dB





			User terminal density in active mode


			0.17 / 5MHz/km2


			2.16 / 5MHz/km2


			3 / 5MHz/km2


			3 / 5MHz/km2


			depending on indoor coverage/ capacity demand





			Maximum user terminal output power


			23 dBm


			23 dBm


			23 dBm


			23 dBm


			23 dBm





			Average user terminal output power[footnoteRef:6] [6:  	According to JTG5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 



			2 dBm


			-9 dBm


			-9 dBm


			-9 dBm


			-9 dBm





			Typical antenna gain for user terminals


			-3 dBi


			-3 dBi


			-3 dBi


			-3 dBi


			-3 dBi





			Body loss –


			4 dB


			4 dB


			4 dB


			4 dB


			4 dB








Table D 


Deployment-related parameters for bands between 3 and 6 GHz


			


			Macro suburban


			Macro
urban


			 Small cell outdoor


			Small cell indoor





			Base station characteristics / Cell structure


			


			


			


			





			Cell radius / Deployment density


			0.3-2 km
(typical figure to be used in sharing studies 0.6 km)


			0.15-0.6 km
(typical figure to be used in sharing studies 0.3 km)


			1-3 per urban macro cell[footnoteRef:7]
<1 per suburban macro site [7:  	Outdoor small cells would typically be deployed in very limited areas in order to provide local capacity enhancement. Within these areas, the outdoor small cells would not need to provide contiguous coverage since there would typically be an overlaying macro network present. ] 



			depending on indoor coverage/capacity demand





			Antenna height


			25 m


			20 m


			6 m


			3 m





			Sectorization


			3-sectors


			3-sectors


			single sector


			single sector





			Downtilt


			6 degrees


			10 degrees


			n.a.


			n.a.





			Frequency reuse[footnoteRef:8] [8:  	If the IMT network consists of three cell layers – macro cells, small outdoor cells and small indoor cells – they will not all use the same carrier. Two layers may use the same carrier, although separate carriers in the same or different bands are also possible.] 



			1


			1


			1


			1





			Antenna pattern


			Recommendation ITU-R F.1336


Annex 10 (see “Antenna Pattern” section)( recommends 3.1)


· ka = 0.7


· kp = 0.7


· kh = 0.7


· kv = 0.3





Horizontal 3 dB beamwidth: 65 degrees


Vertical 3 dB beamwidth: determined from the horizontal beamwidth by equations in Recommendation ITU-R F.1336. Vertical beamwidths of actual antennas may also be used when available.


			Recommendation ITU-R F.1336
omni (recommends 2)





			Antenna polarization


			linear / +- 45 degrees


			linear / +- 45 degrees


			linear


			linear





			Indoor base station deployment


			n.a.


			n.a.


			n.a.


			100 %





			Indoor base station penetration loss


			n.a.


			n.a.


			n.a.


			20 dB (3-5 GHz)


25 dB (5-6 GHz)
(horizontal direction)
P.1238, Table 3 (vertical direction)





			Below rooftop base station antenna deployment


			0%


			50 %


			100 %


			n.a.





			Feeder loss


			3 dB


			3 dB


			n.a


			n.a





			Maximum base station output power (5/10/20 MHz)


			43/46/46 dBm


			43/46/46 dBm


			24 dBm


			24 dBm





			Maximum base station antenna gain


			18 dBi


			18 dBi


			5 dBi


			0 dBi





			Maximum base station output power (EIRP)


			58/61/61 dBm


			58/61/61 dBm


			29 dBm


			24 dBm





			Average base station activity


			50 %


			50%


			50 %


			50 % 





			Average base station power/sector (to be used in sharing studies)


			55/58/58 dBm


			55/58/58 dBm


			26 dBm


			21 dBm 











			User terminal characteristics


			


			


			


			





			Indoor user terminal usage


			70 %


			70 %


			70 %


			100%





			Indoor user terminal penetration loss


			20 dB


			20 dB


			20 dB


			20 dB (3-5 GHz)


25 dB (5-6 GHz)


(horizontal direction)


P.1238, Table 3 (vertical direction)





			User terminal density in active mode to be used in sharing studies[footnoteRef:9]  [9:  	According to JTG 5-6/180 Annex 2 (except for small cell indoor scenario, which was not covered in that document).] 



			2.16 / 5MHz/km2


			3 / 5MHz/km2


			3 / 5MHz/km2


			depending on indoor coverage/capacity demand





			Maximum user terminal output power


			23 dBm


			23 dBm


			23 dBm


			23 dBm





			Average user terminal output power9


			-9 dBm


			-9 dBm


			-9 dBm


			-9 dBm





			Typical antenna gain for user terminals


			-4 dBi


			-4 dBi


			-4 dBi


			-4 dBi





			Body loss 


			4 dB


			4 dB


			4 dB


			4 dB
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Appendix 1A

Consolidated list of questions and answers resulting from the discussion under DG Parameters to provide additional clarification on some parameters as submitted to JTG





1	Now that the JTG has received Document 236 and the parameters for LTE Advanced, what will happen to the parameters for LTE in Annex 2 to the Chairman’s report, for example, will the LTE parameters be replaced, kept separate, as a different version of LTE or will the information be merged? Merge the parameters with 236 as a base and complement by 49 where more info is directly available (e.g. 3GPP values instead of references)


2	Further:


· If the LTE parameters are replaced, should the JTG be advised that only studies on LTE Advanced are applicable, especially in the broadcast bands 470-694/698 MHz, 694-790 MHz and 1452 -1492 MHz? Yes


· If the parameters are merged, what should the JTG do about any differences between the specifications of the two systems? 236 takes precedent but if differences are observed these need to be evaluated on a case-by-case basis.


3	Is there likely to be any further development of LTE advanced parameters before end of the JTG work. Not for those parameters relevant to the JTG sharing studies


4	3GPP TS 36.104 and 3GPP TS 36.101 are referenced for unwanted emissions, has the adoption of these specifications been approved in ITU-R? Are the the specifications available in Recommendation ITU-R M.2012? Yes


5	Is a separate study required for FDD  and  TDD modes? Yes, if the band in question is considered for both usage modes.


6	How should the concept of “dynamic” IMT network scenarios be taken into consideration? Should this be considered on the basis of:


· a single cell with varying cell radii; No


· a number of cell sizes; No


· a number of cells that have a range of power levels, operational performance and network capacity parameters? Yes in the way described in 236


Details on the methodology for each study should be addressed in the WGs


7	What is the JTG meant to do about the different advice provided in doc 236 and M.2241, in particular that the approach taken in WP5D studies appears less rigorous than the advice offered by WP5D to the JTG. These are addressing different elements of the IMT emission characteristics.


8	If studies are undertaken on an entire or a portion of the IMT network should the following also be considered for potential deployment scenarios that incorporate a power control mechanism:


· 3GPP TS 36.213 V11.0.0 (2012-09) 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Physical layer procedures (referenced in §1.2.1.1.4 of Recommendation ITU-R M.2012)? Yes, if the required traffic model is available


· 3GPP TR 36.942 v10.3.0 (2012-06) 3rd Generation Partnership Project; Technical Specification Group Radio Access Network; Evolved Universal Terrestrial Radio Access (E-UTRA); Radio Frequency (RF) system scenarios (ref in Doc 5D/116 – ETSI  “Parameters for LTE-Advanced and WirelessMAN‑Advanced for use in sharing studies - as potential deployment scenarios”)? Yes


9	For compatibility studies it is useful to understand the likely separation distances or other means for co-channel operation of the incumbent services and the incoming service. In this respect, does the JTG have all the necessary protection criteria for IMT systems? Specifically, what other elements would need to be taken into consideration in addition to: 


· Noise Figure


· Receiver Sensitivity


· Blocking response


· ACS (for overlapping channels)


Noise Figure is not needed in addition to Receiver Sensitivity. Information on the other parameters is contained in Annex 1.


10	(Q2) What is NRB and what are the units? Number of resource blocks


11	(Q3) Is the JTG advised to consider or not consider carrier aggregation and why? Only intra-band contiguous carrier aggregation depending on the total bandwidth to be considered for a study.


12	(Q4) Is the JTG advised to consider all bandwidths or just specific bandwidths? 1.4 and 3 MHz only for small bandwith cases


13	(Q6) How does the dynamic range impact the maximum base station output power and is it to be taken into account? No


14	(Q7) How do Wide Area, Local Area and Home BS align with rural, urban and suburban as used in WP5D inputs? See response to question 9 above


15	(Q8) What is Category A and B and how does the JTG choose? See Rec. ITU-R SM.329 (spurious emission categories)


16	(Q9) Some of these categories seem to relate to already identified bands, what figures do should the JTG use when no band is currently identified? See Q8


17	(Q10) What does the following mean “For a multi-carrier BS, the requirement applies for the adjacent channel frequencies below the lowest carrier frequency transmitted by the BS and above the highest carrier frequency transmitted by the BS for each supported multi-carrier transmission configuration or carrier aggregation configurations”? Below the lower edge of the lowest carrier and above the upper edge of the highest carrier.


18	(Q11) How does the JTG determine if the ACLR minimum requirement or a value in the tables is applicable? Whichever is less stringent 


19	(Q12) Does paired and unpaired spectrum refer to FDD and TDD? Yes, for the envisaged sharing studies. 


20	(Q21) If considering separation distances as part of compatibility, how does the JTG determine the relevant figures for other interfering signals? Select the relevant one depending on how much the interfering signal is similar to LTE or CW


21	Are the above user terminal density numbers applicable as well to the 3-6 GHz band? Notably, footnote 26 to Table 1 on page 6 of JTG 5-6/180 Annex 2 states that “This figure can be used for sharing studies in urban areas, because the increase of population density in urban areas (compared with rural/suburban areas) is expected to be offset by the distribution of offered traffic to parallel networks deployed in the other available frequency bands. The networks expected to be deployed in the 800 MHz band will offer only limited capacity and thus will carry only a small fraction of the total offered traffic in urban areas.” These are applicable for studies concerning the impact of a single IMT cell operating in the presence of another system/service as stated on doc 236. For some parameters such as transmitted power levels, however, studies to assess the impact of an entire IMT network will in some cases need to take account of the varying nature of an IMT network, in particular power control. Here the information in Annex 3 to 236 is relevant. Note that that figure of 2.16 is from the JTG5-6 documentation but this has been scaled up to 3 for higher bands in the urban environment.


22	How are these user terminal density settings in line with the user density numbers used in the WP 5D spectrum estimates (see Tables in Annex 2 to document 5D/TEMP/268). In many cases, the user density(in users/km2) seems to be significantly higher than the numbers reflected above. Is it possible to show a calculation that shows how these different numbers are related? For the spectrum estimate work, user numbers and densities cover all bands. Also, there are some Service Category / Service Environment combinations in Annex 2 of 5D/268 that have significantly lower user numbers for all bands, so only portion of users will be in a given frequenc y band.


23	Is it possible to clarify how these two cell descriptions related? For example, is “Small cell outdoor” the same as the “Pico cell”? And is the “Macro Urban” to be compared to “Macro” or “Micro” in the context of M.1768? Covered in answers above


24	WP 5D provided JTG 4-5-6-7 with sharing parameters for the mobile service. In particular, the density of user terminals in “active mode” is given with the understanding that these are terminals with an active communication session but are not necessarily transmitting. However, the numbers provided by WP 5D are quite low and in contradiction with number provided in other contributions and ITU Reports. Covered in answers above


25	Furthermore, our understanding is that any device which transmits is in an “active mode”. This includes active user sessions (e.g. speech or uploading data content) as well as any other transmission , e.g. signaling. Yes, the transmitting should mean any radio emission from a terminal whether voice, data or signalling.


26	Another important element is the time unit /measure for which the numbers were provided by WP 5D. Our understanding is that this is 1ms. Yes, this is the minimum interval but the typical is far longer. Time / frequency distributions of traffic (user plane and control plane) may be needed depending on the scenario / methodology under study.


27	5D provided numbers for the density of user terminals in “active mode” and indicated that these are terminals with an active communication session but are not necessarily transmitting. What is the percentage of user terminals in “active mode”, that are actually transmitting at the same moment in time specifically for LTE networks with a 10 MHz bandwidth in the 700 MHz band? For which methodology does that apply and how does that relate to the Monte Carlo modelling information for IMT networks as contained in Annex 3 of 236?


a) It should be noted that the user terminal densities as provided by 5D are appropriate for studies concerning the impact of a single IMT cell operating in the presence of another system  / service as described in document 236.


For an LTE network with a 10 MHz bandwidth in the 700 MHz band, when considering the corresponding user terminal densities and cell radii together with the given average terminal transmit power in particular for the rural and sub-urban cases, this would result in 1 user terminal per cell transmitting at a given moment in time.


b) When looking at the impact of a larger IMT network, the dynamic nature of the user terminal locations and corresponding transmit powers needs to be taken into account in particular in urban areas and for this case the Monte Carlo simulation assumptions and methodology for use in modelling IMT networks as provided by WP 5D.


It has to be understood however, that these user terminals are allocated different subsets of the total resource blocks available by the base station scheduler so that, whilst these terminals would transmit at a given moment in time, each of the terminals only transmits across a certain portion of the total LTE channel bandwidth depending on the number of resource blocks allocated to each terminal.


28	How do the building loss values provided by 5D relate to those in Recommendations ITU-R P.1238 and P.1812? The values provided by 5D reflect values used for network planning based on practical experience to achieve reliable indoor coverage for IMT networks. As such, it was agreed already at the 2nd meeting of JTG to use the building loss information provided in Recommendations ITU-R P.1238 and P.1812 for sharing and compatibility studies as appropriate for the frequency band under study. Furthermore, Recommendation ITU-R P.2040 provides information on “Effects of building materials and structures on radiowave propagation above about 100 MHz”


29	The value of body loss provided by 5D is an average over different types of devices and conditions of use like Smartphones and mobile handsets on one hand and WiFi routers and USB sticks on the other. Body loss was not provided by SG 3 and there is not appropriate ITU-R model to take this into account. 





30	Taking into account the values provided in Table xx for traffic generated indoor on one hand and the way how the active user density per rural cell were calculated is it correct that implicitly means that 50% of the cell are buildings? No





ACIR is defined as the ratio of the power of an adjacent-channel interferer as received at the interfered with receiver, divided by the interference power “experienced” by the interfered with receiver as a result of both transmitter and receiver imperfections. ACIR is a total index to evaluate the interference between two systems. ACIR can be calculated via the following formula:











ANNEX 1


Information about receiver parameters for IMT-Advanced


The information below is derived from relevant ITU Recommendation and 3GPP specifications.


Information contained in 3GPP specifications


This information is band-specific. For studies of other frequency ranges, a band with similar characteristics may be used, taking into account:


· The operating frequency


· For FDD bands, the relative width of the uplink/downlink and centre gap.


Receiver sensitivity


Base station: 3GPP TS 36.104 (version 11.2.0), section 7.2 (section 8 may also be relevant)


Terminal: 3GPP TS 36.101 (version 11.2.0), section 7.3 (section 8 may also be relevant)


Adjacent Channel Selectivity (first adjacent channel)


Base station: 3GPP TS 36.104 (version 11.2.0), section 7.5


Terminal: 3GPP TS 36.101 (version 11.2.0), section 7.5


Blocking


Base station: 3GPP TS 36.104 (version 11.2.0), section 7.5.1


In-band blocking (applies from second adjacent channel to 15MHz outside the receive band)


Terminal: 3GPP TS 36.101 (version 11.2.0), section 7.6.1


Out-of-band blocking (applies beyond 15MHz outside the receive band)


Terminal: 3GPP TS 36.101 (version 11.2.0), section 7.6.2





Simplified parameters for use above 3GHz


The parameters described below are applicable for use above 3GHz in cases where the signal of the other service has a bandwidth at least as wide as the LTE channel (i.e. can be regarded as like broadband noise from the perspective of an OFDM receiver). 





			E‑UTRA Operating Band


			Uplink (UL) operating band
BS receive
UE transmit


			Downlink (DL) operating band
BS transmit 
UE receive


			Duplex Mode





			


			FUL_low   –  FUL_high


			FDL_low   –  FDL_high


			





			22


			3410 MHz


			–


			3490 MHz


			3510 MHz


			–


			3590 MHz


			FDD





			42


			3400 MHz


			–


			3600 MHz


			3400 MHz


			–


			3600 MHz


			TDD





			43


			3600 MHz


			–


			3800 MHz


			3600 MHz


			–


			3800 MHz


			TDD











The Macro Suburban and Macro Urban scenarios are equivalent to “wide area BS” in TS 36.104. The parameters for Small Cell Outdoor and Small Cell Indoor scenarios are applicable to either “wide area BS” or “local area BS”.





Receiver sensitivity


(from ITU-R Recommendation M.2039-2 and information from WP5D)


Noise figure (base station): 5dB for wide area BS; 13dB for local area BS[footnoteRef:1] [1:  In TS 36.104, the reference sensitivity for local area BS is 8dB higher than for wide area BS.] 



Noise figure (terminal): 9dB


I/N: Desired signal at sensitivity, I/N = -6 dB for a 10% loss in range applicable to cases where interference effects a limited number of cells. In other cases, a trigger value of I/N = -10 dB is appropriate.





Base station adjacentchannel and blocking characteristics


The parameters described below are based on a 20MHz LTE carrier for 3GPP Bands E-UTRA Operating Bands 22, 42 and 43 (the bands above 3GHz), which may be considered typical for bands above 3GHz and the deployments considered for studies.


PREFSENS is -101.5dBm for wide area BS and -93.5dBm for local area BS.


Base Station adjacent channel selectivity





			E-UTRA


channel bandwidth of the lowest (highest) carrier received [MHz]


			Wanted signal mean power [dBm]


			Interfering signal mean power [dBm]


			 Interfering signal centre frequency offset from  the lower (upper) edge or sub-block edge inside a sub-block gap [MHz]


			Type of interfering signal





			Wide Area BS


			


			


			





			20


			PREFSENS + 6dB*


			-52


			±2.5025


			5MHz E-UTRA signal





			Local Area BS


			


			


			





			20


			PREFSENS + 6dB*


			-44


			2.5025


			5MHz E-UTRA signal











For coexistence studies, the power of the signal in 5MHz bandwidth can be assumed for the interfering signal.


Base Station blocking





			Operating Band


			Centre Frequency of Interfering Signal [MHz]


			Interfering Signal mean power [dBm]


			Wanted Signal mean power [dBm]


			Interfering signal centre frequency minimum frequency offset from  the lower (upper) edge or sub-block edge inside a sub-block gap [MHz]


			Type of Interfering Signal





			Wide Area BS


			


			


			


			


			


			





			22, 42, 43


			(FUL_low -20)


			to


			(FUL_high +20)


			-43


			PREFSENS +6dB*


			See table 7.6.1.1-2


			See table 7.6.1.1-2





			


			1 


(FUL_high +20)


			to


to


			(FUL_low -20) 


12750


			-15


			PREFSENS +6dB* 


			


			CW carrier 





			Local area BS


			


			


			


			


			


			





			22, 42, 43


			(FUL_low  -20)


			to


			(FUL_high +10)


			-35


			PREFSENS +6dB*


			See table 7.6.1.1-2


			See table 7.6.1.1-2





			


			1 


(FUL_high +10)


			to


to


			(FUL_low  -20) 


12750


			-15


			PREFSENS +6dB* 


			


			CW carrier 











For coexistence studies, instead of the signal defined in Table 7.6.1.1-2, the power of the interfering signal in 5MHz bandwidth with a minimum frequency separation of 7.5MHz between the edge of the LTE channel and the centre of the Interfering signal can be assumed.


For coexistence studies, instead of a CW carrier, the total power of the signal can be assumed.


Terminal adjacent channel and blocking characteristics


REFSENS is -91dBm for Band 22 and -93dBm for bands 42 and 43. For other frequency arrangements in the frequency range 3-6GHz, it can be assumed to be in this range.


Terminal adjacent channel selectivity


The adjacent channel selectivity requirement is 27dB under the following conditions:





			Rx Parameter


			Units 


			Channel bandwidth





			


			


			1.4 MHz 


			3 MHz


			5 MHz


			10 MHz


			15 MHz


			20 MHz





			Power in Transmission Bandwidth Configuration


			dBm


			REFSENS + 14 dB





			PInterferer


			dBm


			


N/A


			


N/A


			


N/A


			


N/A


			


N/A


			REFSENS +39.5dB





			BWInterferer 


			MHz


			


			


			


			


			


			5





			FInterferer (offset)


			MHz


			


			


			


			


			


			12.5+0.0025


/


-12.5-0.0025











Interferer: For coexistence studies, the power of the interfering signal in 5MHz bandwidth with the specified frequency offset from the edge of the LTE channel can be assumed.


Terminal in-band blocking


In band blocking parameters





			Rx parameter


			Units 


			Channel bandwidth





			


			


			1.4 MHz 


			3 MHz


			5 MHz


			10 MHz


			15 MHz


			20 MHz





			Power in Transmission Bandwidth Configuration


			dBm





			REFSENS + channel bandwidth specific value below





			


			


			N/A


			N/A


			N/A


			N/A


			N/A


			9





			BWInterferer 


			MHz


			


			


			


			


			


			5





			FIoffset, case 1 


			MHz


			


			


			


			


			


			7.5+0.0125





			FIoffset, case 2 


			MHz


			


			


			


			


			


			12.5+0.0075











			 E-UTRA band


			Parameter


			 Unit


			Case 1


			Case 2


			Case 3


			Case 4





			


			 PInterferer


			 dBm


			-56


			-44


			


N/A





			


N/A








			


			FInterferer (offset)


			MHz


			=-BW/2 – FIoffset,case 1


&


=+BW/2 + FIoffset,case 1


			≤-BW/2 – FIoffset,case 2


&


≥+BW/2 + FIoffset,case 2


			


			





			22, 42, 43


			FInterferer


			MHz


			(Note 2)


			FDL_low – 15


to


FDL_high + 15


			


			





			NOTE 1:	For certain bands, the unwanted modulated interfering signal may not fall inside the UE receive band, but within the first 15 MHz below or above the UE receive band 


NOTE 2:	For each carrier frequency the requirement is valid for two frequencies: 


a. the carrier frequency -BW/2 - FIoffset, case 1 and


b. the carrier frequency +BW/2 + FIoffset, case 1


NOTE 3:	FInterferer range values for unwanted modulated interfering signal are interferer center frequencies 














Interferer: For coexistence studies, the power of the interfering signal in 5MHz bandwidth with the specified frequency offset from the edge of the LTE channel can be assumed.


Terminal out-of-band blocking


[bookmark: _GoBack]Out-of-band blocking parameters





			Rx Parameter


			Units 


			Channel bandwidth





			


			


			1.4 MHz 


			3  MHz


			5  MHz


			10 MHz


			15 MHz


			20 MHz





			Power in Transmission Bandwidth Configuration


			dBm


			REFSENS + channel bandwidth specific value below





			


			


			N/A


			N/A


			N/A


			N/A


			N/A


			9











			E-UTRA band


			Parameter


			Units 


			Frequency 





			


			


			


			range 1


			range 2


			range 3


			range 4





			


			PInterferer


			dBm


			-44


			-30


			-15


			-15





			22, 42, 43


			FInterferer (CW)





			MHz





			FDL_low  -15 to


FDL_low  -60 


			FDL_low  -60 to


FDL_low  -85 


			FDL_low  -85 to 


1 MHz


			-





			


			


			


			FDL_high +15 to


FDL_high + 60 


			FDL_high +60 to


FDL_high +85 


			FDL_high +85 to


+12750 MHz


			-











For coexistence studies, instead of a CW carrier, the total power of the signal can be assumed.
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1	Introduction


The purpose of this document is to provide simulation assumptions and methodology for a Monte Carlo simulation for IMT systems such as LTE and LTE-Advanced, based on 3GPP analysis in TR36.942 and relevant ITU-R studies. In studies to assess the impact of an entire IMT network it may be necessary to take account of the varying nature of an IMT network, in particular the use of power control. Monte Carlo simulation may be also required if capacity loss criteria is used to assess interference into IMT networks. Monte Carlo simulations are used to investigate the statistics of interference  from base stations and mobile stations within IMT networks taking into account the randomness of the network load, mobile stations locations and transmitter power levels adjusted by power control or traffic loading. The simulations are based on making a large number of snapshots where users are randomly placed in a predefined deployment scenario and calculating the interference distribution, including the aggregate interference, or extracting statistics for specific parameters, such as the mobile station transmitter power distribution. It is a static simulation which doesn’t take into account the small scale fading and mobility. The transmitted power of User Equipment (UE) and Base Station (BS)[footnoteRef:1] is simulated by applying algorithms for admission control, scheduling, power control etc. The locations and transmit power of LTE/LTE-Advanced UE and BS should be aligned with implementations, such as described in section 2.3 below. [1: 	UMTS BS and LTE BS are referred to as Node B (NB) and enhanced Node B (eNB), respectively. ] 



This methodology is applied to accurately model interference originating from IMT networks where aggregation of interference from multiple users is necessary and where positions and transmit power of interfering equipment needs to be reflected in detail. It reflects the statistical variations that appear when one or a few interferers are dominant. It also provides a means for realistically reflecting the interaction between IMT radio links or for capacity loss assessment in an IMT network, e.g. through power control and scheduling.


Besides Monte Carlo simulations there are two other methodologies to assess emissions from IMT networks, Minimum Coupling Loss and interference aggregation through averaging. In the case of IMT networks, MCL analysis is primarily used to provide a worst-case analysis between a single transmitter and the interfered equipment. Estimating interference through aggregating average power may be appropriate when there are a large number of interferers causing roughly the same level of interference, generally observed at rather large separation distances. However, for some scenarios, the aggregate emissions from an IMT network may be modelled more accurately with Monte Carlo simulations compared to methods based on the deterministic analysis or averaging.


LTE and LTE-Advanced as currently specified are both OFDMA based in DL and SC-FDMA based in UL. So the same methodology can be applied for both LTE and LTE-Advanced coexistence studies. However, the detailed assumptions to be used in the methodology could differ depending on whether a LTE system or LTE-Advanced system is under consideration.  For example, ACLR and power control parameters are different due to the different bandwidths associated with LTE-Advanced and LTE networks. Furthermore, in the methodology described in this document, advanced techniques of LTE-Advanced like beamforming are not taken into account.


[bookmark: _Ref129145220][bookmark: _Ref129165490]2	Simulation assumptions and methodology of LTE/LTE-Advanced


The general simulation assumptions and the detailed simulation flow are presented in this section to provide a guideline on how to perform the coexistence simulation. The same simulation flow could be used for modelling IMT network interference and for IMT network capacity loss assessment. 


2.1	General assumptions


For LTE or LTE-Advanced RF coexistence studies, the static Monte-Carlo simulation methodology may be performed. Given that LTE and LTE-Advanced are orthogonal systems, there is no intra‑cell interference, rather only inter-cell interference. E.g. in UL case only UEs allocated with the same sub-carriers (frequency resource block) in different cells could cause other-cell interference.


A macro network layout is depicted in Figure 1. The whole network region relevant for simulations is a cluster of 19 cells (cells 1 to 19 in the center of figure), where the other clusters of 19 cells are repeated around this central cluster based on a wrap-around technique employed to avoid the network deployment edge effects. For more details on wrap-around technique and the rational for its application to system-level simulations, please see [1] and Appendix I of [2]. UEs (denoted by red stars) are deployed randomly in the whole network region according to a uniform geographical distribution. A frequency reuse of 1/1 is used, i.e. the same RF channel is used in all 19 cells.


For the simulation of packet-switched LTE and LTE-Advanced systems, there is need for a traffic model for the services supported by the system and a scheduler algorithm for the allocation of network resources (time and frequency) to different users. The selection of the traffic model and the scheduler in the aggressor network has a crucial impact on modelling the amount of interference caused to the victim network. Therefore, realistic assumptions for the traffic model and scheduler in the LTE network are key for a fair assessment of coexistence between LTE and other services [2].





[bookmark: _Ref357512179]Figure 1


LTE/LTE-Advanced macro network layout


[image: ]


The LTE indoor hotspot scenario consists of single floor of a building as shown in Figure 2 [4] (Annex A.2.1.1.5). The height of the floor is 6 m. The floor contains 16 rooms of 15 m x 15 m and a long hall of 120 m x 20m. Two sites are placed in the middle of the hall at 30 m and 90 m with respect to the left side of the building. Indoor/hotspot BS and UE can be put into the macro layout as Figure 1 and the wrap-around technqiue can be employed, when network deployment edge effects should be removed or the overall interference of the heterogenous network needs to be considered.


Figure 2


Indoor hotspot network layout











[bookmark: _Ref129166047][bookmark: _Toc170903375][bookmark: _Toc190783924]2.2	Simulation Flow for the case LTE/LTE-Advanced interfering with LTE/LTE-Advanced with same system bandwidth)


The simulation flow is developed from ‎0 (section 5.1.2). 


2.2.1	Downlink LTE/LTE-Advanced interfering with LTE/LTE-Advanced with same system bandwidth


For i=1:# of snapshots


1. 


Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the HO margin[footnoteRef:2] of 3 dB the same number   of users is allocated as active UEs.  [2:  	HO margin stands for handover margin. The most favorable network operation in terms of the optimal (low) UE Tx power is the case that each UE always connects to the cell with the strongest received pilot power. However, this is not always possible in particular for UEs at the cell edge. Such UEs may not connect to the most favorable cell, due to the potential delay in the measurement report or eNB cell reselection signalling, or to avoid ping-pong handover. Therefore, HO margin is defined to model the possibility for UEs to connect to the serving cell. It is a predetermined value used to establish for each UE the set of cells which that UE can connect to, besides the one with the strongest received pilot power.] 



· Calculate the pathloss from each UE to all cells and find the smallest pathloss


· Link the UE randomly to a cell to which the pathloss is within the smallest pathloss plus the HO margin of 3 dB 


· 








Select  UEs randomly from all the UEs linked to one cell as active UEs. It is proposed to use =1 or =3


· 





All available resource blocks (RBs) will be allocated to selected UEs, and each UE is scheduled with the same number  of RBs. To reflect traffic variations, there will not be transmissions to all selected UEs, and consequently not all RBs will be utilized. The number of active users is chosen with equal probability from [3] to . The DL power used per UE is proportional to the number of RBs. 


	For those that transmit, the power per UE is calculated as follows:





			Let  denote the maximum transmit power of BS





			 is the number of all available RBs in each cell





			 is the transmit power from BS to the active UE, and 





			.


2. Calculate DL C/I for all active UEs.








	Loop over all cells from  to  (the number of cells in the system area e.g. 57 for 19 sites with tri-sector antennas)








	Loop over all active UEs from  to 














	For the -th active UE in the -th cell (i.e.) its C/I is denoted by 


· 





 is the received power from the serving BS, i.e., the -th BS (here BS and cell are interchangeable)


· 





· 











 is the interference power which consists of other cell interference , intersystem interference from interfering system in adjacent channel  and the thermal noise . 


· 





· 





· 





· 





· For downlink a common ACIR for all frequency resource blocks to calculate  inter-system interference, i.e., interference into adjacent bands shall be used. ‎0 (section 5.1.1.3)


3. Determine the throughput for each UE with its C/I according to the link-to-system level mapping given in [3] Annex 1.


4. Collect statistics such as interference from the IMT network, achieved IMT network capacity or BS power distribution.


2.2.2	Uplink LTE or LTE-Advanced interfering with LTE or LTE-Advanced with same system bandwidth


For i=1:# of snapshots








1.	Distribute sufficiently many UEs randomly throughout the system area such that to each cell within the HO margin of 3 dB the same number  of users is allocated as active UEs. Typically  is in the interval 3 to 6.


· Calculate the pathloss from each UE to all cells and find the smallest pathloss


· Link the UE randomly to a cell to which the pathloss is within the smallest pathloss plus the HO margin of 3 dB 


· 





Select  UEs randomly from all the UEs linked to one cell as active UEs. These  active UEs will be scheduled during this snapshot 


· 


Note: a full load system is assumed, namely, all available RBs will be allocated to active UEs. And each UE is scheduled with the same number  of RBs.






2. Perform UL power control


· 


Set UE transmit power to 


where Pt is the transmit power of the UE in dBm, Pmax is the maximum transmit power in dBm, Rmin is the ratio of UE minimum and maximum transmit powers Pmin / Pmax and determines the minimum power reduction ratio to prevent UEs with good channel conditions to transmit at very low power level.. PL is the path-loss in dB for the UE from its serving BS and PLx-ile is the x-percentile path-loss (plus shadowing) value[footnoteRef:3]. With this power control scheme, the 1-x percent of UEs that have a path-loss larger than PLx-ile will transmit at Pmax[footnoteRef:4]. Finally, 0<<=1 is the balancing factor for UEs with bad channel and UEs with good channel. [3: 	PLx-ile is defined here as the value in the Cumulative Distribution Function (CDF), which is bigger than the path-loss of x percent of the MSs in the cell from the BS.]  [4: 	The value of x has a crucial impact on the aggregated interference generated in the uplink and therefore on network throughput. As a result, special care should be taken when selecting this parameter for simulations. This issue is discussed in details in Section 2.3.] 



3. Calculate UL C/I for all active UEs.








Loop over all cells from  to  (the number of cells in the system area e.g. 57 for 19 sites with tri-sector antennas)








Loop over all active UEs from  to 














For the -th active UE in the -th cell (i.e.) its C/I is denoted by ,


· 








 is received power from , at the -th BS (here BS and cell are interchangeable)


· 





 (  is in linear.)


· 











 is the interference power which consists of other cell interference , intersystem interference from interfering system in adjacent channel  and the thermal noise . 


· 





· 





· 


 Note: as mentioned in the introduction, a fully orthogonal system is assumed so that by calculating other cell, intra-system interference, only UEs which transmit in the same frequency subcarriers will introduce interference to each other. Thus, in the above equation, only UEs in other cells with the same index  are considered.


· 





For the UL case, the ACIR is dominated by the UE ACLR. 3GPP specifications define for different channel bandwidths the UE ACLR under the assumption that the UE transmits in the entire channel bandwidth. Since the available UL channel bandwidth (or total RBs) are normally shared by several UEs, the bandwidth of UEs will be lower than the total available channel bandwidth, which means that adjacent channel performance of UEs might be improved. To accommodate this fact in the studies on co-existence between LTE systems operating in adjacent channels, 3GPP has defined in ‎0 a model for the UE ACLR which is a function of the occupied bandwidth by (or the number of RBs allocated to) the aggressor LTE UE and the frequency separation between the bandwidth (or RBs) of the aggressor LTE UE and that of the victim LTE UE. For coexistence studies between IMT/LTE and other services in adjacent channels with different receiver bandwidth, ACLR values of aggressor IMT/LTE UE can be derived from the OOB emission limits in 3GPP TS36.101 by integration over the bandwidth of the victim receiver. This is a worst case assumption, because the resulting ACLR is based on the implicit assumption that each IMT/LTE UE would be transmitting in the entire channel bandwidth. 


This approach doesn’t take into account the improved adjacent channel performance of IMT/LTE UEs. Therefore, it is suggested to use in such studies an approach similar to that used in ‎0 for the co-existence studies between LTE systems.  


· 





4. Determine the throughput for each UE with its C/I according to the link-to-system level mapping given in [1] Annex 1.





5. Collect statistics such as interference from IMT network, achieved IMT network capacity or UE power distribution.


2.3	Consideration on the proper assumptions for power control 


The results of interference modelling from LTE or LTE-Advanced systems are highly dependent upon the assumptions made regarding the systems being simulated[footnoteRef:5]. [5:  	A major consideration for applying any methodology used for assessing the coexistence of wireless telecommunication systems is the parameters that are needed to characterize the systems to be studied and the models that are needed to represent the propagation conditions under which the systems are assumed to operate. ] 



Some simulation assumptions are closely related to each other, such as operating frequency, cell radius, power control parameters, propagation model, user density and terrain environment (urban/suburban/rural). Therefore, assumptions should be made in a proper way in order to be realistic and consistent.


Cell radius results from the link budget which highly depends on environment (urban/suburban/rural), propagation loss and operating frequency assumed. So, the proper cell radius should be selected to be consistent with these assumptions; e.g., the lower the operating frequency, the greater the cell radius will be.


Power control parameters also depend on operating frequency, cell type (macro/micro/pico), 
cell radius and propagation model. LTE power control consists of open loop and close loop power control. For Monte-Carlo simulations, mainly open loop power control model is used. The algorithm for this model sets the UE Tx power based on the path loss between UE and its serving base station or eNB and some other parameters including that which corresponds to the percentage of the active users transmitting with the maximum power Pmax. In particular, care should be taken when selecting parameter relevant to the percentage of active users with the maximum Tx power. Thus, the percentage of the users with maximum Tx power can be close to that in a real network or slightly more than in a real network. If there are too many users transmitting with the maximum power, the uplink of the LTE system will operate in a high IoT (Interference over Thermal, also called noise rise) condition, which is the result of excessive interference at the BS receiver of a specific radio cell due to high Tx power of active UEs in other radio cells. This condition will cause the uplink cell edge throughput to deteriorate or even the coverage to shrink. The stability of the overall system will be affected due to unstable UL control channel performance under high IoT condition. Also high Tx power will reduce the active time and standby time of the user equipment. 


The power consumption is a serious problem for smart phone and it can impact the user experience significantly. Therefore, we suggest setting appropriate power control parameters by allowing 
a reasonable portion of total UEs (in the order of 2%~5% for macro cells, less than 1% for pico cells or mixed macro/pico cells) to transmit with the maximum power, depending on operating frequency and cell radius. The power control parameters can be determined by some pre-simulations. 


To illustrate the above discussion, the performance of an example macro LTE network with different power control parameters is presented below, including UE Tx power CDF, eNB IoT CDF and UL C/I CDF. The network is assumed to operate in a suburban environment in the 700MHz frequency range. The Inter-Site-Distance (ISD) is assumed to be 3km and a modified Hata model given in Report SM.2028 [5] is used for calculating path loss. We assume 6 UEs per cell/sector in the following simulation. 


With a proper selection of power control settings, the network will operate at a moderate IoT condition and achieve a good tradeoff between the overall system stability and the average throughput. With an aggressive power control setting, the portion of UEs transmitting with the maximum power will increase and the average throughput can increase, too. However, IoT of the network will be higher, which will deteriorate the cell edge throughput and make the system less stable. With a too conservative power control setting, the UE transmission power will be lower resulting in a quite low IoT. The price to be paid is a lower average and cell edge throughput in the network. Therefore, it is not necessary for an operator to select an over-conservative power control configuration, rather a balanced one. E.g. in the example network, PC setting 2 is the most appropriate one, which achieves the best tradeoff among UE Tx power, IoT and the network throughput performance. PC setting 3 is too conservative since the throughput is low. PC setting 1 is too aggressive since the IoT operating point of the network is the highest which may cause unstable control channel quality. With this power control setting, the portion of UEs with the maximum transmit power is the highest and the portion of UEs with bad C/I performance is the highest.






Table 1


Simulation results of different PC settings


			


			PC setting 1


			PC setting 2


			PC setting 3





			PLxile in dB


			115


			122


			130





			


			1


			1


			1





			Portion of UE with maximum tx power


			24.8%


			2.6%


			0.003%





			Average IoT in dB


			14.00


			8.81


			0.89





			Average throughput (b/s/Hz)


			0.522


			0.417


			0.252





			5% CDF throughput


(b/s/Hz)


			0.167


			0.177


			0.141








Figure 3


LTE eNB IoT CDF with different power control parameters


[image: ]


Figure 4


LTE UL C/I CDF with different power control parameters


[image: ]


3	Summary


The Monte Carlo simulation methodology can be applied for evaluating interference from IMT systems to provide accurate results for interference scenarios where aggregation of interference from multiple stations is necessary, and where positions and transmit power of interfering equipment needs to be reflected in detail. It also provides a means for realistically reflecting the interaction between radio links for IMT network interference calculation or for IMT network capacity loss assessment , e.g. through power control and scheduling. The assessment of interference aggregation together with detailed information about power and position are features of the Monte Carlo simulation methodology. 


 IMT network Monte-Carlo simulation is required if capacity loss criteria is used to assess interference into IMT networks. The same Monte-Carlo simulation methodology could be used to acquire realistic transmitter power distributions which could be further used as a separate model for assessing IMT network interference if necessary.
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APPENDIX 2


RLAN characteristics and related materials on modelling considerations for the 5 to 6 GHz frequency Range





The following ITU-R Reports and Recommendations provide information about broadband radio local area networks (RLANs) as well as modelling considerations for sharing and compatibility studies in the 5-6 GHz frequency range. Information pertaining to incumbent systems in the 5-6 GHz frequency range can be found in the relevant sections of the document. 


Broadband radio local area networks Characteristics and Protection Criteria 


–	Recommendation ITU-R M.1450 “Characteristics of broadband radio local area networks” (Note – At its November 2012 meeting, WP 5A informed JTG 4-5-6-7 that it has initiated work on revising Recommendation ITU-R M.1450 “Characteristics of broadband radio local area networks”. In particular, IEEE 802.11 standards utilizing the 5-6 GHz frequency range are being included in this revision. The preliminary draft document (Annex 16 to Document 5A/198 Chairman’s Report)  may be relevant to studies under WRC-15 Agenda item 1.1.


–	Report ITU-R M.2116 “Characteristics of broadband wireless access systems operating in the land mobile service for use in sharing studies” (Note – At its November 2012 meeting, WP 5A informed JTG 4-5-6-7 that it has initiated work on revising Report ITU-R M.2116 and the current working document can be found in Annex 19 of WP 5A Chairman’s Report (Doc. 5A/198).


–	Recommendation ITU-R M.1652 “Dynamic frequency selection in wireless access systems including radio local area networks for the purpose of protecting the radiodetermination service in the 5 GHz band”  


-	Recommendation ITU-R M.1739 “Protection criteria for wireless access systems, including radio local area networks, operating in the mobile service in accordance with Resolution 229 (WRC-03) in the bands 5 150‑5 250 MHz, 5 250-5 350 MHz and 5 470-5 725 MHz”


Modelling considerations for sharing studies for the 5-6GHz frequency range


The material below provides supplemental information received from Working Party 5A and Working 5B requesting that following considerations be taken into account in any sharing and compatibility analyses performed in the 5-6 GHz frequency range to ensure the protection of existing applications in the mobile service.


The modelling considerations for the 5-6 GHz frequency range vary from previous studies done in the ITU-R and the detailed analyses are expected to be more complex than those previously utilized to determine the sharing conditions under Resolution 229 (Rev.WRC‑12) for the 5 150-5 250 MHz, 5 250-5 350 MHz, and 5 470-5 725 MHz bands. Should a mobile allocation for RLAN use be considered under WRC-15 Agenda item 1.1 in the 5-6 GHz frequency range, JTG studies would need to determine sharing feasibility and mitigation measures, including appropriate regulations, which may provide the possibility of allowing RLAN devices to operate in the these bands. These studies need to consider the changes in sharing conditions and new modelling and simulation of incumbent systems and RLAN devices to address the latest incumbent system parameters. These differences in modelling considerations, along with the knowledge gained through experience of the practical limitations in the deployment of spectrum sharing technologies such as detection-based techniques and the associated risks, should be examined in more detail.





The changes in modelling considerations provided by Working Party 5 A include the following:


–	changes in RLAN device deployment (e.g., projected density) and technical parameters (e.g., ability to use antenna beam forming, channel selection algorithms, bandwidth);


–	changes in interference scenarios, including “hidden node” scenarios where pathway obstructions “hide” potential device interference;


–	new systems, including non-radar systems (e.g. ITS systems) and low-profile operations, that were not previously considered in the implementation of mitigation techniques such as DFS.


The changes in modelling considerations received from Working Party 5B include the following:


–	incumbent system designs (e.g., aeronautical, maritime, and radiodetermination);


–	incumbent system deployment, parameters, and sensitivities (e.g., change in technical characteristics);


–	adjacent channel interference conditions;


–	new systems, including non-radar systems (e.g. aeronautical communications) that were not previously considered in the implementation of protection methods such as DFS. 
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There were lengthy discussions toward a common set of parameters but no agreement was achieved. A common way forward was reached on specific parameters as defined below based on input contributions found in Documents 4-5-6-7/254, 314, 315, 320, 344, and 349. Adoption of a specific parameter for antenna gain/discrimination, body/additional losses and RLAN device density, may result in changes to the common parameters listed below. As stated in the general principles of this Annex, members should provide an explanation for the specific changes in their studies.


Parameters with a common understanding


EIRP level distribution





			RLAN EIRP Level


			200 mW


(Omni-Directional)


			80 mW


(Omni-Directional)


			50 mW


(Omni-Directional)


			25 mW


(Omni-Directional)





			RLAN Device Percentage


			19%


			27%


			15%


			39%











Note: RLAN devices are assumed to be indoors only, based on the requirement to help facilitate coexistence. For the purposes of sharing studies, 5% of the devices should be modelled without building attenuation.





These EIRP values apply across the entire RLAN channel bandwidth.


[Alternatively administrations may choose to use a single e. i. r. p level]





Channel bandwidths distribution





			Channel bandwidth


			20 MHz


			40 MHz


			80 MHz


			160 MHz





			RLAN Device Percentage


			10%


			25%


			50%


			15%











Building attenuation


Gaussian distribution with a 17 dB mean and a 7 dB standard deviation (truncated at 1 dB)





Propagation model


Aeronautical radar case:


Recommendation ITU-R P.528 (as revised – see Document 3/36(Rev.1)) + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1)) + building attenuation as described above


EESS radar case:


Recommendation ITU-R P.619 + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1))  + building attenuation as described above


Angular Clutter Loss Model:


The angular clutter loss model provided by the "RLAN User Defined Height" column of the attached worksheet should be used in conjunction with the antenna heights as described below.  The clutter loss values calculated for the "sparse houses", "suburban" and "urban" clutter (ground-cover) categories should be applied in the rural, suburban and urban zones of the RLAN deployment model, respectively.


Theta max (°) provides the angle from the RLAN transmitter to the top of the clutter height.  Therefore, if the aircraft/spacecraft is at an elevation angle at or below theta max (°), clutter loss should be added.  If the aircraft/spacecraft is above theta max (°) of the respective clutter category, there is no clutter loss.











Antenna height





			RLAN Deployment Region


			Antenna Height 


(meters)





			Urban


			1.5 to 28.5





			Suburban


			1.5, 4.5





			Rural


			1.5, 4.5











The antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps.  





Parameters with options remaining


Antenna gain/discrimination


Omnidirectional in azimuth for all scenarios





For EESS/Aeronautical studies:


Option A: Omnidirectional in elevation


Option B: Generic use of the elevation pattern as given in the table below 


Table:  RLAN Elevation Antenna Pattern


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











[Option C: For these studies, the effect of the antenna discrimination in the vertical plane is covered in the section “Additional losses” below.]





For terrestrial radar studies:


Antenna gain relative to the radar received e. i. r. p. for RLAN is important in determining DFS threshold values. Received signals should be increased by 3 dB to account for antenna gain in the RLAN access points which will apply DFS.





Additional/body losses for the EESS/Aeronautical studies


Option A: no additional losses 


Option B: consider body losses


Option C : To cover additional losses / attenuations (antenna discrimination in elevation, body loss, etc.) an additional [6] dB factor for RLAN devices for which the studies take into account building loss or [3] dB for the 5% of RLAN devices for which the studies do not take into account building loss should be applied. (note : this Option C is linked to Option C under the antenna gain/discrimination section)





RLAN device density relevant to sharing studies


The following RLAN device densities are to be used as simultaneously transmitting with the e. i. r. p. distribution as given above.


Option A: 2753 active devices per 20 MHz channel based on WRC-03 studies


Option B: 5186 active devices per 20 MHz channel or 14931 active devices per 100 MHz channel per 5.25 million inhabitants


Option C: From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size


Option D: From 0.0008 to 0.024 active devices per 20 MHz channel per inhabitant (per 0.004 to 0.12 per 100 MHz channel) applied to any population size


Option E: Take into account the EESS interference threshold in order to determine the number of simultaneous RLAN connections which can be tolerated. The RLAN density can then be determined for a given population.





---------
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												This is the Only User Input =>				Frequency				5.35				GHz



												          Note: It has little effect on the final answer once above 1 GHz







												TABLE 4



												Nominal clutter heights and distances



												Clutter (ground-cover) category				Nominal height, ha				Nominal distance, dk				RLAN
User Defined
Height								UE any								Macro rural								Macro suburban								Macro urban								Small cell outdoor / micro urban								Small cell indoor / micro urban



																(m)				(km)				h=2 (m)				qmax (°)				h=1.5 (m)				qmax (°)				h=30 (m)				qmax (°)				h=25 (m)				qmax (°)				h=20 (m)				qmax (°)				h=6 (m)				qmax (°)				h=3 (m)				qmax (°)				ç Values of h taken from JTG 4-5-6-7/236 & JTG 5-6/180 Annex 2 (UE only)



								Rural				High crop fields				4				0.1				14.8 dB				1.1				17.3 dB				1.4				-0.3 dB				-14.6



												Park land



												Irregularly spaced sparse trees



												Orchard (regularly spaced)



												Sparse houses



												Village centre				5				0.07



												Deciduous trees (irregularly spaced)



												Deciduous trees (regularly spaced)				15				0.05



												Mixed tree forest



												Coniferous trees (irregularly spaced)				20				0.05



												Coniferous trees (regularly spaced)



												Tropical rain forest				20				0.03



								Suburban				Suburban				9				0.025				19.5 dB				15.6				19.6 dB				16.7												-0.3 dB				-32.6



												Dense suburban				12				0.02				19.7 dB				26.6				19.7 dB				27.7												-0.3 dB				-33.0



								Urban				Urban				20				0.02				19.7 dB				42.0				19.7 dB				42.8																				-0.1 dB				0.0				19.4 dB				35.0				19.7 dB				40.4



												Dense urban				25				0.02				19.7 dB				49.0				19.7 dB				49.6																				1.9 dB				14.0				19.6 dB				43.5				19.7 dB				47.7



												High-rise urban				35				0.02				19.7 dB				58.8				19.7 dB				59.2																				12.8 dB				36.9				19.7 dB				55.4				19.7 dB				58.0



												Industrial zone				20				0.05



												é  This Table is taken from Rec ITU-R P.452-14 é												é     dBs of clutter loss calculated using equations (47) and (47a) of Rec. ITU-R P.452-14.       é



																								é           Maximum elevation angle of clutter, qmax, calculated using atan((ha-h)/dk).       é
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ANNEX 1


EIRP level distribution





			RLAN EIRP Level


			200 mW


(Omni-Directional)


			80 mW


(Omni-Directional)


			50 mW


(Omni-Directional)


			25 mW


(Omni-Directional)





			RLAN Device Percentage


			19%


			27%


			15%


			39%











Note: RLAN devices are assumed to be indoors only, based on the requirement to help facilitate coexistence. For the purposes of sharing studies, 5% of the devices should be modelled without building attenuation.


Alternatively administrations may choose to carry out a parametric analysis in any range between 2% and 10%.





These EIRP values apply across the entire RLAN channel bandwidth.


Alternatively administrations may choose to use a single e. i. r. p level.





Channel bandwidths distribution





			Channel bandwidth


			20 MHz


			40 MHz


			80 MHz


			160 MHz





			RLAN Device Percentage


			10%


			25%


			50%


			15%











Building attenuation


Gaussian distribution with a 17 dB mean and a 7 dB standard deviation (truncated at 1 dB)


Alternatively administrations may choose to use a 17 dB fixed value.





Propagation model


Aeronautical radar case:


Recommendation ITU-R P.528 (as revised – see Document 3/36(Rev.1)) + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1)) + building attenuation as described above


EESS radar case:


Recommendation ITU-R P.619 + angular clutter loss model from Recommendation ITU-R P.452 (as revised – see Document 3/52(Rev.1))  + building attenuation as described above


Angular Clutter Loss Model:


The angular clutter loss model provided by the "RLAN User Defined Height" column of the attached worksheet should be used in conjunction with the antenna heights as described below.  The clutter loss values calculated for the "sparse houses", "suburban" and "urban" clutter (ground-cover) categories should be applied in the rural, suburban and urban zones of the RLAN deployment model, respectively.


Theta max (°) provides the angle from the RLAN transmitter to the top of the clutter height.  Therefore, if the aircraft/spacecraft is at an elevation angle at or below theta max (°), clutter loss should be added.  If the aircraft/spacecraft is above theta max (°) of the respective clutter category, there is no clutter loss.











Antenna height





			RLAN Deployment Region


			Antenna Height 


(meters)





			Urban


			1.5 to 28.5





			Suburban


			1.5, 4.5





			Rural


			1.5, 4.5











The antenna heights are randomly selected using a uniform probability distribution from the set of floor heights at 3 meter steps.  





Antenna gain/discrimination


Omnidirectional in azimuth for all scenarios





For EESS/Aeronautical studies:


Option A1: Omnidirectional in elevation (from document 4-5-6-7/437)


Option A2: Generic use of the elevation pattern as given in the table below with negative elevation angles above the horizon(from document 4-5-6-7/495)


Table:  RLAN Elevation Antenna Pattern


			Elevation Angle θ
(Degrees)


			Gain
(dBi)





			45  θ  90


			-4





			35  θ  45


			0





			0  θ  35


			3





			–15  θ  0


			-1





			–30  θ   –15


			-4





			–60  θ  –30


			-9





			–90  θ  –60


			-8











Option A3: An average 4 dB antenna discrimination applied to the EIRP level distribution above in the direction of the satellite (from document 4-5-6-7/566)





For terrestrial radar studies:


Antenna gain relative to the radar received e. i. r. p. for RLAN is important in determining DFS threshold values. Received signals should be increased by 3 dB to account for antenna gain in the RLAN access points which will apply DFS.





RLAN device density relevant to sharing studies


The following RLAN device densities are to be used as simultaneously transmitting with the e. i. r. p. distribution as given above (no ranking implied).


Option D1: 5186 active devices per 20 MHz channel or 9871 active devices per 100 MHz channel per 5.25 million inhabitants (from document 4-5-6-7/495).


Option D2: From 0.0008 to 0.008 active devices per 20 MHz channel per inhabitant (0.004 to 0.04 per 100 MHz channel) (based on 3% to 30% activity factor) applied to any population size  (from document 4-5-6-7/430).


Option D3: Take into account the EESS interference threshold in order to determine the number of simultaneous RLAN connections which can be tolerated. The RLAN density can then be determined for a given population (from document 4-5-6-7/478).








ANNEX 2





Existing RLAN deployments in the 5725-5850 MHz band include low-power indoor devices (which operate across the 5150-5350 MHz and 5470-5850 MHz frequency ranges) and high-power outdoor Wireless Internet Service Provider type devices. Deployment parameters, including the mix of device types, vary from country to country, due to diverging national and regional regulations in the 5725-5850 MHz band, as shown in document 4-5-6-7/399.


For sharing and compatibility studies, RLAN parameters should be similar to those contained in Annex 1as well as some higher power, point-to-point, and point-to-area devices.








---------
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												This is the Only User Input =>				Frequency				5.35				GHz



												          Note: It has little effect on the final answer once above 1 GHz







												TABLE 4



												Nominal clutter heights and distances



												Clutter (ground-cover) category				Nominal height, ha				Nominal distance, dk				RLAN
User Defined
Height								UE any								Macro rural								Macro suburban								Macro urban								Small cell outdoor / micro urban								Small cell indoor / micro urban



																(m)				(km)				h=2 (m)				qmax (°)				h=1.5 (m)				qmax (°)				h=30 (m)				qmax (°)				h=25 (m)				qmax (°)				h=20 (m)				qmax (°)				h=6 (m)				qmax (°)				h=3 (m)				qmax (°)				ç Values of h taken from JTG 4-5-6-7/236 & JTG 5-6/180 Annex 2 (UE only)



								Rural				High crop fields				4				0.1				14.8 dB				1.1				17.3 dB				1.4				-0.3 dB				-14.6



												Park land



												Irregularly spaced sparse trees



												Orchard (regularly spaced)



												Sparse houses



												Village centre				5				0.07



												Deciduous trees (irregularly spaced)



												Deciduous trees (regularly spaced)				15				0.05



												Mixed tree forest



												Coniferous trees (irregularly spaced)				20				0.05



												Coniferous trees (regularly spaced)



												Tropical rain forest				20				0.03



								Suburban				Suburban				9				0.025				19.5 dB				15.6				19.6 dB				16.7												-0.3 dB				-32.6



												Dense suburban				12				0.02				19.7 dB				26.6				19.7 dB				27.7												-0.3 dB				-33.0



								Urban				Urban				20				0.02				19.7 dB				42.0				19.7 dB				42.8																				-0.1 dB				0.0				19.4 dB				35.0				19.7 dB				40.4



												Dense urban				25				0.02				19.7 dB				49.0				19.7 dB				49.6																				1.9 dB				14.0				19.6 dB				43.5				19.7 dB				47.7



												High-rise urban				35				0.02				19.7 dB				58.8				19.7 dB				59.2																				12.8 dB				36.9				19.7 dB				55.4				19.7 dB				58.0



												Industrial zone				20				0.05



												é  This Table is taken from Rec ITU-R P.452-14 é												é     dBs of clutter loss calculated using equations (47) and (47a) of Rec. ITU-R P.452-14.       é



																								é           Maximum elevation angle of clutter, qmax, calculated using atan((ha-h)/dk).       é
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			APPENDIX 3


			Existing terrestrial services in the relevant frequency bands





			NOTE: The mark “X” in the following tables denotes that the respective terrestrial services are allocated on a primary basis as indicated in the Table of Article 5 of the Radio Regulations. The analyses in the following tables are based on the Radio Regulations (Edition 2008) and the Final Acts of WRC-12. 


			[Editor’s Note: Administrations are asked to review and verify the contained information in this table, as it may not fully take into account the primary services indicated in the footnotes of the Table of Article 5 of the Radio Regulations.]





			NOTE: Shaded rows in the table indicate that there is no allocation for the terrestrial services concerned on a primary basis.


			Frequency ranges
(in MHz)			Frequency bands 
(in MHz) based on the segments in the Radio Regulation			Mobile			Fixed			Aeronautical Mobile			Radionavigation			Aeronautical radionavigation			Maritime 
 radionavigation			Radiolocation


			470-694			470-694 (1)			X (Region 3)
X (No. 5.292: 470-512 MHz)
X (No. 5.293: 470-512 & 614-698 MHz)
X (No. 5.297: 512-608 MHz)			X (Region 3)
X (No. 5.292: 470-512 MHz)
X (No. 5.293: 470-512 MHz & 614-806 MHz)
X (No. 5.297: 512-608 MHz)
X (No.5.309: 614-806 MHz)						X (Region 3: 585-610)			X (No. 5.312: 645-862 MHz)


			694-790			694-790 (1)			X (Region 2: 698-790)
X (Region 3)
X (Region 1: No. 5.312A)(2)
X (No. 5.293: 470-512 & 614-698 MHz)			X (Region 3)
X (No. 5.293: 470-512 & 614-806 MHz)
X (No.5.309: 614-806 MHz)									X (No. 5.312: 645-862 MHz)


			1 000-1 700			960-1 164									X (4)						X


						1 164-1 215															X


						1 215-1 240			X (No. 5.330: 1 215-1 300 MHz)			X (No. 5.330: 1 215-1 300 MHz)						X (No. 5.331: 
1 215-1 300 MHz)									X


						1 240-1 300			X (No. 5.330: 1 215-1 300 MHz			X (No. 5.330: 1 215-1 300 MHz)						X (No. 5.331: 
1 215-1 300 MHz)			X (No. 5.331: 
1 240-1 300 MHz)						X


						1 300-1 350															X						X


						1 350-1 400			X (Region 1)			X (Region 1)									X (No. 5.334: 
1 350-1 370 MHz)						X


						1 400-1 427


						1 427-1 429			X (3)			X


						1 429-1 452			X (Region 1) (3)
X (Regions 2 and 3)			X			X (No. 5.342: 1 429-1 535 MHz)
(No. 5.343: 1 435-1 535 MHz)


						1 452-1 492			X (Region 1) (3)
X (Regions 2 and 3)			X			X (No. 5.342: 1 429-1 535 MHz)
(No. 5.343: 1 435-1 535 MHz)
(No. 5.344: 1 452-1 525 MHz)


						1 492-1 518			X (Region 1) (3)
X (Regions 2 and 3)			X			X (No. 5.342: 1 429-1 535 MHz)
(No. 5.343: 1 435-1 535 MHz)
(No. 5.344: 1 452-1 525 MHz)


						1 518-1 525			X (Region 1) (3)
X (Regions 2 and 3)			X			X (No. 5.342: 1 429-1 535 MHz)
(No. 5.343: 1 435-1 535 MHz)
(No. 5.344: 1 452-1 525 MHz)


						1 525-1 530			X (No. 5.349: 1 525-1 530 MHz) (3)			X (Regions 1 and 3)			X (No. 5.342: 1 429-1 535 MHz)
(No. 5.343: 1 435-1 535 MHz)
X (No. 5.350:
1 525-1 530 MHz)


						1 530- 1535									X (No. 5.342: 1 429-1 535MHz)
(No. 5.343: 1 435-1 535 MHz)


						1 535-1 559						X (No. 5.359: 1 550-1 559, 1 610-
1 645.5 & 1 646.5- 
1 660 MHz)


						1 559-1 610															X


						1 610-1 610.6						X (No. 5.359: 1 550-1 559, 1 610- 
1 645.5 & 1 646.5- 
1 660 MHz)			X (No. 5.367: 1 610-1 626.5 MHz) (4)						X


						1 610.6-1 613.8						X (No. 5.359: 1 550-1 559, 1 610- 
1 645.5 & 1 646.5- 
1 660 MHz)			X (No. 5.367: 1 610-1 626.5 MHz) (4)						X


						1 613.8-1 626.5						X (No. 5.359: 1 550-1 559, 1 610-
1 645.5 & 1 646.5- 
1 660 MHz)			X (No. 5.367: 1 610-1 626.5 MHz) (4)						X


						1 662.5-1 660						X (No. 5.359: 1 550-1 559, 1 610-
 1 645.5 & 1 646.5-1 660 MHz)


						1 660-1 660.5


						1 660.5-1 668


						1 668-1 668.4


						1 668.4-1 670			X (3)			X


						1 670-1 675			X			X


						1 675-1 690			X (3)			X


						1 690-1 700			X (No. 5.381: 1 690-1 700 MHz) (3)
X (No. 5.382: 1 690-1 700 MHz) (3)			X (No. 5.381: 1 690-1 700 MHz)
X (No. 5.382: 1 690-1 700 MHz)


			2 025-2 110			2 025-2 110			X			X


			2 200-2 290			2 200-2 290			X			X


			2 700-3 400			2 700-2 900															X			X (No. 5.424: 2 850-2 900 MHz)			X (No. 5.423)


						2 900-3 100												X									X


						3 100-3 300												X (No. 5.428: 3 100-3 300 MHz)									X


						3 300-3 400			X (No. 5.429: 3 300-3 400 MHz)			X (No. 5.429: 3 300-3 400 MHz)						X (No. 5.430: 3 300-3 400 MHz)									X


			3 400-5 000			3 400-3 500 (1)			X (No. 5.430A: 3 400-3 600 MHz) (3)
X (No. 5.431A: 3 400-3 500 MHz) (3)
X (No. 5.432: 3 400-3 500 MHz) (3)
X (No. 5.432B: 3 400-3 500 MHz) (3)			X															X (No. 5.433: 3 400- 
3 600 MHz)


						3 500-3 600 (1)			X (Regions 2 and 3)
X (No. 5.430A: 3 400-3 600 MHz)			X															X (No. 5.433: 3 400- 
3 600 MHz)


						3 600-3 700 (1)			X (Regions 2 and 3) (3)			X


						3 700-4 200 (1)			X (Regions 2 and 3) (3)			X


						4 200-4 400															X


						4 400-4 500			X			X


						4 500-4 800			X			X


						4 800-4 990			X			X


						4 990-5 000			X (3)			X


			5 350-5 470			5 350-5 460															X						X


						5 460-5 470												X									X


			5 850-6 425			5 850-5 925			X			X


						5 925-6 700			X			X


			NOTE (1): The segment of this frequency band is not identical to that in the Radio Regulations because different segments are employed in respective Regions.


			NOTE (2) This band is also being considered under WRC-15 Agenda item 1.2.


			NOTE (3): MOBILE except aeronautical mobile on a primary basis.


			NOTE (4): AERONAUTICAL MOBILE (R)
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4-5-6-7/133-E


Characteristics and protection criteria of satellites in the 3 400-4 200, 4 500-4 800 MHz and 5 850-6 700 bands


1	Characteristics of satellites in the 3 400-4 200 and 4 500-4 800 MHz bands


a)	Satellite spacing and e.i.r.p. spectral densities


Currently the Radio Regulations require FSS satellites to transmit e.i.r.p.’s that do not exceed those corresponding to the pfd limits at the Earth’s surface given in RR Article 21, which for the 3 400‑4 200 MHz band are as follows.  The e.i.r.p. per 4 kHz has been added in curly brackets for convenience.





			Frequency band


			Service


			Limit in dB(W/m2) for angles
of arrival () above the horizontal plane


			Reference bandwidth





			


			


			0-5


			5-25


			25-90


			





			


3 400-4 200 MHz


			Fixed-satellite
(space-to-Earth)
(GSO)


			–152


{11.3} dBW


			–152  0.5( – 5)


{11.3 + 0.5(dBW


			–142


{20.1 dBW


			4 kHz








Although many existing FSS down-link carriers in the 4 GHz band operate at e.i.r.p. spectral densities substantially below these values, especially trunk carriers received by earth stations with large antennas, some approach them closely for operational reasons – e.g. telemetry carriers, MSS feeder down-link carriers, beacons, etc. – and there is a trend towards reception by smaller and smaller antennas on the ground which is driving the average satellite e.i.r.p. density level upwards.  A survey of the BR’s SNS database reveals that the average spacing between operational co-frequency 4/6 GHz satellites with overlapping coverage is of the order of 3 degrees (2 degrees in Region 2). The majority of the carriers involved do not operate at the maximum permitted e.i.r.p. density, however, their e.i.r.p. density levels at the lower elevation angles are equal or close to the prescribed pfd levels of RR Article 21.  IMT base stations would be most impacted by the FSS signals received from satellites with lower look angles at the location of the base stations.  The advice of WP 4A was that the former WP 8F studies on interference from FSS to IMT should be based simply on one GSO satellite every 4 of longitude transmitting an e.i.r.p. of 11.3 dBW per 4 kHz towards locations with elevation angles of 0-5, with all such satellites operating co‑frequency and with overlapping coverage.


b)	Satellite beam coverage


Most 4/6 GHz bands FSS satellite payloads use either global-coverage or hemi-coverage beams to receive in the 6 GHz band and transmit in the 4 GHz band. Narrower beams of the “zone beam” and “spot beam” types are deployed for transmissions in the 11/14 and 20/30 GHz bands but not normally in the 4/6 GHz bands.  The –3 dB contours of typical 4 GHz hemi beams have greater than continental coverage.  The figure below shows, for illustrative purposes, representations of both global and hemi type beams for a C-band satellite.  





Representative Global and Hemi type beams for a C-band Satellite


[image: ]





For information on FSS satellite deployments in the band 4 500-4 800 MHz refer to the RR Appendix 30B Plan.


The bands 3 400-4 200 MHz and 4 500-4 800 MHz are allocated worldwide to the fixed-satellite service; the band 4 500-4 800 MHz being covered by the provisions of RR Appendix 30B (which is a worldwide treaty binding Plan). These bands are of utmost importance to satellite operators, with significant operations throughout the globe. Fixed-satellite service operators use these frequencies to serve customers requiring a high degree of reliability. Among other things, these customers use these frequency bands for program distribution to cable head-ends and radio/TV broadcast stations, broadband communications, commercial weather data distribution to airlines and pilots, and position location and status for trucking fleets. Any increase in the level of interference can potentially jeopardize these services. Extensive amount of capital investments has been made in both space segment and installed earth station bases in both urban and rural settings.


It is to be further noted that these FSS allocations are, and will continue to be, crucial in particular for developing countries to establish radiocommunication networks based on satellite solutions in both non-planned and planned bands.


Moreover, these bands have unique characteristics. In particular, they allow wide and/or transcontinental coverage not achievable in higher frequency bands. Their lower atmospheric absorption is also a prime characteristic for higher rain attenuation rate geographical areas. 


2	Characteristics of FSS space-to-Earth emissions and earth stations in the bands 3 400-4 200 and 4 500-4 800 MHz


Although Working Party 4A has developed Recommendation ITU-R S.1328 as a repository for the technical and operational parameters of fixed-satellite service networks, it is by no means comprehensive and is being augmented from meeting to meeting. Therefore, typical downlink fixed-satellite service parameters are provided in Tables 1 and 2 below:


TABLE 1 


Typical FSS parameters in the 4 GHz band


			Parameter


			Typical value





			Range of operating frequencies


			3 400-4 200 MHz, 4 500-4 800 MHz





			Antenna diameters (m)


			1.2, 1.8, 2.4, 3.0, 4.5, 8, 16, 32





			Antenna reference pattern


			Recommendation ITU-R S.465





			Range of emission bandwidths


			40 kHz - 72 MHz





			Receiving system noise temperature


			100 K for small antennas (1.2-3 m)
70 K for large antennas (4.5 m and above)





			Earth station deployment


			All regions, in all locations (rural, semi-urban, urban)3





			Power flux-density at the Earth’s surface produced by emissions from a space station


			In accordance with RR No. 21.16, Table 21-4





			1	The values were derived by assuming a local horizon at 0° of elevation.


2	5° is considered as the minimum operational elevation angle.


3	FSS antennas in this band may be deployed in a variety of environments. Smaller antennas 
(1.8 m-3.8 m) are commonly deployed on the roofs of buildings or on the ground in urban, semi-urban or rural locations, whereas larger antennas are typically mounted on the ground and deployed in semi‑urban or rural locations. 











TABLE 2


Typical MSS feeder link receiving earth station parameters in the 3 GHz bands


			Parameter


			Units


			System-1
Feeder link 
earth station


			System-2
Feeder link
earth station





			Range of operating frequencies


			MHz


			3 550-3 700


			3 550-3 700





			Antenna reference pattern


			


			RR Appendix 7


			RR Appendix 7





			System noise temperature (TS)


			K


			71


			52.5





			IF bandwidth (BIF)


			MHz


			40


			40











System-1 satellites are currently used to provide different types of services in land, maritime and aeronautical environments. System-2 satellites will be used in the near future to continue the existing and evolved services in land, maritime and aeronautical environments. In addition, these satellites will be used for enhanced data services up to 432 kbit/s from small portable MES terminals.


In addition, it should be noted that fixed-satellite service down-link carriers include those that produce pfd levels at the ground up to the limits contained in by RR Article 21, Section V.


3	Characteristics of Earth-to-space links in the 5 850-6 700 MHz band


Working Party 4A has started developing a list of representative characteristics to be used in compatibility analyses in the 5 850-6 700 MHz range in respect of interference from IMT transmitters into receiving space stations and interference from transmitting FSS earth stations into IMT receivers. Some initial parameters are provided in Table 3 below. It should be noted that this list may later be revised.


TABLE 3 


Typical FSS parameters in the 6 GHz band


			Parameter


			Typical value





			Range of operating frequencies


			5 850-6 700 MHz





			Antenna diameters (m)


			1.2, 1.8, 2.4, 3.0, 4.5, 8, 16, 32





			Antenna reference pattern


			Recommendation ITU-R S.465





			Range of emission bandwidths


			40 kHz - 72 MHz





			Receiving space system figure of merit


			 +5 ↔ -10 dB/K (The database of Recommendation ITU-R S.1328 provides one example with Gsat= 24.8 dBi and Ts= 400 K, corresponding to a G/T of -1.2 dB/K





			Earth station deployment


			All regions, in all locations (rural, semi-urban, urban)3





			Earth station e.i.r.p. density towards the horizon


			In accordance with RR No. 21.8 and Recommendation ITU-R S.524-9











4	Protection criteria of FSS systems in the bands 3 400-4 200, 4 500-4 800 and 5 850-6 700 MHz 


Two interference criteria are identified for use when assessing the interference from IMT‑Advanced to FSS.  


4.1	Long-term interference criterion


Based on Recommendation ITU-R S.1432, two cases have been considered, depending on the type of the scenarios studied: 


	In-band sharing studies: I/N = 12.2 dB (T/T = 6%) corresponding to the total interference from other systems having co-primary status, for 100% of the worst month or I/N = 10 dB (T/T = 10%) corresponding to the aggregate interference from co‑primary allocation for 20% of any month.


	Adjacent band sharing studies: I/N = 20 dB (T/T = 1%) corresponding to the aggregate interference from all other sources of interference, for 100 % of the time.


Where N is the clear-sky satellite system noise as described in Recommendation ITU-R S.1432.


Suitable apportionment of this criterion must be considered (see section 8.3).


4.2	Short-term interference criterion


The ITU-R reference for this criterion is Recommendation ITU-R SF.1006. This criterion also appears in Annex 7 (see both text and Table 8b) of RR Appendix 7:


	I/N = 1.3 dB which may be exceed by up to 0.001667% time (single entry).


It is noted that:


	The criterion above is also used to define a coordination area as defined in Annex 7 of RR Appendix 7, in conjunction with the methodology (e.g. propagation model) and other parameters described therein.


	Recommendation ITU-R SF.1006 recommends the methods that may be used for assessing interference potential between earth stations and the specific stations in the fixed service within the coordination area.  


4.3 	Apportionment of interference allowance


In the absence of specific recommendations on how to apportion these allowances among the competing potential sources of interference, it is suggested that the long-term interference from any individual secondary or unallocated service as well as interference into adjacent frequency bands (unwanted emissions) should be limited to half of the total noise interference allowance into an FSS link, and from any individual primary service it should be limited to half of the afore mentioned values of 6% or 10% of the total noise, as appropriate.


4.4	Guidance to use the two interference criteria


The interference potential into a FSS earth station should be evaluated taking into account both long-term and short-term interference criteria.


Studies have shown that for all types of terrain and paths, the separation distances calculated using the short-term criterion are significantly different from those calculated using the long-term. 


It was noted by ITU-R that the propagation model described the Recommendation ITU-R P.452 should not be applied with a smooth earth terrain, but should use a representative terrain profile.


However, some studies have considered that the terrain profile associated with a smooth earth model is representative of areas such as coastal and flat inland plain regions. It should be noted that it is not representative of areas that have different characteristics and the use of such a model may result in the overestimation of the interference into a receiving FSS earth station.


5	Deployment of FSS space and earth stations in the 3.4-4.2 GHz band


In connection with the work of Joint Task Group 4-5-6-7 (JTG) on WRC-15 Agenda item 1.1, Working Party 5D (WP 5D) provided to the JTG an initial list of frequency ranges considered suitable for deployment of IMT systems.  Among the frequency bands specified by WP 5D was 3.4‑4.2 GHz. 


In this regard, WP 4A provides information on the location of earth stations that receive transmissions from one or more satellites of one global operator of geostationary (GSO) satellites in the fixed-satellite service within the 3.4-4.2 GHz band. The locations of these earth stations are provided in Figures 1A, 1B and 1C below for the frequency bands 3.4‑3.625 GHz, 3.625‑3.7 GHz and 3.7-4.2 GHz, respectively.  The number of earth stations shown in Figures 1A, 1B and 1C is 48, 1062 and 6620 stations, respectively, for a total of 7730 stations.  


It should be noted that the information contained in Figures 1A, 1B and 1C covers only those earth stations whose operator has registered its facility with this satellite operator.  These figures do not show the receiving earth station(s) whose operator(s) have elected not to register their facility with the satellite operator. Furthermore, it should be emphasize that these figures do not show ubiquitously deployed earth station such as receive only earth stations or earth stations that are exempt from individual licensing (e.g. VSATs). 


WP 4A also provides a list of existing GSO space stations that operate within all or a portion of the 3.4‑4.2 GHz band.   This information is contained in Tables 2A and 2B below.


Sharing studies conducted by the ITU-R provide the operational conditions required for sharing between two systems or services in a given frequency band.  Such conditions typically include limits on the transmitted power of the systems involved and/or the maintenance of a minimum distance separation between the transmitter/receivers of the systems.  With regard to the latter condition, the specification of a minimum distance separation by itself is generally of limited use and must be considered in conjunction with the deployment density of the incumbent system in order to be meaningful.  


In view of the above, should the JTG reach consensus to identify the 3.4-4.2 GHz band, or portions of this, as a candidate band for IMT identification under WRC-15 Agenda item 1.1, JTG should take into account the earth and space station deployment information contained in Figures 1A, 1B and 1C and Tables 2A and 2B, as well as any deployment information that it may receive in the future from other administrations and/or organizations, in conjunction with any sharing conditions that it may ultimately identify between these two services.  






Figure 1A


Locations of earth stations registered with one satellite operator and receiving in the 3.4-3.625 GHz band


[image: ]








Notes:


1) Each denoted site may include one or more stations.


2) Map does not show earth stations not registered with the satellite operator.


3) Sites that are located on water are associated with stations on marine platforms.


4) The receiving FSS earth stations shown comprise 48 stations.







Figure 1B


Locations of earth stations registered with one satellite operator and receiving in the 3.625-3.7 GHz band


[image: ]





Notes:


1) Each denoted site may include one or more stations.


2) Map does not show earth stations not registered with the satellite operator.


3) Sites that are located on water are associated with stations on marine platforms.


4) The receiving FSS earth stations shown comprise 1062 stations.









Figure 1C


Locations of earth stations registered with one satellite operator and receiving in the 3.7-4.2 GHz band


[image: ]





Notes:


1) Each denoted site may include one or more stations.


2) Map does not show earth stations not registered with the satellite operator.


3) Sites that are located on water are associated with stations on marine platforms.


4) The receiving FSS earth stations shown comprise 6620 stations.









Table 2A


Space stations operating in the 3.4-3.7 GHz band as of December 2012


			Satellite name


			Orbital location (°E.L.)


			Service area





			Inmarsat 3 F3


			178.1


			(Global) East Asia, Indonesia, Australia, western North America





			Gorizont


			177.7


			(Global) East Asia, Australia, west North America, Northern Hemisphere





			Apstar 1


			163.0


			East Asia, Indocina





			JCSAT-2A


			154.0


			East Asia, Australia, southeast Asia, Far East Russia





			Inmarsat 4 F1


			143.5


			(Global) India, China, eastern Asia, Australia





			Express AM3


			140.0


			East Asia, northeast Russia





			Telstar 18


			138.0


			East Asia, Australia





			Apstar 6


			134.0


			India, China, east Asia, southeast Asia, north Russia, Australia, New Zealand





			Vinasat 1


			132.0


			India, east Asia, southeast Asia, Australia





			Asiasat 4


			122.2


			India, east Asia, southeast Asia, Australia





			Chinasat 6B


			115.5


			India, east Asia, southeast Asia, Australia





			Palapa D


			113.0


			Southeast Asia, Indochina





			Chinasat 10


			110.5


			Middle East, India, east Asia, southeast Asia, north Australia





			Inmarsat 2 F4


			109.0


			(Global) East Africa, Asia, Australia





			Telkom 1


			108.0


			Southeast Asia, Indochina





			Asiasat 7


			105.8


			Middle East, India, southeast Asia, Australia (Assumed)





			Asiasat 3S


			105.5


			India, east Asia, southeast Asia, Australia, Russia





			Raduga


			103.2


			No information





			Express A2


			103.0


			Middle East, Russia, China, east Asia, Indonesia





			ST 1


			103 (Moving)


			India, east Asia, southeast Asia, Indonesia





			Express 6A


			102.9


			Asia





			Asiasat 5


			100.5


			Middle East, Russia, China, east Asia, southeast Asia, Australia





			Thuraya 3


			98.6


			No information





			Express AM3


			96.5


			(Steerable Global) east Africa, Asia, Australia, 





			Measat 3


			91.3


			Africa, Middle East, India, east Asia, southeast Asia, Australia, Indonesia





			Yamal 201


			90.0


			Russia, Middle East, north China, east Asia





			Gorizont


			89.8


			(Global) Africa, Asia, Australia, Northern Hemisphere





			ST 2


			88.0


			India, east Asia, southeast Asia





			Raduga


			85.0


			No information





			Raduga


			84.7


			No information





			Raduga


			83.5


			No information





			G-Sat 12


			83.0


			India (Assumed)





			G-Sat 10


			83.0


			India (Assumed)





			Express AM2


			80.0


			Russia, north China, east Asia





			Express MD1


			80.0


			Russia





			Raduga


			79.7


			No information





			Thaicom 5


			78.5


			India, southeast Asia, Indonesia





			Apstar 7


			76.5


			Africa, Asia, Australia





			ABS 1


			75.0


			Europe, north Africa, Asia





			Raduga


			73.9


			No information





			Intelsat 22


			72.1


			Africa, Europe, east Asia, southeast Asia, Indonesia, Australia





			Raduga


			70.5


			No information





			Raduga


			70.2


			No information





			Raduga


			70.0


			No information





			Intelsat 7


			68.6


			Africa, Europe, Asia





			Raduga


			66.4


			No information





			Intelsat 17


			66.0


			Europe, Africa, Middle East





			Raduga


			65.9


			No information





			Inmarsat 3 F1


			64.5


			(Global) Africa, Europe, Asia, west Australia





			Intelsat 906


			64.1


			Africa, Europe, Asia, west Australia





			Intelsat 902


			62.0


			Africa, Europe, Asia, west Australia





			Intelsat 904


			60.0


			Africa, Europe, Asia, west Australia





			NSS 12


			57.0


			Africa, Europe, Asia, west Australia





			Gorizont


			54.4


			(Global) Africa, Europe, Middle East, India, China, Russia, west Australia, Northern Hemisphere





			Chinasat 5D


			51.5


			East Asia, Indonesia





			NSS 5


			50.5


			Africa, Europe, Asia, west Australia





			Yamal 202


			49.0


			Europe, Middle East, north Africa, Asia





			Raduga


			47.2


			No information





			Thuraya 2


			44.0


			No information





			Raduga


			41.4


			No information





			Express AM1


			40.0


			Europe, Russia, Middle East, northern China





			Raduga


			39.9


			No information





			Gorizont


			39.9


			(Global) Africa, Europe, Middle East, India, China, Russia, Northern Hemisphere





			Raduga


			38.4


			No information





			Intelsat 28


			32.8


			Africa, Europe, Middle East





			Inmarsat 4 F2


			25.0


			(Global) Africa, Europe, Russia, Middle East, India





			Inmarsat 3 F5


			24.7


			(Global) Africa, Europe, Russia, Middle East, India





			Amos 5


			17.0


			Africa, Europe, Middle East





			Raduga


			12.2


			No information





			Eutelsat 10A


			10.0


			Africa, Europe, Middle East





			Gorizont


			6.2


			(Global) East South America, Africa, Europe, Middle East, Northern Hemisphere





			SES 5


			5.0


			(Global) South America, Europe, Africa, Middle East (Assumed)





			Intelsat 10-02


			-1.0


			South America, Europe, Africa, Middle East





			ABS 3


			-3.0


			East South America, south and east Africa, Middle East





			Eutelsat 5 West A 


			-5.0


			East United States, northern South America





			Express AM44


			-11.0


			East United States, northern Africa, Europe





			Inmarsat 3 F2


			-15.6


			(Global) East North America, South America, Africa, Europe, Middle East





			Intelsat 901


			-18.0


			East North America, South America, Africa, Europe, Middle East





			NSS 7


			-20.0


			East North America, South America, Africa, Europe, Middle East





			SES 4


			-22.0


			East North America, South America, Africa, Europe, Middle East





			Intelsat 905


			-24.5


			East North America, South America, Africa, Europe, Middle East





			Intelsat 907


			-27.5


			East North America, South America, Africa, Europe, Middle East





			Intelsat 801


			-29.5


			East North America, South America, Africa, Europe, Middle East





			Raduga


			-30.1


			No information





			Intelsat 25


			-31.5


			East North America, Africa





			Gorizont


			-33.1


			(Global) East North America, South America, Africa, Europe, Northern Hemisphere





			Intelsat 903


			-34.5


			North America, South America, Africa, Europe





			NSS 806


			-40.5


			North America, South America, Europe





			Inmarsat 3 F4


			-54.1


			(Global) North America, South America, western Europe, west Africa





			Intelsat 805


			-55.5


			North America, South America, Europe





			Amazonas 1


			-61.0


			South America, United States, Mexico, Central America





			Amazonas 3


			-61.0


			South America, United States, Mexico, Central America





			Star One C1


			-65.0


			South America, Caribbean





			Brasilsat B2


			-68.0


			South America





			Star One C2


			-70.0


			South America





			Star One C3


			-75.0


			South America





			Intelsat 603


			-81 (Moving)


			North and South America





			Brasilsat B4


			-84.0


			Brazil





			Brasilsat B3


			-92.0


			Brazil





			Inmarsat 4 F3


			-98.1


			(Global) North America, South America





			Inmarsat 2 F2


			-142.1


			(Global) North America, Mexico, Central America, western South America, east Australia, New Zealand





			Raduga


			-172.2


			Northern Hemisphere





			NSS 9


			-177.0


			(Global) West North America, Australia, East Asia















Table 2B


Space stations operating in the 3.7-4.2 GHz band as of December 2012


			Satellite name


			Orbital location (°E.L.)


			Service area





			Intelsat 18


			180.0


			Central Asia, Western United States, Pacific Ocean, Global





			Gorizont


			177.7


			(Global) East Asia, Australia, west North America, Northern Hemisphere





			Eutelsat 172A


			172.0


			East Asia, Australia, west North America





			Intelsat 8


			169.0


			East Asia, northern Australia





			Intelsat 5


			169.0 (Moving)


			East Asia, Indonesia, Australia, New Zealand,





			Intelsat 19


			166.0


			East Asia, Australia, west North America





			Apstar 1


			163.0


			East Asia, Indocina





			Intelsat 701


			157.0


			(Global) East Asia, southeast Asia, Australia





			Intelsat 706


			157.0


			(Global) East Asia, southeast Asia, Australia





			JCSAT 2A


			154.0


			East Asia, Australia, southeast Asia, Far East Russia





			Palapa C2


			150.5


			East Asia, southeast Asia, Australia, New Zealand





			Measat 2


			148.0


			Southeast Asia, Australia





			Chinasat 5B


			142.0


			China (Assumed)





			Express AM3


			140.0


			(Steerable Global) India, east Asia, Australia, New Zealand, Pacific Ocean





			Telstar 18


			138.0


			East Asia, Australia





			N-STAR c


			136.0


			East Asia





			Apstar 6


			134.0


			India, China, east Asia, southeast Asia, north Russia, Australia, New Zealand





			JCSAT 5A


			132.0


			India, East Asia, Australia, southeast Asia, Far East Russia





			Chinasat 1A


			130.0


			China (Assumed)





			Chinasat 20A


			130.0


			China (Assumed)





			JCSAT 3A


			128.0


			China, India, east Asia, southeast Asia, Australia, Far East Russia





			JCSAT RA


			128.0


			China, India, east Asia, southeast Asia, Australia, Far East Russia





			Chinasat 6A


			125.0


			India, east Asia, Russia, northeast Asia





			Garuda 1


			123.0


			No information





			Asiasat 4


			122.2


			India, east Asia, southeast Asia, Australia





			Telkom 2


			118.0


			Southeast Asia, Indochina





			Chinasat 6B


			115.5


			India, east Asia, southeast Asia, Australia





			Palapa D


			113.0


			India, east Asia, southeast Asia, Australia, New Zealand, Russia





			Chinasat 10


			110.5


			Middle East, India, east Asia, southeast Asia, north Australia





			Telkom 1


			108.2


			Southeast Asia, Indochina





			Asiasat 7


			105.8


			Middle East, India, southeast Asia, Australia (Assumed)





			Asiasat 3S


			105.5


			India, east Asia, southeast Asia, Australia, Russia





			Raduga


			103.2


			No information





			Express A2


			103.0


			Middle East, Russia, China, east Asia, Indonesia





			ST 1


			103 (Moving)


			India, east Asia, southeast Asia, Indonesia





			Express 6A


			102.9


			Asia





			Chinasat 22A


			101.5


			China





			Asiasat 5


			100.5


			Middle East, Russia, China, east Asia, southeast Asia, Australia





			Express AM3


			96.5


			(Steerable Global) east Africa, Asia, Australia, 





			Insat 1C


			94.0


			India (Assumed)





			Insat 3A


			93.5


			Middle East, India, southeast Asia, China





			Insat 4B


			93.5


			Middle East, India, southeast Asia, China





			Measat 3A


			91.5


			Africa, Middle East, India, east Asia, southeast Asia, Australia, Indonesia





			Meastat 3


			91.3


			Africa, Middle East, India, east Asia, southeast Asia, Australia, Indonesia





			Yamal 201


			90.0


			Russia, Middle East, north China, east Asia





			Yamal 300K


			90.0


			Russia





			Gorizont


			89.8


			(Global) Africa, Asia, Australia, Northern Hemisphere





			Chinasat 5A


			87.5


			India, China, east Asia, southeast Asia, Indonesia





			Raduga


			85.0


			No information





			Raduga


			84.7


			No information





			Raduga


			83.5


			No information





			G-Sat 10


			83.0


			India (Assumed)





			Insat 4A


			83.0


			India, Middle East, south China, southeast Asia





			Express AM2


			80.0


			Russia, north China, east Asia (Assumed)





			Express MD1


			80.0


			Russia





			Raduga


			79.7


			No information





			Thaicom 5


			78.5


			India, southeast Asia, Indonesia





			Apstar 7


			76.5


			Africa, Asia, Australia





			ABS 1


			75.0


			Europe, Africa, Australia, Asia except India





			Insat 3C


			74.0


			India





			Raduga


			73.9


			No information





			Intelsat 22


			72.1


			East Asia, Indonesia, Australia





			Raduga


			70.5


			No information





			Raduga


			70.2


			No information





			Raduga


			70.0


			No information





			Insat 1D


			68.7


			India (Assumed)





			Intelsat 20


			68.5


			Africa, Europe, Asia, northern Australia





			Raduga


			66.4


			No information





			Intelsat 17


			66.0


			Europe, Africa, Asia, Australia





			Raduga


			65.9


			No information





			Intelsat 906


			64.1


			(Global) Africa, Europe, Asia, west Australia





			Intelsat 902


			62.0


			(Global) Africa, Europe, Asia, west Australia





			Intelsat 904


			60.0


			(Global) Africa, Europe, Asia, west Australia





			NSS 12


			57.0


			(Global) Africa, Europe, Asia, west Australia





			Insat 3E


			55.0


			India (Assumed)





			Gorizont


			54.4


			(Global) Africa, Europe, Middle East, India, China, Russia, west Australia, Northern Hemisphere





			Express AM22


			53.0


			Russia (Assumed)





			Yahsat 1A


			52.5


			Europe, Africa





			Chinasat 12


			51.5


			No information





			Chinasat 5D


			51.5


			East Asia, Indonesia





			NSS 5


			50.5


			(Global) Africa, Europe, Asia, west Australia





			Galaxy 26


			50.0


			Africa, Europe, Asia





			Intelsat 26


			50.0


			Africa, Europe, Middle East, India, southeast Asia





			Yamal 202


			49.0


			Europe, Middle East, north Africa, Asia





			Intelsat 10


			47.5


			Europe, Africa, Asia





			Yahsat 1B


			47.5


			Africa, Europe, Middle East





			Raduga


			47.2


			No information





			Africasat 1


			46.0


			Africa





			Azerspace 1


			46.0


			Central Asia, Europe, Africa





			Galaxy 27


			45.1


			Northern Africa, Europe, Middle East





			Nigcomsat 1R


			42.5


			Middle portion of Africa





			Raduga


			41.4


			No information





			Express AM1


			40.0


			Europe, Russia, Middle East, northern China





			Gorizont


			39.9


			(Global) Africa, Europe, Middle East, India, China, Russia, Northern Hemisphere





			Raduga


			39.9


			No information





			Raduga


			38.4


			No information





			Paksat 1R


			38.0


			East Africa, Middle East, Pakistan, India





			Arabsat 2B


			34.5 (Moving)


			North Africa, Middle East





			Intelsat 702


			33.0


			(Global) Africa, Europe, Middle East





			Intelsat 28


			32.8


			Africa, Europe, Middle East





			Arabsat 5A


			30.5


			Africa, Europe, Middle East





			Badr 6


			26.0


			Africa, Europe, Middle East





			Arabsat 5C


			20.0


			Africa, Europe, Middle East





			Amos 5


			17.0


			Africa, Europe, Middle East





			Raduga


			12.2


			No information





			Eutelsat 10A


			10.0


			Africa, Europe, Middle East





			Gorizont


			6.2


			(Global) East South America, Africa, Europe, Middle East, Northern Hemisphere





			SES 5


			5.0


			(Global) South America, Europe, Africa, Middle East (Assumed)





			Rascom QAF 1R


			2.8


			Africa





			Intelsat 10-02


			-1.0


			South America, Europe, Africa, Middle East





			ABS 3


			-3.0


			East South America, south and east Africa, Middle East





			Eutelsat 5 West A 


			-5.0


			Africa, Europe, Middle East





			Express AM44


			-11.0


			East United States, northern Africa, Europe





			Intelsat 901


			-18.0


			East North America, South America, Africa, Europe, Middle East





			SES 4


			-22.0


			East North America, South America, Africa, Europe, Middle East





			Intelsat 905


			-24.5


			East North America, South America, Africa, Europe, Middle East





			Intelsat 907


			-27.5


			East North America, South America, Africa, Europe, Middle East





			Intelsat 801


			-29.5


			East North America, South America, Africa, Europe, Middle East





			Raduga


			-30.1


			No information





			Intelsat 25


			-31.5


			East North America, Africa





			Gorizont


			-33.1


			(Global) East North America, South America, Africa, Europe, Northern Hemisphere





			Intelsat 903


			-34.5


			North America, South America, Africa, Europe





			NSS 10


			-37.5


			North America, South America, Africa, Europe





			NSS 806


			-40.5


			North America, South America, Europe





			Intelsat 11


			-43.0


			North America, South America, Europe





			Intelsat 9


			-43.1


			North America, South America, Europe





			Intelsat 14


			-45.0


			North America, South America, Europe, Africa





			TDRS 6


			-46.0


			North America, south America





			NSS 703


			-47.0


			North America, South America, Europe, Africa





			TDRS 3


			-49.0


			No information





			Intelsat 1R


			-50.0


			North America, South America, Europe, Africa





			Intelsat 23


			-53.0


			North America, South America, Europe, Africa





			Galaxy 11


			-55.5


			United States, Caribbean





			Intelsat 805


			-55.5


			North America, South America, Europe





			Intelsat 21


			-58.0


			North America, South America, Europe





			Amazonas 1


			-61.0


			South America, United States, Mexico, Central America





			Amazonas 3


			-61.0


			South America, United States, Mexico, Central America





			Star One C1


			-65.0


			South America, Caribbean





			AMC 3


			-67.0


			North America, Mexico, Caribbean





			AMC 4


			-67.0


			North America, Mexico, Caribbean





			Brasilsat B2


			-68.0


			South America





			Star One C2


			-70.0


			South America





			AMC 6


			-72.0


			United States, Mexico





			Star One C3


			-75.0


			South America





			Simon Bolivar


			-78.0


			South America, Caribbean





			Intelsat 603


			-81 (Moving)


			North and South America





			AMC 9


			-83.0


			North America





			Brasilsat B4


			-84.0


			Brazil





			SES 2


			-87.0


			North America





			Galaxy 28


			-89.0


			North America





			Galaxy 17


			-91.0


			North America





			Brasilsat B3


			-92.0


			Brazil





			ICO G1


			-92.9


			No information





			Galaxy 25


			-95.0


			North America, Mexico





			Galaxy 3C


			-95.0


			North America





			Galaxy 19


			-97.0


			North America, Mexico





			Galaxy 16


			-99.0


			North America, Mexico





			SES 1


			-101.0


			North America, Mexico





			AMC 1


			-103.0


			North America, Mexico





			SES 3


			-103.0


			North America, Mexico





			AMC 18


			-105.0


			North America, Mexico





			Anik F1


			-107.3


			South America





			Anik F1R


			-107.3


			North America, Mexico





			Anik F2


			-111.1


			North America





			Satmex 6


			-113.0


			North America, South America





			Solidaridad 2


			-114.9


			Mexico, Central America, north and west South America





			Satmex 5


			-116.8


			United States, Mexico, Central America, north and west South America





			Anik F3


			-118.7


			North America





			Galaxy 23


			-121.0


			North America, Mexico, Central America





			Galaxy 18


			-123.0


			North America





			Galaxy 14


			-125.0


			North America





			Galaxy 13


			-127.0


			North America





			Galaxy 12


			-129.0


			North America





			AMC 11


			-131.0


			North America, Mexico





			Galaxy 15


			-133.0


			North America, Mexico





			AMC 10


			-135.0


			North America, Mexico





			AMC 7


			-137.0


			North America, Mexico





			AMC 8


			-139.0


			North America, Mexico





			TDRS 5


			-167.5


			East Asia, western United States, Pacific Ocean





			Raduga


			-172.2


			No information
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4-5-6-7/581-E


[bookmark: _GoBack][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Typical parameters of BSS (sound) systems for compatibility study with IMT systems on the 1 452-1 492 MHz frequency band


[bookmark: OLE_LINK24][bookmark: OLE_LINK25]Based on the Recommendation ITU-R S.1432, the I/N ratio of -12.2dB is proposed as the protection criteria to be used in compatibility studies between BSS (sound) systems and IMT systems under WRC-15 agenda item 1.1


[bookmark: OLE_LINK26][bookmark: OLE_LINK27][bookmark: OLE_LINK22][bookmark: OLE_LINK23]Table 1 provides the GSO BSS (sound) system carrier characteristics.


Table 1


BSS (sound) system carrier characteristics[footnoteRef:1] [1:  	Refer to Annex 8 to the WP 4A Chairman's Report of May 2009, (Document 4A/197).] 



			Carrier type


			1


			2





			Occupied bandwidth


			1.836 MHz


			1.485MHz





			Noise bandwidth


			2.57 MHz


			1.71 MHz





			Out of Band Emission (OoB)


			-27 dB[footnoteRef:2] [2:  	Refer to Recommendation ITU-R BO.1504.] 









Table 2 provides the typical characteristics of the BSS (sound) earth stations.


[bookmark: OLE_LINK51][bookmark: OLE_LINK52]Table 2


BSS (sound) system earth station characteristics1


			Receiver type


			A


			B


			M1


			M2





			Maximum antenna gain 


			5 dBi


			11 dBi


			2 dBi


			2 dBi





			Radiation pattern


			Figure 1


			Figure 2


			Figure 3


			Figure 4





			G/T


			−19.5 dB/K


			−12 dB/K


			−22.5 dB/K


			−22.5 dB/K





			Adjacent Channel Selectivity (ACS)


			35 dB2








Table 3 provides the typical GSO BSS (sound) satellite transponder e.i.r.p. levels per carrier type corresponding to the different receivers.


Table 3


Satellite transponder e.i.r.p. levels per carrier (dBW)1 


			Carrier type


			1


			2





			Receiver type


			


			





			A


			49.7


			52.5





			B


			42.2


			45.0





			M1


			52.7


			55.5





			M2


			52.7


			55.5








FIGURE 1


Type A antenna co-polar radiation pattern diagram (vertical plane)


[image: ]


Plane is rotationally symmetric in the horizontal plane.


FIGURE 2


Type B antenna co-polar radiation pattern diagram (vertical plane)


[image: ]


Plane is rotationally symmetric in the horizontal plane.





FIGURE 3


Type M1 antenna co-polar radiation pattern diagram (vertical plane)


[image: ]


Plane is rotationally symmetric in the horizontal plane.





FIGURE 4


Type M2 antenna co-polar radiation pattern diagram (vertical plane)


[image: ]


Plane is rotationally symmetric in the horizontal plane.
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4-5-6-7/126-E


Technical and operational characteristics, protection requirements and information on current and planned use of the broadcasting service to be used for the JTG 4-5-6-7 sharing studies between the broadcasting service
and the mobile service


This Annex contains summary of the technical and operational characteristics, protection requirements and information on current and planned use required for the JTG 4-5-6-7 sharing studies between the broadcasting service and the mobile service.


Additional information on the characteristics can be found in ITU documents:


–	Recommendation ITU-R BT.419 – Directivity and polarization discrimination of antennas in the reception of television broadcasting.


–	Recommendation ITU-R BT.1306 – Error correction, data framing, modulation and emission methods for digital terrestrial television broadcasting.


–	Recommendation ITU-R BT.1877 – Error-correction, data framing, modulation and emission methods for second generation of digital terrestrial television broadcasting systems.


–	Recommendation ITU-R BT.1368 – Planning criteria, including protection ratios, for digital terrestrial television services in the VHF/UHF bands.


	Recommendation ITU-R BT.1206 – Spectrum limit masks for digital terrestrial television broadcasting  


–	Final Acts of RRC06 – The GE06 Agreement[footnoteRef:1] [1:  	For Region 1 and the Islamic republic of Iran except the territory of Mongolia the use of the band 470-694 MHz is subject to the GE06 agreement.] 



–	ITU-R DTTB Handbook.


Additional information on the protection requirements can be found in ITU documents:


–	Recommendation ITU-R BT.1368 – Planning criteria, including protection ratios, for digital terrestrial television services in the VHF/UHF bands.


–	Recommendation ITU-R BT.1895 – Protection criteria for terrestrial broadcasting systems.


–	Report ITU-R BT.2254 – Frequency and network planning aspects of DVB-T2.


–	Final Acts of RRC06 – The GE06 Agreement.1


–	Recommendation ITU-R BT2033 – Planning criteria, including protection ratios, for second generation of digital terrestrial television broadcasting systems in the VHF/UHF bands.


–	Report ITU-R BT.2265 – Guidelines for the assessment of interference into the broadcasting service
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[bookmark: _Toc354562479]1	UHF band IV/V and DTTB system characteristics


The characteristics of the UHF band IV/V are particularly important for terrestrial television broadcasting as


	It allows wide-area coverage from high-power transmitters, making possible an economic deployment of a network of transmitters serving extremely large audiences simultaneously viewing linear television broadcasting. The frequency band is thus particularly suitable for broadcasters, including public-service broadcasters, who have a requirement for ubiquitous coverage.


	The frequency band which has low building penetration loss means that reception on portable indoor receivers is also possible.


	The use of fixed or indoor receiving antennas means that, even with wavelengths approaching 60cm efficient TV receiving antennas can be made that can provide reasonable gain. 


	The frequency band is low enough to avoid problems with Doppler shift whilst maintaining high payloads. 


	DTTB systems and network architecture allow high spectrum efficiency and consequently high payloads per channel (typically up to 5 bits/s/Hz in a DVB-T2 fixed reception environment[footnoteRef:2]). [2:  	Based on 40 Mb/s capacity in an 8 MHz RF channel.] 



[bookmark: _Toc354562480]2	Information on the current and planned use of the band 470-694/ 698 MHz in Region 1 and Iran for broadcasting


The band 470-698 MHz is allocated to the Broadcasting service on a primary basis in all three ITU Regions[footnoteRef:3], leading to consumer benefits in terms of wider choice and competition in TV receiver markets, and thus lower consumer costs. [3:  	Excluding 608-614 MHz in Region 2.] 



An ITU survey (Circular Letter 6/LCCE/78) has been carried out between May 2012 and April 2013 to assess the spectrum requirements of the Administrations in ITU Region 1 and Iran (Islamic Republic of) for the broadcasting service in the UHF band.


The total number of operational or planned DTT transmitters and/or allotments in the UHF band from 470 to 862 MHz reported by 51 out of 57 responding Administrations was 80864 transmitters and/or allotments. Around quarter of these is reported to be in the 694-790 MHz band.


In the survey 37 out of 57 responding administrations also reported the use the UHF band 470‑862 MHz for SAB/SAP which has a secondary status.


Concerning the future use of spectrum in the UHF band in Region 1 and Iran, Thirty-five (35) Administrations expressed a clear view. Of those, a large majority, thirty-two (32) Administrations, expressed a requirement for at least 224 MHz (corresponding to the band 470-694 MHz).


The same questionnaire showed that all Administrations in Region 1 and Iran which responded already transmit, or plan to transmit, DTTB in the UHF band.


Further details are given in Document 4-5-6-7/125.


[bookmark: _Toc354562481]3	Broadcasting coverage area and service area planning


Recommendation ITU-R V.573 No. A51b defines “coverage area” as the “area associated with a transmitting station for a given service and a specified frequency within which, under specified technical conditions, radiocommunications may be established with one or several receiving stations”.


Note 4 explains that “the term “service area” should have the same technical basis as for “coverage area”, but also include administrative aspects”. Reference to the administrative aspects in the definition of service area is understood to mean that in that service area protection is required.


For the case of broadcast services which are usually planned with multiple overlapping transmissions from different transmitter sites, it is usual to protect only the best coverage. Furthermore, spill over coverage into international neighbours or adjacent regions of a country do not usually form part of the intended service area and may not require protection.


[bookmark: _Toc354562482]4	Definition of reception location probability


In this document reception location probability is defined as the percentage of locations within a small area, referred in this document as “pixel”[footnoteRef:4], where the wanted signal is high enough to overcome noise and interference for a given percentage of time taking into account the temporal and spatial statistical variations of the relevant fields. [4:  	Pixel is a small area of typically about 100 m x 100 m where the percentage of covered receiving locations is indicated.] 



The coverage area is, in digital terrestrial broadcasting, the area that comprises all pixels, where a given reference reception location probability (e.g. 95%) is reached or exceeded for a predetermined percentage of the time.


[bookmark: _Toc354562483]5	Broadcasting protection criteria


Broadcasting protection criteria are based on local interference considerations such as reception location probability, degradation to reception location probability in the presence of additional interference, I/N limitation and degradation to C/N. The protection criteria are applied to the broadcast service area defined in 3 above.


The level of interference to a broadcasting service from other non-broadcast co-primary services, that should not be exceeded, is specified in Recommends 3 of Recommendation ITU-R BT.1895:


Quote


“... The total interference at the receiver arising from all sources of radio-frequency emissions from radiocommunication services with a corresponding co-primary frequency allocation should not exceed 10% of the total receiving system noise power…”


Unquote.


This level is a guideline, above which compatibility studies on the effect of radiations and emissions from other applications and services into the broadcasting service should be undertaken.


This level of interference corresponds to protection criteria for DTTB for the purpose of sharing studies with regard to co-primary other services as follows:






–	I/N = –10 dB at any point* in the service area, or


–	C/N = 0.414 dB at any point* in the service area.


*: For the purpose of sharing studies, the term “any point” herein after refers to the “pixel” as defined in section 4.


This corresponds to a degradation of the reception location probability of approximately[footnoteRef:5] 1%, in any pixel of the DTTB service area and will depend on the location variability assumed for the interfering signal(s). [5:  	Depending on the number of interferers.] 



“Degradation to the reception location probability” is to be understood as the amount of decrease in the reception location probability when an additional interference source(s) is (are) introduced, compared to the situation before the new source is introduced, and similarly for “degradation of C/N”.


It is the understanding of WP 6A that any other proposed protection criteria for the broadcasting service would have to be mutually agreed by the concerned Working Parties.


[bookmark: _Toc354562484]6	Quality of service requirements


Planning of terrestrial television broadcasting services is required by many administrations to cover a high percentage of the population/households (e.g. 98%) or geographic regions (e.g. the entire country), in accordance with statutory requirements or commercial agreements, with all reception in the area defined by this coverage requirement essentially stipulated for continuous use to a specified time availability, within the hours of transmission. This coverage requirement (as distinct from the coverage area of the broadcast transmission) applies within the service area that is licenced and to be protected. 


Note: for interference limited broadcast reception the service area is less than the broadcast coverage area and for noise limited reception the service area may be equal to or less than the broadcast coverage area. 


Within the broadcast service area, interference effects can be assessed in many ways but the overriding issue is how they may translate in terms of reducing the capacity to meet the coverage requirement of the broadcasting service. A reduction in capacity to meet the coverage requirement effectively translates to a loss of access to broadcast receiving stations at the specified time availability. Broadcast service planning methods are based on meeting a prescribed coverage requirement and it would be unacceptable if the loss of access to broadcast receiving stations made it impossible to meet this coverage requirement. 


Specifically, the broadcast service delivery to the target population within the broadcast service area has been based on the expectation of a signal quality with minimum interruption[footnoteRef:6]. [6:  	Refer Recommendations ITU-R BT.500 and ITU-R BT.1735.] 



[bookmark: _Toc354562485]7	Size of area and interference assessment


In considering how interference from newly introduced mobile systems into the existing and planned terrestrial television broadcast service should be assessed (e.g., in terms of the number of households within a broadcast service area, total population), consideration needs to be given to how this is related to the consequential impact on the broadcast coverage requirements within an administration. 


This assessment is further complicated by the need to develop scenarios for both co and adjacent channel interference. Noting that potential adjacent channel mobile operation within the same country raises the prospect that interference could arise anywhere within the licenced service area from either a transmitting mobile base station or mobile handset, depending on the mobile channelling arrangement. 


Importantly for the assessment of interference is the potential that specific metrics could be used that have a disproportionate impact on the broadcast service area or country, effectively rendering terrestrial television broadcast reception unacceptable, within the objectives of the broadcast service, and make it impossible to meet the target population within the service area. 


Administrations have established methods to protect the broadcast service by adopting a methodology for the assessment of interference within a small area, a pixel[footnoteRef:7]. It is important for the JTG 4-5-6-7 to recognise the link between the area within which interference is assessed, the assessment mechanism and the overall coverage requirements previously established by administrations. [7:  	Refer Report ITU-R BT.2265.] 



[bookmark: _Toc354562486]8	Impact of the results of sharing studies on broadcast coverage


[bookmark: _Toc354562487]8.1	Introduction


In order to assess the impact of interference into broadcast networks, it is necessary to apply the broadcast planning criteria with the new level of interference and compare the relative change in quality of service requirement before and after the introduction of the new source of interference. The issues that arise from the combination of this process and sharing studies with IMT are highlighted in sections 8.2 and 8.3.


[bookmark: _Toc354562488]8.2	Background


In considering the use of the band 470-694/698 MHz for the mobile service the following points need to be taken into account


–	the implementation of both broadcasting and IMT is ubiquitous;


–	broadcasting service would face some restrictions/difficulties for further development of that service;


–	both broadcasting and IMT have one end of the link controlled by the public.


This creates a unique planning situation between applications of two very different radiocommunication services. One of which is unidirectional and the other is bi-directional and the mobile return path can be anywhere within the coverage area of the broadcasting service area. 


[bookmark: _Toc354395912][bookmark: _Toc354562489]8.3	Standard Broadcast Planning Practise


Planning of the digital terrestrial television broadcasting service is based on specified parameters and requirements. These form the basis for the protection of the existing digital terrestrial broadcast networks. 


For planning terrestrial television broadcasting services it is important to take into consideration the different elements of interference and the implications of temporal variations to separately identify when interference into the broadcast service arises from protection ratio failure and blocking due to overloading[footnoteRef:8].  [8:  	Refer Recommendations ITU-R BT.1368 and ITU-R BT.2033.] 



Spectrum planners are aware that a relaxation in the value or exclusion of certain interference assessment factors would reduce the ability to meet the television broadcast coverage quality requirement. A relaxation of more than one of these parameters could result in a significant cumulative reduction in the extent a service area can be covered. 


In the simple conceptual example below of, planning the broadcasting service, it is assumed that the area covered by the broadcast transmission is circular and that up to four of the above interference assessment factors have been relaxed. Each reduction in the level of protection afforded by one of the broadcast interference assessment factors is represented by a ring identifying the potential percentage of the existing population or country that can no longer be reached under the television broadcast coverage requirement, as a result of interference arising from the relaxation in the interference assessment factor(s). 


Based on a simplification of the spectrum planning process[footnoteRef:9] is provided for illustrative purposes in the diagram below. A service area with an existing broadcast provision that has been planned in accordance with the broadcast planning criteria and meets or exceeds the prescribed coverage requirement is represented in Figure 1A by the dotted circle. That part of the service area in Figure 1A, where the planned broadcast coverage has been reduced or lost due to the level of the interfering signal arising from the relaxation in one of the interference assessment factor(s) is shown in Figure 1B.  [9:  	Refer Report ITU-R BT.2248.] 



In Figure 1C the relaxation of multiple (in this case 4) interference assessment factors is aggregated to show the consequential impact on the planned broadcast service area , with the dotted area the only part of the planned broadcast service area in Figure 1A, that remains covered by the planned broadcast transmission parameters. Not only is the effective broadcast service area significantly reduced but the target population within the planned service area is no longer served.





	FIGURE 1A					FIGURE 1B			        FIGURE 1C


	Original area covered		Reduction in area covered		Resulting area covered
					(relaxation of one factor)			(relaxation of four factors)




















In practise a television broadcast service area is unlikely to be circular and the population lost to broadcast coverage will not be located in convenient rings around the edge of that service area. Both areas will be influenced by topographical factors, population distribution and the respective locations of the wanted and interfering transmitters. 


In the adjacent channel and multiple adjacent channel case, without sufficient guard band and/or control of out of band emissions of services operating in the channels adjacent to broadcast services could cause multiple random unpredictable interference, including outages, anywhere within the broadcast service area.


[bookmark: _Toc354562490]9	DVB-T and DVB-T2 Reference broadcasting networks


Reference broadcast transmitter configurations are provided that are representative of actual deployments in the case of assignments or are the reference configurations used in the GE06 Agreement for allotment planning.


[bookmark: _Toc354562491]9.1	Single transmitter case (Assignments):


	High power


	ERP: 200 kW


	Effective antenna height: 300 m


	Antenna height a.g.l.: 200 m


	Antenna pattern:


	Horizontal: Omnidirectional


	Vertical antenna aperture: based on 24 aperture with 1° beam tilt


	Medium power


	ERP: 5 kW


	Effective antenna height: 150 m


	Antenna height a.g.l.: 75 m


	Antenna pattern:


	Horizontal: Omnidirectional


	Vertical: based on 16 aperture with 1.6° beam tilt


	Low power 


	ERP: 250 W


	Effective antenna height: 75 m


	Antenna height a.g.l.: 30 m


	Antenna pattern:


	Horizontal: Omnidirectional


	Vertical: based on 8 aperture with 3° beam tilt


[bookmark: _Toc354562492]9.1.1	Vertical radiation patterns


The field strength in the vicinity of the broadcast transmitting station is a function of the vertical radiation pattern of the transmitting antenna. The equation below is an approximation to be used for sharing studies.





		


where





	;


and


	A = the antenna vertical aperture in wavelengths;


	 = the beam tilt radians below the horizontal.


To allow for null fill the value of E() should not go below the value shown in Table A1.1.


TABLE A1.1


Null fill values to be applied to vertical radiation patterns


			


			Limit on E()





			First null


			0.15





			Second null


			0.1











For the third null and at all angles of  beyond the third null the value of E() should not fall below 0.05.


[bookmark: _Toc354562493]9.2	Single frequency networks (Allotments)


Three reference networks (RN) for DTT services in Region 1 will be used as described in Appendix 3.6 of Chapter 3 of the GE06 Agreement. This information is reproduced in part below.


For sharing studies within the service area of an SFN the same vertical diagrams as provided in section 9.1 above should be applied for each transmitter.


[bookmark: _Toc354562494]9.2.1	Reference network 1 (large service-area SFN)


The network consists of seven transmitters situated at the centre and at the vertices of a hexagonal lattice. An open network type has been chosen, i.e. the transmitters have non-directional antenna patterns and the service area is assumed to exceed the transmitter hexagon by about 15%. The geometry of the network is given in Fig. A1.1. This reference network (RN 1) is applied to different cases: fixed (RPC 1), outdoor/mobile (RPC 2) and indoor (RPC 3) reception, for Bands IV and V. RN 1 is intended for large service area SFN coverage. It is assumed that main transmitter sites with an appropriate effective antenna height are used as a backbone for this type of network. For portable and mobile reception, the size of the real service areas for this type of SFN coverage is restricted to 150 to 200 km in diameter because of self-interference degradation, unless very rugged DVB-T system variants are used or the concept of dense networks is employed.


FIGURE A1.1


[image: ]





For the guard interval length, the maximum value 1/4 Tu of the 8k FFT mode is assumed. The distance between transmitters in an SFN should not significantly exceed the distance equivalent to the guard interval duration. In this case, the guard interval duration is 224 μs, which corresponds to a distance of 67 km. The distance between transmitters for RPC 1 is taken as 70 km. For RPC 2 and RPC 3, 70 km is too large a distance from a power budget point of view. Therefore, smaller values for the distance between transmitters have been selected, 50 km for RPC 2 and 40 km for RPC 3.


The parameters and the power budgets of RN 1 given in Table A1.2 shall be used.


TABLE A1.2


Parameters of RN 1 (large service area SFN)


			RPC and reception type


			RPC 1 Fixed antenna


			RPC 2 Portable outdoor and mobile


			RPC 3 Portable indoor





			Type of network


			Open


			Open


			Open





			Geometry of service area


			Hexagon


			Hexagon


			Hexagon





			Number of transmitters


			7


			7


			7





			Geometry of transmitter lattice


			Hexagon


			Hexagon


			Hexagon





			Distance between transmitters d (km)


			70


			50


			40





			Service area diameter D (km)


			161


			115


			92





			Tx effective antenna height (m)


			150


			150


			150





			Tx antenna pattern


			Non-directional


			Non-directional


			Non-directional





			e.r.p.* dB(W)


			Band IV/V


			42.8


			49.7


			52.4





			* The e.r.p. values indicated in this table incorporate an additional power margin of 3 dB.








The e.r.p. is given for 650 MHz in Bands IV/V; for other frequencies (f in MHz) the frequency correction factor added is: 20 log10(f/650) for RPC 1 and 30 log10(f/650) for RPC 2 and RPC 3.


[bookmark: _Toc354562495]9.2.2	Reference network 2 (small service area SFN, dense SFN)


The network consists of three transmitters situated at the vertices of an equilateral triangle. An open network type has been chosen, i.e. the transmitters have non-directional antenna patterns. The service area is assumed to be hexagonal, as indicated in Fig. A1.2.


This reference network (RN 2) is applied to different cases: fixed (RPC 1), outdoor/mobile (RPC 2) and indoor (RPC 3) reception, for both Bands IV & V.


RN 2 is intended for small service area SFN coverage. Transmitter sites with appropriate effective antenna heights are assumed to be available for this type of network and self-interference restrictions are expected to be small. Typical service area diameters may be from 30 to 50 km.


It is also possible to cover large service areas with this kind of dense SFN. However, a very large number of transmitters is then necessary. It therefore seems reasonable to have large service areas being represented by RN 1, even if a dense network structure is envisaged.


Figure A1.2


[image: ]


In RN 2 the inter-transmitter distance is 40 km for RPC 1 and 25 km in the case of RPCs 2 and 3.


The parameters and the power budgets of the RN 2 given in Table A1.3 shall be used.


TABLE A1.3


Parameters of RN 2 (small service area SFN)


			RPC and reception type


			RPC 1 Fixed antenna


			RPC 2 Portable outdoor and mobile


			RPC 3 Portable indoor





			Type of network


			Open


			Open


			Open





			Geometry of service area


			Hexagon


			Hexagon


			Hexagon





			Number of transmitters


			3


			3


			3





			Geometry of transmitter lattice


			Triangle


			Triangle


			Triangle





			Distance between transmitters d(km)


			40


			25


			25





			Service area diameter D(km)


			53


			33


			33





			Tx effective antenna height (m)


			150


			150


			150





			Tx antenna pattern


			Non-directional


			Non-directional


			Non-directional





			e.r.p.* (dBW)


			Band IV/V


			31.8


			39.0


			46.3





			* The e.r.p. values indicated in this table incorporate an additional power margin of 3 dB.








The e.r.p. is given for 650 MHz in Bands IV/V; for other frequencies (f in MHz) the frequency correction factor added is: 20 log10(f/650) for RPC 1 and 30 log10(f/650) for RPC 2 and RPC 3.


[bookmark: _Toc354562496]9.2.3	Reference network 3 (small service area SFN for urban environment)


The geometry of the transmitter lattice of reference network 3 (RN 3) and the service area are identical to those of RN 2. (See Fig. A1.2 above)


RN 3 is applied to different cases: fixed (RPC 1), outdoor/mobile (RPC 2) and indoor (RPC 3) reception, for both Bands IV and V.


RN 3 is intended for small service area SFN coverage in an urban environment. It is identical to RN 2, apart from the fact that urban-type height loss figures are used. This increases the required power of the SFN transmitters by about 5 dB for RPC 2 and RPC 3.


The parameters and the power budgets of the RN 3 given in Table A1.4 shall be used.


TABLE A1.4


Parameters of RN 3 (small service area SFN for urban environment)


			RPC and reception type


			RPC 1 Fixed antenna


			RPC 2 Portable outdoor and mobile


			RPC 3 Portable indoor





			Type of network


			Open


			Open


			Open





			Geometry of service area


			Hexagon


			Hexagon


			Hexagon





			Number of transmitters


			3


			3


			3





			Geometry of transmitter lattice


			Triangle


			Triangle


			Triangle





			Distance between transmitters d(km)


			40


			25


			25





			Service area diameter D(km)


			53


			33


			33





			Tx effective antenna height (m)


			150


			150


			150





			Tx antenna pattern


			Non-directional


			Non-directional


			Non-directional





			e.r.p.* (dBW)


			Band IV/V


			31.8


			44.9


			52.2





			* The e.r.p. values indicated in this table incorporate an additional power margin of 3 dB.








The e.r.p. is given for 650 MHz in Bands IV/V; for other frequencies (f in MHz) the frequency correction factor added is: 20 log10(f/650) for RPC 1 and 30 log10(f/650) for RPC 2 and RPC 3.


[bookmark: _Toc354562497]10	ATSC Reference broadcasting networks


Reference broadcast transmitter configurations are provided that are representative of actual deployments in the case of assignments or are the reference configurations used for allotment planning.[footnoteRef:10] [10:  	Values are derived from the Consolidated Data Base System (CDBS) found at:
http://transition.fcc.gov/ftp/Bureaus/MB/Databases/cdbs/index.html] 



[bookmark: _Toc354562498]10.1	DTTB System A (ATSC) single transmitter:


–	High power


–	ERP: 1 000 kW


–	Antenna Height Above Average Terrain (HAAT): 365 m


–	Antenna pattern: Omnidirectional


–	Medium power


–	ERP: 400 kW


–	Antenna Height Above Average Terrain (HAAT): 550 m


–	Antenna pattern: Omnidirectional


–	Low power 


–	ERP: 50 kW


–	Antenna Height Above Average Terrain (HAAT): 1800 m


–	Antenna pattern: Omnidirectional


[bookmark: _Toc354562499]10.1.1	Vertical radiation pattern


The field strength in the vicinity of the broadcast UHF transmitting station is a function of the vertical radiation pattern of the transmitting antenna. The table below is to be used for sharing studies.[footnoteRef:11] [11:  see http://transition.fcc.gov/Bureaus/Engineering_Technology/Documents/bulletins/oet69/oet69.pdf] 



Table A1.4A


Vertical UHF radiation pattern


			Angle from horizon (degrees)


			Relative Field Strength





			0.75


			1.000





			1.50


			0.880





			2.00


			0.690





			2.50


			0.460





			3.00


			0.260





			3.50


			0.235





			4.00


			0.210





			5.00


			0.200





			6.00


			0.150





			7.00


			0.150





			8.00


			0.150





			9.00


			0.150





			10.00


			0.150











To allow for null fill the value of the relative field strength should not go below 0.150 at all angles.


[bookmark: _Toc354562500]11	DTTB reception modes


[bookmark: _Toc354562501]11.1	Fixed reception


The reference receiving antenna height considered to be representative in calculating the field strength for fixed reception is 10 m above ground level. In order to derive the minimum median field-strength levels for Bands IV and V, the receiving antenna gain and feeder-loss values are given in section 11.1.2 and 11.1.3 for reference frequencies. Minimum median field strength levels for other frequencies are derived by interpolation as described in § 11.4.


[bookmark: _Toc354562502]11.1.1	Fixed antenna pattern


Standard radiation patterns for receiving antennas for Bands IV and V, Figure A1.3, are given in Recommendation ITU-R BT.419.


Figure A1.3
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Additional information on radiation pattern characteristics of UHF television receiving antennas reported in Report ITU-R BT.2138 should be considered, where applicable.


[bookmark: _Toc354562503]11.1.2	Antenna gain


The antenna gain values (relative to a half-wave dipole) used in the derivation of the minimum median equivalent field-strength values are given in Table A1.5.


TABLE A1.5


Antenna gain (relative to a half-wave dipole) in Bands IV and V


			Frequency (MHz)


			500


			800





			Antenna gain (dBd)


			10


			12











[bookmark: _Toc354562504]11.1.3	Feeder loss


The feeder-loss values used in the derivation of the minimum median wanted signal levels are given in Table A1.6.


TABLE A1.6


Feeder loss in Bands IV and V


			Frequency (MHz)


			500


			800





			Feeder loss (dB)


			3


			5











[bookmark: _Toc354562505]11.1.4	Location probability for fixed reception


For fixed reception, a location probability of 95% shall be used.


[bookmark: _Toc354562506]11.1.5	Polarization discrimination for fixed reception 


11.1.5.1	DVB-T and DVB-T2


For calculation of interference;


	For Terminal station (UE) polarization discrimination must not be applied.


	For Base Station (BS) polarization discrimination may be applied. The combined value of polarization discrimination and discrimination offered by receive aerial directivity must not be more than 16 dB[footnoteRef:12]. [12:  	Refer Recommendation ITU-R BT 419.] 



11.1.5.2	ATSC


Polarization discrimination shall not be taken into account in frequency planning for fixed reception due to the possibility of multipath interference.


[bookmark: _Toc354562507]11.2	Portable DTTB reception[footnoteRef:13] [13:  	Refer Recommendation ITU-R BT.1368.] 



Portable reception is defined as:


–	outdoor - which means reception by a portable receiver with an attached or built-in antenna is used outdoors at no less than 1.5 m above ground level;


–	indoor - which means reception by a portable receiver with an attached or built-in antenna is used indoors at no less than 1.5 m above floor level in rooms with a window in an external wall.


In both cases, it is assumed that optimal receiving conditions will be found by moving the antenna up to 0.5 m in any direction and extreme cases, such as reception in completely shielded rooms, are disregarded.


[bookmark: _Toc354562508]11.2.1	Considerations on height loss


For portable (indoor and outdoor) reception, a receiving antenna height of 1.5 m above ground level is used. The same receiving antenna height is also used for mobile reception. Since all field-strength calculations are for a receiving antenna height of 10 m, a height loss correction factor for an antenna height of 1.5 m shall be used in the calculation of minimum median field-strength levels. For planning purposes, the height-loss values for portable and for mobile reception for reference frequencies are given in Table A1.7. Minimum median field-strength levels for other frequencies are derived by interpolation as described in section 11.4.


TABLE A1.7


Suburban height loss in Bands IV and V[footnoteRef:14] [14:  	Refer Recommendation ITU-R P.1546. They are equivalent to the values provided in GE06.] 



			Frequency (MHz)


			500


			800





			Height loss (dB)


			16


			18











Note. Appropriate values for the height loss for frequencies between 500 MHZ and 800 MHz can be obtained by linear interpolation between the values given in the Table for 500 MHz and 800 MHz


These values are those obtained for suburban coverage. In urban and dense-urban areas higher values are to be applied, Table A1.8.


TABLE A1.8


Urban/Dense urban height loss in Bands IV and V[footnoteRef:15] [15:  	Refer Recommendation ITU-R P.1546.] 



			Frequency (MHz)


			500


			800





			Urban height loss (dB)


			22.5


			24.5





			Dense urban height loss (dB)


			25.7


			27.7








Note: Appropriate values for the height loss for frequencies between 500 MHZ and 800 MHz can be obtained by linear interpolation between the values given in the Table for 500 MHz and 800 MHz


[bookmark: _Toc354562509]11.2.2	Building entry loss


Table A1.9 contains the mean values for building entry loss and the corresponding standard deviation at UHF taken from Table 6 in Recommendation ITU-R P.1812.


TABLE A1.9


Building entry loss in Bands IV and V


			


			Building entry loss


			Standard deviation





			470 MHz


			10.4


			5





			≥600 MHz


			11 dB


			6 dB








Note: Appropriate values for the building entry loss and the standard deviation for frequencies between 470 MHZ and 600 MHz can be obtained by linear interpolation between the values given in the Table for 470 MHz and 600 MHz


[bookmark: _Toc354562510]11.2.3	Antenna gain for portable reception


Recommendation ITU-R BT.1368-6 gives in its Annex 4, section 4.1, information on antennas for portable reception. For portable reception, an omnidirectional antenna shall be applied. The antenna gain (relative to a half-wave dipole) is as given in Table A1.10.


TABLE A1.10


Antenna gain (dBd) for portable reception


			Band


			Gain (dBd)





			Band IV


			0





			Band V


			0











[bookmark: _Toc354562511]11.2.4	Location probability for portable reception


For portable indoor and outdoor reception, a location probability of 95% shall be used.


[bookmark: _Toc354562512]11.2.5	Polarization discrimination for portable reception


Polarization discrimination shall not be taken into account in frequency planning for portable reception.


[bookmark: _Toc354562513]11.3	Reference planning configurations for DVB-T and DVB-T2


A planning configuration describes relevant technical aspects of a broadcasting service implementation. Three planning configurations are used in assessing DTT coverage in Region 1 as described in Appendix 3.5 of Chapter 3 of the GE06 Agreement. The three reference planning configurations are:


1)	RPC1 – Fixed


2)	RPC2 – Portable Outdoor/Mobile


3)	RPC3 – Portable Indoor.


[bookmark: _Toc354562514]11.4	Interpolation of reference field strength values


For frequencies other than those quoted in tables, as described in Appendix 3.5 of Chapter 3 of the Final Acts of RRC06, the reference field-strength values shall be adjusted by adding the correction factor defined according to the following rule:


–	(Emed)ref(f) = (Emed)ref(fr) + Corr;


–	for fixed reception, Corr = 20 log10 (f/fr), where f is the actual frequency and fr the reference frequency in the table;


–	for portable reception and mobile reception, Corr = 30 log10 (f/fr) where f is the actual frequency and fr the reference frequency in the table.


[bookmark: _Toc354562515]12	System parameters and protection requirements for DTTB Systems 


[bookmark: _Toc354562516]12.1	System parameters and protection requirements related to DVB-T[footnoteRef:16] [16:  	Refer Recommendation ITU-R BT.1368] 



[bookmark: _Toc354562517]12.1.1	General parameters


Table A1.12


General DVB-T Parameters


			Parameter


			Units


			Fixed reception
Portable reception
(outdoor/Mobile or indoor)





			Signal band width


			MHz


			7.60





			Thermal noise density (kT0)


			dBm/Hz


			–173.98





			Receiver noise figure


			dB


			7








The studies should consider two reception modes, one mode for fixed reception and one mode for portable reception.


[bookmark: _Toc354562518]12.1.2	Carrier-to-noise ratio


Table A1.13


Carrier-to-noise ratio


			Fixed reception


			Portable reception





			21 dB


			19 dB











[bookmark: _Toc354562519]12.1.3	Minimum field strength at 650 MHz


Table A1.14


Minimum field strength at fr=650 MHz


			Fixed reception at 10 m for 95%
location probability


			Portable outdoor reception at 1.5 m for 95%
location probability





			56 dBµV/m


			61 dBµV/m








Minimum median field-strength levels for other frequencies than 650 MHz are derived by the correction described in section 11.4


[bookmark: _Toc354562520]12.1.4	Protection ratios and overload threshold


Table A1.15 illustrates recommended values for PR and Oth  to be used in sharing studies. By applying these values 90 percent of the receivers measured would be protected across all traffic loadings.  For the UE, the PR 90th percentiles were based on the UE ACLR assumptions in Note 4.


For other ACLR values, the PR figures should be corrected using the formula shown in section 12.4.






TABLE A1.15


Recommended PR values and Oth values for sharing studies for a 8 MHz
DVB-T 64‑QAM with code rate 2/3 signal interfered with by a 10 MHz LTE base station or user equipment signal in a Gaussian channel environment for all tuners and traffic loadings (see Notes 1 to 5)


			Interferer
offset
N/(MHz)


			LTE Base station


			LTE User equipment





			


			PR 
(dB)


			Oth
(dBm)


			PR 
(dB)


			Oth 
(dBm)





			Co-channel (AWGN)


			18.7


			-


			18.7


			-





			Co-channel (LTE)


			18


			-


			19.0


			-





			1/(10 MHz)


			-25.7


			-39.6


			-5.4


			-30.7





			2/(18 MHz)


			-21.9


			-31.9


			-11.3


			-21.2





			3/(26 MHz)


			-24.9


			-39.0


			-22.2


			-31.2





			4/(34 MHz)


			-28.9


			-28.9


			-28.3


			-20.8





			5/(42 MHz)


			-32.8


			-27.9


			-28.9


			-19.7





			6/(50 MHz)


			-35.0


			-25.8


			-34.0


			-34.1





			7/(58 MHz)


			-37.8


			-24.8


			-28.1


			-18.6





			8/(66 MHz)


			-38.9


			-23.6


			-34.8


			-29.6





			9/(74 MHz)


			-39.2


			-22.6


			-32.5


			-30.0





			NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.


NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.


NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in section 4 of Annex 2 to Recommendation ITU-R BT.1368-9. The overload threshold is assumed to be independent of system variant and reception conditions.


NOTE 4 − Note the UE PR values in N=1 and N=2 are corrected based on the assumption that the ACLR of the interferer is equal to 25.2 dB (N+1), 32.2 dB (N+2). The PR values for all other offsets are based on an ACLR of 88 dB. A method to calculate values for other ACLR values is given in section 12.4.


NOTE 5 – The LTE BS interference signals used in the measurements had ACLRs of 60 dB or greater for N-1, and significantly higher ACLRs for N-2 and beyond.








[bookmark: _Toc354562521]12.2	System parameters and protection requirements related to DVB-T2[footnoteRef:17] [17:  	Refer Recommendation ITU-R BT.2033] 



[bookmark: _Toc354562522]12.2.1	General parameters


Table A1.16


General DVB-T2 Parameters


			Parameter


			Units


			Fixed reception


Portable reception
(outdoor/Mobile or indoor)





			Signal bandwidth


			MHz


			7.77





			Thermal noise density (kT0)


			dBm/Hz


			–173.98





			Receiver noise figure


			dB


			6








The studies should consider two reception modes, one mode for fixed reception and one mode for portable reception.


[bookmark: _Toc354562523]12.2.2	Carrier-to-noise ratio


Table A1.17


Carrier-to-noise ratio


			Fixed reception


			Portable reception





			20 dB


			18 dB








[bookmark: _Toc354562524]12.2.3	Minimum field strength at 650 MHz


Table A1.18


Minimum field strength at fr=650 MHz


			Fixed reception
at 10 m for 95% location probability


			Portable outdoor reception
at 1.5 m for 95% location probability





			54 dBµV/m


			59 dBµV/m








Minimum median field-strength levels for other frequencies than 650 MHz are derived by the correction described in section 11.4


[bookmark: _Toc354562525]12.2.4	Protection ratios and overload threshold


Table A1.19 illustrates recommended values for PR and Oth  to be used in sharing studies. By applying these values 90 percentage of receivers (among all 14tuners measured), would be protected across all traffic loadings.  For the UE, the PR 90th percentiles were used based on the UE ACLR assumptions in Table A1.20. For other ACLR values, the PR figures should be corrected using the formula shown in section 12.4.


[bookmark: _Ref338635014][bookmark: _Ref338659411][bookmark: _Ref338686554]Table A1.19


Recommended sharing study values of (corrected) PR and Oth for a DVB-T2 signal in a clear channel, interfered with by an 10 MHz LTE BS or UE signal in adjacent channels for 3 can and 11 silicon tuners combined


			Channel offset N
(8 MHz channels)


			Centre frequency offset (MHz)


			LTE BS


			LTE UE





			


			


			PR
(dB)


			Oth 
(dBm)


			PR
(dB)


			Oth 
(dBm)





			Co-channel (AWGN)


			-


			19.0


			-


			19.0


			-





			Co-channel (LTE)


			-


			19.0


			-


			19.0


			-





			1


			10


			-24.9


			-16.2


			-5.9


			-30.1





			2


			18


			-32.6


			-12.2


			-12.8


			-11.4





			3


			26


			-35.6


			-10.9


			-27.8


			-9.7





			4


			34


			-40.2


			-13.4


			-37.5


			-19.8





			5


			42


			-42.5


			-10.8


			-38.5


			-9.7





			6


			50


			-46.3


			-10.5


			-40.1


			-9.4





			7


			58


			-46.6


			-10.5


			-42.5


			-9.4





			8


			66


			-46.2


			-10.5


			-42.6


			-9.7





			9


			74


			-45.5


			-10.2


			-43.6


			-10.4








[bookmark: _Ref338659528]Table A1.20


Assumed UE ACLRs for UE PR values


			Channel offset N
(8 MHz channels)


			Centre frequency offset
(MHz)


			ACLR 

(dB)





			1


			10


			25.2





			2


			18


			32.2





			Other offsets (corresponding to
–65 dBm/8 MHz


			26-74


			88.0








[bookmark: _Toc354562526]12.3	System parameters and protection requirements related to ATSC[footnoteRef:18] [18:  	Refer Recommendation ITU-R BT.1368] 



[bookmark: _Toc354562527]12.3.1	General UHF parameters


Table A1.20A


General UHF Parameters


			Parameter


			Units


			





			Channel bandwidth


			MHz


			6





			Thermal noise density (kT0)


			dBm/Hz


			–173.20





			Receiver noise figure


			dB


			7








The studies should consider two reception modes, one mode for fixed reception and one mode for portable reception.


[bookmark: _Toc354562528]12.3.2	Carrier-to-noise ratio


Table A1.20B


Carrier-to-noise ratio


			Fixed reception


			Portable reception





			15.0 dB


			15.0 dB








[bookmark: _Toc354562529]12.3.3	Minimum UHF field strength


Table A1.20C


Minimum field strength at fr=650 MHz


			Fixed reception
at 10 m for 95% location probability


			Portable outdoor reception
at 1.5 m for 95% location probability





			50 dBµV/m


			57 dBµV/m








Minimum median field-strength levels for other frequencies than 650 MHz are derived by the correction described in section 11.4.


[bookmark: _Toc354562530]12.3.4	Protection ratios


Table A1.20D illustrates co-channel, first adjacent-channel, and multiple adjacent-channel values for protection ratio to be used in sharing studies. 


[bookmark: _Toc519933469][bookmark: _Toc519680565][bookmark: _Toc346543834][bookmark: _Toc309718975][bookmark: _Toc309290435]TABLE A1.20D


[bookmark: _Toc346543835][bookmark: _Toc309718976][bookmark: _Toc309290436]Protection ratios (dB) for a 6 MHz ATSC signal at various power levels at the receiver input


			Channel offset from DTTB channel N


			Co-channel, first adjacent, and multiple adjacent channel protection ratios (dB)





			


			Weak ATSC signal
(–68 dBm)


			Moderate ATSC signal
(–53 dBm)


			Strong ATSC signal 
(–28 dBm)





			Co-channel (N)


			23


			16


			16





			Lower adjacent channel (N-1)


			‑28


			‑28


			‑20





			Upper adjacent channel (N+1)


			‑26


			‑26


			‑20





			N ± 2


			–44


			–40


			–20





			N ± 3


			–48


			–40


			–20





			N ± 4


			–52


			–40


			–20





			N ± 5


			–56


			–42


			–20





			N ± 6 to N ± 13


			–57


			–45


			–20





			N ± 14 and N ± 15


			–50


			–45


			–20








[bookmark: _Toc354562531]12.4	Correction of protection ratio figures for different LTE ACLR values


The measurements for the LTE user equipment interferer are based on specific adjacent channel leakage ratio (ACLR) values. This section specifies a method which can be used to correct the tabulated PR values in Tables A1.15 and A1.19 for different UE ACLR than those specified in Note 4 of Table A1.15 for DVB-T and in Table A1.20 for DVB-T2.


The corrected protection ratio is calculated in two stages; firstly, for a frequency offset ∆f the adjacent channel selectivity (ACS) of the DTT receiver is calculated from the protection ratio listed in the table at the offset (PR(∆f)), the co-channel protection ratio PR0 and the ACLR which is the basis for the PR in Tables A1.15 and A1.19 (see Note 4 of Table A1.15 and see also Table A1.20):


[image: ]


Secondly, the derived value of the DTT receiver ACS is used to determine the appropriate adjacent channel protection ratios for an interfering terminal that has different ACLR characteristics.


The corrected protection ratio, PR(f), is a function of the ACS and the ACLR of the LTE interferer at (f), denoted ACLR’:








Note that the ACLR and ACLR’ in the equations above are based on power measurements using the channel bandwidth of the LTE interferer (e.g.10 MHz) and the channel bandwidth of the wanted signal (e.g. 8 MHz) at the appropriate frequency offsets of the interferer.


[bookmark: _Toc354562532]13	Propagation considerations


Broadcast planning is based on the service being subject to occasional very limited outages during the year. Indeed, many administrations have followed this and other principles established in the DTTB Handbook - Digital terrestrial television broadcasting in the VHF/UHF bands[footnoteRef:19] - in achieving global harmonisation of terrestrial television broadcasting systems.  The protection criteria established in Recommendations ITU-R BT.1368 and ITU-R BT.2033 for protecting DTTB services have been developed on the assumption that Recommendation ITU-R P.1546 is used in interference assessment and it is essential that the JTG 4-5-6-7 takes this into consideration. It should be noted that Recommendation ITU-R P.1546 has been the recommended propagation model for terrestrial television broadcast planning for many decades. Application of a different propagation model for DTTB coverage/interference assessment may not necessarily be compatible with the planning criteria and protection ratios applied by administrations towards maintaining the required quality of coverage.  [19:  	Refer http://www.itu.int/pub/R-HDB-39.] 



Administrations who currently have planned digital terrestrial television broadcasting services are aware that, like several other radiocommunication services, interference assessment is based on an interfering signal exceeding an annual 1% of time limit based upon a methodology that includes Recommendation ITU-R P.1546. 


The following are normally applied (standard broadcast planning practice and the GE06 Agreement) 1% time propagation conditions to determine interfering signal strength levels and 50% time propagation conditions for DVB-T and DVB-T2 respectively 90% time propagation conditions for ATSC to determine wanted field strength levels.


[bookmark: _Toc354562533]14	Cumulative interference effects


WP 6A would like to note from experience in planning terrestrial television broadcast services that the field strength of both the wanted and interfering signal(s) may vary independently within an area. Also correlation between interfering signals, as well as shadowing effects that can impact both wanted and interfering signals, will only exaggerate this variation in the respective field strengths. Thus there is potential for sufficient variation across even a small television broadcast service area to render television reception in all or parts of a pixel impossible. 


Of concern to WP 6A is the potential for hotspots of interference to occur, either through the aggregation from multiple interference sources or exceeding the interference time variability due to repeated occurrences of interference over a period of time.


Cumulative interference effects are to be included in the broadcasting service protection criteria with respect to the interference caused by dense single frequency base station networks; for example, although any single interferer in a dense network might not cause “significant” interference, a multitude of such interferers might lead to very significant interference, and therefore studies should include the investigation of such potential effects.


[bookmark: _Toc354562534]15	Propagation model


Working Party 6A notes that in the last study cycle studies between the broadcasting service (DVB‑T) and the mobile service (IMT-2000) were carried out. It observed that in the JTG5-6 a model was developed that included information provided by WP6A[footnoteRef:20].  [20:  	This propagation model has been used in the JTG 5-6 sharing studies and is described in Appendix A to Annex1 of Annex 4-2 of Chapter 4 of Annex 9 of Document 5-6/180.] 



This model uses a four case calculation:	


1)	Distance below 40 m


2)	Between 40 and 100 m


3)	Between 100 m and 1 km


4)	Above 1 km.


· The “Hata” model indicated here refers to the “Modified Hata” propagation model described in section 2 of Appendix 1 to Annex 2 of Report ITU‑R SM.2028-1.


· For example, explicitly for urban propagation loss, the calculation for short distances (transmit antenna height Htx, receiving antenna height Hrx = 10 m) uses the following formulation:


· 


For d  0.04 km, 


· For d  0.1 km, L(0.1) = 69.5 + 26.66 log f(MHz) – 13.82 log [max(30,Htx(m))] – min(0,20log(Htx(m)/30) – {44.9 – 6.55 log[max(30, Htx(m))]}log (0.1).


· 


For 0.04 km < d < 0.1 km .


Equations are given in Report ITU-R SM.2028-1 for the suburban and open area environments


These losses can be converted into corresponding field strength values.


· 


For 0.1 km < d < 1.0 km, the relevant field strength values are calculated at
0.1 km, E(0.1), (as described in the previous footnote);
for 1 km, E(1), taken from Rec. 1546 for 1 km; and
for 0.1 km < d < 1 km the field strength is calculated as (using log-linear interpolation):
     


· For d > 1.0 km, the relevant field strength values are taken from Rec. 1546


[bookmark: _Toc354562535]16	Comparative evaluations


When calculations are carried out with certain reference parameters and comparison calculations are to be carried out, the relevant reference parameters must be the same.


For example:


–	If single-entry field strength values are calculated at a 10 m DTTB receive antenna height, then comparison multiple-entry field values should also be calculated at the same 10 m DTTB receive antenna height.


[bookmark: _Toc354562536]17	The GE06 “trigger threshold” in the GE06 area[footnoteRef:21] [21:  	Region 1 and the Islamic republic of Iran except the territory of Mongolia.] 



A value of 25 dBµV/m coordination threshold for each individual station of the mobile service (with the characteristics of the mobile service applicable during the planning process) is used in the GE06 Agreement and is to be calculated at a 10 m receive antenna height at the national border.


Receiving antenna discrimination is not to be taken into account in identification of affected administrations.


Working Party 6A considers that for mobile networks with current characteristics it will be necessary to take into account an aggregated interference signal value.





[bookmark: _Toc354562537]18	Inclusion of noise in interference assessments 


An important factor in terrestrial television broadcast service planning has been to take into consideration an allowance for the noise environment in which the television broadcast service is to be planned – these are rural, urban and suburban. It should also be noted that television broadcast services are planned based upon the calculation of C/N prior to the introduction and deployment of mobile cellular networks which has the potential to increase the noise allowance calculation required in many environments. 


Noise arises from many sources and some proposals in JTG 4-5-6-7 have suggested interference calculations should be based solely on C/I. However, a wanted television broadcast signal must be sufficient to overcome noise for it to be receivable and in this respect thermal noise and noise figure are an essential part of any calculations. These are the fundamentals upon which the television receivers deployed globally have been designed. 














______________
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Technical and operational characteristics, protection requirements and 



information on current and planned use of the broadcasting service to be used 



for the JTG 4



-



5



-
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-



7 sharing studies between the broadcasting



 



service



 



and the mobile service



 



This Annex contains summary of the technical and operational characteristics, protection 



requirements and information on current and planned use required for the JTG 4



-



5



-



6



-



7 sharing 



studies between the broadcasting service and the mobile se



rvice



.



 



Additional information on the characteristics can be found in ITU documents:



 



–



 



Recommendation ITU



-



R BT.419 



–



 



Directivity and polarization discrimination of 



antennas in the reception of television broadcasting.



 



–



 



Recommen



dation ITU



-



R BT.1306 



–



 



Error correction, data framing, modulation and 



emission methods for digital terrestrial television broadcasting.



 



–



 



Recommendation ITU



-



R BT.1877 



–



 



Error



-



correction, data framing, modulation and 



emission methods for second generation o



f digital terrestrial television broadcasting 



systems.



 



–



 



Recommendation ITU



-



R BT.1368 



–



 



Planning criteria, including protection ratios, 



for



 



digital terrestrial television services in the VHF/UHF bands.



 



 



Recommendation ITU



-



R BT.1206 



–



 



Spectrum limit masks f



or digital terrestrial 



television broadcasting  



 



–



 



Final Acts of RRC06 



–



 



The GE06 Agreement



1



 



–



 



ITU



-



R DTTB Handbook.



 



Additional information on the protection requirements can be found in ITU documents:



 



–



 



Recommendation ITU



-



R BT.1368 



–



 



Planning criteria, 



including protection ratios, 



for



 



digital terrestrial television services in the VHF/UHF bands.



 



–



 



Recommendation ITU



-



R BT.1895 



–



 



Protection criteria for terrestrial broadcasting 



systems.



 



–



 



Report ITU



-



R BT.2254 



–



 



Frequency and network planning aspects of DVB



-



T2.



 



–



 



Final Acts of RRC06 



–



 



The GE06 Agreement.



1



 



–



 



Recommendation ITU



-



R BT2033 



–



 



Planning



 



criteria, including protection ratios, for 



second generation of digital terrestrial television broadcasting systems in the VHF/UHF 



bands.



 



–



 



Report ITU



-



R BT.2265 



–



 



Gu



idelines for the assessment of interference into the 



broadcasting service
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For Region 1 and the Islamic republic of Iran except the territory of Mongolia the use o



f the band 



470



-



694 MHz is subject to the GE06 agreement.
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1. [bookmark: _Toc354462660]Transmitter


[bookmark: _Toc354462661]RF Power


< 250 mW


[bookmark: _Toc354462662]Spectrum Mask


Audio devices to be used in Region 1 are based on two different transmitter spectrum[footnoteRef:1] masks, one for analogue systems and one for digital systems. [1:  EN 300-422: Technical characteristics and test methods for wireless microphones in the 25 MHz to 3 GHz frequency range is available at http://www.etsi.org/standards
] 



Figure 1


Spectrum mask for analogue systems


[image: ]


NOTES:


•	The Reference power is to be measured at the unmodulated carrier centre frequency (fc).


•	The -90 dBc point shall be at ±1 MHz from fc measured with an average detector. To comply, a measured value must fall below the mask limit as shown above.





Figure 2


Spectrum mask for digital systems[image: Digital%20Spectrum%20Mask2]


The -90 dBc point shall be ±1 MHz from fc measured with an average detector.


[bookmark: _Toc354462663]Channel bandwidth


Typical: <200 kHz, but may be up to 600 kHz to support HD sound.


[bookmark: _Toc354462664]Frequency Error


The frequency error shall not exceed 20 parts per million for frequencies below 1 GHz, 15 parts per million between 1 GHz and 2 GHz and 10 ppm above 2 GHz.


[bookmark: _Toc354462665]Spurious emissions limits at transceiver antenna port


Table 1


Spurious emission limits at transceiver antenna port


			State


			Frequency





			


			47 MHz to 74 MHz


87.5 MHz to 137 MHz


174 MHz to 230 MHz


470 MHz to 862 MHz


			Other Frequencies
below 1 000 MHz


			Frequencies above
1 000 MHz





			Operation


			4 nW


			250 nW


			1 µW





			Standby


			2 nW


			2 nW


			20 nW








Note: Measured values for equipment in each frequency band 
          must be below the values given in Table 1 above. 


2. [bookmark: _Toc354462666]Receiver


[bookmark: _Toc354462667]Typical audio receiver characteristics


Table 2


Sensitivity for wireless microphones


			Typical minimum sensitivity


			‑90 dBm


			Depending on channel bandwidth and modulation technique











[bookmark: _Toc354462668]Test arrangement and test procedure


A test procedure is described in order to place the sensitivity figures provided above into context. 


The test configuration provided in Figure 3 can be used to measure the receiver sensitivity.


Figure 3


Test configuration for receiver sensitivity measurement


 [image: ]


[bookmark: _Toc354462669]Test procedure:


•	Set signal generator A to receiver frequency (fc).


•	Set signal generator A RF output level to -120 dBm.


•	Set signal generator A to Modulation FM, Deviation +/- 24 kHz, AF 1 000 Hz.


•	Modify signal generator A RF output level until receiver S+N/N (Noise and Signal level divided by Noise level) degrades to 80 dB(A). 
NOTE − Alternative can be measured to a limit of 30 dB SINAD. 





[bookmark: _Toc354462670]Receiver sensitivity limit


The typical receiver sensitivity must be below -90 dBm. 


For miniaturized receivers and body worn receivers, a sensitivity of -85 dBm is applicable.









[bookmark: _Toc354462671]Sensitivity for IEM


Table 3


Sensitivity for IEM


			Typical minimum sensitivity


			 -85 dBm


			Depending on channel bandwidth and modulations technique











[bookmark: _Toc354462672]Receiver spurious emissions at antenna port


Table 4


Limits for receiver spurious emissions


			Receivers and idle/standby transmitters


			 -57 dBm 		in 9 kHz  to 1 GHz


 -47 dBm		above 1 GHz















3. [bookmark: _Toc354462673]Propagation issues


In this section presents some information[footnoteRef:2] to the typical transmission path from the transmitter to receiver units. Each scenario will be different, from a cluttered stage to a fast moving helicopter [2:  ERC Report 42: Handbook on radio equipment and systems radio microphones and simple wide band audio links. All ERC and ECC Reports are available at (http://www.erodocdb.dk/doks/doccategoryECC.aspx?doccatid=4)
] 



Figure 4


Antenna radiation Patterns


[image: ]  [image: ]





[bookmark: _Toc354462674]Transmission path loss: worst case scenario


Path loss for a radio microphone transmission is often interpreted as a simple line of sight scenario; however this is rarely the case as the figures below show:


Components of microphone transmission path can be described as:



•	Microphone output power (ERP)	17 dBm


•	PLFS - Free space path loss 	32.44+20*log10(D/1000)+20*log10(F)


•	PLALD - Microphone antenna loss & detuning effect	up to 15 dB


•	PLB - Loss effected while carrying antenna on human body	up to 25 dB


•	PLN - Additional loss in the transmission path notches	up to 30 dB


•	PGDV - Gain by using antenna diversity techniques 	up to 7 dB


•	PGA - Gain through receiver antenna	typical 7 dB



The worst case in a typical non-diversity installation can described as





TotalLossWorstCaseND [dB] = PLFS + PLALD + PLB + PLN - PGA





[bookmark: _Toc354462675]Change in path loss using a diversity antenna system


Typical SAB/SAP antenna diversity systems use two antennae with the same characteristics that are physical separated (Spatial diversity). In some configuration, the SAB/SAP combines pairs of antennas with orthogonal or circular polarizations. Because of the linear microphone polarization this should not be misinterpreted as polarization diversity.

The worst case in a typical installation by using diversity receiver antennas can described as


TotalLossWorstCaseD [dB] = PLFS + PLALD + PLB + PLN - PGDV - PGA


Diversity receivers using two antennas and a signal switching system vary in their effectiveness depending on the spacing and type of antenna in use.


Figure 5


The complex situation on the transmission path if all parameter considered





[image: ]





NOTES:


· The red and blue lines represent the reception level at the antennas and the green line is the best-case signal provides by the diversity algorithm.


· The diversity can’t eliminate all path notches but can reduce their effect





Deep fades are a major component in the use of radio microphone in any given location. Multi path fading typically of up to 40 dB but extremes of up to 60 dB will be experienced.






[bookmark: _Toc354462676]Link budget


In addition to the path loss there are additional interference problems on a microphone path, which affects the system performance (e.g. Interference, Man Made Noise, antennas placed in actor costume or stage installations). For any production there may be a range of link budgets[footnoteRef:3] dependant on the relative locations of the radio microphone user and the receive antenna. [3:  ECC Report 159: Technical and operational requirements for the possible operation of cognitive radio systems in the ‘white spaces’ of the frequency band 470-790 MHz
ECC Report 185: Further definition of technical and operational requirements for the operation of white space devices in the band 470-790 MHz 
ECC Report 186: Technical and operational requirements for the operation of white space devices under geo-location approach
] 



Typical link budget calculation using a diversity antenna system


			


Input Parameter


			


			


			





			D - Distance


			20


			m


			





			F - Frequency


			700


			MHz


			





			RXCH - Microphone receiver channel bandwidth


			140


			kHz


			





			Pout - Microphone output power (ERP)


			17


			dBm


			





			PLALD - Microphone antenna loss & detuning effect


			15


			dB


			





			PLB - Loss effected while carrying antenna on human body


			25


			dB


			





			PLN - Additional loss in the transmission path notches


			30


			dB


			





			PGDV - Gain by using antenna diversity techniques 


			7


			dB


			





			PGA - Gain through receiver antenna


			7


			dB


			





			RNF - Receiver noise figure


			8


			dB


			





			RMINSNR - Receiver minimum SNR


			20


			dB


			





			


			


			


			





			Constant Parameter


			


			


			





			TNF - Thermal noise floor


			1 Hz bandwidth at 20 °C


			-174


			dBm





			


			


			


			





			Calculation


			


			


			





			PLFS - Free space path loss using 0 dB dipole antennas


			32.44+20*log10(D/1000)+20*log10(F)


			55.4


			dB





			TPF - Total path los


			PLFS + PLALD + PLB + PLN - PGDV - PGA


			111.4


			dB





			RTNF - Thermal noise floor at receiver channel bandwidth


			at 20°C


			-122.5


			dBm





			TRF - Total receiver noise power


			RTN + RNF


			-114.5


			dBm





			RMINRINP - Minimal needed receiver input signal


			TRF + RMINSNR


			-94.5


			dBm





			RINPS - Receiver input signal


			POUT - TPF


			-94.4


			dBm





			


			


			


			





			Link budget


			RMINRIN - RINP


			0.2


			dB








NOTE: 


• A link budget grater than 0 shows the physical link feasibility in absence of interfernce.
• Any additional interference leads to a reduction in the practical link distance.


[bookmark: _Toc354462677]


Short form presentation of signal level and path losses





			Pout - Microphone output power (ERP)


			17


			dBm





			PLALD - Microphone antenna loss & detuning effect


			-15


			dB





			PLB - Loss effected while carrying antenna on human body


			-25


			dB





			PLN - Additional loss in the transmission path notches


			-30


			dB





			PGDV - Gain by using antenna diversity techniques 


			7


			dB





			PGA - Gain through receiver antenna


			7


			dB





			RNF - Receiver noise figure


			-8


			dB





			RMINSNR - Receiver minimum SNR


			-20


			dB





			PLFS - Free space path loss using 0 dB dipole antennas


@ distance 20m and 700 MHz


			-55.4


			dB





			RTNF - Thermal noise floor at receiver channel bandwidth


			-122.4


			dBm















4. [bookmark: _Toc354462678]Interference in to the audio receiver unit of a SAB/SAP system


[bookmark: _Toc354462679]Compatibility Figures





1)	Minimal required C/I for microphone links in the presence of a wideband interferer


This lab test example shows a test LTE signal (2) and a PMSE measuring signal (1) at a measurement bandwidth of 100 kHz. To ensure the minimum necessary production quality, the useful carrier to interference ratio (C/I) can be determined from the difference between the LTE (2) and SAB/SAP (1) signal strengths. Monitoring and control was achieved by means of a headset.


Figure 6 shows the test scenario RF spectrum.


Figure 6


Required C/I in analogue systems


[image: ]


The 1 kHz audio test signal was interference free with a C/I value of ~ 22 dB. This confirms the initial hypothesis that a minimal C/I of 20 dB is needed for analogue microphone use.






2)	Wideband transmitter in adjacent spectrum


Figure 7


 (
Thermal noise level
) (
Microphones
)Six typical wireless microphone signals on receiver input

[image: ]
The SNR at receiver input is set according to the result of the link budget calculation.


Figure 8


Schematic illustration to show the principle of interference from
 a wideband interferer adjacent to the microphone channel

[image: ]
The adjacent channel transmitter noise will block all microphone links completely.






Figure 9


Schematic illustration to show the principle of interference from
 2 wideband interferers adjacent to the microphone channel 


[image: ]


All microphone channels are completely blocked.


NOTE: 


• The signal quality of adjacent wideband transmitter defines the neighbouring risk to SAB/SAP.


• Possible blocking effects are not considered.


Figure 10


Schematic illustration to show the principle of interference from
 a wideband interferer adjacent to the microphone channel in a graphical format


[image: ] [image: ]
     Interference free microphone scenario	              Interfered microphone links 


NOTE − each colour presents a different signal





5. [bookmark: _Toc354462680]A method to measure the radio microphone receiver C/I 


[bookmark: _Toc354462681]Hardware test procedure


The test procedure is described in order to place in context the following sections on co-channel interference levels.


Definition


The microphone protection level can be described as the unwanted signal level which degrades the microphone receiver output audio (S+N)/N to 80 dB(A).


FIGURE 11


Test setup


[image: ]


Test procedure:


•	Set signal generator A to receiver frequency (fC)


•	Set wanted signal generator A to the necessary modulation parameters (e.g. FM, Deviation 
+/- 24 kHz, AF 1000 Hz)


•	Set signal generator A RF output level measured at microphone receiver input to ‑85 dBm


•	Set unwanted signal generator B on receiver frequency (fC)


•	Set signal generator B RF on smallest output level (e.g. -130 dBm)


•	Set signal generator B to Modulation FM, Deviation +/- 24 kHz, AF 400 Hz


•	Modify signal generator B RF output level until receiver (S+N)/N degrades to 80 dB(A).
NOTE − If required due to the used analogue audio compander technique employed, the unwanted level can alternatively be measured on an audio quality limit of 30 dB SINAD.


•	Record the generator B RF level measured at receiver input 


•	Repeat the measuring on other interfering frequencies and record the generator B RF level measured at receiver input 





Results using the Test procedure 


[bookmark: _Toc354462682]Analogue microphones


Depending on the receiver construction, a co-channel interference level of less than-115 dBm will provide acceptable performance.


Digital microphones


At present, systems which are available on the market differ in their behaviour substantially (also with respect to their designed behaviour), and it seems to be too early to make a definitive statement. From the few tested using spectrum efficient modulation, an unwanted interferer level of less than -115 dBm has been found to give acceptable performance.





[bookmark: _Toc354462683]Derivation of interference level


a)	Microphone reception quality threshold in operation
The minimal working field strength is -85 dBm. This level includes fading notches. 
With a 30 dB C/I a quality degradation of 1 dB appears.


b)	Microphone receiver sensitivity	
The recent microphone receiver offers a high sensitivity. The typically RF squelch is set to -95 dBm. The minimum quality level with current equipment is given at -95 dBm with 20 dB C/I. Under these conditions a quality degradation of 3 dB appears.	


Both examples calculate a maximum interference level of -115 dBm in 200 kHz channel. This can be transferred into a relative interference level of -168 dBm/Hz.





Estimation of the interference level


FIGURE 12


Maximum interference level to microphone receiver

[image: ]
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[bookmark: _Toc354462685]Information on active antenna distribution systems


Many use scenarios will require additional components in the path from transmitter output to receiver input that affect the interference scenario. 





[bookmark: _Toc354462686]Receiver Distribution System


In a simple environment, each receiver has its own antenna. A large production would therefore require 50 or more antennas, which is impractical. Therefore, the professional event uses antenna distribution systems. The signal of a single receiving antenna are split into many receiver paths, this unamplified antenna power division results in additional losses from antenna to receiver port. An antenna amplifier can compensate for this signal loss but the antenna amplifier is a nonlinear and broadband device. Nonlinearity in combination with high-bandwidth (e.g. 24 to 100 MHz) degrades the desired receiver performance. The receiver is affected by interference from the intermodulation generated within the amplifier.


Additional filters are used to provide protection from other radio signals.





[bookmark: _Toc354462687]Non linearity of an antenna distribution amplifier


Figure 13


Typical antenna amplifier linear transfer function 


[image: ]NOTE − The dotted blue line shows the linear admittance function.


[bookmark: _Toc354462688]Transmitter Distribution System


IEMs use a fixed transmitter mounted in 19” racks, and it is impractical to use individual antenna in a large system. The transmitter outputs are combined to a common antenna path. The power losses are compensated by the use of an amplifier. Non-linearity in combination with high‑bandwidth degrades the desired transceiver performance. Additional filters are used to provide protection to other radio application outside the microphone band.


An active antenna distribution system is a complex scenario which is designed on an individual site basis. 
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[bookmark: _Toc354462690]A look ahead: demand for higher audio resolution (HD sound)


[bookmark: _Toc354462691]Current situation


Wireless audio production tools are limited in their dynamic range (i.e. the range from room noise floor to peak audio level). Because of this, adjustments have to be done individually for each user to secure the highest possible audio quality output. Usually during rehearsal the sensitivity of the microphone connected to the transmitter will be manually aligned. The settings are done in a way that headroom of about 10 dB is given before the internal limiter of the transmitter cuts the signal. If the user of the wireless microphone exceeds this headroom of 10 dB the internal limiter (required by a number of standards) starts working: this will be audible and reduces the perceived quality. This may happen depending on the kind of performance and the passion of the user.


Besides this, the individual adjustment of the microphones sensitivity is an obstacle in handing this bespoke microphone over to other users. If the voice of the other user is louder, the limiter will start operating as mentioned above and downgrade the quality. If the voice of the other user is weaker, then it will sound less loud – at the mixing desk more gain needs to be added which will also increase unwanted noise of the environment and the system – a downgrade in audio quality.





[bookmark: _Toc354462692]Increasing the dynamics


The problem is the limitation in the available dynamic range that current wireless systems are able to handle. This dynamic range needs to be increased in order to give the sound engineer the full dynamic range of the microphone capsule to his mixing console: at the mixing console he will adjust the dynamics in a way that it fits to the rest of the production sound.


For wired operations, studios have already 24 to 48 bit audio resolution. Present wireless audio equipment in 200 kHz channel bandwidth cannot support these requirements.


24 bit, 96 kHz “Pure Audio on Blue Ray” is the new Audio Format set by production companies’. This higher quality on the production side is required for each recording microphone. These “Pure Audio Blue Ray” Discs are already in the market and the music industry has set this as the future standard. This standard is implemented first in classical music – classic live is one branch in the audio industry that is growing and demands higher audio quality - and other genres will swiftly follow.


The higher audio resolution that is provided by the “Pure Audio Blue Ray” gains the extra audio resolution in the mid and higher frequencies. This will give more detailed facets of the instruments used and enhances the listener’s experience. Higher audio quality requires more transmission bandwidth.


Since 2006 some radio microphone standards already cater for these quality demands by allowing higher required bandwidth. There are frequency ranges better able to implement this technology, e.g. the L-Band in Europe. 





Demand


Compression in any form, such as dynamic compression, is not allowed during a production as compression always means losses when reproduced.


Therefore, the demand is to produce loss-less audio, without compression – using the full dynamic range of the microphone capsule. This production material will be available in highest contribution quality for use in, TV SD/HD, CD, DVD; Blue Ray etc. In the future, these full range recordings will be available for conversion to any new formats. This is the challenge for the wireless link transmitting from full range vocal, instrument and atmosphere/environment microphones. This leads to higher channel SAB/SAP bandwidth and will increase spectrum demand. As Wired equipment is already on the market, demand for wireless HD equipment has already started.





Typical current frequency arrangement at 200 kHz bandwidth


As an example, a typical frequency configuration was calculated and visualized.


Figure 14


The calculated microphone frequencies.


[image: ]





The picture above shows a spectrum of 26 MHz and 23 wireless links. These links are calculated to be IM 3 free according to the two transmitter model. Intermodulation products of higher degree are NOT taken into consideration as well as calculation according to the three transmitter method. There are productions that want also to include these intermodulation products into their calculation for more safety[footnoteRef:4] of their production. The result will be significant less wireless links in the same given spectrum or: the same amount of wireless links require more spectrum.  [4:  “Safety” in this case means a more robust frequency plan which would, for example, 
     allow actors to be physically adjacent or intimately connected to each other without 
     creating any RF intermodulation or interference which would compromise the audio signal.] 






NOTES: 


•	In practice this simplification will be changed by many factors, such as the various use cases. 


•	Dependant on the adjacent primary service, which will include DVB-T or mobile services, the scenario will be modified by guard bands or compatibility issues, thus reducing the number of useable channels in channels adjacent to the primary service.


_________
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[bookmark: recibido]ATTACHMENT 2


Source: 6A/250


CO-EXISTENCE PARAMETERS FOR SAB/SAP


Introduction


The term SAB/SAP encompasses a diverse range of applications using a variety of different equipment types, each with different performance characteristics. Typical applications range from large outdoor concert events and TV outside broadcasts to much smaller events including use in TV studios, theatre and conference rooms. ITU-R Report BT.2069 and ETSI TR 102 546[footnoteRef:1] provide current information on SAB/SAP use.  [1:  ETSI TR 102 546: Technical characteristics for Professional Wireless Microphone Systems (PWMS); System Reference Document and ETSI TR 103 058: Technical characteristics for Programme Making and Special Events (PMSE) applications; System Reference Document. ETSI standards are available at http://www.etsi.org/standards] 



Equipment has evolved over many years[footnoteRef:2] and has been optimised to suit the range of applications[footnoteRef:3]. Receivers may be either portable or rack mounted with varying performance characteristics, dependent on the number of simultaneous channels in use (in excess of 86 for large events). Both analogue and digital devices are now widely deployed in the band 470-790 MHz (currently 470‑862 MHz).  Analogue equipment typically uses FM techniques with a range of deviations and companding schemes. Newer digital equipment is now also emerging, using MSK, FSK or QPSK, carrying coded audio at various data rates. [2:  For Europe, ETSI EN 300-422: Technical characteristics and test methods for wireless microphones in the 25 MHz to 3 GHz frequency range provides additional technical information ]  [3:  ERC Report 42: Handbook on radio equipment and systems radio microphones and simple wide band audio links provide further details. All ERC and ECC Reports are available at (http://www.erodocdb.dk/doks/doccategoryECC.aspx?doccatid=4)] 



The technical parameters and operational characteristics to ensure the SAB/SAP quality of service for diverse range of equipment are inevitably complex. This document defines some generic principles that might be applied to assess the impact of IMT(LTE) on SAB/SAP services operating in the same and adjacent bands[footnoteRef:4]. [4:  Reports ECC 185 and ECC 186 present this work. Further information is available in CEPT Working Group Spectrum Engineering Project Team 43 documents: 
http://www.cept.org/ecc/groups/ecc/closed-groups/se-43/client/meeting-documents ] 



Methodology for the assessment of interference to SAB/SAP


The suggested approach is to limit the interference at the SAB/SAP receiver such that the sensitivity of the equipment is degraded by no more than an acceptable amount.








To achieve this, the interference from the IMT(LTE) device, weighted by the receiver ACS value should be positioned below the noise floor of the receiver to minimise loss of sensitivity. The precise value of I/N,, will determine the loss in sensitivity,, and is given by the following equation:





		


The behavior of this function is shown in the graph below:


figure 1


Degradation in receiver RF sensitivity as function of I/N


[image: ]





Co-channel and adjacent channel interference require slightly different strategies.


Avoidance of co-channel interference


In order to assess the impact of co-channel interference to the SAB/SAP service a reuse zone is defined.  This can be used to define the separation/shielding required before the frequency assigned to SAB/SAP can be reused by another either IMT(LTE) device or another SAB/SAP application.


[bookmark: _Ref184427892]figure 2


Definition of a reuse zone for a SAB/SAP event
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The radius of the interference zone should be chosen such that the interference power density from the IMT(LTE) device will fall below the noise floor of the SAB/SAP receiver. 





		


Where:





		is the SAB/SAP receiver noise figure








		is the propagation loss between the unwanted IMT(LTE) at distance 





		is the EIRP of the IMT(LTE)





		is the bandwidth occupied by the IMT(LTE) signal


[image: ]		is the noise temperature of the UHF channel, taken to be 290 K








	 	is Boltzmann’s constant





	 	is the I/N margin, defining the increase in noise level at the SAB/SAP receiver.


Avoidance of adjacent channel interference


To assess adjacent channel interference, the selectivity characteristic of the SAB/SAP receiver together with a reference geometry for the class of SAB/SAP event should be considered. 


The selectivity characteristics of the receiver will be expressed in terms of protection ratios that define the minimum ratio of the wanted SAB/SAP signal to unwanted IMT(LTE) interference for an acceptable impairment in performance[footnoteRef:5]. The protection ratios depend upon the frequency offset between the SAB/SAP and IMT(LTE) signals and also the saturation characteristics of the SAB/SAP receiver. The saturation characteristics can be modelled in detail or simplified by considering an overload threshold. [5:  See attachment 1.] 



The reference geometry defines a worst case separation between the IMT(LTE) device and the SAB/SAP receiver for a given class of SAB/SAP application. This geometry together with an appropriate propagation model can be used to estimate the coupling loss, and hence the maximum IMT(LTE) interference level expected at the SAB/SAP receiver. This data, together with the receiver protection performance can be used to assess the level of the IMT(LTE) EIRP to ensure impairment free operation of the SAB/SAP equipment. This approach can be explored further considering a typical scenario as shown in the figure 3 below:


figure 3


Typical scenario SAB/SAP scenario
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Consider a SAB/SAP transmitter radiating a signal EIRP PTX at height hTX, operating in the vicinity of a IMT(LTE) radiating an EIRP PIMT at height hIMT.


The path loss between the SAB/SAP transmitter and its associated receiver will be given by:





		 





Where  is a propagation model taking account of the height of the frequency of operation, the height of the receiver, the separation and the receiver from the wanted transmitter. 


Similarly, the path loss between the interfering IMT(LTE) and the victim SAB/SAP receiver antenna will be given by:





		


To prevent adjacent channel interference the power of the interfering IMT(LTE) signals must be such that:





		











		is the coupling gain between the th IMT(LTE) and the victim DTT receiver.











		is the EIRP from the th IMT(LTE) at frequency 





		is the frequency of operation of the SAB/SAP receiver





		is the noise figure of the SAB/SAP receiver





		is the SAB/SAP receiver bandwidth





		is the Boltzmann constant





		the noise temperature of the receiver, taken as 290K at UHF





		is the chosen value of I/N expressed in linear units to protect the SAB/SAP receiver.





SAB/SAP systems


Different SAB/SAP systems have a diverse range of technical characteristics.





Wideband FM mono


All systems will conform to ETSI EN 300 422[footnoteRef:6], which defines the bandwidth occupied by the system and the emission mask. This document actually covers both analogue and digital systems. [6:  ETSI EN 300 422: Technical characteristics and test methods for wireless microphones in the 25 MHz to 3 GHz frequency range] 



Analogue FM systems have the following technical characteristics:


Typical deviation: 			15 to 56 kHz


Audio companding ratio: 	2 to 4


RF emissions: 			EN 300 422


IF bandwidth: 			200 kHz


Noise Figure: 			7 dB typ.


Receiver Noise floor: 		-114 dBm


Sensitivity: 			<-95 dBm






Wideband FM stereo


These systems use the Zenith GE stereo system.


Typical deviation: 			15 to 60 kHz


Audio companding ratio: 	2 to 4


RF Emissions:			EN 300 422


IF bandwidth: 			200 kHz


Noise Figure: 			7 dB typ.


Receiver Noise floor: 		-114 dBm


Sensitivity: 			<-95 dBm





Digital Modulation


The precise details of these systems vary and are proprietary to the manufacturer. The information below is representative


Audio coding: 		100 kb/s, typ.


Modulation efficiency:	between 2 and 5 bit/Hz/s


RF Emissions: 		EN 300 422


IF bandwidth: 		200 kHz


Noise Figure: 		7 dB typ.


Receiver Noise floor: 	-114 dBm


Sensitivity: 		<-95 dBm



SAB/SAP reference geometries


Overview


SAB/SAP are used in many different situations, which could bring exposure to varying degrees of interference risk from IMT(LTE). Some of these situations, in which SAB/SAP use may be unsuspected, include:


· Auditoriums and multi-purpose buildings.


· Auto racing.


· Broadcast production facilities.


· Pubs and clubs.


· Dedicated music venues and clubs.


· Golf courses.


· Government buildings.


· Hotels and meeting spaces.


· Houses of Worship—small and large.


· Large music venues—indoor and outdoor.


· Outdoor events including car races, foot races, and street fairs. 


· Political events.


· Sporting events and arenas.


· Theatres.


· Theme parks.


Scenario I - Outdoor events


The first scenario concerns the operation of a SAB/SAP system consisting of one or more audio channels at an outdoor event such as a breaking news event, golf tournament, road race, sporting event, street fair, or theme park. It could be anticipated that spectators would gather near the location of the SAB/SAP receiving equipment, and that it might not be possible to ensure safe operational separation between them. In this case, the only way to isolate the SAB/SAP receiving antenna(s) from IMT(LTE) might be to elevate the antennas on a temporary mast. Please refer to Figure 4.


figure 4


Representative outdoor SAB/SAP operation
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Scenario II - Indoor halls


The next scenario concerns the operation of a SAB/SAP system consisting of multiple audio channels at an indoor venue such as a concert hall or theatre. In this case it should be possible to ensure safe operational separation between the audience and the SAB/SAP receiving antennas; e.g., 10 m, minimum. The antennas might be fixed to rigging alongside or in back of the stage, or mounted on the proscenium arch. If directional receiving antennas are used, they should be aimed toward the stage area and away from the audience. In some installations it has been the practice to locate the SAB/SAP receivers and their associated antennas at the back of the hall in an equipment or projection room. This may result in a long distance to the SAB/SAP transmitters with potentially interfering IMT(LTE) in the path. In this situation, directional receiving antennas would not offer any interference rejection. Please refer to Figure 5.



figure 5


Representative indoor hall SAB/SAP operation


[image: ]





Scenario III - Indoor meeting room


This scenario covers a variety of different indoor meeting venues, including conference centres, offices, hotels, and the like. In these situations, SAB/SAP systems may be part of the installed sound reinforcement equipment, or may be “ad hoc” systems that are set up on a temporary basis for a conference or meeting and taken down afterward. It is these latter setups that are more likely to have constraints in the physical layout of the equipment.


For these situations, it is difficult to guarantee more than a small minimum separation between the SAB/SAP antenna and the attendees. Often, the SAB/SAP equipment is set up in the back of the meeting room and microphones are operated at distances up to 50 m away. Typically, the transmission path would include potentially interfering IMT(LTE) carried by members of the public. Thus, a directional SAB/SAP receiving antenna would not offer any advantage. Please refer to Figure 6.


figure 6


Representative indoor meeting room SAB/SAP operation
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SAB/SAP receiver performance


Protection ratios


In order to establish the co-existence for SAB/SAP operations, protection ratio measurements have been made on a sample set of commercially available SAB/SAP receivers. 2 digital and 8 analogue radio microphones have been tested from 5 different manufacturers. 


The protection ratio is specified for a particular frequency offset and defines the maximum level of interference that can be tolerated without unacceptable impairment to the demodulated audio signal.


Simulated interference from a IMT(LTE) device has been created by modulating a signal generator with waveforms captured from a manufacturer’s production LTE base station (BS) and user equipment (UE) device. 


figure 7


Test arrangement (analogue equipment)


 (
SAB/SAP RX
)[image: ]


The test equipment arrangement used for the analogue systems is shown in Figure 7. The set-up used for the digital systems is identical, with the exception that the relevant systems’ transmitter replaces the FM signal generator. For the analogue equipment measurement, the wanted signal source was an FM signal source modulated with a 1 kHz tone with deviation 15 kHz[footnoteRef:7]. For the digital systems, the transmitters internal audio tone generator was used. The value of 15 kHz deviation was chosen as having low distortion for all of the receivers under test, whilst still providing sufficient audio level. The interfering signal source is provided by an Agilent N5182A arbitrary signal generator. The wanted and interfering signals are combined in a 20dB coupler, their respective powers being controlled by a control PC. [7:  	Some manufacturers’ equipment required an additional pilot tone to be added to transmitted signal to allow successful detection by the receiver.] 



The impairment of the wanted signal is assessed by a Technical Projects MJS401D Audio Measurement System (AMS) under GPIB control.  The AMS input source is the audio output of the radio microphone receiver, i.e. the demodulated 1 kHz tone.


The protection ratio is measured as being the ratio of the wanted to interfering signal strengths at the maximum interfering signal that results in an unimpaired audio signal.  For these tests, the impairment criterion was the total harmonic distortion (THD) of the 1 kHz demodulated tone. The impairment threshold was chosen to be a THD value of 1%.


Six waveforms have been used for the tests, representing typical outputs from both LTE base station and user terminals; these waveforms are based on transmissions previously captured from a manufacturer’s production LTE system, configured to operate in a 10 MHz channel.  For the waveform recording, each LTE BS/US equipment pair was set to transfer data at a particular fraction of the maximum throughput; the waveforms captured represent 100% rate, 50% rate and an idle mode (where the data exchange was limited to control traffic for the BS, or 10% of full traffic for the UE).


figure 8


Protection Ratio for LTE BS Interference 100% Traffic


[image: ]


figure 9


Protection Ratio for LTE BS Interference 50% Traffic
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figure 10


Protection Ratio for LTE BS Interference Idle (no traffic)
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figure 11


Protection Ratio for LTE UE Interference 100% Traffic
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figure 12


Protection Ratio for LTE UE Interference 50% Traffic


[image: ]






figure 13


Protection Ratio for LTE UE Interference Idle (no traffic)
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Two wanted signal levels have been used, -30 dBm and -80 dBm. The wanted signal frequency, Fc, was chosen for each receiver to be in the centre its specified operating bandwidth.  The interfering signal was swept in 5 MHz steps from Fc -30 MHz to Fc +30 MHz and in 1 MHz steps from Fc -10 MHz to Fc +10 MHz. Protection ratios for the 6 types of interfering signal for 10 different receivers are shown in Figure 8-13.


The results show that protection ratio values for both the high and low power wanted signals are different; the worse adjacent channel protection ratios for the -30 dBm wanted signal are as a result of the receiver being overloaded (both wanted and interfering signal powers are large in this case).


Results show that the adjacent channel (+-10 MHz) minimum protection ratio is better than 55 dB for the non-overloaded case, irrespective of the waveform used.  The worst co-channel protection ratio is around 6 dB. 





IMT(LTE) ACLR transmitter performance


The actual protection ratio required is a function of the selectivity of the victim SAB/SAP receiver and the adjacent channel power emitted by the interfering IMT(LTE) device.


The protection ratio measurements presented were made using a signal generator to emulate interference from a IMT(LTE) device. The adjacent channel leakage ratio (ACLR) of the signal generator was as good as 83 dB for an offset of >10 MHz.


The protection ratio data will therefore need to be adjusted to take into account the actual ACLR performance of the IMT(LTE) device.






Conclusions


A methodology has been outlined that can be used to assess the performance of SAB/SAB receivers in the presence of interference from co-channel and adjacent channel IMT(LTE) transmissions. The impact of adjacent channel interference can be assessed by weighting the interference using the protection ratio performance of the SAB/SAP receiver at the relevant offset allowing a power sum of the co‑channel and adjacent channel interference contributions. This can be used to assess the loss in sensitivity of the SAB/SAP receiver.


The protection ratio (C/I) performance of a range of SAB/SAP receivers has been investigated experimentally. For co-channel interference, C/I values of between -8 dB and 6 dB are representative for interference from 10 MHz wide LTE BS signals. In the adjacent channels, C/I performance improves rapidly, and low level protection ratios of between -50 to -70 dB have been observed for frequency offsets greater than 20 MHz. At higher wanted signal levels, the protection ratios increase due to receiver overload. The measured protection ratio data suggests SAB/SAP receiver overload occurs at interferer signal levels ranging between -20 dBm and 0 dBm.


A range of SAB/SAP scenarios have been presented showing illustrative coupling losses between a IMT(LTE) terminal and a SAB/SAP receiver. Using these scenarios and the receiver protection ratios, the impact of a IMT(LTE) device can be calculated. 





______________


[bookmark: _GoBack]
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4-5-6-7/146-E


Technical Parameters of DTTB System C (ISDB-T) for sharing and compatibility studies between the broadcasting service and the mobile service under WRC-15 Agenda items 1.1 and 1.2


[bookmark: dbreak]At its April meeting in 2013, Working Party 6A sent to JTG 4-5-6-7 (JTG) the liaison statements 4‑5-6-7/126 and 4-5-6-7/129 on technical and operational characteristics of digital terrestrial television for sharing and compatibility studies. Document 4-5-6-7/126 contains the information on the DTTB systems of System A (ATSC), System B (DVB-T) and its second generation (DVB-T2) related toWRC-15 Agenda item 1.1. The Document 4-5-6-7/129 contains the information on adjacent band compatibility between the mobile broadband uplink and digital terrestrial television broadcasting under WRC-15 Agenda item 1.2.


Recently DTTB System C (ISDB-T) was adopted by an administration in Region 1 for the first time. Furthermore, ISDB-T has also been adopted by several administrations in Regions 2 and 3. . Therefore, Japan considers that it would be useful for the JTG to review the relevant parameters of ISDB-T that were not fully considered in the development of the liaison statements above.  


In this context, this document provides additional information to these liaison statements on the DTTB System C (ISDB-T) for sharing and compatibility studies to be undertaken at Joint Task Group 4-5-6-7 under WRC-15 Agenda items 1.1 and 1.2. Based on this information, Japan would like to point out that the parameters of ISDB-T have similar characteristics as those of DVB-T and is of the view that the result of the studies based on DVB-T can also be applicable to those based on ISDB-T.


Annex 1: 	 Technical parameters of DTTB System C (ISDB-T) for sharing and compatibility studies between the broadcasting service and the mobile service under WRC-15 Agenda item 1.1


Annex 2: 	 Adjacent band compatibility between the mobile broadband uplink and digital terrestrial television broadcasting system C under WRC-15 Agenda item1.2


ANNEX 1


Technical Parameters of DTTB System C (ISDB-T) for sharing and compatibility studies between the broadcasting service and
the mobile service under WRC-15 Agenda item 1.1


This Annex provides the protection ratio and overload threshold on current and planned use required for the Joint Task Group 4-5-6-7 sharing studies between the DTTB system C (ISDB-T) defined in the Recommendation ITU-R BT.1306 and the mobile service under WRC-15 Agenda item 1.1. Other general information on the technical and operational characteristics is provided in the liaison statements either 4-5-6-7/126. Comparison of the parameters including PR values for ISDB-T and DVB-T in 4-5-6-7/126 shows that the values of these parameters for DVB-T have similar characteristics as those for ISDB-T; therefore, the result of the sharing and compatibility studies based on DVB-T can also be applicable to those based on ISDB-T.


[bookmark: _Toc359351748]1	System parameters and protection requirements for ISDB-T


[bookmark: _Toc359351749]1.1	General parameters


Table A1.1


General ISDB-T Parameters


			Parameter


			Units


			Fixed reception
Portable reception
(outdoor/Mobile or indoor)





			Signal band width


			MHz


			5.60/7.40





			Thermal noise density (kT0)


			dBm/Hz


			–173.98





			Receiver noise figure


			dB


			7








[bookmark: _Toc359351750]1.2	Carrier-to-noise ratio


Table A1.2


Carrier-to-noise ratio


			Fixed reception





			22 dB








[bookmark: _Toc359351751]1.3	Minimum field strength at 600 MHz


Table A1.3


Minimum field strength at fr=600 MHz[footnoteRef:1] [1: 	Minimum median field-strength levels for other frequencies than 600 MHz are derived by the correction described in section 11.4 of 4-5-6-7/126.] 



			Bandwidth


			Fixed reception at 10 m for 95% location probability





			6 MHz


			46.0 dBµV/m





			8 MHz


			47.2 dBµV/m








[bookmark: _Toc359351752]1.4	Protection ratios and overload threshold[footnoteRef:2] [2: 	For other ACLR values, the PR figures should be corrected using the formula shown in section 12.4 of 4-5-6-7/126.] 



Table A1.4 illustrates PR and Oth values measured by the actual receivers. The table A1.4 shows the similar results to that of DVB-T, hence the results of sharing and compatibility studies for DVB-T can be applied to ISDB-T.


TABLE A1.4


PR and Oth values for a 6 MHz
ISDB-T 64‑QAM with code rate 7/8 signal interfered with by a 10 MHz LTE base station or user equipment signal in a Gaussian channel environment for all tuners and traffic loadings (see Notes 1 to 4)


			Interferer offset
N/(MHz)


			LTE Base station


			LTE User equipment





			


			PR 
(dB)


			Oth
(dBm)


			PR 
(dB)


			Oth 
(dBm)





			Co-channel (AWGN)


			20.2


			-


			20.2


			-





			Co-channel (LTE)


			20


			-


			19.5


			-





			1/(9 MHz)


			-22.5


			-12


			-4.2


			-20





			2/(15 MHz)


			-34.9


			-10


			-9.8


			-17.5





			4/(27 MHz)


			-36.2


			-8


			-32.5


			-16





			6/(39 MHz)


			-37.2


			0


			-50.1


			-15.5





			18/(111 MHz)


			-38.9


			0


			-46.9


			-6





			19/(117 MHz)


			-38.9


			0


			-45.8


			-7





			NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.


NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.


NOTE 3 − Note the UE PR values in N=1 and N=2 are corrected based on the assumption that the ACLR of the interferer is equal to 24.5 dB (N+1), 30.0 dB (N+2). The PR values for all other offsets are based on an ACLR of 88 dB. 


NOTE 4 – The LTE BS interference signals used in the measurements had ACLRs of 60 dB or greater for N-1, and significantly higher ACLRs for N-2 and beyond.












ANNEX 2


Adjacent band compatibility between the mobile broadband uplink and digital terrestrial television broadcasting system C under WRC-15 Agenda item1.2





Table A2.1 illustrates PR and Oth values measured by the five DTTB system C (ISDB-T) 6 MHz receivers that provides the additional information to the Document 4-5-6-7/129 for compatibility studies between mobile broadband uplink and DTTB. The Table A2.1 shows the similar results to that of DVB-T in Document 4-5-6-7/129. Therefore, the results of sharing and compatibility studies based on DVB-T can also be applicable to those based on ISDB-T.


TABLE A2.1


PR values and Oth values for a 6 MHz
ISDB-T 64‑QAM with code rate 7/8 signal interfered with by a 10 MHz LTE base station or
user equipment signal in a Gaussian channel environment for all tuners and traffic loadings


			


			ISDB-T - UE Interference





			


			Single value for sharing





			


			PR dB


			Oth dBm





			Co-Channel AWGN


			20.2


			-





			Co-Channel LTE


			19.5


			-





			Centre Freq Offset MHz


			


			





			9


			-4.2


			-20





			15


			-9.8


			-17.5





			27


			-32.5


			-16





			39


			-50.1


			-15.5





			111


			-46.9


			-6





			117


			-45.8


			-7











___________
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4-5-6-7/185-E


Supplementary values of broadcasting receivers adjacent channel selectivity to assist in sharing studies


[bookmark: dbreak]1	Introduction


In its work on WRC-15 agenda item 1.2, ITU-R Working Party 6A has indicated to Joint Task Group 4‑5‑6‑7 a set of recommended Digital Terrestrial Television Protection Ratios (PRs) for adjacent-channel compatibility studies. It is important to note that those values have been calculated using certain assumptions that could have an impact on the end results of adjacent-channel compatibility studies.


The aim of this document is to clarify these assumptions and to provide the references in Recommendations ITU-R BT.1368 and ITU-R BT.2033. This document uses the information from these two recommendations to provide the associated ACS values against the detailed range of measurements that were taken. 


2	PR values of DVB-T receivers using can tuners interfered with by LTE UE


Regarding the interference of LTE UE into DVB-T receivers, Table 1 provides corrected protection ratios (dB) for a DVB-T signal interfered with by an LTE UE signal in adjacent channels for can tuners. This table corresponds to Table 38 in Recommendation ITU-R BT.1368-10. It should be noted that PR and Oth have been estimated with different traffic loadings.


[bookmark: _Toc309290518][bookmark: _Toc309719045][bookmark: _Toc346543903]TABLE 1


[bookmark: _Toc309290519][bookmark: _Toc309719046][bookmark: _Toc346543904]Corrected PR values at the 50th and 90th percentile and Oth values at the 10th and 50th percentile for an 8 MHz DVB-T 64‑QAM with code rate 2/3 signal interfered with by a 10 MHz LTE user equipment signal in a Gaussian channel environment for can tuners (see Notes 1 to 4)


			Interferer
offset N/(MHz)


			No. Rx


			PR, dB 
50th percentile


			PR, dB 
90th percentile


			Oth, dBm
10th percentile


			Oth, dBm
50th percentile





			1/(10 MHz)


			19


			–6


			–6 … –5


			–21 … –19


			–16 … –11





			2/(18 MHz)


			19


			–13


			–13


			–18 … –4


			–6 … –2





			3/(26 MHz)


			19


			–49 … –48


			–43 … –40


			–31 … –26


			–16 … –10





			4/(34 MHz)


			19


			–60 … –57


			–58 … –54


			–19 … –11


			–13 … –9





			5/(42 MHz)


			19


			–65 … –56


			–62 … –50


			–17 … –7


			–9 … –4





			6/(50 MHz)


			31


			–68 … –56


			–65 … –48


			–18 … –7


			–9 … –2





			7/(58 MHz)


			19


			–68 … –57


			–67 … –47


			–16 … –3


			–3 … 2





			8/(66 MHz)


			31


			–69 … –58


			–67 … –52


			–16 … –3


			–4 … 2





			9/(74 MHz)


			19


			–50 … –44


			–38 … –33


			–9 … –3


			–2 … 4





			NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.


NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.


NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in § 4 of Annex 2 to Recommendation ITU-R BT.1368. The overload threshold is assumed to be independent of system variant and reception conditions.


NOTE 4 − Note the PR values in N = 1 and N =2 are corrected based on the assumption that the ACLR of the interferer is equal to 25.2 dB (N + 1), 32.2 dB (N + 2). The PR values for all other offsets are based on an ACLR’ of 88 dB. A co‑channel PR0 of 18.7 dB is used. A method to calculate values for other ACLR’ values is given in Appendix 3 to Annex 2 of Recommendation ITU-R BT.1368. The measurement bandwidth used in the ACLR calculation is 8 MHz for the wanted signal and 10 MHz for the interferer.











3	PR values of DVB-T receivers using silicon tuners interfered with by LTE UE


Regarding the interference of LTE UE into DVB-T receivers, Table 2 provides corrected protection ratios (dB) for a DVB-T signal interfered with by an LTE UE signal in adjacent channels for silicon tuners. This table corresponds to Table 38A in Recommendation ITU-R BT.1368-10. It should be noted that PR and Oth have been estimated with different traffic loadings.


[bookmark: _Toc346543905]



TABLE 2


[bookmark: _Toc346543906]Corrected PR values at the 50th and 90th percentile and Oth values at the 10th and 50th percentile for an 8 MHz DVB-T 64‑QAM with code rate 2/3 signal interfered with by a 10 MHz LTE user equipment signal in a Gaussian channel environment for silicon tuners (see Notes 1 to 4)


			Interferer
offset N/(MHz)


			No. Rx
High/Low rate


			PR, dB 
50th percentile


			PR, dB 
90th percentile


			No. Rx
High/Low rate


			Oth, dBm
10th percentile


			Oth, dBm
50th percentile





			1/(10 MHz)


			16/16


			–6


			–6


			9/8


			–31… –21


			–16 … –12





			2/(18 MHz)


			16/16


			–13


			–13 … –11


			9/7


			–21 … –5


			1 … 2





			3/(26 MHz)


			16/16


			–51 … –39


			–46 … –22


			9/7


			–21 … –3


			1 … 5





			4/(34 MHz)


			9/9


			–52 … –39


			–48 … –28


			9/7


			–21 … –2


			1 … 5





			5/(42 MHz)


			9/9


			–56 … –39


			–52 … –29


			9/7


			–20 … –3


			2 … 5





			6/(50 MHz)


			15/20


			–53 … –44


			–47 … –34


			12/16


			–34 … –7


			–15 … 1





			7/(58 MHz)


			9/9


			–58 … –39


			–53 … –28


			9/7


			–19 … –4


			3 … 5





			8/(66 MHz)


			13/16


			–56 … –45


			–50 … –35


			12/14


			–30 … –5


			–11 … 4





			9/(74 MHz)


			22/20


			–55 … –45


			–48 … –33


			13/16


			–30 … –8


			–11 … 1





			NOTE 1 – PR is applicable unless the interfering signal level is above the corresponding Oth. If the interfering signal level is above the corresponding Oth, the receiver is interfered with by the interfering signal whatever the signal to interference ratio is.


NOTE 2 – At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at sensitivity +3 dB, 3 dB should be added to the PR.


NOTE 3 − PR for different system variants and various reception conditions can be obtained using the correction factors in Table 50 in § 4 Annex 2 to Recommendation ITU-R BT.1368. The overload threshold is assumed to be independent of system variant and reception conditions.


NOTE 4 − Note the PR values in N = 1 and N = 2 are corrected based on the assumption that the ACLR’ of the interferer is equal to 25.2 dB (N + 1), 32.2 dB (N + 2). The PR values for all other offsets are based on an ACLR’ of 88 dB. A co‑channel PR0 of 18.7 dB is used.  A method to calculate values for other ACLR’ values is given in Appendix 3 to Annex 2 of Recommendation ITU-R BT.1368. The measurement bandwidth used in the ACLR calculation is 8 MHz for the wanted signal and 10 MHz for the interferer.








4	Calculation of ACS values from existing tables on PRs


It is important to observe that Tables 1 and 2 contain corrected PR values, with an assumption of ACLR of the LTE US as described in Note 4 under each table. These ACLR values should be confirmed by the JTG in accordance with the input from the mobile community.


It is also important to note that in Recommendation ITU-R BT.1368, information on traffic loadings used for values in Tables 1 and 2 is not available. The range of values in these tables corresponds to different sequences for the UE signals used in different measurements. More explanation on this issue can be found in Recommendation ITU-R BT.1368 and Report ITU-R BT.2215.


Annex 1 presents the method to obtain the ACS values from Tables 1 and 2 above, irrespective of the LTE UE traffic loading used for their measurement.


5	PR values of DVB-T2 receivers using silicon tuners interfered with by LTE UE


Regarding the interference of LTE UE into DVB-T2 receivers, Table 3 provides protection ratios (dB) for a DVB-T2 signal interfered with by an LTE UE signal in adjacent channels for silicon tuners. This table corresponds to Table 6 in Annex1 of Recommendation ITU-R BT.2033.


TABLE 3


Protection ratios (dB) for a DVB-T2 signal interfered with by an LTE UE signal
in adjacent channels for silicon tuners


			Channel offset N
8 MHz channels/
(centre frequency offset)


			No. of Rx.


tested


			1 Mbit/s UE 
traffic loading


Signal generator ACLR = 100 dB all offsets


			10 Mbit/s UE 
traffic loading


Signal generator ACLR = 100 dB all offsets


			20 Mbit/s UE 
traffic loading


Signal generator ACLR =
67.8 dB (N+1) 
80.4 dB (N+2)
100 dB (N+3 to N+9)





			


			


			PR Percentile 
(dB)


			PR Percentile 
(dB)


			PR Percentile 
(dB)





			


			


			50th


			90th


			50th


			90th


			50th


			90th





			Co-channel AWGN (0)


			11


			19


			19


			19


			19


			19


			19





			Co-channel LTE (0)


			11


			10


			11


			18


			18


			19


			19





			1/(10)


			11


			–36


			–19


			–41


			–39


			–41


			–39





			2 (18)


			11


			–41


			–24


			–47


			–45


			–47


			–43





			3 (26)


			11


			–44


			–26


			–48


			–45


			–50


			–44





			4 (34)


			11


			–46


			–36


			–48


			–45


			–52


			–45





			5 (42)


			11


			–47


			–37


			–48


			–44


			–54


			–46





			6 (50)


			11


			–50


			–38


			–49


			–43


			–52


			–45





			7 (58)


			11


			–50


			–41


			–49


			–44


			–53


			–44





			8 (66)


			11


			–50


			–41


			–49


			–42


			–54


			–45





			9 (74)


			11


			–50


			–43


			–49


			–43


			–54


			–47








6	Derived ACS values from DVB-T2 PRs


ACS values for silicon tuners indicated in Tables 5 are calculated with an ACLR = 100 dB. 


For information only, please see Recommendation ITU-R BT.2033 for the limited data available on can tuners, which are no longer manufactured.  


TABLE 5


Derived ACS values for silicon tuners from the un-corrected protection ratios (dB) for a DVBT‑2 signal interfered with by an LTE UE signal in adjacent channels for silicon tuners in Table 3


			Channel offset N


			1 Mbit/s UE


			10 Mbit/s UE


			20 Mbit/s UE





			8 MHz channels/ (centre frequency offset)


			traffic loading


			traffic loading


			traffic loading





			 


			Signal generator ACLR = 100 dB all offsets


			Signal generator ACLR = 100 dB all offsets


			Signal generator ACLR =





			 


			 


			 


			67.8 dB (N+1)





			 


			 


			 


			80.4 dB (N+2)





			 


			 


			 


			100 dB (N+3 to N+9)





			 


			ACS Percentile


			ACS Percentile


			ACS Percentile





			


			dB


			dB


			dB





			 


			50th


			90th


			50th


			90th


			50th


			90th





			1/(10)


			55.0


			38.0


			60.0


			58.0


			60.8


			58.5





			2 (18)


			60.0


			43.0


			66.0


			64.0


			66.2


			62.1





			3 (26)


			63.0


			45.0


			67.0


			64.0


			69.0


			63.0





			4 (34)


			65.0


			55.0


			67.0


			64.0


			71.0


			64.0





			5 (42)


			66.0


			56.0


			67.0


			63.0


			73.0


			65.0





			6 (50)


			69.0


			57.0


			68.0


			62.0


			71.0


			64.0





			7 (58)


			69.0


			60.0


			68.0


			63.0


			72.0


			63.0





			8 (66)


			69.0


			60.0


			68.0


			61.0


			73.0


			64.0





			9 (74)


			69.0


			62.0


			68.0


			62.0


			73.0


			66.0








7	Proposal


It is proposed that Joint Task Group 4-5-6-7 uses the information in this document to assist in sharing studies between the TV broadcasting and IMT. 









ANNEX 1 


Correction method for DVB-T or DVB-T2 PRs 
with an assumption on LTE ACLR values





This annex contains a copy-paste of section 1.5.2 of Recommendation ITU-R BT.2033, which contains the correction method of Protection Ratios with assumptions on LTE ACLR values. 


This correction method can also be used to reverse the corrected PRs back to the uncorrected PRs to allow the effect of different ACLR assumptions to be calculated.


ACLR correction method


The final protection ratio is found in two stages; firstly, for a frequency offset ∆f the adjacent channel selectivity (ACS) of the receiver is calculated from the measured protection ratio at the offset (PR(∆f)), the co-channel protection ratio PR0 and the ACLR of the interference signal generator:








		





Secondly, the derived value of the DTT ACS is used to determine the appropriate adjacent channel protection ratios for interfering terminal that may have different ACLR characteristics.


The final protection ratio, PR(f), is a function of the ACS and the ACLR of the LTE device at (f), ACLR:








		





This method can also be used to reverse the corrected PRs back to the uncorrected PRs to allow the effect of different UE ACLR assumptions to be calculated.


Note that the ACLR and ACLR in the equations above are based on power measurements using the channel bandwidth of the LTE interferer (e.g. 10 MHz) and the channel bandwidth of the wanted DVB-T2 signal (e.g. 8 MHz) at the appropriate frequency offsets of the interferer.
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p
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v



alues of broadcasting receivers adjacent channel selectivity to 



assist in 



sharing studies



 



1



 



Introduction



 



In its work on WRC



-



15 



a



genda item 1.2, ITU



-



R Working Party 6A has indicated to Joint Task 



Group



 



4



-



5



-



6



-



7 a set of recommended Digital Terrestrial Television Protection Ratios (PRs) for 



adjacent



-



channel compatibility 



studies. It is important to note that those values have been calculated 



using certain assumptions that could have an impact on the end results of adjacent



-



channel 



compatibility studies.



 



The aim of this document is to clarify these assumptions and to provid



e the references in 



Recommendations ITU



-



R BT.1368 and ITU



-



R BT.2033. This document uses the information from 



these two recommendations to provide the associated ACS values against the detailed range of 



measurements that were taken. 



 



2



 



PR values of DVB



-



T re



ceivers using ca



n tuners interfered with by 



LTE



 



UE



 



Regarding the interference of LTE UE into DVB



-



T receivers, 



T



able 1 provides corrected protection 



ratios (dB) for a DVB



-



T signal interfered with by an LTE UE signal in adjacent channels for can 



tuners. This



 



table corresponds to Table 38 in Recommendation ITU



-



R BT.1368



-



10.



 



It should be 



noted that PR and 



O



th



 



have been estimated with different traffic loadings.



 



TABLE 1



 



Corrected PR values at the 50th and 90th percentile and 



O



th



 



values at the 10th and 50th percentile for an 8



 



MHz 



DVB



-



T 64



-



QAM with code r



ate 2/3 signal interfered with 



by a 10 MHz LTE user equipment signal in 



a Gaussian 



channel environment 



for can tuners (see Notes 1 to



 



4)



 



Interferer



 



offset N/(MHz)



 



No. 



Rx



 



PR, dB 



 



5



0th



 



percentile



 



PR, dB 



 



90th



 



percentile



 



O



th



, dBm



 



10th



 



percentile



 



O



th



, dBm



 



50th



 



percentile



 



1/(10 MHz)



 



19



 



–



6



 



–



6 … 



–



5



 



–



21 … 



–



19



 



–



16 … 



–



11



 



2/(18 MHz)



 



19



 



–



13



 



–



13



 



–



18 … 



–



4



 



–



6 … 



–



2



 



3/(26 MHz)



 



19



 



–



49 … 



–



48



 



–



43 … 



–



40



 



–



31 … 



–



26



 



–



16 … 



–



10



 



4/(34 MHz)



 



19



 



–



60 … 



–



57



 



–



58 … 



–



54



 



–



19 … 



–



11



 



–



13 … 



–



9



 



5/(42 MHz)



 



19



 



–



65 … 



–



56



 



–



62 … 



–



50



 



–



17 … 



–



7



 



–



9 … 



–



4



 



6/(50 MHz)



 



31



 



–



68 … 



–



56



 



–



65 … 



–



48



 



–



18 … 



–



7



 



–



9 … 



–



2



 



7/(58 MHz)



 



19



 



–



68 … 



–



57



 



–



67 … 



–



47



 



–



16 … 



–



3



 



–



3 … 2



 



8/(66 MHz)



 



31



 



–



69 … 



–



58



 



–



67 … 



–



52



 



–



16 … 



–



3



 



–



4 … 2



 



9/(74 MHz)



 



19



 



–



50 … 



–



44



 



–



38 … 



–



33



 



–



9 … 



–



3



 



–



2 … 4



 



NOTE 1 



–



 



PR is applicable unless the interfering signal level is above the corresponding O



th



. If the 



interfering signal level is above the corresponding O



th



, the receiver is interfered with by the interfering 



signal whatever 



the signal to interference ratio is.



 



NOTE 2 



–



 



At wanted signal level close to receiver sensitivity, noise should be taken into account, e.g. at 



sensitivity +3 dB, 3 dB should be added to the PR.



 



NOTE 3 



-



 PR for different system variants and various recepti



on conditions can be obtained using the 



correction factors in Table 50 in § 4 of Annex 2 to Recommendation ITU



-



R BT.1368. The overload 



threshold is assumed to be independent of system variant and reception conditions.
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[bookmark: dbreak]Mobile and Amateur issues

(Agenda items 1.1, 1.2, 1.3 and 1.4)

AGENDA ITEM 1.1

(JTG 4-5-6-7 / WP 4A, WP 4B, WP 4C, WP 5A, WP 5B, WP 5C, WP 5D, WP 6A, WP 7B, WP 7C, WP 7D, (WP 1A), (WP 3K), (WP 3M))[footnoteRef:1] [1: 	See the CPM15-1 Decision on the Establishment and Terms of Reference of Joint Task Group 4‑5-6-7, Annex 10 to Administrative Circular CA/201.] 


1.1 	to consider additional spectrum allocations to the mobile service on a primary basis and identification of additional frequency bands for International Mobile Telecommunications (IMT) and related regulatory provisions, to facilitate the development of terrestrial mobile broadband applications, in accordance with Resolution 233 (WRC‑12);

Resolution 233 (WRC‑12): Studies on frequency-related matters on International Mobile Telecommunications and other terrestrial mobile broadband applications

1/1.1/1	Executive summary

[Ed. Note: Text of the executive summary, not more than half a page of text.]

1/1.1/2	Background

[Ed. Note: Text of the background, not more than half a page of text.]

Mobile communications including mobile broadband communications contribute positively to the economic and social developments of both developed and developing countries.  Many administrations are investigating a wide range of applications and systems to bridge the digital divide using, inter alia, IMT and other terrestrial mobile broadband applications.

Since WRC-07, the demand for mobile broadband applications has been rapidly growing.  Report ITU-R M.2243[footnoteRef:2] provides detailed information on the global mobile broadband deployments and forecasts for IMT.  [2: 	Report ITU-R M.2243 - “Assessment of the global mobile broadband deployments and forecasts for International Mobile Telecommunications”.] 


According to Resolution 233 (WRC‑12), adequate and timely availability of spectrum with appropriate regulatory provisions as well as improved technologies are essential to support the future growth of IMT and other mobile broadband systems.  Harmonized frequency bands worldwide and frequency arrangements for these systems are highly desirable in order to facilitate global roaming and the benefits of economies of scale.

Resolution 233 (WRC‑12) is also calling in particular for studies on future spectrum requirements and potential candidate frequency bands for IMT and other terrestrial mobile broadband applications.  When considering potential candidate frequency bands, sharing and compatibility studies with services already having allocations in these frequency bands and in adjacent bands are necessary, taking into account the current and planned use of these frequency bands by existing services and their necessary protection.

1/1.1/3	Summary of technical and operational studies, including a list of relevant ITU-R Recommendations and/or Reports 

1/1.1/3.1	Spectrum requirements

ITU-R studies in Report ITU-R M.2290[footnoteRef:3] estimate global spectrum requirements for IMT based on, amongst other things, the forecast of traffic growth2,  in the range of 1 340-1 960 MHz for the year 2020, for lower user density settings and higher user density settings, respectively.   [3:  	Report ITU-R M.2290 - “Future spectrum requirements estimate for terrestrial IMT”.] 


Since there are large differences between market developments and timing of network deployments around the world, the lower and higher user density settings of the estimate are meant to reflect the variation of the mobile data growth in different countries.  

[Report ITU-R M.2290 “provides a global perspective on the future spectrum requirement estimate for terrestrial IMT. The input parameters in this Report represent a possible set of global scenarios of the future mobile traffic growth. In some countries, the calculated spectrum requirements may depend on the specific market circumstances and the regulatory conditions hence spectrum requirements can be lower than the estimate derived by lower user density settings and in some other countries, spectrum requirement can be higher than the estimate derived by higher user density settings. The methodology utilized in the Report can be used to estimate the total IMT spectrum requirements of a given country only if all the current input parameter values used in this report are replaced by the values which apply to that specific country (as described in the methodology itself). Moreover, to date there are no reliable statistics in ITU on the use of the spectrum already allocated to terrestrial IMT by a previous WRC.”]

The above mentioned estimate is based on assumed traffic trends up to the year 2020, which took into account the traffic off-loading from IMT networks to Radio Local Area Networks (RLANs). However, if real traffic trends differ from the assumptions, then the resulting spectrum estimates would differ from those provided.

Furthermore, the spectrum requirements are based in part on a set of assumptions about future very high data rate applications. If these assumptions [do not materialize] in the timeframe envisaged in the spectrum requirement estimation, the resulting spectrum requirements would be different.

[Editor’s Note: pending the results of discussion in DG Parameters, there may be additional text added to this paragraph.]

Based on these estimated global spectrum requirements as contained in  Report ITU-R M.2290, Table 1.1-1 shows the “additional” spectrum requirements for IMT by the year 2020 per ITU Region.

However, it has to be borne in mind that the input parameters used in Report ITU-R M.2290 to derive spectrum requirements represent a possible set of global scenarios of the future mobile traffic growth and hence are not necessarily representative of a specific country or territory. 

When identifying additional frequency bands for IMT, the amount of spectrum already identified and currently used for IMT in each region should be taken into account with a view to optimizing the use of these bands to increase spectrum efficiency. 

The demand of high bit rate, especially in densely populated area could be accommodated in higher frequency bands than those currently being considered in studies, however the technical information required for compatibility studies has yet to be developed and these studies and proposals are being explored for future work.

TABLE1.1-1

Estimated additional spectrum requirements for IMT by the year 2020

		User density settings

		Total spectrum requirements (MHz)

		Region 1

		Region 2

		Region 3



		

		

		Already identified (MHz)*

		Additional spectrum requirements (MHz)*

		Already identified (MHz)

		Additional spectrum requirements (MHz)

		Already identified (MHz)*

		Additional spectrum requirements (MHz)*



		Low

		1 340

		981-1 181

		159-359

		951

		389

		885-1 177

		163-455



		High

		1 960

		981-1 181

		779-979

		951

		1 009

		885-1 177

		783-1 075





Note *: The values in these columns have ranges since some of the frequency bands are identified for IMT only in some countries in Regions 1 and 3 as per RR Nos. 5.317A, 5.430A, 5.432A, 5.432B, and 5.433A.

Note **: The values for Region 1 are based on the assumption that the lower edge of the frequency band identified in RR No 5.312A remains at 694 MHz.

The ITU-R has indicated the following frequency ranges as suitable for possible future deployment of IMT: 410-430 MHz, 470-790 MHz[footnoteRef:4], 1 000-1 700 MHz, 2 025-2 110 MHz, 2 200-2 290 MHz, 2 700-5 000 MHz, 5 350‑5 470 MHz and 5 850-6 425 MHz. [4:  [Ed Note: the frequency band 694-790 MHz is under consideration for Region 1 in WRC-15 agenda item 1.2]] 


It should be noted that these suitable frequency ranges are identified only from the view point of suitability for future development of IMT systems and did not address the compatibility, the current allocations in the Radio Regulations and the associated footnotes and the status of the use of the frequency band by the services to which they are allocated and the planned use of these services.

It should also be noted that “no single frequency range satisfies all the criteria required to deploy IMT systems, particularly in countries with diverse geography and population density; therefore, to meet the capacity and coverage requirements of IMT systems multiple frequency ranges would be needed.

The results of ITU-R studies indicate that the minimum spectrum requirement for RLAN [Ed Note: specify that RLAN is subset of non-IMT mobile broadband applications / BWA] using the 5 GHz frequency range in the year 2018 is estimated at 880 MHz.  This figure includes spectrum of 455-580 MHz already utilised by non-IMT mobile broadband applications operating in the 5 GHz band range resulting in 300-425 MHz additional spectrum being required. The ranges above are due to some of the frequency bands being identified for RLAN only in some countries.

Currently, within the 5 GHz range, RLAN devices utilize the following frequency bands: 5 150-5 250 MHz, 5 250‑5 350 MHz, 5 470-5 725 MHz, and 5 725-5 850 MHz (in some countries). Pursuant to Resolution 229 (Rev.WRC-12), operation in the 5 150-5 250 MHz band is limited to indoor use while dynamic frequency selection rules apply in the 5 250-5 350 MHz and 5 470‑5 725 MHz bands. 

The ITU-R has indicated that the 5 350-5 470 MHz and 5 725-5 850 MHz frequency ranges would provide contiguous spectrum with the existing spectrum allocations for RLANs.[Ed Note: Note the difference between minimum spectrum requirements and the proposed frequency bands.]

1/1.1/3.2	Sharing and compatibility studies

[Ed. Note: (Objective text) Text has been provided by the JTG Working Groups 2, 3, 4 and 5 on the summary of studies. In addition, as appropriate, ITU-R Recommendations and/or Reports, Handbooks will be provided.

E.g. The frequency band xxx-yyz MHz is allocated to service including indication of the corresponding footnotes .... 

The results of the studies in ITU-R Reports [] show that... ]

[Editor’s Note: include reference to List of relevant ITU-R Recommendations and Reports in Annex 2 of the Chairman’s Report… possibly select a subset of ‘crucial’ publications]

Existing relevant ITU-R Recommendations and Reports:  

Recommendations ITU-R M.[], ITU-R BT.419, BT.798, BT.1123, BT.1125, BT.1206, BT.1306, BT.1368, BT.1877, BT.1895, BT.2033, and BT.2036, P.1546.

Reports ITU-R M.2112, M.[RADAR1300], ITU-R M.[RADAR2700], 
ITU-R SA.[2 025-2 290 MHz], ITU-R RS.[EESS RLAN 5 GHz], ITU-R RA.[RAS-IMT], 
ITU-R RS.[EESS 1.4 GHZ], ITU-R SA.[METSAT 1.7 GHz], ITU-R BT.2035, BT.2137, BT.2138, BT.2143, BT.2215, BT.2247, BT.2254, BT.2265, and M./BT.[IMTDTTBSHARECOMPAT]

Final Acts of RRC06 – The GE06 Agreement[footnoteRef:5] [5:  	For Region 1 and the Islamic republic of Iran except the territory of Mongolia the use of the band 470-694 MHz is subject to the GE06 agreement.] 


ITU-R DTTB Handbook

In accordance with resolves to invite ITU-R 2 of Resolution 233 (WRC-12), administrations proposed to study the frequency bands: 470-694/698 MHz, 1 300-1 527 MHz, 1 695-1 710 MHz, 2 025-2 110 MHz and 2 200-2 290 MHz, 2 700-2 900 MHz, 3 300-3 400 MHz, [3 400-3 600 MHz, 3 600-4 200 MHz], 4 400-4 900 MHz, 4 800-5 000 MHz, 5 350-5 470 MHz, 5 725 - 5 850 MHz, 5 925-6 425 MHz. The results of sharing and compatibility studies available to date are summarized below.

It is worth mentioning that further resolves 1 of Resolution 233 (WRC-12) states that studies

“include sharing and compatibility studies with services already having allocations in the frequency bands and in adjacent bands, as appropriate, taking into account the current and planned use of these bands by the existing services, as well as the applicable studies already performed in ITU-R.”

1/1.1/3.2.1	Frequency range 470 to 694 MHz

[IJTG_LS from WG 5 to WG 1 No1]

The frequency range 470-694 MHz is allocated to the BS in Region 1 and 3 on a primary basis, some portions of this frequency range are also allocated to the BS, the FS, the MS, the RAS and the RNS either in some or all Regions or to some/group of countries.  In Regions 1 and 3, some administrations are using the frequency band 608-614 MHz under RR No. 5.149 for radio astronomy.

[TEMP_CPM_02 - SWG2-2-CPM Text AI 1.1 Sections 3-4]

The band 470-694/698 MHz is allocated to the broadcasting service on a primary basis in all three ITU-R Regions[footnoteRef:6].  [6:  	Excluding 608-614 MHz in Region 2 which is allocated to the RAS on a primary basis. ] 


In Region 1 use of the frequency band 470-694 MHz for digital terrestrial broadcasting is governed by the Regional Agreement relating to the planning of the digital terrestrial broadcasting service in Region 1 (parts of Region 1 situated to the west of meridian 170° E and to the north of parallel 40° S, except the territory of Mongolia) and in the Islamic Republic of Iran, in the frequency bands 174-230 MHz and 470-862 MHz (Geneva, 2006) (“GE-06 Agreement”), to which all Region 1 administrations except Mongolia as well as that of the Islamic Republic of Iran are party. 

Furthermore, in seventy-two countries in Region 1 this band is allocated to the land mobile service on a secondary basis intended for applications ancillary to broadcasting under RR No. 5.296. 

In Region 2 mobile and fixed services are allocated on a secondary basis in 470-512 MHz and 614‑698 MHz.

In Region 3, the band 470-698 MHz is also allocated on a primary basis to the fixed and mobile services. 

In Region 3 the frequency band 470-890 MHz is allocated to the broadcasting, fixed and mobile services on co-primary basis.

Frequency bands below 1 GHz are the only available bands for terrestrial television broadcasting and they are harmonized worldwide leading to consumer benefits in terms of wider choice and competition in TV receiver markets, and thus lower consumer costs. They are particularly suited to provide wide-area coverage from high-power transmitters, making possible an economic network of transmitters to extremely large audiences simultaneously viewing linear television broadcasting. They are thus particularly suitable for broadcasters, including many public-service broadcasters, who in many countries have a legislated requirement for a certain level of coverage for a protected field strength to all the population.

[TEMP_CPM_04 - CPM_Text_SWG_2_4_1 (SWG2.4_TEMP3)_REV1]

[Editor’s Note: This section needs to be aligned with text coming from SWG2.2 in WG1]

The frequency range 470-698 MHz is allocated to the broadcasting service in all three Regions with the exception of 608-614 MHz band in Region 2 which is allocated to radio astronomy.  In Regions 1 and 3, some administrations are using the 608-614 MHz frequency band under RR No. 5.149 for radio astronomy.

In Region 3, the 470-698 MHz frequency range is also allocated to the fixed and mobile service on a primary basis.   There also are additional footnote allocations to various services in different countries.

Frequencies bands below 1 GHz are the only available bands for terrestrial television broadcasting and they are harmonised worldwide leading to consumer benefits in terms of wider choice and competition in TV receiver markets, and thus lower consumer costs. They are primarily used to provide wide area coverage from high power transmitters serving large audiences.

1/1.1/3.2.1.1 Broadcasting service and mobile service/IMT

[TEMP_CPM_02 - SWG2-2-CPM Text AI 1.1 Sections 3-4]

1/1.1/3.2.1.1.1 	Broadcasting service in GE06 planning area

ITU-R WP 6A issued a Questionnaire to all administrations of Region 1 on their use of the frequency band 470-862 MHz for terrestrial broadcasting[footnoteRef:7]. In response to a question on future requirements for terrestrial broadcasting spectrum in that band, 70 administrations were able to offer a view. The results are shown in Table X below:  [7:  Full details of the results of the ITU-R survey can be found in Report ITU-R BT.[DTTBSPECREQ].] 


TABLE X

Future spectrum requirements for terrestrial broadcasting 
in the 470-862 MHz band



		Spectrum requirement (MHz)

		<224

		= 224

		> 224

and

 < 320

		= 320

		>320

		Still to be determined



		Required band IV/V 8 MHz TV channels

		Fewer than 28

		28 

		Between 28 and 40

		40

		More than 40

		-



		Number of administrations

		4

		39

		9

		15

		3

		16







Therefore, at least the 28 channels of 8 MHz bandwidth in the range 470-694 MHz are needed to satisfy spectrum requirements for the broadcasting service for the vast majority of Administrations who responded. This has been confirmed by a recent re-planning exercise[footnoteRef:8] in the African Broadcasting Area. [8:  	http://www.itu.int/ITU-R/terrestrial/broadcast/ATU/index.html.] 





1/1.1/3.2.1.1.1.1	Co-Channel Studies

1/1.1/3.2.1.1.1.1.1	Mobile Service Base stations as an Interferer into Broadcast Reception

[Reference Document 4-5-6-7/312]	

A generic study showed that the cumulative effect of interference can exceed 20 dB and that a separation distance of more than 200 km is needed to meet the field strength threshold of 23 dBuV/m which equivalents to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the lower end of the 694-790 MHz band compared to 61 km for a single base station of the mobile service.

[Reference Document 4-5-6-7/490]

The results of another generic study showed that the excess of the cumulative interference from a mobile service network (from IMT to broadcast) over the single interferer can be up to 21 dB. This causes a corresponding increase of separation distance of up to 274 kilometers on land and up to 1,000 km for land/sea paths (warm), when using the same field strength threshold for cumulative interference as for single entry interference.

[Reference Document 4-5-6-7/490]

A case study showed two particular examples where the excess of the cumulative interference from MS network over the single interferer can be up to 21 dB, even when using fixed directional receiving antennas. 

[Reference Document 4-5-6-7/575]

A generic study showed that even without accumulation of interfering field strength, a single IMT base station will need to be positioned 53 km (for land path) from the DTTB service edge, i.e. from the border of the affected Administration in order not to exceed 23 dBuV/m. This field strength is equivalent to an I/N of -10 dB (95% locations, 16 dB antenna discrimination) at the input of the DTTB receiver at the lower end of the 694-790 MHz band. Including multiple interfering base stations would increase the interfering field strength at the DTTB service edge by up to 20 dB which corresponds to a separation distance of up to 200 km based on the parameters used in this particular study, when using the same field strength threshold for cumulative interference as for single entry interference.

[Ed. Note: French contribution 416 to be summarized here if meeting agrees]

1/1.1/3.2.1.1.1.1.2	Broadcasting as an Interferer into Mobile Service Base Stations

[Reference Document 4-5-6-7/575]

A generic study showed that separation distances up to 427 km and 269 km, for High Power (HP) and Medium Power (MP) DTTB transmitters respectively, would be required to protect the IMT base station receiver (uplink) for 99% time,  a target I/N of -6 dB and with no additional discrimination by cross polarization or receive antenna directivity. The relaxation of the protection level to 90% time, a target I/N of 0 dB and mitigation by full receive antenna polarization and/or discrimination would reduce the separation distances to 159 km for HP and 76 km for MP. 

[Reference Document 4-5-6-7/575]

A case study showed that co-channel sharing between DTTB broadcasting transmitters and an IMT uplink receiver positioned at 30 meters height, will require separation distances of the order of 200 km on land paths even with antenna cross polarization and a relaxation of the percentage of time for the interfering signal from 1 to 10%.

1/1.1/3.2.1.1.1.2	Adjacent Channel Studies

1/1.2/3.2.1.1.1.2.1	IMT base station interference into DTTB

[Reference Document 4-5-6-7/491]

This field trial study indicated that necessary line-of-sight separation distance between transmitting antennas of wireless broadband access system and TV broadcasting receiving antennas ranges from 180 to 995 m for specified technical parameters in this study (depending from OOBE limit and frequency separation) in frequency range till at least 112 MHz (N-14) offset, taken into account fundamental difficulties with application of such mitigation techniques as additional sideband filters within 470-694 MHz frequency band. During trials, it was no way found for further mitigation improvement while maintaining the basic features of wideband access system available, because one end of radio link is user-controlled.

[TEMP_CPM_04 - CPM_Text_SWG_2_4_1 (SWG2.4_TEMP3)_REV1]

1/1.1/3.2.1.1.2 Broadcasting service outside the GE06 planning area

One study [453] indicated that either a single IMT base station or a single IMT user terminal operating in the vicinity of a fixed DTTB receiving system will exceed the protection requirement for the broadcasting service. For the case of co-channel spectrum sharing, in order to remain within the BS protection requirement, a separation distance of 94 km from the IMT base station and one km from the IMT user terminal is required.  For the case of first adjacent-channel spectrum sharing, a separation distance of 64 km from the IMT base station and 0.7 km from the IMT user terminal is required.  Spectrum sharing of frequencies beyond the first adjacent-channel may be problematic.  Frequency offsets up to 90 MHz were found to require separation distances of 5 km and 70 metres from the IMT base station and user terminal, respectively. 

Another study [also in 453] indicated that the IMT base station receiving system is susceptible to interference from single DTTB transmitters even with mitigation measures such as downtilt of antennas.  For the case of co-channel spectrum sharing with typical broadcast transmitters, the separation distance must be greater than 550 km.  For the case of first adjacent-channel spectrum sharing, the separation distance must be greater than 125 km.  In both cases, the separation distances extend near and beyond the radio horizon. In conclusion, the required separation distances between IMT base stations and DTTB transmitters are significant in the frequency bands between 470 and 694/698 MHz.  It is unlikely that spectrum sharing between DTTB and IMT is possible within a given geographic location.

Another study [532] showed that for the co-frequency channel case, taking into account a single base as interferer, the required separation distance can range from 10-12 for portable indoor BS systems and around 13-19 km for portable outdoor BS systems.   The co-channel results for fixed outdoor reception BS systems range from around 28 to 70 km. For the adjacent channel case, the results show that in the worst-case scenarios (BS receive station pointing directly toward a macro suburban or rural deployment of IMT base stations), a distance separation of around 5 km combined with a frequency separation one channel bandwidth is needed in order to meet the BS protection requirement.  However, these pointing scenarios should be avoidable in practice, and for more realistic pointing scenarios, the interference can be mitigated through a combination of geographic separation and frequency separation.  For these cases, the interference can be mitigated with a separation distance on the order of one kilometer coupled with a frequency separation of about one channel bandwidth.  It is important to note that the frequency separation results reflect channel center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge.  Finally, this study results also show that the interference from the IMT mobile stations is acceptable with a geographic separation as low as 1 km.

This study [311] shows that the separation distance needed for different adjacent channels case in order to protect DTTB from IMT base stations, considering the accumulative effect would vary from 14 to 45 km. 

This study [312] shows that the separation distance needed for the co channel case in order to protect DTTB from base stations, considering the accumulative effect would exceed 200km. 

Another study [407] on the adjacent channel case indicated the minimum separation distances between a DTTB System C (ISDB-T) receiver and a mobile broadband (MBB) terminal operated in the same room have been presented. A minimum separation distance of 15 metres is required to achieve I/N of -10 dB, even in instances where the MBB transmitter output power of -9 dBm, the OOB emission level of -55 dBm in a 6MHz channel and the receiver ACS of 80 dB.

Considering the actual usage of a DTTB and a MBB terminal in the same room, this separation distance seems unrealistic. In addition, to achieve the ACS value of 80 dB requires an insertion of external filters to the receivers concerned. Although it has not been considered in this study, additional measures may need to be taken into account for the effect of direct interference from a MBB terminal into a DTTB receiver circuit. The above shows the difficulties of coexistence of both ISDB-T receivers and IMT in the same band in the same geographical area.

A study [444] on Monte Carlo simulations was made in order to evaluate interference from an IMT network into an ISDB-T receiver. 

In an urban environment, simulations for the IMT downlink show that sharing between both systems is only possible for frequency separations equal to or higher than 8 MHz between both systems. For a separation of 8 MHz, a 45 km distance is required between the DTTB receiver and the central cell of the IMT network. For a separation of 18 MHz, a 20 km distance is required between the DTTB receiver and the central cell of the IMT network.

In a rural environment, the simulations of the IMT downlink show that the sharing between both systems is only possible for frequency separations equal to or higher than  12 MHz between both systems, and with distances exceeding 50 km.

These results demonstrate that co-channel sharing between IMT and ISDB-T is not feasible in the same location within the 470-698 MHz range.

Also a sharing criterion is provided, based on needed spatial and frequency separation, for the adjacent channel case. This criterion highlights the difficulty for both systems to share in this frequency range.

 One study [544] calculated aggregate interference from a cluster of 19 IMT base stations into DTT receivers for ATSC, DVB-T, DVB-T2 and ISDB-T technologies. Initial deterministic  calculations with IMT base station antennas directed towards the DTTB coverage area indicated that separation distances between the edge of the DTT coverage area and the IMT network ranged from 30-43 km (for DVB-T/T2) to 72 km (for ATSC and ISDB-T).

Further analysis was then conducted to examine the potential impact of one possible mitigation technique which may be considered as standard practice when planning IMT networks close to borders. It was calculated that the separation distances were reduced to 14-20 km (for DVB-T/T2) and 33 km (for ATSC and ISDB-T) when it was assumed that the IMT base station antennas were pointing away from the DTT coverage area.

[TEMP_CPM_01 - SWG2_3 CPM AI 1_1 1_2 SAB_SAP]

1/1.1/3.2.1.2 Applications ancillary to broadcasting (SAB/SAP) and mobile service/IMT in Region 1

In Region 1, 72 administrations are using the frequency band 470 – 790 MHz or parts of it under RR No. 5.296 for applications ancillary to broadcasting (SAB/SAP). Due to the propagation and body absorption characteristics it is the core band for Audio SAB/SAP. Parameters have been developed and can be found in the new SAB/SAP report ITU-R BT.[SAB_SAP] by JTG 4-5-6-7 for sharing studies under WRC-15 agenda item 1.2 and are equally valid for this frequency range. Audio SAB/SAP needs to be operated in accordance with the parameters given in this report including acceptable levels of interference from any source. 

1/1.1/3.2.1.3 Fixed service and mobile service/IMT

[WG-3 CPM Text input_final]

[Relevant ITU-R studies are contained in working document towards to preliminary draft new Report ITU-R F.[IMT 470-694/8 Sharing]. 

One study showed that for the co-frequency channel case, the required separation distance can range from around 25 km to nearly 220 km, depending on the interference scenario and deployment environment. For the adjacent  band case, the interference can be mitigated with a separation distance between the FS receive station and the IMT base station on the order of 10 kilometres coupled with a frequency separation of about one to two channel bandwidths.  It is important to note that the frequency separation results reflect channel center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge.  In the worst-case scenarios (FS receive station pointing directly toward a macro deployment of IMT base stations) the separation distance needed to protect the FS station exceeds 30 km. These pointing scenarios should be avoidable in practice, however the possibility or likelihood of such scenarios was not included in this study.  For more realistic pointing scenarios, when detailed information on P-P links deployment is available, the interference can be mitigated through a geographic separation and in the adjacent band case also through frequency separation.  Finally, this study results also show that the interference from the IMT mobile stations is acceptable with a geographic separation as low as 1 kilometre.

1/1.1/3.2.1.4 Radio astronomy service and mobile service/IMT

[IJTG_LS from WG 5 to WG 1 No1]

Relevant ITU-R sharing and compatibility studies are contained in [preliminary] draft new Report ITU-R RA.[RAS-IMT].

1/1.1/3.2.2	Frequency range 1 300 MHz to 1 527 MHz

[Draft CPM text, WG 4 parts r3]

1/1.1/3.2.2.1 Radionavigation-satellite service and mobile service/IMT

There are allocations to the radionavigation-satellite service (space-Earth and space-space) at 1 164-1 300 MHz, radionavigation-satellite service (Earth-space) at 1 300-1 350 MHz, earth exploration-satellite (active) in bands below 1 300 MHz and the radionavigation-satellite service (space-Earth and space-space) at 1 559-1 610 MHz.  Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that “the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference”.

[Editor’s note: No technical studies on compatibility between RNSS and IMT-Advanced has been received by JTG 4567]

[TEMP_CPM_05 - CPM_Text_SWG_2_4_2 (SWG2.4_TEMP2)REV1]

1/1.1/3.2.2.2 Broadcasting service and mobile service/IMT 1 452-1 492 MHz

The results presented in one study show the maximum interfering signal field strength in order to protect:

–	T-DAB Receiver stations when affected by SDL BS as to be 41 dBμV/m (for antenna height h=10m) on the one hand, which corresponds to the T-DAB Ma2002Rev2007 co‑block coordination threshold[footnoteRef:9], [9: 	See Ma2002Rev2007 Annex 2, section 4.1.1.] 


–	Mobile receiver when interfered by T-DAB transmitter as to be 44.3 dBμV/m 
(for h = 10 m) on the other hand, which is insured by the previous stated limit in Ma2002Rev2007 (i.e. 41 dBμV/m).

1/1.1/3.2.2.3 Radiodetermination and mobile service/IMT

The frequency band 1 300–1 400 MHz is allocated on a primary basis to the radiolocation service (RLS) in all Regions. In addition the frequency band 1 300-1 350 MHz is also allocated to aeronautical radionavigation (ARNS) and radionavigation-satellite (Earth-to-space) services on a primary basis.  The frequency band 1 350‑1 400 MHz is also allocated to fixed and mobile services on a primary basis in Region 1. 

In accordance with RR No. 5.338A in the frequency band 1 350-1 400 MHz 
Resolution 750 (Rev.WRC‑12) applies.  The frequency band 1 370-1 400 MHz is also allocated to the space research (passive) and earth exploration-satellite (passive) services on a secondary basis in accordance with RR No. 5.339.

The frequency band 1 300-1 400 MHz is used for different radiodetermination applications across the globe.  

1/1.1/3.2.2.5 Aeronautical mobile telemetry systems and the mobile service/IMT

[WG-3 CPM Text input_final]

Sharing studies between potential IMT systems and aeronautical mobile telemetry systems in the frequency band 1 429-1 535 MHz are documented in PDN Report ITU-R M.[AMT-IMT.SHARING.L-BAND].

1/1.1/3.2.2.6	Broadcasting-satellite service in the frequency band 1 452-1 492 MHz 

The frequency band 1 452-1 492 MHz is allocated to the broadcasting-satellite service on a co-primary basis in all three ITU-R Regions and is subject to Resolution 739 (Rev WRC-07). Moreover, under RR No. 5.345, the broadcasting satellite service in this band is limited to digital audio broadcasting and is subject to the provisions of Resolution 528 (WARC-92).

1/1.1/3.2.2.6.1	Sharing/Compatibility studies 

a) [Interference from IMT-Advanced into BSS]

Co-frequency sharing between BSS and IMT Advanced is not feasible in the same area.

[In case of one neighbouring administration implementing IMT-Advanced and another implementing BSS, the maximum pfd values produced by IMT-Advanced equipment at the location of BSS earth stations is ranging from -119 to -130 dBW/m²/MHz.]

b) [Interference from BSS into IMT-Advanced]

 [This would not result in significant more coordination constrains than in the case of two neighbouring administrations deploying IMT-Advanced.]

[In order to allow effective operation of receiver terminals of the mobile service including IMT-Advanced, the maximum power flux‑density of BSS satellite in the band 1 452-1 492 MHz should not exceed –113 dB(W/(m².MHz)).

In order to allow effective operation of  receivers of base stations of the mobile service including IMT-Advanced, the maximum power flux‑density of BSS satellite in the band 1 452-1 492 MHz should not exceed:

	–134 dBW/m2 in 1 MHz for a vertical arrival angle of 0 – 5°,

	–134 + 12/20(δ – 5) dBW/m2 in 1 MHz for a vertical arrival angle of 5 – 25°,

	–122  dBW/m2 in 1 MHz for a vertical arrival angle of 25 – 90°.

] 

[Administrations have to coordinate BSS in the band 1 452-1 492 MHz with terrestrial services, pursuant to RR No. 9.11. Appendix 5 of the RR only includes overlapping bandwidth as the criteria for triggering coordination which takes into account existing terrestrial assignments, and those to be brought into use within the next three months.

The protection of BSS earth stations is ensured by the application of the coordination under RR No. 9.19. It would not result in significant additional cross-border coordination constrains than in the case of two neighbouring administrations deploying IMT-Advanced. ]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.2.7 Radio astronomy service (1 330 - 1 400 MHz) and mobile service/IMT co-frequency sharing

Some administrations are using the frequency band 1 330-1 400 MHz under RR No. 5.149 for radio astronomy. Relevant ITU-R sharing and compatibility studies are contained in [preliminary] draft new Report ITU-R RA.[RAS-IMT].

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.2.8	Unwanted emissions in the frequency band 1 400 - 1 427 MHz 

The frequency range 1 400-1 427 MHz is allocated to the EESS (passive), the SRS (passive) and the RAS. The use of the frequency band is subject to RR No. 5.340 (“all emissions are prohibited”).  This is why the frequency band 1 400-1 427 MHz is not to be considered for allocation to the mobile service.  The frequency band 1 400‑1 427 MHz is adjacent to the two bands covered under this section.

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.2.8.1	Earth exploration-satellite service (passive) and mobile service/IMT

Relevant ITU-R studies are contained in [preliminary] draft new Report ITU-R RS.[EESS 1.4 GHz]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.2.8.2	Radio astronomy service (1 400 - 1 427 MHz) and the mobile service/IMT in adjacent band

Relevant ITU-R studies are contained in [preliminary] draft new Report ITU-R RA.[RAS-IMT].

1/1.1/3.2.2.9 	Fixed service and the mobile service/IMT

The frequency band 1 427-1 518 MHz is allocated to the fixed and mobile services on a primary basis in all three Regions. One study indicated that regarding co-frequency sharing between fixed service systems and IMT systems, several tens of kilometres of separation distance is required.  Therefore, co-frequency coexistence between ubiquitously deployed fixed service systems and IMT systems would not be feasible within the same geographical area in the same country.  However, deployment of IMT systems in one country and fixed service systems in a neighbouring country can be foreseen.  It should be noted that, although depending on geographical environment over an international border between countries, shielding effect by local terrain and clutter loss by artificial objects can reduce required separation distance and improve sharing possibilities between these two systems. 

[These results are derived based on a single interferer and do not consider cumulative effect, which could lead to different values of separation distances required.]

[The study [in PDN Report F. IMT 1 350-1 530 MHz Co-channel Sharing] indicates that to facilitate adjacent channel sharing, IMT base station transmitters may have to be coordinated with fixed link receivers, when detailed information on P-P links deployment is available. Depending on the specific deployment scenario, guardbands may be used to decrease separation distance. Further improvements may be obtained from terrain/clutter losses and by deploying additional filtering at IMT base station transmitters and/or fixed link receivers.] Mitigation measures may also be used to enable co-channel coexistence between IMT and fixed links in different areas.

Sharing between neighboring countries could be addressed through [bi-lateral or multi-lateral] cross-border coordination. 

[Draft CPM text, WG 4 parts r3]

1/1.1/3.2.2.10 	Mobile-satellite service and mobile service/IMT

The frequency bands 1 525-1 559 MHz (space-to-Earth) and 1 626.5-1 660.5 MHz (Earth‑to‑space) are currently in use by ten GSO MSS operators. These frequency bands are used globally and extensively for MSS operations, among other things for safety related services for the land, maritime and aeronautical communities.

The frequency bands 1 518-1 525 MHz and 1 668-1 675 MHz were allocated to the MSS at WRC-03 and are in the process of being brought into use by some MSS operators.  One satellite operating in these bands was successfully launched in July 2013.

In addition, these frequency bands are also identified as being available for the satellite component of IMT and some of the services offered by some MSS operators form part of the satellite component of IMT‑2000, as defined by Recommendation ITU-R M.1850-1.

The ITU-R has studied the potential interference from proposed terrestrial IMT-Advanced systems to mobile earth stations (MESs) in MSS space-to-Earth bands, considering aeronautical, maritime and land MSS applications, all of which currently operate in these frequency bands.  Typical MES system characteristics have been used – not necessarily worst case from the sharing perspective.  Studies have also assessed potential interference to terrestrial IMT-Advanced receivers from MSS satellite emissions.

Regarding potential interference from terrestrial IMT Advanced systems to MSS satellites in the MSS Earth‑to-space bands, Recommendation ITU-R M.1799 has been considered.  This Recommendation examines potential interference from various types of mobile system to MSS satellites in the frequency band 1 668.4-1 675 MHz, including analysis of “cellular or similar high-density mobile systems”.  The characteristics of cellular mobile systems used in that Recommendation are similar to those of proposed new IMT-Advanced systems and the results can be considered applicable to the MSS Earth-to-space frequency bands 1 626.5-1 660.5 MHz and 1 668-1 675 MHz.

Regarding the frequency band 1 518-1 559 MHz, geographic separation between IMT-Advanced stations and MES would be required to avoid harmful interference to MESs. The minimum separation distances depend on a number of factors, including the operational scenario for the MESs (whether land, maritime or aeronautical), and including the propagation conditions between the two stations.  Depending on, amongst others, these factors, example minimum separation distances range from 1 to 830 kilometres.  It should be noted that some of the assumptions used here are not necessarily worst case (including the IMT-Advanced station height above ground, the MES characteristics and the IMT-Advanced station characteristics), and consequently minimum separation distances could be larger in some cases. The IMT-Advanced systems would also receive excessive interference from MSS satellite downlinks.

Regarding the frequency bands 1 626.5-1 660.5 MHz and 1 668-1 675 MHz, existing ITU-R studies have shown that the operation of IMT-Advanced systems is not feasible.

Based on these results, the frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 1 668-1 675 MHz are not feasible for operation of terrestrial IMT-Advanced systems.

NOTE: Compatibility studies between IMT-Advanced and MSS in the adjacent bands of the MSS bands have not been performed.  Proposals for identification of bands for IMT-Advanced that are adjacent to MSS should take into account compatibility with MSS as appropriate.

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.3		Frequency range 1 695-1 710 MHz

The frequency range 1 690-1 710 MHz is comprised of two frequency bands: 1 690‑1 700 MHz and 1 700-1 710 MHz.  The 1 690-1 700 MHz frequency band is allocated to the meteorological aids and the meteorological-satellite services on a co-primary basis and is allocated to the fixed and mobile (except aeronautical mobile) services on a secondary basis in Region 1.  The 1 700‑1 710 MHz frequency band is allocated to the meteorological-satellite, fixed and mobile services on a co-primary basis.

There are hundreds of MetSat stations worldwide in the 1 695-1 710 MHz frequency band operated by almost all national meteorological services and many other users worldwide.

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.3.1 	Meteorological-satellite service and the mobile service/IMT 

Relevant ITU-R studies are contained in [preliminary] draft new Report ITU‑R SA.[METSAT 1.7  GHZ]. 

[IJTG_LS from WG 5 to WG 1 No1]




1/1.1/3.2.4		Frequency ranges 2 025-2 110 MHz and 2 200-2 290 MHz

The frequency band 2 025-2 110 MHz is allocated on a co-primary basis to the space operation (Earth-to-space and space-to-space), Earth exploration-satellite (Earth-to-space and space-to-space), fixed, mobile, and space research (Earth-to-space and space-to-space) services. The frequency band 2 200‑2 290 MHz is allocated on a co-primary basis to the space operation (space-to-Earth and space-to-space), Earth exploration-satellite (space-to-Earth and space-to-space), fixed, mobile, including aeronautical telemetry, and space research (space-to-Earth and space-to-space) services.  

In the frequency bands 2 025-2 110 MHz and 2 200–2 290 MHz the limitation contained in RR No. 5.391 applies to the mobile service:

5.391	In making assignments to the mobile service in the frequency bands 2 025-2 110 MHz and 2 200‑2 290 MHz, administrations shall not introduce high-density mobile systems, as described in Recommendation ITU‑R SA.1154,and shall take that Recommendation into account for the introduction of any other type of mobile system.     (WRC‑97)

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.4.1 	Space research, Earth exploration-satellite, space operation services and mobile service/IMT

Relevant ITU-R studies are contained in [preliminary] draft new Report ITU‑R SA.[2 025‑2 290 MHz].

1/1.1/3.2.5		Frequency range 2 700 - 2 900 MHz

[WG-3 CPM Text input]

1/1.1/3.2.5.1 	Radiodetermination and mobile service/IMT 

The frequency band 2 700–2 900 MHz is allocated on a primary basis to the aeronautical radionavigation service, restricted to ground based radar and associated transponders through footnote RR No.5.337, and the radiolocation service on a secondary basis.  Additionally, footnote RR No. 5.423 permits the use of ground based radars for meteorological purposes on an equal basis to radars operating in the aeronautical radionavigation service. Both aeronautical radionavigation and meteorological radar are protected in accordance with RR No.4.10.

Report ITU-R M.[RADAR2700], ITU-R M.[RADAR2900]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.5.2	Unwanted emissions in the frequency band 2 690-2 700 MHz 

The frequency range 2 690-2 700 MHz is allocated on a primary basis to the Earth exploration-satellite service (passive), the radio astronomy service and the space research service (passive).  The use of the frequency band is subject to RR No. 5.340 (“all emissions are prohibited”).  This is why the frequency band 2 690-2 700 MHz is not to be considered for allocation to the mobile service.  The frequency band is adjacent to the frequency band 2 700-2 900 MHz covered under this section.

1/1.1/3.2.5.2.1	Radio astronomy service and the mobile service/IMT

Relevant ITU-R studies are contained in [preliminary] draft new Report ITU-R RA.[RAS-IMT]. 

[WG-3 CPM Text input]




1/1.1/3.2.6	Frequency range 2 900 - 3 100 MHz

1/1.1/4.1.6.1 	Radiodetermination and mobile service (IMT)

The frequency band 2 900–3 100 MHz is allocated on a primary basis to the maritime radionavigation and radiolocation services.  Additionally, footnote RR No. 5.424A gives priority to the radionavigation service, and footnote RR No. 5.426 permits use of aeronautical radionavigation services limited to ground based radars only. 

1/1.1/3.2.6		Frequency range 3 300 - 3 400 MHz

The frequency band 3 300-3 400 MHz is allocated to radiolocation service on the worldwide primary basis.  In Region 2, it is allocated to amateur, fixed and mobile services on the secondary basis.  In Region 3, it is allocated to amateur service on the secondary basis.

In countries of Regions 1 and 3 specified in RR No. 5.429 it is allocated to the fixed and mobile services on a primary basis.  The countries bordering the Mediterranean Sea shall not claim protection for their fixed and mobile services from the radiolocation service.

In countries of Region 1 specified in RR No. 5.430 this band is allocated to the radionavigation service on a primary basis.

[WG-3 CPM Text input]

On the basis of RR No. 5.149 In making assignments to stations of other services to which the bands 3 332-3 339 MHz and 3 345.8-3 352.5 MHz are allocated, administrations are urged to take all practicable steps to protect the radio astronomy service from harmful interference.

1/1.1/3.2.6.1 	Radiodetermination and the mobile service/IMT

1/1.1/3.2.6.2 	Fixed service and the mobile service/IMT

No studies have been received for the fixed service for this band.

1/1.1/3.2.7	Frequency range 3 400-4 200 MHz

[text on current allocation status]

The frequency band 3 400-4 200 MHz is allocated to the fixed service on a primary basis in all three Regions.  In some countries in Regions 1 and 3, the frequency band 3 400-3 600 MHz is allocated to the mobile service on a primary basis and identified for IMT.  In some countries in Region 2, the frequency band 3 400-3 500 MHz is allocated to the mobile service on a primary basis.  In Regions 2 and 3, the frequency band 3 500-4 200 MHz is allocated to the mobile service on a primary basis.

1/1.1/3.2.7.1	Fixed service and the mobile service/IMT

[Draft CPM text, WG 4 parts r3]

1/1.1/3.2.7.2	Fixed-satellite service and mobile service/IMT

In the Radio Regulations, the frequency band 3 400-4 200 MHz is globally allocated to the fixed‑satellite service (FSS) on a co-primary basis. This frequency band has been used by the FSS for space‑to-Earth links, together with the 5 850-6 725 MHz frequency band for Earth-to-space links, since the 1970s. The technology is mature and equipment is available at low cost.

[Ed note:  Footnotes where IMT is already identified for this band are provided below for Regions 1 and 3; this band is not currently identified for IMT in Region 2]

It should be noted that WRC-07 allocated various parts of the 3 400-3 600 MHz frequency band to the mobile service and/or identified it for IMT-Advanced to certain countries as laid out in footnotes RR No. 5.430A, 5.431A, 5.432A, 5.432B and 5.433A. 

Views were expressed that since WRC-07 already allocated and identified the 3 400-3 600 MHz band for IMT with the associated regulatory and technical provisions contained in these footnotes, this band should not be considered by WRC 15.  

The low gaseous atmospheric absorption combined with lower attenuation due to rain enables satellite communication links utilising the band 3 400-4 200 MHz to be established with high availability .  This band is used by earth stations throughout the world, but is particularly important in areas with severe rain fade conditions where use of higher frequencies (e.g. 11/14 GHz or 20/30 GHz) would not enable the required availabilities to be provided efficiently. 

Furthermore, the wide coverage of satellites in these bands enable services to be provided to developing countries, to sparsely populated areas and over large distances (e.g. providing program content and data distribution between continents).

These factors have led to satellites networks in these bands being an important part of the telecommunications infrastructure in many countries, including developing countries offering a multitude of services, including very small aperture terminal (VSAT) networks, internet providers, point-to-multipoint links, satellite news gathering, TV and data broadcasting to satellite master antenna television (SMATV) and direct-to-home (DTH) receivers. In many countries receive-only earth stations or VSAT terminals are not individually licensed and their number, location or detailed characteristics are therefore not typically available. 

Different types of FSS receiving earth stations are described in Reports ITU-R M.2109 and S.2199. Due to their wide coverage characteristics, satellites operating in these bands have been extensively employed for disaster relief operations. In cases of major disasters such as tsunamis, earthquakes, hurricanes, etc., when the “wired” telecommunication infrastructure is significantly or completely destroyed by a disaster, only radiocommunication services and, especially networks operating in the fixed-satellite service, can be employed for disaster relief operations providing the vital links between on-the-ground aid teams, governments and health care facilities. Satellite networks using small aperture earth stations, such as fixed VSATs and transportable earth stations, are one of the most viable solutions to provide emergency telecommunication services for relief operations. Systems operating in the fixed-satellite service, are not only vital during relief operations, but are also extremely important even before a disaster happens, enabling alerting all those who may be concerned.

In addition, FSS systems in this frequency range are used as part of the ground infrastructure for transmission of [critical] aeronautical and meteorological information. [Some mobile-satellite systems use parts of the band 3 400-4 200 MHz for feederlinks to provide a variety of services, including AMS(R)S systems and maritime safety services which are part of the GMDSS.] The use of these frequency bands by the FSS furthermore includes governmental uses and collection and distribution of meteorological data by the WMO.

As of December 2012, a total of about 180 geostationary satellites were operating in these bands, about one satellite every second degree around the geostationary arc and the number of both satellites and earth stations operating in these bands are expected to increase.

In addition to the satellites carrying traffic in these bands, many satellites that operate in other frequency bands have their TT&C operations (telemetry, tracking and command) in the 3 400-4 200 MHz range. 




(1)	In-band emissions

In the case of IMT-Advanced suburban/urban macro-cell deployment scenarios:

	For the long-term interference criterion, the required separation distances are at least in the tens of km. For the short-term interference criterion, the required separation distances, including when the effects of terrain are taken into account, exceed 100 km for most of the cases. Both the long-term and short-term interference criteria would have to be met.

In some cases, the required separation distances are larger, up to 525km. In other cases, the required separation distances could be reduced by taking into account additional effects of natural and artificial shielding. However these effects are site specific. 

In the case of IMT-Advanced small-cell outdoor deployment scenarios:

	For the long-term interference criterion, the required separation distances are in the tens of km. For the short-term interference criterion, the required separation distances, including when the effects of terrain and clutter are taken into account, are around 30 km in typical IMT-Advanced small-cell deployment using low antenna height in urban environment. In some cases the required separation distances were found to exceed 100 km. Both the long-term and short-term interference criteria would have to be met.

In the case of IMT-Advanced small-cell indoor deployment scenarios:

	The required protection distance for an indoor small cell deployment was smaller relative to small cell outdoor due to the fact that some degree of building attenuation was assumed, as well as lower base station e.i.r.p and antenna height.  	

	For the long-term interference criterion, the required separation distances vary from about 5km to tens of km. For the short-term interference criterion, the required separation distances vary from about 5 km to tens of km, and in some instances up to 120km. Both the long-term and short-term interference criteria would have to be met.

	The wide range of distances is a consequence of earth stations in a variety of terrain conditions, assumed clutter loss, and different assumptions for the building penetration loss (0 to 20dB).

The above mentioned separation distances were derived assuming an IMT Advanced deployment limited to indoor. If a percentage of IMT-Advanced user terminals are used outdoors, the required separation distances would normally be larger.

FSS earth station receivers that are deployed with low elevation angles require a path between space and earth to and from the satellite that is clear of ground clutter.  For this reason, it should not be assumed that clutter is available to attenuate emissions from an IMT-Advanced device that is located in the azimuth of the main beam of the FSS earth station receiver, especially those that have been installed with low elevation angles.

(2)	Adjacent band emissions

Adjacent band compatibility between IMT-Advanced systems in the bands or parts of the bands 3 300-3 400 MHz / 4 400-4 500 MHz / 4 800-4 990 MHz and FSS systems in the bands 
3 400-4 200 MHz/4 500-4 800 MHz have been studied. 

· Using the long-term interference criteria, the required separation distance is from 5 km up to tens of km for IMT-Advanced macro-cell and from 900m to less than 5 km for IMT-Advanced small-cell outdoor deployments, respectively, with no guard band. 

· In the case of IMT-Advanced deployment in the adjacent band, the separation distance between IMT Advanced base stations and a single FSS receiver earth station could be reduced by employing a guardband between the edge of the IMT-Advanced emission and FSS allocation. 

· For a specific macro-cell deployment scenario studied, the required separation distances from the edge of the IMT-Advanced deployment area are in the range of 30 km to 20 km with an associated guardband of 2 MHz to 80 MHz respectively. Likewise, for a specific small-cell deployment studied, the required separation distances from the edge of the IMT-Advanced deployment area are in the range of 20 km to 5 km with an associated guardband of 1 MHz to 2 MHz respectively. 

One study shows that the use of a common representative FSS receive LNA/LNB front-end RF filter provides an insignificant decrease in the required separation distance to protect the FSS earth station receiver from adjacent band emissions.  Moreover, inclusion of an RF filter provides little additional rejection of adjacent band emissions over what is already provided by the IF selectivity of the tuner.

(3)	LNA/LNB overdrive

The results show that emissions from one IMT-Advanced station can overdrive the FSS receiver LNA, or bring it into non-linear operation, if a macro cell deployment is closer than a required protection distance that ranges from 4 kilometres to 9 kilometres to an earth station in the band 3 400-4 200 MHz and 4 500-4 800 MHz.  The required protection distance to prevent overdrive of the FSS receiver by IMT-Advanced emissions ranges from one hundred metres to 900 metres for the case of small cell deployments.

(4)	Intermodulation

The required protection distance to prevent intermodulation interference produced in the receiver of the FSS earth station from being caused by multiple IMT-Advanced stations ranges from 2 kilometres to 8 kilometres in the case of macro cell deployments.  The required protection distance in the small cell deployment scenario to limit the possibility of intermodulation interference being caused into the earth station receivers in the band 3 400-4 200 MHz and 4 500-4 800 MHz is at least 100 metres to as high as half a kilometre.

1/1.1/3.2.8	Frequency range 4 400-4 900 MHz

The frequency band 4 400-4 900 MHz is allocated to the fixed and mobile services on a primary basis in all three Regions.

[WG-3 CPM Text input]

1/1.1/3.2.8.1	Aeronautical mobile telemetry systems and the mobile service/IMT

Sharing and compatibility studies between aeronautical mobile/ground mobile applications and potential IMT systems in the 4 400-4 990 MHz band are documented in PDN Report ITU-R M.[AERO-IMT.SHARING.C-BAND]. 

1/1.1/3.2.8.2	Fixed service and the mobile service/IMT

[WG-3 CPM Text input_final]

One study indicated that the same considerations on the sharing issues between fixed service systems and IMT systems as those described in the frequency range 1 427-1 518 MHz, would be applicable to the 4 400-4 990 MHz frequency band.

[Study #1Source Doc 484:  Relevant ITU-R studies are contained in working document towards to preliminary draft new Report ITU-R F. IMT 4 400-4 990 MHz Sharing]. 

[Study #2  Source Doc 468:  Relevant ITU-R studies are contained in working document towards to preliminary draft new Report ITU-R F. IMT 4 400-4 990 MHz Sharing]. 

[Study #3Source Doc 498:  Relevant ITU-R studies are contained in working document towards to preliminary draft new Report ITU-R F. IMT 4 400-4 990 MHz Sharing]. 

Study #2:  With regards to the IMT (using 61 dBm EIRP) interfering Fixed station receiver (assuming 22.5 dBi antenna gain) in the band 4400-4500 MHz and 4800-4990 MHz analysis, obtained results show that protection of FS station receivers from interference caused by single outdoor IMT BS transmitters requires separation distances up to 70 km. In the case of network of outdoor IMT BS transmitters required separation distance grows up to 120 km. Taking into account wide deployment of FS networks it is possible to draw a conclusion that it will be difficult to provide compatibility of proposed IMT systems with existing FS stations in the same geographical region in the both frequency bands. In case of aggregate interference from network of IMT stations required separation distance increases that leads to increase the difficulties of providing of compatibility of IMT systems with FS systems. 

Therefore it is possible to draw a conclusion that it will be difficult to implement IMT systems to the frequency bands 4 400‑4 500 MHz and 4 800‑4 990 MHz on the global basis. For implementation of IMT systems into these frequency bands it is requires to develop additional [regulatory and] technical measures providing compatibility of proposed IMT systems with FS systems.

Study #3:  Another study concluded that large separation distances are required to protect stations in the fixed services operating in the 4 400-4 990 MHz band from IMT systems.   This study evaluates based on IMT maximum EIRP value of up to 64 dBm interfering dBm) interfering Fixed station receiver (using maximum antenna gain up to 44 dBi) in the band 4 400-4 990 MHz analysis.  Note that in all cases, this analysis does not account for terrain obstruction.  In the case of IMT base stations operating at maximum power interfering with a fixed system receiver, single entry separation distances of about 225 – 250 km are required in the direction of the fixed system’s main beam and about 70 – 80 km in its backlobe region. The corresponding single entry separation distances required for protection from a IMT user terminals operating at maximum power are 43 to
 47 km in the main beam region and 5 to 8 km in the backlobe region.  Aggregate interference analyses indicate that IMT base stations could be precluded from operating over a large area extending over 600 km in the direction of the fixed station main beam and covering over 
150 000 km2.  The area within which aggregate interference from IMT user terminals exceeds the fixed service receiver interference threshold will be smaller than the corresponding exclusion area identified for a base station.  As these fixed services could be deployed anywhere around the world, and large exclusion zones would be needed to protect them from interference, IMT use of the 
4 400-4 990 MHz band is not feasible.

Study #1:  With regard to the IMT (using 64 dBm EIRP) interfering Fixed station receiver (assuming 42.5 dBi antenna gain based on ITU-R F.1706) in the band 4 400-4 500 MHz and 
4 800-4 990 MHz analysis, the following observations may be reached:

· [For adjacent channel interference, 45 dB of Adjacent Channel Leakage Ratio (ACLR) is already considered for IMT base station.  With additional mitigation technique of 35.5 dB attenuation for IMT base station considering the main lobe case, the separation distance is shown to be around 5 km. [This value should be revised when considering Fixed service parameters as per ITU-R F. 758]. Adjacent channel compatibility within given frequency band means that existing service should stop operation in a portion of the band currently allocated to this service to make it available to the systems of the new service. So adjacent channel compatibility puts regulatory restrictions on the existing service and stops operation and future development of the existing service within considered band.]

· [Co-channel interference analysis between a single IMT base station and a fixed station (FS) receiver shows that the required separation distance to protect the FS station receiver is up to 86.5 km, taking into account of terrain.   The required separation distance to protect FS stations from an aggregated IMT interference would be worse.]

[Relevant ITU-R studies are contained in [working document towards to preliminary draft new] Report ITU-R F. IMT 4 400-4 990 MHz Sharing].

[Draft CPM text, WG 4 parts r3]

1/1.1/3.2.8.3	Fixed-satellite service and the mobile service/IMT

The frequency band 4 500-4 800 MHz, allocated to FSS (space-to-Earth) in the Radio Regulations, is part of the FSS Plan, specified in RR Appendix 30B, and is therefore intended to preserve orbit/spectrum resources for future use, in particular for countries that may not have the possibility to implement satellite systems in unplanned bands in the short- and mid-terms.

It is worth mentioning that RR Appendix 30B contains worldwide Plans in the 4/6 GHz and 10‑11/13 GHz frequency bands. The Plans and their associated procedure are a worldwide treaty. This Appendix and its 4/6 GHz Plan are envisaged and used as supporting backbone to the telecommunication infrastructure of many developing countries, in particular those which are located in high rain fall zones/areas of the globe.

WRC-07 revised the regulatory procedure of the above-mentioned Appendix using the approach currently applied in RR Appendices 30 and 30A. As a consequence of that, the application of the procedure became much more rapid by administrations and the Bureau. Member States are therefore applying the procedure of Articles 6 and 7 of that Appendix more frequently than they applied before WRC-07.

Several developing countries which did not succeed in applying the procedure of RR Article 9 in coordinating the FSS in non-planned bands due to very high congestion as result of considerable high number of submitted networks under that Article have since sometime re-directed their applications towards RR Appendix 30B. Several regional and sub-regional networks are now using frequency bands contained in this Appendix.

Concerning sharing studies to assess the technical feasibility of deploying IMT-Advanced systems in the 4 400-4 990 MHz frequency band, that are utilized by FSS and other services as stipulated in the Radio Regulations similar considerations on the results of sharing studies obtained in the 
3 400-4 200 MHz frequency band are applicable to the 4 500-4 800 MHz frequency band.

1/1.1/3.2.9	Frequency range 4 800-5 000 MHz

[WG-3 CPM Text input]

The frequency range 4 990-5 000 MHz is allocated on a primary basis to the fixed service, the mobile service (except aeronautical mobile) and the radio astronomy service, and on a secondary basis to the space research service (passive).  Some administrations are using the frequency band under RR No. 5.149 for radio astronomy.

1/1.1/3.2.9.1	Aeronautical mobile telemetry systems and mobile service/IMT

[Editor’s Note: see section on ‘Aeronautical mobile service and mobile service/IMT’ in Section 3.2.8.1 above]

1/1.1/3.2.9.2	Fixed service and mobile service (IMT)

[Editor’s Note: see section on ‘Fixed service and mobile service (IMT)’ in Section 3.2.8.2 above]

[IJTG_LS from WG 5 to WG 1 No1]

The frequency range 4 800-4 990 MHz is allocated on a primary basis to the fixed service and the mobile service  and on a secondary basis to the radio astronomy service, and it is also identified for aeronautical telemetry applications in accordance with RR No. 5.440A in Region 2. Under RR No. 5.443, the frequency bands 4 825-4 835 MHz and 4 950-4 990 MHz are allocated to the radio astronomy service on a primary basis in Argentina, Australia and Canada. The frequency band 4 990-5 000 MHz is allocated on a primary basis to the fixed service, the mobile service (except aeronautical mobile) and the radio astronomy service, and on a secondary basis to the space research service (passive).

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.9.3	Radio astronomy service and the mobile service/IMT

Relevant ITU-R sharing and compatibility studies are contained in [preliminary] draft new Report ITU-R RA.[RAS-IMT].

[Draft CPM text, WG 4 parts r3]

[1/1.1/3.2.9.4	Radionavigation-satellite service and mobile service/IMT

There are allocations to the radionavigation-satellite service (space-Earth and space-space) at 5 000‑5 010 MHz and radionavigation-satellite service (Earth-space) at 5 010-5 030 MHz.  Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that “the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference”. ]

[Editor’s note: No technical studies on compatibility between RNSS and IMT-Advanced has been received by JTG 4567]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.10	Frequency range 5 350-5 470 MHz

The frequency range 5 350‑5 470 MHz is comprised of two frequency bands: 5 350‑5 460 MHz and 5 460‑5 470 MHz.  The 5 350‑5 460 MHz frequency band is allocated to the Earth exploration-satellite (active), radiolocation, aeronautical radionavigation, and space research (active) services.  The 5 460‑5 470 MHz band is allocated to the Earth exploration-satellite (active), radiolocation, radionavigation, and space research (active) services.

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/3.2.10.1	Earth exploration-satellite service (active) and the mobile service/RLAN 

The results of the sharing studies between RLAN and EESS (active) in this band are contained in preliminary draft new Report ITU-R RS.[EESS RLAN 5 GHz]. 

1/1.1/3.2.10.2	Aeronautical radar systems and the mobile service/RLANs

[Editor’s Note: initial sharing results show that there is some difficulty in sharing in the 5 350‑5 470 MHz bands between RLANs and aeronautical radar systems (see Document 4‑5‑67/166) but further investigation is required to validate the assumptions and specific characteristics utilized.]

1/1.1/3.2.10.3	Ground-based radar systems and the mobile service/RLANs

1/1.1/3.2.11	Frequency range 5 925-6 425 MHz

No sharing/compatibility studies were provided for this frequency band.

1/1.1/3.2.12	Frequency range 5 925-6 425 MHz

[WG-3 CPM Text input_final]

In Regions 1, 2, and 3, the frequency band 5 925-6 425 MHz is allocated to the fixed, fixed satellite, and mobile services. There also are additional footnote allocations to other services in different countries.

1/1.1/3.2.12.1	Fixed service and the mobile service/IMT

[WG-3 CPM Text input_final]

[Relevant ITU-R studies are contained in working document towards to preliminary draft new] Report ITU-R F. IMT 5 925-6 425 MHz Sharing and compatibilities between indoor IMT small cells and Fixed service].

The results of one study conducted solely on indoor IMT small cells shows that the permissible I/N = –10 dB with indoor IMT small cells operating in co-channels with P-P FS receivers could be reached starting from 20-200 m distances in most directions, except for the main and first side lobes of antenna pattern. In the main lobe direction of antenna pattern this distance corresponds to 8-50 km, depending on the value of additional losses due to local clutter shielding, which will be present in IMT urban environment. [The permissible I/N = –10 dB for indoor IMT small cells operating in adjacent bands with P-P FS receivers would be met at 700m or less for all location conditions of the IMT and FS stations.] The possibility or likelihood of an IMT small cell lying within the main or first side lobes of P-P antenna pattern was not considered in this study.   [These results are derived based on a single interferer and do not consider cumulative effect, which could lead to different values.]

When detailed information on P-P links is available, more detailed planning of IMT systems could be performed to reduce the separation distances mentioned above.

Sharing between neighboring countries could be addressed through [bi-lateral or multi-lateral] cross-border coordination.

[Draft CPM text, WG 4 parts r3]

1/1.1/3.2.12.2	Fixed-satellite service and mobile service/IMT

In the Radio Regulations, the frequency bands 5 725-5 850 MHz in Region 1 and 5 850-6 725 MHz in all three Regions, are allocated to the fixed satellite service (FSS) (Earth-to-space) on a co-primary basis. The frequency band 5 925-6 425 MHz is already allocated to mobile service on the primary basis worldwide.

Studies has been called on the potential use of the frequency band 5 725-5 850 MHz for RLAN and the frequency band 5 850-6 425 MHz for IMT. No sharing and compatibility studies have been received in respect of RLAN in the 5 725-5 850 MHz band.

IMT in 5 850-6 425 MHz

Concerning the protection of a receiving geostationary FSS space network, the studies showed that GSO FSS space networks would be subjected to excessive levels of interference from the aggregate operation of IMT-Advanced (small cell) base stations, irrespective of whether they are deployed outdoors or indoors. EIRP limit of IMT station to protect FSS satellites is dependent on dissemination of IMT-Advanced stations, activity factors, actual channelization scheme and building penetration losses. The studies show that for case when IMT-Advanced stations are limited only to indoor use (deployed 95% indoors and 5% without building attenuation) the EIRP of IMT-Advanced station should be limited to 10-15 dBm. Under certain conditions for the 15 dBm EIRP limit, interference above the 6% ΔT/T criterion equal to several dBs could be observed for some beams with high gain antennas. For approximately 1% of beams analysed such excess equals to 3-6 dBs and up to 9 dBs in single instances.  In such cases usually only one of multiple beams of a satellite is identified as possibly affected. Other beams of the satellite covering same region will have smaller ΔT/T increase. The limitation may be placed on the EIRP in the total bandwidth of the emission, rather than on the power spectral density. The above limits are based on the assumption that the whole of the band 5925-6425 MHz is identified for IMT-Advanced stations.  If a narrower or wider band is identified for IMT-Advanced (or used in a particular country), the power limits should be adjusted according to the following formula: Adjustment =10×log(500/B) in dB, where B is the available bandwidth for IMT-Advanced systems, in MHz.

It was concluded that for protection of a single receiving IMT-Advanced base station separation distances up to many tens of kilometres  would be required between a single transmitting FSS earth station and a single outdoor IMT-Advanced receiving base station, in order to protect the IMT-Advanced station from co-frequency interference. For indoor deployed IMT-Advanced stations, a separation distance ranging from several hundreds meters up to several kilometres would be required. The effectiveness of frequency selective scheduling (described in PDN Report ITU-R S.[C-BAND UPLINK], Annex 1, section 4.3) as a method to mitigate interference from a transmitting FSS Earth station into IMT-Advanced system has been studied. For the specific case studied, the entirety of the interfering FSS carrier was contained within the bandwidth of the IMT-Advanced channel. The results indicated that the use of this mitigation technique could reduce the separation distance to around 100 meters– even with the IMT-Advanced protection criteria being exceeded. It should be noted that the effectiveness of such a mitigation technique is expected to be more limited, relative to the specific case studied, when the bandwidth of the FSS carrier is larger than the bandwidth of the IMT-Advanced channel or larger than the aggregate bandwidth of the combined IMT-Advanced channels. Thus it is generally concluded that no specific separation distance is required between FSS transmitting station and indoor IMT-Advanced small cell.

1/1.1/4	Analysis of the results of studies

[Ed. Note: 

e.g. The result of the sharing and compatibility studies should be taken into account in determining the suitability of each potential candidate frequency band.]




1/1.1/4.1	Analysis of the results for frequency bands studied

1/1.1/4.1.1	Frequency bands within the range 470 - 694/698 MHz

[TEMP_CPM_02 - SWG2-2-CPM Text AI 1.1 Sections 3-4]

1/1.1/4.1.1.1	Broadcasting service and mobile service/IMT

1/1.1/4.1.1.1.1 	Broadcasting in the GE06 planning area

[Ed. Note: the following two paragraphs are the result of offline discussions and are meant to replace the existing text]

The results of the studies described in section 1/1.1/3.2.1.1.1 show that, if one country wants to use the band for broadcasting and the other wants to deploy IMT networks, sharing will be very difficult.

As the band 470-694 MHz is the minimum spectrum required for broadcasting by a large majority of Administrations in Region 1 and is already extensively used for that purpose in many of those countries, a co-primary allocation of this band to the mobile service is not supported by the results of the studies under agenda item 1.1 for Region 1.

[Ed. Note: the following text was proposed in Document 4-5-6-7/526 and has not been discussed]

[The results of the studies described in section 1/1.1/3.2.1.1.1 show that it will not be possible to achieve full area coverage in neighbouring countries if one country wants to use the band for broadcasting and the other wants to deploy IMT networks. According to the calculations the required separation distances are so large that sharing of the band becomes unviable in practice.

Studies show that sharing between broadcasting service and mobile service (in particular IMT) is not possible. Furthermore, the band is extensively used for broadcasting service. Therefore, it is not possible to allocate the band below 694 MHz for mobile service.

As the band 470-694 MHz is the minimum spectrum required for broadcasting by a majority of Administrations in Region 1 and is already extensively used for that purpose in many of those countries, a co-primary allocation of this band to the mobile service is not supported by the results of the studies under agenda item 1.1 for Region 1.]

[TEMP_CPM_04 - CPM_Text_SWG_2_4_1 (SWG2.4_TEMP3)_REV1]

1/1.1/4.1.1.1.2	Broadcasting outside the GE06 planning area

Analysis of the studies indicated a range of frequency and geographic separation distances required for sharing between DTTB systems and mobile (IMT) systems.  The ranges reflect various assumptions and technical assumptions used in the studies. 

The studies outlined in Section 3.2 produced a range of separation distances for the following scenarios:

For co-channel interference:

From mobile (IMT) base station to DTTB receiver:

-	from 10 km to 106 km considering a single interferer

-	from 14 km to over 200 km considering cumulative interference



From mobile (IMT) user equipment to DTTB receiver:

-	1.2 km considering a single interferer

-	from 1 km to 37 km considering cumulative interference 

For adjacent-channel interference:

From mobile (IMT) base station to DTTB receiver:

-	from 5 km to 65 km for frequency offsets of 90 MHz and 8 MHz, respectively, considering a single interferer 

-	from 1 km to over 100 km for the first adjacent channel case considering cumulative interference  

From mobile (IMT) user equipment to DTTB receiver:

-	from 15 meters to 700 meters for a frequency offset of 8 MHz considering a single interferer

-	from 2 km to 17 km for frequency offsets of 18 MHz and 8 MHz, respectively, for cumulative interference 

For co-channel interference: 

From DTTB transmitter to mobile (IMT) base station:

-	from 559 km to 621 km considering a single interferer 

For adjacent-channel interference: 

From DTTB transmitter to mobile (IMT) user equipment:

-	from 129 km to 153 km considering a single interferer. 

The co-channel studies above show that separation distances between mobile (IMT) base stations and DTTB receivers/transmitters are several tens of kilometres, which makes sharing difficult.

1/1.1/4.1.1.2 	Applications ancillary to broadcasting (SAB/SAP) and mobile service/IMT in Region 1

1/1.1/4.1.1.3 	Fixed service and mobile service/IMT

One study showed that for the co-frequency channel case, the required separation distance can range from around 25 km to nearly 220 km, depending on the interference scenario and deployment environment. 

For the adjacent  band case, the interference can be mitigated with a separation distance between the FS receive station and the IMT base station on the order of 10 kilometres coupled with a frequency separation of about one to two channel bandwidths.  It is important to note that the frequency separation results reflect channel center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge.  In the worst-case scenarios (FS receive station pointing directly toward a macro deployment of IMT base stations) the separation distance needed to protect the FS station exceeds 30 km. These pointing scenarios should be avoidable in practice, however the possibility or likelihood of such scenarios was not included in this study.  For more realistic pointing scenarios, when detailed information on P-P links deployment is available, the interference can be mitigated through a geographic separation and in the adjacent band case also through frequency separation.  Finally, this study results also show that the interference from the IMT mobile stations is acceptable with a geographic separation as low as 1 kilometre.

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.1.4	Radio astronomy service and mobile service/IMT

The results presented in PDN Report ITU-R RA.[RAS-IMT] show that to ensure the protection of the radio astronomy service in the frequency band 608-614 MHz for the case of in-band sharing with IMT systems, a separation distance of  a thousand kilometres is needed between  IMT macro rural base stations and an RAS antenna, and of 130 kilometres for mobile terminals, for an assumed  flat terrain profile.  This indicates that in-band sharing will be very difficult, if not impossible, to achieve in practice.

1/1.1/4.1.1.4.1	Unwanted emissions in the frequency band 608 - 614 MHz

For the case of IMT systems operating in the range 470-694 MHz but adjacent to the frequency band  608-614 MHz allocated to the RAS, a separation distance between  IMT macro rural base stations and an RAS antenna of 75 kilometres is needed, and of one kilometre for mobile terminals, for an assumed unwanted emission level of –50 dBm/MHz and a flat terrain profile.

[WG-3 CPM Text input_final]

1/1.1/4.1.2		Frequency range 1 300 - 1 527 MHz

1/1.1/4.1.2.1	 Radionavigation-satellite service and mobile service/IMT

There are allocations to the radionavigation-satellite service (space-to-Earth, Earth-to-space and/or space-to-space) in the 1 164-1 300 MHz, 1 300-1 350 MHz, 1 559-1 610 MHz, 5 000-5 010 MHz and 5 010-5 030 MHz bands.  Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that “the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference”.

No technical studies on compatibility between RNSS in the bands above and IMT-Advanced has been carried out by ITU-R and no conclusions on the feasibility of sharing could be drawn.]

[Editor’s note: Decision on this section should be according to the decisions on the corresponding sections in 3.2.]

[Editor’s note: No technical studies on compatibility between RNSS and IMT-Advanced has been received by JTG 4567]

[TEMP_CPM_05 - CPM_Text_SWG_2_4_2 (SWG2.4_TEMP2)REV1]

1/1.1/4.1.2.2 	Broadcasting service and mobile service/IMT 1 452-1 492 MHz

Administrations may decide bilaterally about a coordination process, such as the Maastricht Agreement. The coordination trigger for the protection of broadcasting is typically 41 dBμV/m and for the protection of IMT terminals is typically 41.3 dBμV/m.

1/1.1/4.1.2.3 	Radiodetermination and mobile service/IMT

Several studies have been carried out with respect to the frequency band 1300-1400 MHz.  All of the studies show, based on the parameters provided by the relevant working parties, that within the same geographical area (several hundred km)co-frequency operation of mobile broadband systems and radar is not feasible. [As a result, global allocation and harmonization of portions of the 1 300‑1 400 MHz frequency band to mobile service for the implementation of the IMT is not possible].

Based on the same parameters provided by the relevant working parties, compatibility also cannot be achieved in the same geographic area when operations including frequency offset are considered (i.e., when there is a frequency offset between the frequencies defining the occupied bandwidth of the IMT signal and the occupied bandwidth of the radar).  However several studies presented showed that compatibility may be achievable subject to frequency offset and geographic separation if certain mitigation techniques can be implemented, and that this might offer possibilities for introducing mobile services into the 1300-1400 MHz frequency band, with due consideration of the future deployment of radars. It should be noted that those mitigation techniques have not at this point been determined as practical by the expert working parties.  The size of the frequency offset and geographical separation depends on the mitigation technique assumptions made in the studies and the acceptability of those assumptions to an administration and its neighbouring administrations (i.e., those within TBD kilometers). [Editor’s Note: needs to reflect for the next JTG meeting elements saying that Many of the studies concentrate on IMT operating above 1350MHz and radars operating frequencies below]

[Editor’s note: If Methods are developed that propose an allocation to the mobile service in the band 1300-1400 MHz. Section 6 should address how the necessary coordination between the neighbouring administrations will be undertaken] 

[Editors: note the following paragraph is still to be agreed]

[It should also be noted that all of the studies which concluded that it is feasible to introduce mobile services in the 1300-1400 MHz frequency band  suggest modification of the mobile and radar equipment.  Such studies also suggest segmentation in accordance with ITU-R SM.1132 which may involve replanning radar systems as necessary to remove radars from a portion of the band to provide sufficient spectrum to accommodate the IMT channel plus the frequency offset. Any consideration of radar replanning must take into account that some administrations make use of radars that operate across the band between 1300 - 1400 MHz]

[WG-3 CPM Text input]

1/1.1/4.1.2.5 	Aeronautical mobile telemetry systems and mobile service/IMT

In order to provide protection of aeronautical mobile telemetry ground receivers in Region 1 from co-frequency interference caused by IMT stations, required separation distances would generally exceed 100 km:

–	For interference from a single IMT base station, separation distances are around 225 km for a land path and up to 415 km for a sea path. For aggregate interference from an IMT network having multiple base stations, separation distances are up to 450 km for a land path and 500 km for a mixed path (40% of land and 60% of sea),

–	For interference from a single IMT base station, separation distances are around 100-130 kilometres and increasing up to 200 km when assuming the apportionment for urban 40-50% path and less than 10 % in the total path, respectively.

However, when applying mitigation techniques (e.g., sector antenna disabling at IMT base stations) separation distances may be reduced to few tens of kilometers. This will be addressed during coordination between the concerned administrations. 

With respect to Region 1, [one] administration has indicated that it is operating telemetry onboard receivers. Some administrations who are not listed in No. 5342 are considering that such stations cannot be considered as part of telemetry application and shall not be considered for protection.  Providing protection for such air-borne receiver in Region 1 from co-frequency interference caused by an IMT station may require separation distances exceeding line-of-sight (460 km for typical flight altitudes). In case of airborne aeronautical receiver, necessary separation distance is equal to line of sight distance for any cases. In case of ground-based aeronautical receiver, due to finite value of telemetry receiver antenna pattern width, its main lobe may be affected by emissions from several interferers located at different distances from a given aeronautical mobile telemetry receiver. In that case the aggregate effect of interference from IMT base stations would be defined by density of their deployment and would result in increasing the required protection distances.

In order to provide protection for potential IMT base stations from co-frequency interference caused by an air-borne aeronautical mobile telemetry station in Region 1, required separation distances would be around 460 km. Thus, additional Region 1 studies to determine the protection for potential IMT mobile stations would be necessary. 

In Region 2, co-channel sharing between IMT and AMT in the sub-band 1 435-1 525 MHz has been studied by one administration. Based on that study, it is concluded that such sharing is not practical in the geographic areas located within the exclusion zones required below for all of the possible uplink/downlink combinations:

–	For interference from IMT user equipment to AMT ground stations, typical protection distances are 47 km and more in the absence of extreme (>20 dB) clutter loss.  

–	For interference from IMT base stations to AMT ground stations, the distance beyond which an IMT base station needs to be from an AMT ground station exceeds 100 km, even for “typical” terrain.  

–	For interference from AMT equipped aircraft to IMT user equipment and IMT base stations, protection distances are 400 kilometers or more when measured from the location of the corresponding AMT ground station. This is because the maximum line of sight distance from the aircraft to IMT user terminals and base stations (up to 320 km) must be added to the distance from the aircraft to its ground station.

Adjacent channel co-existence of IMT systems was studied by a different Region 2 administration operating AMT in the band 1 452-1 472 MHz, with IMT operating in adjacent channels. Adjacent channel operation has been determined feasible with a separation distance of 1 km from the IMT base station to the AMT receiver. However, this conclusion depends on certain assumptions not characteristic of flight testing as conducted in other administrations in accordance with Recommendation ITU-R M. 1459 (such as that AMT receive antennas do not operate less than 5 degrees above the horizon).  For those other administrations, there would be a significant protection shortfall using a 1 km separation distance for the adjacent channel case.

[Draft CPM text, WG 4 parts r3]

1/1.1/4.1.2.6 	Broadcasting-satellite service in the frequency band 1 452-1 492 MHz

Co-frequency sharing between BSS and IMT-Advanced is not feasible in the same area.

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.2.7	Radio astronomy service (1 330 - 1 400 MHz) and mobile service/IMT in co‑frequency sharing

The results presented in [preliminary] draft new Report ITU-R RA.[RAS-IMT] show that to ensure the protection of the RAS in the frequency band 1 330-1 400 MHz for the case of in-band sharing with IMT systems operating in the frequency band 1 375-1 400 MHz, a separation distance of about  500 kilometres is needed between  IMT macro rural base stations and an RAS antenna, and of 85 kilometres for mobile terminals,  for an assumed flat terrain profile. This indicates that in‑band sharing may be very difficult to achieve in practice.

1/1.1/4.1.2.8	Unwanted emissions in the frequency band 1 400 - 1 427 MHz 

1/1.1/4.1.2.8.1	Earth exploration-satellite service (passive) and mobile service/IMT

[Preliminary] draft new Report ITU-R RS.[EESS 1.4 GHz] shows that, in order to protect EESS (passive) systems, the unwanted emission level of –60 dBW/ 27  MHz as currently recommended in Resolution 750 (Rev. WRC-12) is not sufficient and that the following levels of unwanted emissions in the 1 400-1 427 MHz frequency band are required:

for base stations:

–	–80 dBW/27 MHz in the case both 1 375-1 400 MHz and 1 427-1 452 MHz frequency bands are considered to be used simultaneously by IMT systems

–	–75 dBW/27 MHz in the case only one of the 1 375-1 400 MHz or 
1 427-1 452 MHz frequency bands is to be considered for IMT systems

for mobile terminals:

· -65 dBW/27 MHz,[ to be measured with an output power of [15] dBm] [(over all Resource Block (RB)]). [Alternative text: This value is derived under assumption that one transmitting terminal at output power of 15 dBm exists in a base station sector.] 

These values are assumed to protect also SRS (passive).

During the course of the studies, it was shown in particular that current mobile terminals specifications in certain standards in the band 1 427-1 452 MHz present unwanted emissions levels that are higher than those recommended in Resolution 750 (Rev. WRC-12).

It is confirmed that relevant combination of channel arrangements, guard bands and/or improved filters and other measures should allow designing mobile systems (base stations and mobile terminals) compliant with the above values.

Editor’s note: Further work is needed to validate the feasibility to design mobile equipment (base stations and mobile terminals) compliant with the above values that maybe introduced in the Radio Regulations.

[IJTG_LS from WG 5 to WG 1 No2]

[Ed. Note:  The following text was received from WG 5.  Contributions are sought to the next meeting to determine the wording and location of this proposal. 

“To this respect, in case one or both of the bands 1 375-1 400 MHz and 1 427-1 452 MHz are proposed as candidate bands for IMT, relevant mandatory unwanted emission levels in the band 1 400-1 427 MHz consistent with PDN Report ITU-R RS.[EESS 1.4 GHz]  will have to be included in the Radio Regulations to ensure protection of EESS (passive).”]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.2.8.2	Radio astronomy service (1 400 - 1 427 MHz) and the mobile service/IMT in adjacent band

The results of three independent studies presented in [preliminary] draft new Report ITU-R RA.[RAS-IMT] show that to ensure the protection of RAS stations in the frequency band 1 400-1 427 MHz a separation distance of  about a hundred kilometres is needed between an RAS antenna and IMT macro rural base stations, whereas it  is between 1 and 10 kilometres  for mobile terminals.

[WG-3 CPM Text input_final]

1/1.1/4.1.2.9 Fixed service and mobile service (IMT)

The frequency band 1 427-1 518 MHz is allocated to the fixed and mobile services on a primary basis in all three Regions. A study indicated that regarding co-frequency sharing between fixed service systems and IMT systems, several tens of kilometers of separation distance is required.  Therefore, co-frequency coexistence between ubiquitously deployed fixed service systems and IMT systems would not be feasible within the same geographical area in the same country.  However, deployment of IMT systems in one country and fixed service systems in a neighboring country can be foreseen.  It should be noted that, although depending on geographical environment over an international border between countries, shielding effect by local terrain and clutter loss by artificial objects can reduce required separation distance and improve sharing possibilities between these two systems. [These results are derived based on a single interferer and do not consider cumulative effect, which could lead to different values of separation distances required.]

[The study [in PDN Report F. IMT 1 350-1 530 MHz Co-channel Sharing] indicates that to facilitate adjacent channel sharing, IMT base station transmitters may have to be coordinated with fixed link receivers, when detailed information on P-P links deployment is available. Depending on the specific deployment scenario, guardbands may be used to decrease separation distance. Further improvements may be obtained from terrain/clutter losses and by deploying additional filtering at IMT base station transmitters and/or fixed link receivers.] Mitigation measures may also be used to enable co-channel coexistence between IMT and fixed links in different areas.

[Sharing between neighboring countries could be addressed through [bi-lateral] cross-border coordination.]

[Draft CPM text, WG 4 parts r3]

1/1.1/4.1.2.10	Mobile-satellite service and mobile service/IMT

Based on results of existing and new studies (see [reference to text with the studies]), IMT-Advanced in the frequency bands 1 518-1 559 MHz, 1 626.5-1 660.5 MHz and 1 668-1 675 MHz would not be compatible with MSS.

1/1.1/4.1.3		Frequency bands within the range 1 695-1 710 MHz

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.3.1	Meteorological-satellite service and the mobile service/IMT 

Preliminary draft new Report ITU‑R  SA.[METSAT 1.7  GHZ] shows that the required protection area around MetSat stations from which potential IMT base stations in the 1 695-1 710 MHz frequency band would  be up to several hundred kilometres.  Therefore, sharing between IMT base stations and MetSat stations in the 1 695-1 710 MHz frequency band is not feasible. 

This report also provides assessments of protection areas around MetSat stations from which IMT mobile terminals in the 1 695-1 710 MHz frequency band would have to be excluded, with diverging results depending on the assumptions, parameters, and methodologies used. 

Two studies depict required separation distances from 46 kilometres (GSO case) and 60 km (NGSO case) up to more than 120 kilometres (NGSO case), even considering low rural deployment and conclude that sharing is not feasible between IMT mobile terminals and MetSat stations in the 1 695-1 710 MHz.  Another study provides an example calculation resulting in separation distances ranging from 32 to 46 kilometres (NGSO case) and concludes that sharing between IMT mobile terminals and MetSat stations is feasible.



1/1.1/4.1.4		Frequency bands within the ranges 2 025-2 110 MHz and 2 200-2 290 MHz

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.4.1	Space research, Earth exploration-satellite, space operation services and mobile service/IMT

[Preliminary] draft new Report ITU-R SA.[2 025-2 290 MHz] assesses the feasibility for accommodation of long term evolution (LTE) and LTE advanced (LTE-A) systems in both the 2 025-2 110 MHz and 2 200-2 290 MHz frequency bands.  These analyses show that sharing is not feasible between LTE systems and incumbent data relay satellites forward and return links operating in these bands in the space research (space-to-space), Earth exploration-satellite (space-to-space) and space operations (space-to-space) services.

These new studies reaffirmed earlier ITU-R studies as in Recommendation ITU-R SA.1154 that resulted in the adoption of RR No. 5.391 at WRC-97, which prohibits high-density mobile systems from operation within these frequency bands.

1/1.1/4.1.5		Frequency bands within the range 2 700 - 2 900 MHz

[WG-3 CPM Text input]

1/1.1/4.1.5.1 	Radiodetermination and mobile service (IMT)

Several studies have been carried out with respect to the frequency band 2 700-2 900 MHz. All of the studies show, based on the parameters provided by the relevant working parties, that within the same geographical area (several hundred kilometres) co-frequency operation of mobile broadband systems and radar is not feasible. [As a result, global allocation and harmonization of portions of the 2 700-2 900 MHz frequency band to mobile service for the implementation of the IMT is not possible].

Based on the same parameters provided by the relevant working parties, compatibility also cannot be achieved in the same geographic area when operations including frequency offset are considered (i.e., when there is a frequency offset between the frequencies defining the occupied bandwidth of the IMT signal and the occupied bandwidth of the radar).  However several studies presented showed that compatibility may be achievable subject to frequency offset and geographic separation if certain mitigation techniques can be implemented, and that this might offer possibilities for introducing mobile services into the 2 700-2 900 MHz frequency band, with due consideration of the future deployment of radars. It should be noted that those mitigation techniques have not at this point been determined as practical by the expert working parties.  The size of the frequency offset and geographical separation depends on the mitigation technique assumptions made in the studies and the acceptability of those assumptions to an administration and its neighbouring administrations (i.e., those within TBD kilometres).

[Editor’s note: If Methods are developed that propose an allocation to the mobile service in the band2 700-2 900 MHz. Section 6 should address how the necessary coordination between the neighbouring administrations will be undertaken] 

[Editors: note the following paragraph is still to be agreed]

[It should also be noted that all of the studies which concluded that it is feasible to introduce mobile services in the 2 700-2 900 MHz frequency band suggest modification of the mobile and radar equipment.  Such studies also suggest segmentation in accordance with ITU-R SM.1132 which may involve replanning radar systems as necessary to remove radars from a portion of the band to provide sufficient spectrum to accommodate the IMT channel plus the frequency offset. Any consideration of radar replanning must take into account that some administrations make use of radars that operate across the band between 2 700-2 900 MHz]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.5.2	Unwanted emissions in the frequency band 2 690-2 700 MHz

1/1.1/4.1.5.2.1	Radio astronomy service and the mobile service/IMT

The results presented in [preliminary] draft new Report ITU-R RA.[RAS-IMT] show that to ensure the protection of RAS stations in the frequency band 2 690-2 700 MHz a separation distance of  about 60 kilometres is needed between an RAS antenna and  IMT macro rural base stations and of one kilometre for mobile terminals, for an assumed unwanted emission level of –50 dBm/MHz and a flat terrain profile.

[WG-3 CPM Text input]

1/1.1/4.1.6		Frequency bands within the range 2 900-3 100 MHz

1/1.1/4.1.6.1 	Radiodetermination and mobile service (IMT)

Several studies have been carried out with respect to the frequency band 2 900-3 100 MHz.  All of the studies show, based on the parameters provided by the relevant working parties, that within the same geographical area (several hundred kilometres) co-frequency operation of mobile broadband systems and radar is not feasible. [As a result, global allocation and harmonization of portions of the 2 900-3 100 MHz frequency band to mobile service for the implementation of the IMT is not possible].

Based on the same parameters provided by the relevant working parties, compatibility also cannot be achieved in the same geographic area when operations including frequency offset are considered (i.e., when there is a frequency offset between the frequencies defining the occupied bandwidth of the IMT signal and the occupied bandwidth of the radar).  However several studies presented showed that compatibility may be achievable subject to frequency offset and geographic separation if certain mitigation techniques can be implemented, and that this might offer possibilities for introducing mobile services into the 2 900-3 100 MHz frequency band, with due consideration of the future deployment of radars. It should be noted that those mitigation techniques have not at this point been determined as practical by the expert working parties.  The size of the frequency offset and geographical separation depends on the mitigation technique assumptions made in the studies and the acceptability of those assumptions to an administration and its neighbouring administrations (i.e., those within TBD kilometres).

[Editor’s note: If Methods are developed that propose an allocation to the mobile service in the band2 900-3 100 MHz. Section 6 should address how the necessary coordination between the neighbouring administrations will be undertaken] 

[Editors: note the following paragraph is still to be agreed]

[It should also be noted that all of the studies which concluded that it is feasible to introduce mobile services in the 2 900-3 100 MHz frequency band suggest modification of the mobile and radar equipment.  Such studies also suggest segmentation in accordance with ITU-R SM.1132 which may involve replanning radar systems as necessary to remove radars from a portion of the band to provide sufficient spectrum to accommodate the IMT channel plus the frequency offset. Any consideration of radar replanning must take into account that some administrations make use of radars that operate across the band between 2 900-3 100 MHz]

1/1.1/4.1.6		Frequency bands within the range 3 300 - 3 400 MHz

[WG-3 CPM Text input]

1/1.1/4.1.6.1 	Radiodetermination and the mobile service/IMT

Studies present contradictory results on co-channel and non-co-channel interference from IMT into radar. Results of one study show that sharing is feasible under certain conditions, while three other studies conclude that both co-channel and non-co-channel sharing is not feasible. 

Studies indicate that co-channel and non-co-channel interference from radar systems to IMT systems is very severe and show that sharing is not feasible, however one study indicates that under certain conditions sharing is feasible.

1/1.1/4.1.6.2 	Fixed service and the mobile service/IMT

1/1.1/4.1.7		Frequency bands within the range 3 400-4 200 MHz

[WG-3 CPM Text input_final]

1/1.1/4.1.7.1	 Fixed service and the mobile service/IMT

[Relevant ITU-R studies are contained in working document toward preliminary draft new Report F. IMT 3 400-4 200 MHz Sharing].

One study indicated that the same considerations on the sharing issues between fixed service systems and IMT systems as those described in the frequency range 1 427-1 518 MHz, would be applicable to the 3 400-4 200 MHz frequency band.  

Another study showed that for the co-frequency channel case, the required separation distance can range from 1km to nearly 100 km, depending on the interference scenario and deployment environment.  [For the adjacent channel case, the separation distance between macro base stations and FS receive stations is on the order of a few kilometres coupled with a frequency separation of about one or two channel bandwidths, depending on the distance separation. It is important to note that the frequency separation results reflect channel center-to-channel center separations and not guardbands, which are usually expressed as channel edge-to-channel edge.] In the worst-case scenarios (FS receive station pointing directly toward a macro deployment of IMT base stations), the separation distance needed to protect the FS station exceeds 30 km.  These pointing scenarios should be avoidable in practice, however the possibility or likelihood of such scenarios was not included in this study. For more realistic pointing scenarios, when detailed information on P-P links deployment is available, the interference can be mitigated through a combination of geographic separation and frequency separation.  The required geographic and frequency separations are significantly reduced for the small cell indoor base station deployment scenario. [For this case, the separation distance between small cell base stations and FS receive stations is on the order of one kilometre coupled with a frequency separation of about one channel bandwidth or a few kilometres with no frequency separation, depending on the relative pointing directions of the IMT and FS stations.]  Finally, this study’s results also show that the interference from the IMT mobile stations is relatively low.  This interference can be mitigated by either a frequency separation of about one channel or a geographic separation of a few kilometres. 

[Draft CPM text, WG 4 parts r3]

1/1.1/4.1.7.2	Fixed-satellite service and mobile service/IMT

The sharing between IMT-Advanced and FSS is feasible only when FSS earth stations are at known, specific locations, and deployment of IMT-Advanced is limited to the areas outside of the minimum required separation distances for each azimuth to protect these specific FSS earth stations. In this case, the FSS protection criteria should be used to determine the necessary separation distances to ensure protection of the existing and planned FSS earth stations.

When FSS earth stations are deployed in a typical ubiquitous manner or with no individual licensing, sharing between IMT-Advanced and FSS is not feasible in the same geographical area since no minimum separation distance can be guaranteed. 

Deployment of IMT-Advanced would constrain future FSS earth stations from being deployed in the same area in the bands 3 400-4 200 MHz and 4 500-4 800 MHz as shown by the studies.

1/1.1/4.1.8		Frequency bands within the range 4 400-4 900 MHz

[WG-3 CPM Text input]

1/1.1/4.1.8.1	Aeronautical mobile telemetry systems and mobile service/IMT

For co-channel interference, two sharing studies show large separation distances are required to protect certain types of aeronautical mobile service stations.  In the case of protecting airborne station receivers from a single IMT base station interference, the required separation distances vary between ranges from 162-509 km for aircraft altitude (Working Party 5B in Document 5B/167 Annex 17 for the aeronautical mobile service (AMS)) at 2.4 km and 19 km respectively. Aggregate interference analyses indicate that IMT base station operations may be precluded within a distance of 706 km from the aircraft encompassing an area of about 1.5 million km2 when the aircraft is at 19 km altitude. Co-channel sharing between aeronautical mobile applications and IMT systems in the 4 400-4 990 MHz is not practical in the geographic areas located within the exclusion zones required up to 706 km.

[For adjacent channel interference, one study shows the separation distance required to protect one of three mobile ground receivers (i.e., AMT ground receiver) is approximately 5 km, with assuming a 43.6 dB frequency off-set factor.  [Adjacent channel compatibility within given frequency band assumes that existing service should stop operation in a portion of the band currently allocated to this service to make it available to the systems of the new service. So adjacent channel compatibility puts regulatory restrictions on the existing service and stops operation and future development of the existing service within considered band. This assumption is not consistent with previous decisions of the JTG nor Resolution 233 with respect to protection of incumbent services and consideration of the future requirements of incumbent services.] Note that there are three types of mobile ground receivers.  With mitigation technique, sharing seems to be practical between IMT and AMT ground mobile receiver due to short separation distances.  This adjacent channel interference study does not address sharing studies between IMT and aeronautical mobile receivers. Sharing between IMT and aeronautical mobile in the 4 400-4 990 MHz band cannot be concluded from this study.]

[WG-3 CPM Text input_final]

1/1.1/4.1.8.2	Fixed service and mobile service (IMT)

For co-channel sharing studies show the required separation distance from a single IMT interference into Fixed service station at main lobe ranges from 70-250 km in the case of suburban macro base station of IMT without consideration of terrain. For aggregated IMT interference into Fixed service station, the required separation distance to protect fixed service station ranges from 120 km to 600 km without consideration of terrain.  Sharing between IMT and Fixed service is not feasible within the same area. Consideration of local geographical environment may impact required separation distances.

[For adjacent channel interference, 45 dB of Adjacent Channel Leakage Ratio (ACLR) is already considered for IMT base station.  With additional mitigation technique of 35.5 dB attenuation for IMT base station considering the main lobe case, the separation distance is shown to be around 5 km. With mitigation, sharing between IMT and Fixed service may be feasible.]  

[It should be noted that adjacent channel compatibility within given frequency band assumes that existing service should stop operation in a portion of the band currently allocated to this service to make it available to the systems of the new service. So adjacent channel compatibility puts regulatory restrictions on the existing service and stops operation and future development of the existing service within considered band. This assumption is not consistent with previous decisions of the JTG nor Resolution 233 with respect to protection of incumbent services and consideration of the future requirements of incumbent services.]

[Draft CPM text, WG 4 parts r3]

1/1.1/4.1.8.3	Fixed-satellite service and the mobile service/IMT

The sharing between IMT-Advanced and FSS is feasible only when FSS earth stations are at known, specific locations, and deployment of IMT-Advanced is limited to the areas outside of the minimum required separation distances for each azimuth to protect these specific FSS earth stations. In this case, the FSS protection criteria should be used to determine the necessary separation distances to ensure protection of the existing and planned FSS earth stations.

When FSS earth stations are deployed in a typical ubiquitous manner or with no individual licensing, sharing between IMT-Advanced and FSS is not feasible in the same geographical area since no minimum separation distance can be guaranteed. 

Deployment of IMT-Advanced would constrain future FSS earth stations from being deployed in the same area in the bands 3 400-4 200 MHz and 4 500-4 800 MHz as shown by the studies.

1/1.1/4.1.9		Frequency bands within the range 4 800 - 5 000 MHz

[WG-3 CPM Text input_final]

1/1.1/4.1.9.1	Aeronautical mobile service and mobile service/IMT

[Editor’s Note: see section on ‘Aeronautical mobile service and mobile service/IMT’ in Section 4.1.8 above]

1/1.1/4.1.9.2	Fixed service and mobile service (IMT)

[Editor’s Note: see section on ‘Fixed service and mobile service (IMT)’ in Section 4.1.8 above]

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.9.3	Radio astronomy service and the mobile service/IMT

The results presented in PDN Report ITU-R RA.[RAS-IMT] show that to ensure the protection of the radio astronomy service in the frequency band 4 990-5 000 MHz for the case of in-band sharing with IMT systems, a separation distance of  a thousand kilometres is needed between    IMT macro rural base stations and an RAS antenna, and of 300 kilometres for mobile terminals, for an assumed flat terrain profile.  This indicates that in-band sharing will be very difficult, if not impossible, to achieve in practice.

1/1.1/4.1.9.3.1	Unwanted emissions in the frequency band 4 990 - 5 000 MHz

For the case of IMT systems operating in the adjacent frequency band 4 800-4 990 MHz, a separation distance of about 60 kilometres is needed between  IMT base stations and an RAS antenna and of one kilometre for mobile terminals, for an assumed unwanted emission level of –50 dBm/MHz, for an assumed flat terrain profile.



1/1.1/4.1.9.4	Radionavigation-satellite service and mobile service/IMT

There are allocations to the radionavigation-satellite service (space-to-Earth, Earth-to-space and/or space-to-space) in the 1 164-1 300 MHz, 1 300-1 350 MHz, 1 559-1 610 MHz, 5 000-5 010 MHz and 5 010-5 030 MHz bands.  Certain RNSS signals are used for safety-of-life applications and subject to RR No. 4.10 which states that “the safety aspects of radionavigation require special measures to ensure their freedom from harmful interference”.

No technical studies on compatibility between RNSS in the bands above and IMT-Advanced has been carried out by ITU-R and no conclusions on the feasibility of sharing could be drawn.

[Editor’s note: Decision on this section should be according to the decisions on the corresponding sections in 3.2.]

1/1.1/4.1.10	 Frequency bands within the range 5 350 - 5 470 MHz

[IJTG_LS from WG 5 to WG 1 No1]

1/1.1/4.1.10.1	EESS (active) and the mobile service/RLANs 

Given the current RLAN parameters considered in JTG 4-5-6-7 (EIRP, bandwidth, antenna, and deployment environment) several studies were performed to assess the compatibility between EESS (active) and potential future operations of RLANs in the 5 350-5 470 MHz band under the general assumptions that the RLANs would be limited to indoor only (incidental use up to 5% was modelled without building attenuation and maximum EIRP of 200 mW).

 Initial studies using the parameters described above indicate that sharing between EESS (active) and RLANs may be feasible only if additional mitigation measures are implemented.

Study A  shows that it is feasible for RLANs to operate extensively on a global basis in the 5 350-5 470 MHz band with the assumed input parameters and if the RLAN energy pointed towards the satellite meets calculated limits in PDN Report RS.[EESS RLAN 5 GHz] Annex C.

Study B performs parametric analysis under different methodologies and concludes that RLANs cannot share the band 5 350-5 470 MHz with EESS (active) due to large negative margins (6.2 dB under optimistic assumptions, 30.4 dB under pessimistic assumptions).It also conclude that no potential mitigation techniques would be effective in filling these large negative margins and furthermore would not be enforceable/verifiable by administrations.

Study C,  used Recommendation ITU-R RS.1166-4 and the interference threshold of an EESS (active) system in determining the maximum number of RLAN connections that can be active and still be tolerated by the EESS (active). The result of the study showed that up to 43 simultaneously transmitting RLAN connections can operate within the RCM footprint (~225 km2); exceeding this number results in extensive harmful interference to the RCM system. When compared to the other studies, it was shown that the expected number of simultaneously transmitting RLAN devices reported by those studies significantly exceed the number of RLAN devices that the RCM can tolerate (by a factor of 50 or 17 dB). No practical and effective mitigation techniques has yet been found.

Study D shows, by parametric dynamic simulations, that the sharing between EESS and RLAN in the band 5 350-5 470 MHz is not feasible without some mitigation techniques enabling a total decrease from 14.5 to 26.5 dB of interferences due to RLANs in the EESS receiver, respectively for low and high density deployments, taking into account the real density of population in world.

Study E indicates, with the assumed input parameters for a worst case static aggregate interference analysis between EESS and RLAN in the band 5 350-5 470 MHz that sharing may be feasible over rural areas. It also indicates that sharing would not be feasible over urban areas without further mitigation techniques being applied.  In addition it is concluded that a dynamic analysis needs to be done before reaching any final conclusions. 

If different RLAN parameters are applied, or if additional mitigation techniques are identified, the results of the studies and possibility of sharing may change.  Some potential additional mitigation techniques have been proposed and some questions were raised on the feasibility and appropriateness of implementing these methods. This information has been liaised to the expert groups.  Additional studies would then be required to evaluate these and any other mitigation measures toward the protection of EESS (active).

Editorial Note: Next JTG meeting will have to consider relevant summary of studies related to the mitigation techniques to be included in the CPM text

[WG-3 CPM Text input]

1/1.1/4.1.10.2	Aeronautical radar systems and the mobile service/RLANs

Studies were based upon various options of RLAN technical and deployment parameters. One study found that without any RLAN mitigation measures, separation distances of 71 km to greater than 420 km (line-of-sight) would be required.  Another study indicated that sharing is not feasible when RLAN mitigation techniques are limited to the following: Dynamic Frequency Selection (DFS) (threshold of -64 dBm), predominately indoors (95%) and maximum EIRP of 200 mW.  In addition, the efficiency of the DFS regarding the protection of frequency hopping radars needs to be further studied in order to determine if sharing is feasible.  

[Editor’s note:  The following paragraph will be reviewed at the July 2014 JTG meeting based on the replies from Working Party 5A.]

If different RLAN transmit powers or DFS detection levels are applied, or if additional mitigation techniques are developed, the results may be different.  Additional studies would be required to evaluate any other mitigation measures to determine their efficacy for RLAN sharing with airborne radiodetermination systems.

[WG-3 CPM Text input]

1/1.1/4.1.10.3	Ground-based radar systems and the mobile service/RLANs

Studies were based upon various options of RLAN technical and deployment parameters.  One study found that without any RLAN mitigation measures, minimum separation distances of at least than 53 km would be required.   Another study indicated that sharing is not feasible for Probability of Coincidence of 90% or less when RLAN mitigation techniques are limited to the following: DFS (threshold of -64 dBm), predominately indoors (95%) and maximum EIRP  of 200 mW.  In addition, the efficiency of the DFS regarding the protection of frequency hopping radars and bi-static radars needs to be further studied.   

[Editor’s note:  The following paragraph will be reviewed at the July 2014 JTG meeting based on the replies from Working Party 5A.]

If different RLAN transmit powers or DFS detection levels are applied, or if additional mitigation techniques are developed, the results may be different.  Additional studies would be required to evaluate any other mitigation measures to determine their efficacy for RLAN sharing with ground-based radiodetermination systems.

1/1.1/4.1.11 	Frequency bands within the range 5 725 - 5 850 MHz

No sharing/compatibility studies were provided for this frequency band.



1/1.1/4.1.12 	Frequency range bands within the 5 925-6 425 MHz and the mobile service/IMT

Based on studies described in PDN Report ITU-R S.[C-BAND UPLINK] it is concluded that sharing and compatibility between IMT-Advanced systems and FSS networks in 5 850 - 6 425 MHz frequency range is feasible under certain conditions. These conditions include deployment of IMT‑Advanced systems only indoor and establishment of a limit on the maximum allowable EIRP for IMT-Advanced stations in this frequency range. In addition it is generally concluded that no specific separation distance is required between FSS transmitting station and indoor IMT-Advanced small cell.  

[Editor’s note: The following text is from document JTG 4567/393, Annex 7, Attachment 5 and document JTG 4567/571 was brought to the attention of WG 4, but it was decided that this was outside the mandate of WG 4 and should be considered by WG 1:

“[There are concerns about ways to implement regulatory means which could be used to enforce the protection of the FSS space stations. Among them the way to restrict IMT operations to indoor and to control on a long term basis the aggregate effect of IMT stations deployed on a worldwide basis.]”]

1/1.1/4.2	Potential candidate frequency bands 

[Ed. Note: With respect to the need to indicate candidate bands for IMT and mobile communications at 4thmeeting of JTG 4-5-6-7 extensive discussions were engaged, views were expressed that we should not delay to include this list at this stage allowing membership to formulate their follow-up action as necessary, the preliminary and provision list below is based on these latter views. On the contrary, views were also mentioned that it was premature at this stage to take the approach of indicating candidate bands which may be interpreted that conclusions relating to candidate band were already made at 4thmeeting of JTG.

It was indicated that the output of the Ad hoc Group would be a supporting document in order to provide information on each frequency band in relation to proponent and opponent of each frequency band for IMT and mobile broadband communications. It is also important to indicate the status of studies for each candidate band indicated.

It is worth to mention that consideration of potential candidate frequency bands would be developed by JTG Working Group 1 based on the results of studies provided by the JTG Working Groups 2, 3, 4 and 5 also taking into account the Annex 9 to Document 4-5-6-7/242.

The following bands are under consideration:

Ed. Note: The frequency bands listed below are currently under study. The potential candidate frequency bands for this section will be drawn from this list based on administrations’ proposals and analysis of results of studies. 

[Ed. Note: Several documents proposed changes to the Ed. Note above: Reference document 4-5-6- 7/402, 457, 536]



[Ed. Note: 

Frequency band 470 - 694/698 MHz - Reference documents 4-5-6-7/105, 453, 529, 526, 536

Frequency band 1 375-1 400 MHz - Reference Document 4-5-6-7/212

Frequency band 1 350-1 400 MHz and 1 427-1 517 MHz - Reference document 4-5-6- 7/463

Frequency band 1 427-1 452 MHz - Reference Document 4-5-6-7/275

Frequency band 1 452-1 492 MHz - Reference Document 4-5-6-7/275

Frequency band 1 435–1 525MHz - Reference Document 4-5-6-7/291, 536

Frequency band 1 427-1 518 MHz - Reference Document 4-5-6-7/402

Frequency band 1 695-1 710 MHz - Reference Document 4-5-6-7/481, 536 

Frequency band 2 700 - 2 900 MHz: Reference Document 4-5-6-7/351

Frequency band 3 300 - 3 400 MHz: Reference Document 4-5-6-7/481

[Frequency band 3 400-3 600 MHz - Reference Document 4-5-6-7/275, 481, 402]

Frequency band 3 600-3 800 MHz - Reference Document 4-5-6-7/275, 402

Frequency band 3 800-4 200 MHz - Reference Document 4-5-6-7/402

Frequency band 4 400-5 000 MHz - Reference Document 4-5-6-7/402

Frequency band 4 400-4 500 MHz - Reference Document 4-5-6-7/481

Frequency band 4 800-4 900 MHz - Reference Document 4-5-6-7/481

Frequency band 5 350 - 5 470 MHz - Reference Document 4-5-6-7/168, 536, 555

Frequency band 5 725 - 5 850 MHz - Reference Document 4-5-6-7/555,

Frequency band 5 925-6 425 MHz - Reference Document 4-5-6-7/481]



1/1.1/5	Method(s) to satisfy the agenda item

The following methods are considered to satisfy this agenda item and can be applied to all potential candidate bands. These are:



Method A – No change.

Method B – Make an allocation to the mobile service on a primary basis (either by new allocation or upgrade of an existing secondary allocation) with a view to facilitate the development of terrestrial mobile broadband applications.

Method B1 – Make an allocation to the mobile service on a primary basis in the Table of Frequency Allocations.

Method B2 - Make an allocation to the mobile service on a primary basis in a footnote.

Method C - To identify the frequency band for IMT either in a new or existing footnote. This Method can be applied individually if there is already a primary mobile allocation or in conjunction with method B. 

In addition, any condition of use specific to a band will be described under the specific frequency band under methods B and/or C, if necessary.

Other considerations - Current status of the frequency band: There is an allocation on primary basis for the mobile service for a frequency band in a Region and identified for IMT in certain countries in that Region.  Those countries which may wish to add their names to that footnote can submit proposals to WRC-15 taking into account Resolution 26 (Rev.WRC-07) in accordance with Resolution 233 (WRC-12).

The frequency bands considered as potential candidate bands under this agenda item together with the associated methods to satisfy the agenda item are outlined below:

[Editor’s Note: pending on the determination of the list of potential candidate bands reflected in Section 4.2]

For band 470-694/698 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 1350-1400 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 1427-1452 MHz:

Method A 

Method C 

For band 1452-1492 MHz:

Method A 

Method B1

Method B2 

Method C 

Views from some administrations on an additional method in relation to the frequency band 1 452‑1 492 MHz[Introductory text to be developed along the lines of: “contributions were received in relation to identification of this band for IMT. Two views were expressed…”]

[Consideration of the band 1452-1492 MHz for identification for IMT]

View 1:

JTG 4-5-6-7 received proposal as in Document 4-5-6-7/441 to include for the band 
14-52-1492 MHz new Method aiming to put new constrains on existing BSS allocation. 

In this connection it should be stated that:

· WARC-92 has made frequency allocations to the broadcasting-satellite service (sound) and complementary terrestrial broadcasting in frequency band 1452-1492 MHz;

· Footnote 5.345 stipulate that the use of the band 1452-1492 MHz by broadcasting –satellite service is subject to Resolution 528 (WARC-92). 

Resolution 528 (WARC-92) resolved that a competent conference should be convened, preferably not later than 1998, for the planning of the broadcasting-satellite service (sound) in the bands allocated to this service in the range 1-3 GHz; and the development of procedures for the coordinated use of complementary terrestrial broadcasting;

That Resolution  also resolved that in the interim period,  the use of the broadcasting-satellite systems are in accordance with the procedures contained in Sections A to C of Resolution 33 (Rev.WRC‑03), or in Articles 9 to 14, as appropriate (see resolves 1 and 2 of Resolution 33 (Rev.WRC-03)). 

The same Resolution  also resolved that the calculation methods and the interference criteria to be employed in evaluating the interference should be based upon relevant ITU-R Recommendations agreed by the administrations concerned as a result of Resolution 703 (Rev.WARC-92) or otherwise,

The relation between broadcasting-satellite service and terrestrial service is thus currently governed by RR 9.11 triggered by frequency overlapping as referred to Appendix 5 to the RR 

Any modification to the regulatory regime from RR 9.11 to any other regime is subject to a decision to be taken by a competent conference for the planning of the broadcasting-satellite service (sound) in the bands allocated to this service in the range 1-3 GHz and the development of procedures for the coordinated use of complementary terrestrial broadcasting.

In addition it should be remind that CPM-07 received contribution CPM-07 2/79 indicating that 

Quote 1;

 that NGSO systems operating in the frequency band 1 467-1 492 MHz should no longer be subject to Article 22.2, but coordinated under Article 9.11A.

Unquote l

Corrigendum 1 to Revision 1 to doc. CPM07-2/134 reflects the conclusion of the CPM-07-2 as follows :

Quote 2

The meeting considered input documents CPM07-2/79 and 36 (§ 2 Issue 19) from Lebanon and APT respectively, dealing with proposals regarding regulatory procedures concerning non‑GSO systems in the frequency band 1 467-1 492 MHz. The Chairman of the CPM also included in the discussion the output of the SC regarding this matter (CPM07-2/2, § 2.18). After some discussion of the documents, the meeting agreed that the issue will be summarized in Chapter 6 of the CPM Report in the following manner: 

it will be stated that CPM‑07 received contributions CPM07-2/79 and 36, with reference to the views from the Special Committee as contained in CPM07-2/2. The views of the CPM on the matter will be as follows: “CPM concluded that this issue needs to be considered by WRC-07.




Unquote 2 

In view of the above and in line with the conclusion reached by CPM 07-2 on similar issue (changing regulatory regime applicable to the band 1452-1492 MHz from that contained in the RR to a new one) the proposal as presented in the Document JTG-4-5-6-7/441 aiming to put new constrains on existing BSS allocation and change its regulatory status is outside of the Mandate of JTG 4-5-6-7. 

View 2:

[In order to facilitate the coexistence between IMT and BSS in the band 1 452-1 492 MHz, the current regulatory procedures governing the relation between BSS and terrestrial services would be modified by inserting a pfd value of -113 dBW/m²/MHz in Article 21 with the view to provide a more stable (long-term stability) situation to IMT. 

RR Appendix 5 would be modified so as to enable countries wishing to continue to apply coordination procedure under RR No. 9.11 to do so. Therefore pfd limit will apply to BSS with respect to all terrestrial services except for countries wishing to continue to apply RR No. 9.11, because of more stringent protection requirement (e.g. in order to protect telemetry systems).]

For band 1492-1525 MHz:

Method A 

Method C 

For band 1 695-1 710 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 2700-2900 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 3300-3400 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 3400-3600 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 3600-3800 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 3800-4200 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 4400-4500 MHz:

Method A 

Method C 

For band 4500-4800 MHz:

Method A 

Method C

For band 4800-5000 MHz:

Method A 

Method C

For band 5350-5470 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 5725-5850 MHz:

Method A 

Method B1 

Method B2 

Method C 

For band 5925-6425 MHz:

Method A 

Method C

Method is based on approach A with additional condition to add Resolution in the identification footnote establishing regulatory EIRP limit for IMT stations and permitting IMT deployment limited to indoor.



1/1.1/6	Regulatory and procedural considerations

For Method A:

NOC

For Method B2:

ADD

5.XYZ	Additional Allocation:  The frequency bands [aa-bb, and cc-dd MHz] are also allocated to the mobile, except aeronautical mobile, service on a primary basis.

For Method C:

ADD

5.XYZ	The frequency bands, or portions of the frequency bands [aa-bb, and cc-dd MHz], [in Regions/Country Names] are identified for use by administrations wishing to implement International Mobile Telecommunications (IMT).  This identification does not preclude the use of these bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.  [See/Subject to application of WRC Resolution and/or WRC Recommendation, which may include conditions of use, as appropriate.]

For Method B2 and C:

ADD

5.XYZ	Additional Allocation:  The frequency bands [aa-bb, and cc-dd MHz] are also allocated to the mobile, except aeronautical mobile, service on a primary basis and are identified for use by administrations wishing to implement International Mobile Telecommunications (IMT). This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.  See [WRC Resolution and/or WRC Recommendation].

or

ADD

5.XYZ	The frequency bands, or portions of the frequency bands [aa-bb, and cc-dd MHz], [in Regions/Country Names] are identified for use by administrations wishing to implement International Mobile Telecommunications (IMT).  This identification does not preclude the use of these bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.  [See/Subject to application of WRC Resolution and/or WRC Recommendation, which may include conditions of use, as appropriate.]



For footnote satisfying other considerations

MOD

5.313A	The frequency band, or portions of the frequency band 698‑790 MHz, in [add administration(s)/Region], Bangladesh, China, Korea (Rep. of), India, Japan, New Zealand, Pakistan, Papua New Guinea, Philippines and Singapore are identified for use by these administrations wishing to implement International Mobile Telecommunications (IMT).  This identification does not preclude the use of these frequency bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.  In China, the use of IMT in this band will not start until 2015.   (WRC-15)

For band 1452-1492 MHz:

Views from some administrations on a possible example of regulatory implementation of the additional method in relation to the frequency band 1 452-1 492 MHz (pfd limits for BSS in Article 21)[Editor’s Note: text to be developed to point back to views expressed in Section 5 on this issue.]

ARTICLE  21

Terrestrial and space services sharing frequency bands above 1 GHz

Section V  –  Limits of power flux-density from space stations

MOD

TABLE  21-4     (WRC-2000)

		Frequency band

		Service*

		Limit in dB(W/m2) for angles
of arrival (δ) above the horizontal plane

		Reference bandwidth



		

		

		0°-5°

		5°-25°

		25°-90°

		



		1 452-1 492 MHz7A

		Broadcasting-satellite

		-113



		-113



		-113

		1 MHz







ADD

7A	21.16.1A	These limits do not apply over the territory of [list of countries]

APPENDIX  5  (WRC-2000)

Identification of administrations with which coordination is to be effected or agreement sought under the provisions of Article 9

- 5 -
4-5-6-7/TEMP/142-E



Attention: The information contained in this document is temporary in nature and does not necessarily represent material that has been agreed by the group concerned. Since the material may be subject to revision during the meeting, caution should be exercised in using the document for the development of any further contribution on the subject.
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MOD

TABLE 5-1   (Rev.WRC‑12)

		Reference
of
Article 9

		Case

		Frequency bands 
(and Region) of the service 
for which coordination 
is sought

		Threshold/condition

		Calculation 
method

		Remarks



		No. 9.11
GSO,
non-GSO/
terrestrial

		A space station in the BSS in any band shared on an equal primary basis with terrestrial services and where the BSS is not subject to a Plan, in respect of terrestrial services

		620-790 MHz (see Resolution 549 (WRC‑07))
1 452-1 492 MHz (only over the territory of countries listed in 21.16.1A)
2 310-2 360 MHz (No. 5.393)
2 535-2 655 MHz
(Nos. 5.417A and 5.418)
17.7-17.8 GHz (Region 2) 
74-76 GHz

		Bandwidths overlap: The detailed conditions for the application of No. 9.11 in the bands 2 630-2 655 MHz and 2 605-2 630 MHz are provided in Resolution 539 (Rev.WRC‑03) for non-GSO BSS (sound) systems pursuant to Nos. 5.417A and 5.418, and in Nos. 5.417A and 5.418 for GSO BSS (sound) networks pursuant to those provisions.

		Check by using the assigned frequencies and bandwidths

		









- 47 -
4-5-6-7/TEMP/142-E

- 49 -
4-5-6-7/TEMP/142-E
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For band 5 925-6 425 MHz:

1/1.1/6.2.X 	For Methods for frequency bands within the range the 5 925-6 425 MHz

1/1.1/6.2.X.1 	For Method A for the band 5 925-6 425 MHz

ADD

5.XYZ	The frequency band 5 925-6 425 MHz is identified for use by administrations wishing to implement International Mobile Telecommunications (IMT). This identification does not preclude the use of these bands by any application of the services to which they are allocated and does not establish priority in the Radio Regulations.  See WRC Resolution A11 (WRC-15)

ADD 



[Editor’s Note: the following proposal is pending the results and analysis of sharing and compatibility studies]

Resolution A11 (WRC-15)

Use of the frequency band 5 925-6 425 MHz by the mobile service
 for IMT systems

The World Radiocommunication Conference (Geneva, 2015),

considering

a)	that this Conference has identified the frequency band 5 925-6 425 MHz for IMT;

b)	that the frequency band 5 925-6 425 MHz is allocated worldwide on a primary basis to the fixed-satellite service (FSS) (Earth-to-space);

с)	that the frequency band 5 925-6 425 MHz is also allocated to the mobile service, on a primary basis;

d)	that results of studies in ITU‑R indicate that sharing in the frequency band 
5 925-6 425 MHz between IMT systems and the FSS satellites is feasible under specified conditions;

e)	that there is a need to specify an appropriate EIRP limit and operational restrictions for IMT systems in the mobile service in the frequency band 5 925-6 425 MHz in order to protect FSS satellite receivers,

further considering

a)	that the interference from a single IMT station, complying with the operational restrictions under resolves 2 will not on its own cause any unacceptable interference to FSS receivers on board satellites in the frequency band 5 925-6 425 MHz;

b)	that such FSS satellite receivers may experience an unacceptable effect due to the aggregate interference from IMT stations especially in the case of a prolific growth in the number of these systems;

c)	that the aggregate effect on FSS satellite receivers will be due to the global deployment of IMT stations and it may not be possible for administrations to determine the location of the source of the interference and the number of IMT stations in operation simultaneously,

recognizing

a)	that calculation methods in Appendix 8 of the ITU Radio Regulations could be used to calculate the aggregate interference at FSS satellite receivers from IMT stations;

b)	that interference criteria of FSS satellite receivers based on ΔT/T ratio is given in Recommendation ITU‑R S.1432;

c)	that IMT stations in the mobile service are to be deployed with, on average, a near-uniform spread of the loading of the spectrum used by stations across the frequency band 
5 925-6 425 MHz in use to improve sharing with satellite services;



d)	that the use of the frequency band 5 925-6 425 MHz by IMT systems will provide substantial additional capacity to address additional spectrum requirements for IMT;



e)	that there is a need for administrations to ensure that IMT stations meet the required mitigation techniques, for example, through equipment or standards compliance procedures,

resolves

that in the frequency band 5 925-6 425 MHz, IMT stations shall be restricted to indoor use with a maximum mean EIRP [footnoteRef:10]1 of 1 W and a maximum mean EIRP density of 10 mW/MHz in any 1 MHz band; [10: 1	In the context of this Resolution, “mean EIRP” refers to the EIRP during the transmission burst which corresponds to the highest power, if power control is implemented.] 


invites administrations

1	to adopt appropriate regulation if they intend to permit the operation of IMT stations in the frequency band 5 925-6 425 MHz,

2	to monitor whether the aggregate interference levels  have exceeded, or will exceed in the future, the ΔT/T criteria at FSS satellite receivers given in Recommendation ITU-R S.1432 in order to enable a future competent Conference to take appropriate action.





______________
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