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Executive Summary

Broadband infrastructure development is critical to the economy and society
current and future development. This report, “Giga Thailand Infrastructure
Whitepaper” aims to assist in the development of fixed broadband networks
with the goal of enhancing fixed broadband to gigabit speeds, there by
enabling the use of future applications and technologies that require
efficient utilization of high bandwidth. By conducting research on current
and future global fixed broadband technology trends, as well as the current
development of fixed broadband networks in Thailand, policy, regulatory, and
technological recommendations supporting the development of fiber optic
networks are provided. These recommendations are based on international best
practices and serve as appropriate benchmarks for Thailand’'s goal of becoming a
fixed broadband developed nation by 2022-2027. This includes mitigating the digital
divide, particularly in rural areas, and establishing the foundation for a sustainable
economy and society.
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The Critical Role of Internet Broadband

Speed in Global Economic Growth

The digital economy will increasingly contribute to global economic
growth, and digitization will benefit every country’s GDP. In 2016, the digital
economy worldwide was 15.5% of global GDP. By 2025, the digital economy is
predicted to be 24.3% of global GDP. According to a study on the effect of
digitization on GDP in OECD and non-OECD countries, a 10% increase in digitization
results in a 1.35% increase in OECD countries’ GDP and a 1.04% increase in non-OECD
countries’ GDP2

Development of internet broadband speed is critical for a digital
economy and will drive GDP growth. As it enables the adoption of innovative
technologies for the purpose of increasing productivity and expediting the
development of new products, services, and business models. According to a study
about the relationship between broadband speed and GDP growth in European
Union (EU) member states, a 1% increase in countries with speeds less than 100
megabits per second (Mbps) results in a 0.015% increase in GDP, whereas a 1%
increase in countries with ultro-fast broadband speeds greater than 100 Mbps
results in an incremental increase of 0.004-0.005% in GDP3.

'Digital spillover report, Oxford Economics and Huawei, 2017
’How broadband, digitization and ICT regulation impact the global economy report, ITU, 2020
3Oxford Economics and Huawei, loc.cit.
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The Economic and Importance

of Broadband Internet Infrastructures

Gigabit fiber connectivity is significant for long-term development, even
to those who are extensively and comprehensively developed. Due to the
benefits of gigabit fiber, it is reasonable that fiber will be the major foundation to
innovative technologies and applications such as smart cities, augmented and
virtual reality (AR/VR), cloud computing, and tele-activities, all of which will contribute
to improving people’'s quality of life, creativity and innovation, and economic growth.

The fixed broadband infrastructure plays a critical role in enabling the
deployment of future applications and technologies that require high bandwidth
and low latency. A high-speed connection via gigabit fiber cables is critical for
optimal usability and the enhancement of user experiences. The following are some
examples of applications: 1) Applications such as gaming and education that utilize
AR/VR require a minimum of 60-180 Mbps of bandwidth and a maximum latency
of less than 10 ms for weak interaction and less than 20 ms for strong interaction.
2) Video applications, such as high-definition video playback and video
conferencing, require a minimum of 30 Mbps of bandwidth and a maximum
latency of less than 20 ms. 3) Cloud computing activities such as cloud gaming and
cloud storage require a minimum of 60-180 Mbps of bandwidth and a maximum
latency of less than 20 ms. 4) Tele-activities such as telemedicine require a
mMinimum of 60-180 Mbps of bandwidth and a maximum latency of less than 20 ms.
Fixed broadband internet services are frequently used to connect multiple users and
devices simultaneously, resulting in a significant increase in bandwidth demand.
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Growth and Trends in The Global

Fixed Internet Broadband Market

Nowadays, there are 1,195 million of fixed broadband subscribers worldwide,
representing a 58% household penetration rate. By 2025, the global fixed broadband
subscriber base is expected to reach 1,334 million, or a 62% household penetration
rate*.

The present study shows, fiber optic technology is the most widely used
technology for fixed broadband, and it is expected to become a significant
technology in the future. Fiber optic technology is currently used by 57% of fixed
broadband users. In future forecast, it is predicted to reach 63% of all users by
2025, while cable modem technology will gradually decline in popularity. The xDSL
technology will experience a significant decline at an 8.7%°> compound annual
growth rate as it will be phased out in favor of fiber optic technology

Establish Targets for The Development of Thailand's Fixed

Broadband Network and Conducting a Gap Analysis

Under the national policies, Thailand Digital Economy and Society Development
Plan from MDES, MDES Action Plan (2018-2022) and ONDE Action Plan (2022-2027)
have five key targets related to the development of fixed broadband networks
as follows:

“Broadband technology forecast, OMDIA, 2016-2020
SLoc. cit.
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Figure I: Target of Fixed Broadband Development in Thailand

1¢t Target: By 2022, the country’s fixed broadband network is expected to
be expanded to all villages, and by 2027, all Thai households are expected to
have access to fixed broadband. Presently, residents, businesses, and government
sectors are able to connect to the internet via fixed broadband networks in all
cities and 74,987° villages; however, fixed broadband coverage must be expanded
to cover all households, particularly those in rural areas, unattractive investment

areas, and private areas (networks in private areas such as residential buildings,
office buildings, housing estates, and industrial parks) in order to achieve the goal
of providing fixed broadband to all households.

SUpgrading Telecommunication Infrastructure Project to Drive the National Economy, GIS data NBTC, 2017
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2" Target: By 2022, itis purposed that every village will have access to fixed
broadband speeds greater than 100 Mbps, and by 2027, fixed broadband speeds of
atleast 1 Gbps will be available in the municipality, economic zone, public utility,
and learning center.The average download speed of fixed broadband connections
in urban areas is currently 1977 Mbps. However, some urban households continue
to use copper and coaxial cables. To meet the speed requirement, they should be
replaced with fiber optic networks. Additionally, fixed broadband download speeds
in 44,352 rural villages covering remote (Zone C) and border (Zone C+) areas are
currently set at 308 Mbps. Additionally, 10,000 villages connected to the internet via
the “Village Broadband Internet Project” can do so at download speeds of up to 100°
Mbps. To achieve the target, the fiber optic network’s speed in Zone C and Zone C+
will be increased to achieve the 100 Mbps target by 2022.

’Speedtest, Ookla, 2020
8Loc. cit.
°Loc. cit.




Giga Thailand Infrastructure White Paper

3 Target: By 2022, the target is to increase household fixed broadband
penetration to more than 70% of the total, and to more than 80% by 2027.
It also aims to increase fiber to the home (FTTH) penetration to 50% of
households by 2022, and to 75% by 2027. At the moment, fixed broadband
penetration is 51.5%'° among households and FTTH penetration is 30%" among
households. By 2027, an additional 28.5%, or approximately 6.5 million households,
will be connected to meet the fixed broaband penetration target. The additional
households mentioned above may include those living in areas without fixed
broadband internet coverage, low-income households, and households that rely
entirely on mobile internet. Moreover, FTTH penetration is expected to increase by
45%, or around 10 million households by 2027, as FTTH technology is the primary
technology for fixed broadband development in Thailand. It is expected to grow
rapidly in the future and eventually replace other wired technologies, which tend
to decrease in usage.

1°Thai Telecom Industry Database, NBTC, 2020
"Loc. cit.
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4" Target: By 2022, the goal is to reduce fixed broadband service prices to
2.5% of GNI per capita, and to less than one percent of GNI per capita by 2027.
Thailand's fixed broadband prices currently amount to 2.8%"“ of gross national
income per capita, or 544" THB per month. To achieve the goal of 1% of GNI per
capita by 2027, fixed broadband service prices must be reduced by 1.8% of GNI per
capita or approximately 281 THB per month. As a result, the target monthly fee for
fixed broadband is around 263 THB.

5t Target: By 2027, the goal is to expand the Thai digital economy
contribution level at 25% of the Thai GDP. In 2017, Thailand'’s digital economy
contribution level was 17%'" of the Thai GDP. To accomplish the 2027 target, an
additional 8% of investment value from digital and e-commerce sectors will be
necessary. On a global scale, the definition and methodology for valuing digital
economy activities are currently under research and development.

2Calculation from GNI per Capita, World Bank, 2020
BCalculation from ARPU and market share of each operator in fixed broadband, NBTC, 2020
“Digital Ecosystem Report, BOI, 2020
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The Guidelines of Policy and Governance
Implementation under Giga Fiber

Development Goals

The transparent and fair infrastructures sharing must be promoted and
regulated to accelerate the network deployment. Particularly, in the rural
areas, the coverage expansion to household through FTTH technology of
existing fiber optic network shall be prioritized. For network deployment, the
infrastructure sharing can reduce redundancy costs and installation time. The open
accessibility and price should be regulated and applied to cover electrical poles,
underground ducts, fiber optic cables and networks (last-mile connectivity, and fiber
pre-deployment in private areas such as residential buildings, office buildings,
housing, and industrial estates). For rural areq, the existing fiber optic network
established as part of the "Upgrading Telecommunication Infrastructure Project to
Drive the National Economy” should be expanded to include individual households
and other critical locations via FTTH technology.

Fiber optic networks shall be commonly deployed in municipal areas,
replacing copper and cable networks to enable gigabit-speed connectivity. To
achieve rural area speed targets, the capacity of the existing fiber optic network
should be increased to at least 100 Mbps. The low average broadband speeds in
municipal areas are a result of copper and cable technology’s inability to achieve
the high speeds. As a result, legacy technology, particularly in private areas, should
e phased out in favor of fiber optic technology in order to support the internet
connection at 1 Gbps. Fiber pre-deployment in private areas shall be made available
via the map-based infrastructure sharing support system to other service providers
(Infrastructure Atlas System). Rural areas can achieve speeds of greater than 100
Mbps by retrofitting the network configuration or upgrading the GPON technology in
accordance with the ITU's roadmap. Additionally, a broadband monitoring system
should be implemented to track the network’s expansion and quality.
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Apart from accelerating municipal fiber optic network expansion, the
country’s overall fixed broadband penetration rate should be increased by
increasing the number of fixed broadband subscribers, particularly in
non-municipal areas. For municipal areas, the number of connections will be
able to grow rapidly as operators may accelerate network expansion for coverage
through infrastructure sharing, particularly fiber pre-deployment in private areas.
Internet utilization should e increased in rural areas by encouraging residents to use
internet-based applications that enhance the quality of life. This will not only
increase the number of fixed broadband users, but also has the potential to
alleviate the digital divide.

Cost reduction policy such as infrastructure sharing may effectively
support operators in lowering their internet service charges. Meanwhile,
low-income subscribers, especially those in rural areas may need a subsidy
supported by USO fund to get access to internet at a lower cost.

The Investment and expenditure in the digital economy as well as
productivity in the digital industry shall be increased to achieve the target level

of digital economic growth and contribution to GDP.
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GPON, XG-PON, IPv6, Wi-Fi 6, DWDM, digitalized Quick ODN technology, and
regulation compliance tools under the map-based system are the necessaries
and technologies that can support the adoption of gigabit-speed broadband.
The following details are included:

1) GPON Technology: While
fixed broadband providers are currently
using GPON technology to provide
gigabit broadband, operators may
need to upgrade to XG-PON technology
in accordance with the ITU's roadmap
increase speed and also to replace
legacy copper and coaxial cable
technology.

2) IPv6: IPVv6 connectivity is
required to expand the ability to
handle exponentially growing device
connections that exceed the IPv4-
based IP address limit. Due to the fact
that IPv6 connections can support a
significantly greater number of devices
than IPv4 connections and other benefits,
service providers should implement an
IPv6 transition strategy.

3) Wi-Fi 6: It will be capable of
transmitting data at a higher rate
than Wi-Fi 5, connect more devices and
significantly lower the latency, thereby
enabling gigabit connections to end
devices.
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4) DWDM technology: It is a technology &
for transmitting signals of varying wavelengths
across fiber optic cable. The technology will
increase the bandwidth and data transmitted in
order to increase the speed of data transmission.
It can enable data transfer rates of up to 20 Tbps
per system, or more, significantly increasing the

capacity of the core network.

5) Digitalized Quick ODN: DQ ODN can
reduce the time required to connect fiber optic
cables to end-users in last-mile connections.
Implementing pre-connectorized ODN (Optical
Distribution Network) devices could eliminate
the requirement for on-site splicing. Additionally,
a management system is also included, which
makes it easier to record complex ODN data.

6) Regulation compliance tools under p
the map-based system: Policy and regulation ’

innovation is critical to ease the massive
deployment of fiber optic cables for example,

the first is the Infrastructure Atlas System,

which facilitates infrastructure sharing.
Secondly, the Broadband Monitoring System,

which monitors fiber optic network expansion *-‘
and the quality of broadband internet service ‘
nationwide. k
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Operation Plans

The operation plans for developing fixed broadband networks are
divided into four major categories: 1) Increasing the regulation of infrastructure
sharing 2) Advancing regulatory policies as well as establishing standards for fiber
pre-deployment in private areas 3) Mitigating digital divide 4) Developing the
regulation supporting systems and a mechanism for promoting the use of related
technology.

| Activities 2 Stakeholders

A o, oo
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0 = reneeree g ¥ X 7d0U. Badna
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Figure 2: Operation Plans to Drive The Development of Fixed Broadband Networks in Thailand
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Infrastructure sharing regulations are composed of three components:
1) establishing an information center to consolidate the fundamental
utility projects and plans 2) considering to improve the governance regulations
regarding to the reference pricing regulation on underground duct rental
rates. 3) considering to strengthen the regulation of open access to fiber optic
networks for other service providers in private areas. The following are the details of
regulations in each aspect:

+ The NBTC should establish an information center for collecting and sharing
data on infrastructures as well as fundamental utility projects and plans. This
information center will be used to facilitate coordination between infrastructure
and utility agencies, as well as telecommunications operators, in planning for the
expansion of infrastructure utilities and telecommunications infrastructures.

¢ The NBTC considers ways to improve the regulation of underground duct
rental rates by utilizing reference rates, researching appropriate standard calculations
such as LRIC+, and calculating the reference rate. To assist operators in migrating
communication cables financially through funding or tax deductions, the NBTC
will collaborate with the ONDE and other funds, including the Digital Economy and
Society Development Funds (DES Funds), the Broadcasting and Telecommunications
Research and Development Fund for Public Interest (BTFP), and the Environmental
Fund.

+ The NBTC considers to improve the regulations of open-access fiber optic
networks in private areas on price regulation by regulating the method of rental
rate calculation and intensely reviewing the operator’'s RAO in terms of service level

agreements (SLAs) and penalties to ensure fairness and practicability.
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Advocating for private area fiber optic network installation policies and
standards includes the following: 1) advancing the fiber pre-deployment
policy in private areas 2) establishing standards for the design, installation, and
acceptance of fiber pre-deployment in private areas, as well as establishing a
reference budget. The following are the details of governance in each area:

¢ The NBTC, in collaboration with ONDE, promotes and launches policies
governing fiber optic cable networks. Particularly for new building constructions,
as building owners or real estate developers are required to establish the fiber
network while obtaining approval for their new building constructions. To
advance the policies, NBTC and ONDE will collaborate with related government
organization for example the Building Control Bureau, the Department of
Public Works, and town & Country Planning to develop ministerial regulations and
submit them to the Building Control Committee for consideration and
approval in accordance with the Building Control Act B.E. 2522. Under Section
8 Public Work Department under Bangkok Metropolitan Administration and
local government organization in big cities to develop the local ordinance.
Additionally, NBTC and ONDE will promote collaboration between operators
and real estate developers in order to establish a financial mechanism or tax
deduction system to assist with the installation of fiber optic cable networking
in existing buildings. The regulation on open access in private areas will apply to
existing buildings that have already installed fiber optic networks.

¢ The NBTC, in collaboration with related organizations for example the
Department of Public Works and the town & Country Planning and Engineering
Institute of Thailand, conducts research and establishes standards for the design,
installation and acceptance of fiber optic cable network projects in private areas,
as well as calculating the fiber installation cost for industry’s reference.
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The mitigating digital divide is categorized as 1) expanding fixed broadband
access hetwork coverage to government agencies and rural households via FTTH
technology 2) Encourage the use of fixed broadband. The details of activities are
as follows:

¢ The Bureau of General Telecommunications and Social Services should
expand the coverage of existing fiber optic network in villages to connect important
government agencies, the individual households by using FTTH technology to meet
the needs of both ease of access and speed.

+ The Bureau of General Telecommunications and Social Services should
promote and expand the use of fixed broadband by 1) collaboratively working with
relevant government agencies to create contents and facilitates the use of useful
applications such as electronic education systems, remote medical service systems,
electronic administrative office and electronic commerce systems; 2) organizing
information and communication technology (ICT) training in collaboration with
local administrative organizations; and 3) considering providing financial support to
subsidize installation costs, monthly service fees, and equipment costs as needed.

The establishment of a system to support and encourage the adoption of
related technologies entails 1) the acquisition of a map-based infrastructure
sharing support system; and 2) the acquisition of a map-based broadband
monitoring system. The following are the details in each system:

+ The NBTC shall consider acquiring a map-based system to facilitate
infrastructure sharing. The initial data can import from NBTC's existing database.

¢ The NBTC shall consider acquiring a broadband monitoring system for
tracking the progresses of fiber optic network expansion and the quality of
broadband across the country.
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The NBTC should promote the adoption of IPv6 technology in order to
increase the capacity of IP addresses and encourage operators to educate
consumers about the benefits of Wi-Fi 6. The NBTC should stimulate the use of
capable technology of enabling gigabit broadband, including IPv6 and Wi-Fi 6.

For IPv6, NBTC should encourage information technology-related associations
to host seminars to share knowledge and methods for transitioning from IPv4 to
IPv6.

For Wi-Fi6, telecommunications operators should raise awareness of the
benefits of Wi-Fi 6 in order to optimize the use of fixed broadband capable of gigabit
speeds via media such as infographics.




Introduction

Presently, the digital economy is growing,
and it has become the primary driver of the
global economy. In 2016, the value of the digital
economy was estimated to be at 15.5% of the
global economy. and the value of the digital
economy is anticipated to increase and is
expected to reach 24.3% of the global economy
by 2025™. As the development of digital
infrastructure is necessary for the economic
and social development of a country to be in a
sustainable way, investing in digital technology
will increase the country’s productivity and
result in an increase in Gross Domestic Product
(GDP). According to a study on how digjitization
affects GDP in OECD and non-OECD countries,
a 10% increase in digitization results in a 1.35%
increase in OECD countries” GDP and a 1.04%°
increase in non-OECD countries’ GDP. Additionally,
the long-term return on digital technology
investments is greater than the return on
non-digital investments, which accounted for
6.7 times" the return on digital technology
investments. Blockchain, data analytics, artificial
intelligence, 3D printing, the internet of things,
automation and robotics, and cloud computing®
are all recent trends in digital technology.

®Digital spillover report, Oxford Economics and Huawei, 2018

How broadband, digitization and ICT regulation impact the
global economy report, ITU, 2020

7Oxford Economics and Huawei, loc.cit.

8Digital economy report, UN, 2019
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Percentage of Digital Economy in Global How Internet Speed Impact on GDP Growth

The increasing of internet speed, the increasing of GDP.
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Source: Oxford Economics and Huawei (2017), ITU (2020)

Figure 1-1: The Importance of Developing Digital Infrastructure for GDP and The Economy.

The growth of the digital economy increases demand for internet broadband
and reveals a greater new internet broadband requirement forincreased bandwidth,
speed, and decreased latency. Adoption of new digital technologies necessitates
the development of internet broadband infrastructure capable of supporting
gigabit fiber connectivity for businessenterprises for instance, businesses
can improve their efficiency by implementing new digital innovations in real time
on their business and production processes. Additionally, it enables consumers to
access high-bandwidth applications such as augmented reality/virtual reality, 4k
and 8k high-definition video, cloud gaming, cloud storage, cloud computing, remote
learning, and telemedicine. Additionally, gigabit fiber speeds the development of
new products, services, and business models.

According to a study on the relationship between broadband speed and GDP
growth in European Union (EU) member states, a 1% increase in countries with less
than 100 megabits per second (Mbps) results in a 0.015 percent increase in GDP,
while a 1% increase in countries with ultra-fast broadband speeds greater than 100
Mbps results in an incremental increase of 0.004-0.005 percent in GDP™.

19Oxford Economics and Huawei, loc.cit.
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As a result, it demonstrates unequivocally that increasing the speed of internet
broadband has a beneficial effects on the digital economy and GDP. Gigabit fiber is
critical for sustainable development, particularly when developed extensively and
comprehensively, as it enables the development of new innovations and digital
ecosystems such as smart homes, smart manufacturing, and smart cities.

Smart City
Smart Government W

Social Media \ ’ Cloud Gaming
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Figure 1-2: The Importance of Developing Giga Broadband via Fiber Optic
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2 The Globally Development
Trends of Fixed Broadband

2 'I Global Market Trends and Direction of Fixed
([ ]

Broadband Internationally

Fixed broadband is an internet service with a minimum download speed
of 256 Kbps that can be delivered via wireline or wireless technologies such as
copper, coaxial, or fiber optic cables, as well as fixed wireless broadband. By 2020,
there will be 1,195 million fixed broadband subscribers worldwide, equating to
a 58% household penetration rate. By 2025, fixed broadband subscribers are
expected to reach 1,334 million worldwide, or 62% of households®.

Global Fixed Broadband Subscriptions Forecast
Unit: Subscribers (millions)

- 0 -
1,400 619 61% 62% 70%

1,200 A 1 60%

1,000 A 1 50%
800 A 1 40%
600 - 1 30%
400 - 1 20%

200 A 1 10%

0 +4

0%

2017 2018 2019 2020 2021F 2022F 2023F 2024F 2025F

Source: OMDIA (2017-2025) mmm Total subscription =~ —e=Penetration by household

Figure 2-1: The Number of Fixed Broadband Subscription Globally

2Broadband technology forecast, OMDIA, 2016-2020
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for fixed broadband, the most widely used technology is FTTH/B which is
expected to be a significant technology in the future as well. By 2020, 57% of fixed
broadband users will be using FTTH/B technology, up from 57% in 2017. Thus, it
is expected to reach 63% of fixed broadband users by 2025, growing at a 3.73%
compound annual growth rate, while cable modem technology continues to
decline at a 1.31% compound annual growth rate. As xDSL technology is phased out
in favor of fiber optic connections, its market share will undoubtedly decline at an
8.7%* eight-years CAGR.

Global Fixed Broadband Technology Migration

% -
100% 4% T3% 4% 4% 4% 4% [ 5% | | 5% | [ 5% |
90% -
) 25% 22% 20% 18% 17% 16% 15% 14%
80% - 29% °
70% -
60% -
50% 1 9 59% 61% 62% 63%
47% o2 55% >7% ’ ’ ’
40% A
30% -
20% -
10%
0% . . . . . . . .
2017 2018 2019 2020 2021F 2022F 2023F 2024F 2025F
Cable modem mFTTH/B xDSL m Others
« CAGR of cable modem is -1.31% = CAGR of FTTH/B is 3.73% = CAGR of xDSL is -8.70%

Source: OMDIA (2017-2025)

Figure 2-2: The Proportion of Used Technology in A Fixed Broadband

2 World fixed subscription forecast, OMDIA, 2020-2025
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2 2 The Growth of Fiber Optic
[ ]

Broadband in International Countries

Fiber optic broadband is a critical technology for fixed broadband now, and
it is likely to continue to be a significant technology in the future. According to a
study on the growth of fiber optic broadband connectivity between developed and
developing countries, both have seen a noticeable increase in fiber optic network
coverage. Japan, Sweden, Spain, New Zealand, and France were designated as
developed countries, while Singapore, the United Arab Emirates, Chinag, South Koreg,
and Vietham were designated as developing countries?? due to their leadership in
fiber optic broadband.

The study states, household penetration of fiber optic broadband has
been higher in developing countries in the last five years than in developed
countries since 2017. Additionally, it is anticipated to continue increasing in the future.
Developed countries continue to rely on legacy technology, such as copper and
coaxial cables, to connect to the internet. Nonetheless, developed countries have
been transitioning from legacy technology to fiber optics over the last five years,
resulting in the continuous growth of fiber optic networks both now and in the future.

Fiber Subscription Forecast (Percentage by Household) Fiber Subscription Forecast (Percentage by Household)

in Developed Countries in Developing Countries
120% -+ 120% 1 Avg = 98%

Avg = 78%

100% | 100% &
Avg = 81%

80% 1 ; 80% -

Avg = 37%
60% 60% |

40% A 40%

20% A 20% -

0%

0% - T T T T T T T T ] T T T T T T T T ]
2017 2018 2019 2020 2021F 2022F 2023F 2024F 2025F 2017 2018 2019 2020 2021F 2022F 2023F 2024F 2025F

—e—Japan =—e=Sweden =—#=Spain New Zealand —e=France —e—Singapore —e—=UAE =e—China South Korea =—e=Vietnam

Source: CAICT (2020), FTTH Council MENA (2016-2019), GSO’s Vietnam (2020), IMDA(2016-2020),
MIT’S Vietnam (2016-2019), National Statistic in each countries(2016-2020), OECD (2016-2020), OMDIA (2020-2025)

Figure 2-3: The Growth of Fiber Penetration by Household in Developed and Developing Countries

2World Economic Situation Prospects, UN, 2020
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Targets of Fixed Broadband
Development in International Countries.

2.3

Due to the development advantages of fixed broadband, both developed and

developing countries are concentrating their efforts on the development of digital
infrastructures. The following are some examples of European Union countries that
have established targets and plans for fixed broadband expansion:

The National
Broadband Plans

Europe Strategy 2020 and The Gigabit
Society for 2025

Broadband Targets

2020: 100% Europeans households access to fast broadband (> 30 Mbps)
2025: 100% European households, rural or urban, should have access to connectivity offering a download
speed of at least 100 Mbps

The France National Program for Very
High-Speed Broadband Plan

2022: 100% of home access to the high-speed broadband (> 30 Mbps) and 80% optic fiber
2025: 100% of home access to the optic fiber

Gigabit Initiative for Germany (2018-2025)

2018: 100% households access to fast broadband (> 50 Mbps)
2019: 100% business parks with fiber connections
2025: Establishes a coverage gigabit-ready infrastructure

The Sweden Broadband Strategy (2016-
2025)

2020: 95% households and companies access to broadband (> 100 Mbps)
2025: 100% households and companies access to high-speed broadband (> 1 Gbps)

The Ireland National Broadband Plan
‘ (2019-2026)

2026: All premises access minimum download speed of 150 Mbps and fiber will cover 96% in Ireland’s mass

The Hungary National Digitization Strategy
(2020-2030)

2020: 100% Broadband coverage with average speed of 30 Mbps
2030: 95% households covered by gigabit network

Digital Spain 2025

2025: 100% population access high-speed broadband (> 100 Mbps)

Source : European Union website

Figure 2-4: Examples of The EU Countries’ Fixed Broadband Development Goals

The European Union has developed “The Strategic Plan 2020 and The gigabit
Society for 2025,” with the goal of covering all households with fixed broadband
speeds greater than cz30 Mbps by 2020 and greater than 100 Mbps by 2025.

France has developed “The France National Program for Very High-Speed
Broadband,” with the goal of covering all households with fixed broadband speeds
greater than 30 Mbps and expanding the fiber optic network to cover 80% of
households by 2022. By 2025, it intends to extend fiber optic to cover 100% of
households.

Germany has developed “The Gigabit Initiative Plan” with the goal of covering
all households with fixed broadband speeds greater than 50 Mbps by 2018 and
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all business parks with fiber optic broadband by 2019. The goal for the future is to
develop gigabit broadband infrastructure nationwide within 2025.

Sweden has developed "The Sweden Broadband Strategy”, which aims to
provide fixed broadband speeds of at least 100 Mbps to 95% of households by 2020,
and to provide broadband internet speeds greater than 1 Gbps to all households
by 2025.

Ireland has developed “The National Broadband Plan,” which aims to provide
fixed broadband download speeds of at least 150 Mbps to all premises and to
expand fiber optic to cover 96% of the country by 2026.

Hungary has developed “The National Digitization Strategy Plan” with the
targets of providing fixed broadband speeds at 30 Mbps to cover nationwide by 2020.
within 2030, it is expected to expend gigabit network to cover 95% of households.

Spain has developed “The Digital Plan” with the targets of providing fixed
broadband speeds higher than 100 Mbps to cover all the population by 2025. In
addition, the following are some examples of fixed broadband development targets
and plans for Asian countries:

The National

Broadband Plans Broadband Targets

2021: Giga cities > 20 cities, Giga fiber covering 200M family, 10G-PON port > 5M ports, Giga subscribers >
China Dual Giga Initiative 10M, 5G new sites 600k sites

2021-2023 2025: Giga cities > 100 cities, Giga fiber covering 400M family, 10G-PON port > 10M ports, Giga subscribers
> 30M, 5G new sites most villages

2021: 500 Mbps covering specific areas in the capital and provincial
Malaysia Vision 2030 2023: 98% population access an average speed of 30 Mbps and 100% gigabit coverage of national industrial
parks

2012: 50% Fiber coverage of households and businesses

Singapore National Broadband Plan 2015: 95% Fiber coverage of households and businesses

2022: 100% villages access to broadband internet (50 Mbps)

India National Broadband Plan 2024: Increase 3 million routes of optical fiber cable

2022: Complete national fiber-optic networks

Japan National Broadband Plan 2024: 480,000 households in rural areas and remote islands access fiber optic networks

Turkey National Strategy Plan (2019- 2023: 100% households access to broadband (> 100 Mbps) and 20% households access to high-speed
2023) broadband (> 1 Gbps)

=
[ ]

2020: 1,250 villages in rural areas connect to the fiber optic
Kazakhstan National Broadband Plan 2022: 97% population access to high-speed broadband internet
2023: Roll out 5G in all regional centers of the country

Source : Oxford Business Group, The Japan Times, The Government of Kazakhstan, and The Economic Times

Figure 2-5: Examples of The Asian Countries’ Fixed Broadband Development Goals
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China has developed “The Dual Giga Initiative Plan” with five targets by 2021
as following: 1) Gigabit cities will expand to 20 cities 2) Gigabit fiber optic network
will cover to 200 million households 3) XG-PON ports will be increased more than
5 million ports 4) Gigabit subscribers will increase to 10 million households and
5) The 5G network will be expanded to 600,000 sites covering districts and some
rural areas. Furthermore, the country has established the following five targets
for 2025: 1) Gigabit cities will expand to 100 cities 2) Gigabit fiber optic network will
cover 400 million households 3) XG-PON ports will be increased to 10 million ports
4) Gigabit subscribers will increase to 30 million households and 5) 5G network will
cover all villages.

Malaysia has developed “The Economic Development Plan” with the targets
of providing fixed broadband speeds at 500 Mbps to cover specific areas in the
capital and provincial by 2021. By 2023, fixed broadband speeds at 30 Mbps will cover
98% of the population and gigabit network will cover all national industrial parks.

Singapore has developed “The Intelligent Nation Plan” (iN 2015) with the goal of
covering 50% of households and businesses with fiber optic by 2012 and covering
95% of households and businesses with fiber optic by 2015.
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India has developed “The National Broadband Plan” with the targets of
providing fixed broadband speeds at 50 Mbps to cover 100% of all villages by 2022
and increasing 3 million routes of fiber optic cable by 2024.

Japan has developed “The National Broadband Plan” with the targets of
implementing national fiber optic network by 2022 and covering 480,000
households in rural areas and remote islands by 2024.

Turkey has developed “The National Digital Development Plan” with the
targets of providing fixed broadband speeds higher than 100 Mbps to cover all of
households and higher than 1 Gbps to cover 20% of households by 2023.

Kazakhstan has developed “The National Vision Plan” with the goal of
covering 1,250 villages in rural areas with fiber optic networks by 2020. By 2022, it
plans to cover 97% of the population with high-speed fixed broadband, and by 2023,
it plans to roll out a 5G network in every region of the country.
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Thailand’s Current State of Fixed
Broadband Service

3.] Thailand’s Fixed Broadband Market

3.1.1 Fixed Broadband Penetration Rate

Thailand's fixed broadband market has grown rapidly over the last five years.
According to the National Broadcasting and Telecommunications Commission
(NBTC), fixed broadband penetration by population was 17%% in 2020 and fixed
broadband penetration by households was 51.5%%*, representing a 12% four-year
CAGR. The total number of fixed broadband subscribers grew by 14%, from 10.11
million subscribers in 2019 to 11.5% million subscribers in 2020, resulting in a higher
fixed broadband penetration rate. Furthermore, fiber to the home (FTTH) penetration
continues to grow, reaching 30%2° of households in 2020, up 28% from the previous
year. However, according to topic 2.2, FTTH penetration in Thailand remains low in
comparison to both developed and developing countries. As a result, Thailand will
need to increase FTTH penetration in the future.

D

@aﬁ

ZThai Telecom Industry Database, NBTC, 2020
2Loc. cit.

%Loc. cit.
%Loc. cit.
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Thailand’s Fixed Broadband Penetration Rate

4-YR CAGR:12%

(Unit: %)
60.0% -

40.0% A

18.71%
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0.0%
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B FBB penetration by HH B FTTH by HH FBB penetration by population
Source: Thai Telecom Industry Database from NBTC (2020)

Figure 3-1: Thailand’s Fixed Broadband Penetration and FTTH Penetration

3.1.2 Fixed Broadband Subscribers by Technology

According to NBTC data, there were 11.5%7 million fixed broadband subscribers
in 2020, up 14% or approximately 1.4 million subscribers from 2019, as fiber optic
networks expanded coverage in areas where xDSL technology was not available.
Additionally, new normal customer behavior and price competition promote
increased fixed broadband usage, resulting in an increase in fixed broadband
subscribers. Thailand’s fixed broadband subscribers diving by types of technology
indicate that fiber optic subscribers have grown steadily since 2016 to 6.7 million
subscribers in 2020, representing a 39% of four years CAGR. While xDSL subscribers,
cable broadband subscribers, and others have decreased by more than 0.58
million since 2016, bringing total xDSL subscribers to less than 4 million in 2020.
As a result, fiber optics is expected to grow in popularity in the future. Due to its
proclivity to supplant older technologies whose usage is dwindling, it is @
significant technology in the growth of the fixed broadband market.

27TTID, NBTC, 2020
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Thailand’s Fixed Broadband Subscribers by Technology

(Unit: Million subscribers)
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Figure 3-2: Thailand's Fixed Broadband Subscribers by Technology

3.1.3 Fixed Broadband Service Prices of GNI per Capita

In 2020, fixed broadband service prices were 2.83% of GNI per capita based
on the average ARPU of each service provider and their market share in the fixed
broadband market?®. Figure 3-3 indicates that fixed broadband prices decreased
by 0.6%, is compared at 3.42% of GNI per capita in 2017 to 2.83% by 2020, since
fixed broadband coverage has expanded and price competition has intensified.
Therefore, fixed broadband prices have decreased and are expected to decrease
in the future continually

Thailand’s Fixed Broadband Services Price of GNI per capita
(Unit: %)

5.00% 1

4.00% -

3.42%

3.00% A

2.00% A

1.00% -

0.00% -
2017 2018 2019 2020

Source: GNI from NESDC (2020)

Figure 3-3: Thailand's Fixed Broadband Service Prices of GNI per Capitall

28Fixed broadband market share, NBTC, 2020
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3.1.4 Digital Economy Contribution to GDP

According to the Board of Investment’s (BOI) Digital Report 2019, Thailand's
digital economy contributed 17% of GDP in 2017. It is expected to reach 25% by 2027
as a target in Thailand Digital Economy and Society Development Plan (2018 -
2037). However, the concept and meaning of the digital economy are still being
researched and developed at the international level in light of current circumstances.
Additionally, Thailand is in the process of standardizing its framework for measuring
the digital economy.

Thailand’s Digital Economy Contribution to GDP

25%

25% A

20% A

15% - . ) .
Note: Thailand is developing a
standard for calculating the digital

economy contribution to GDP.
10% A

5% -

0% -

T
2017 2027E
Source: BOI report(2020) and The National'Digital Economy and Society Development Plan (2018-2037)

Figure 3-4: Thailand’s Digital Economy Contribution to GDP and Target

3.1.5 Fixed Broadband Speed

According to Ookla’s Speedtest.net, Thailand’'s average fixed broadband
download and upload speeds were 191.16 and 150.52 Mbps respectively, with
an 8-millisecond latency in December 2020. When compared to June in 2020,
Thailand’s average speed and latency have improved. They are expected to
continue to improve in the future.
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Thailand’s Fixed Broadband Internet Speeds (2020) Price and Speed Download/Upload
(Unit: Mbps) (Unit: ms) (Unit: THB/month)
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Sources: Speedtest by Ookla (2020), 3BB (2019-2021), and True (2018)

Figure 3-5: Thailand’s Fixed Broadband Speeds and Price Plans

Since 2018, Thailand has offered a fixed broadband internet package with
download speeds 1 Gbps at a monthly cost of up to 2,999 THB. However, as
technology improved and fiber optic network coverage expanded, the number of
fiber optic subscribers has increased. As the market for fixed broadband internet
confronts in price competition, the price for fixed broadband internet packages
decreased to 1,200 THB per month in 2021. In addition, the upload speeds were raised

to 1 gigabit per second. Fixed broadband prices are expected to decline in the future.
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Density of Fiber Optic, Copper,
3.2

and Coaxial Cable

Thailand’s fixed broadband service is available via fiber optic, copper, or
coaxial cable. During 2012-2020, total cable installation permission for fiber
cable, copper cable and coaxial cable are 988,993, 10,039 and 15,113 Kilometers
respectively. Bangkok, Nakhon Ratchasima, Chonburi, Chiang Mai, Khon Kaen, Pathum
Thani, Phitsanulok, Songkhla, Surat Thani, and Nonthaburi®® are the top 10 provinces
in Thailand with the highest density of fiber optic network. Khon Kaen, Chiang Mai,
Bangkok, Nakhon Ratchasima, Sakon Nakhon, Roi Et, Nonthaburi, Sukhothai, Chiang
Rai, and Lamphun?®® are the top 10 provinces with the highest density of copper
and coaxial cable. These provinces have a high population density and a high
household density per areq, indicating a high demand for fixed broadband internet.
As a result, fiber optic, copper, and coaxial cable have a high density.

Average Download Speeds Fiber Density (core-km) Copper and Coaxial Cable (km)

P $
W 2 !

4
) = Top cities high download ’
speed (260-462 Mbps) are = Top cities with high = Top cities with high
1. Phrae fiber density copper & coaxial density
; 2. Sing Buri 1. Bangkok 1. Khonkaen
* 3. SaKaeo . 2. Nakhonratchasrima 2. Chiangmai
s 4. Kanchanaburi : 3. Chonburi 3. Bangkok
Y \) 5. Ranong * 4. Chiangmai 4. Nakhonratchasrima
"‘ 6. Phang-nga 5. Khonkaen Unit: Km 5. Sakhonnakorn
7. Nan O e ai2 \ 6. Pathomthani 6. Roi-et
Q4-2020 8. Uttaradit ‘ 7. Phitsanulok 7. Nontaburi
Mean download (Mbps) 9. Phuket 1228811.257 8. Song Khla 8. Sukhothai
o1 10.Lopburi 9. Suratthani 9. Chiangrai
0 462 11.Bangkok S 10. Nontaburi 10.Lampoon

Source: Speedtest by Ookla (2020), NBTC

Figure 3-6: Thailand’s Density of Fiber Optic, Copper, and Coaxial Cable

2°Calculating from the distance of fiber optic multiply with number of installed cores, NBTC, 2020
Calculating from the distance of copper and coaxial cable multiply with number of installed cores, NBTC, 2020
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Each province in Thailand has an average download speed of 180 to 462 Mbps,
according to the fixed broadband internet download speed ranking. Phrae, Sing Buri,
Sa Kaeo, Kanchanaburi, Ranong, Phang Nga, Nan, Uttaradit, Phuket, and Lop Buri are
the ten provinces with the fastest average download speeds, while Bangkok ranks
11th®. The following reasons explain why the ten provinces with the highest density of
fiber optic networks are not in the top 10 for download speed: 1) high traffic volume
but limited capacity 2) operators are unable to deploy fiber optic networks in the
numerous high-rise buildings and private areas of major cities, preventing users
from accessing gigabit speeds. 3) in those large cities, fixed broadband access via
legacy technologies such as copper and coaxial cable is still available.

3 3 Thailand’s Internet Bandwidth
o

3.3.1 Internet Bandwidth Volume

According to statistics on Thailand's internet bandwidth usage from the NBTC
and the National Electronics and Computer Technology Center: NECTEC, internet
bandwidth usage has increased rapidly over the last two decades, particularly for
international internet bandwidth usage. Since 2017, international internet bandwidth
consumption has exceeded domestic consumption due to increased demand for
content from major content and cloud providers with servers in other countries,
such as Google, Facebook, Amazon, and Microsoft.

By the end of 2020, Thailand’s international internet bandwidth was 14.1 Tbps,
while domestic internet bandwidth was 9.1 Tbps, a ratio of 60:40 approximately.

3
EXELES

SThailand internet speed, Speedtest by Ookla, 2020
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Thailand’s Internet Bandwidth
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Internet Bandwidth Growth Rate

Figure 3-7: Thailand's Internet Bandwidth and Its Growth Rate in The Asia Region and Globally

According to Thailand's internet bandwidth growth rate over the past 5 years,
the domestic internet bandwidth growth rate was 22%, while the international
bandwidth growth rate was 42%. However, Thailand's international bandwidth
growth rate remained lower than that of Asia and global, which were 47% and 53%,
respectively.

3.3.2 The Usage Volume of International Internet Bandwidth per User

The volume of international internet bandwidth is a proxy for user growth and
the evolution of a country’'s broadband internet access. International internet
bandwidth per internet user is one of the indicators used to determine the ICT
Development Index: IDI ranking, specifically in the section on ICT Access.
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International Bandwidth / internet User

Unit: Mbps
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Figure 3-8: Comparing The International Bandwidth per Internet User

According to figure 3-8, the international internet bandwidth per user in
Thailand is 285 Mbps at present, which is comparable to Vietham and Malaysia.
However, Thailand's international internet bandwidth growth rate has risen at a
CAGR of 23%, which is lower than that of Vietnam, Singapore, and Malaysia, which
have increased at CAGRs of 30%, 31%, and 36%, respectively. Singapore has had
incredibly high international internet bandwidth per internet user for the past 5
years and, it is still a growing continually.

In conclusion, as shown in a comparison of Thailand's international bandwidth
per internet user in the region, it was found that Thailand should accelerate the
improvement of ICT accessibility in order to boost the amount of internet bandwidth
usage.
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3.3.3 Internet Gateway Providers and Internet Exchange Centers

Presently, Thailand has 11 international internet gateway and 13 domestic
internet gateway service providers including internet Exchange Points (IXP), which
consist of internet service providers, fixed and mobile network operators.

Thailand’s Internet Bandwidth Internet Bandwidth Growth Rate
Unit: Th Domestic
nit: Tops Total number Capacity (Tbps)
3 2.46 237 e oo of Gateway end of 2020
2 1 : 1.50 1.46 é Domestic Internet Gateway : 13 9.1
1
0 T T T T T )
CSL-IX NT-IX AWN-IX Jastel-IX  TICC-IX (True)  Others - International Internet Gateway : 11 141
(CAT&TOT) it
Unit: Tops @ |nternational Internet Gateway : 9 285
International
6
4.25 X ) . . .
4 3.46 3.23 2.71 Most of the exchange points in Thailand are carrier transit
2 . . . 1.52 1.29 exchanges where no public peering is done between the connected
- [ | networks. BKNIX is the economy’s first neutral exchange point led
0 " " " " " by Thailand’s country code top-level domain, or ccTLD (.th)
AWN-IX Jastel-IIG NT-IX TICC-IIG DTAC-IIG Others ted by Thai Net K Inf tion Center (THNIC
(CAT&TOT) (True) operated by Thai Network Information Center ( ).
Source: NECTEC (as of May 2021) Sources: NBTC, NECTEC, PCH, IMDA

Figure 3-9: Comparing The International Bandwidth per Internet User

CSL, NT, AWN, Jastel, and TICC are Thailand's top 5 domestic internet gateways
by bandwidth capacity, out of a total of 13, the majority of which are fixed broadband
operators (except CSL). Their capacity accounts for approximately 80% of Thailand's
domestic capacity gateways, with a combined capacity of approximately 1.6 Tops
(Data updated as of May 2021).

Thailand currently operates 11 international internet gateways. The 5
International internet Gateways with the most bandwidth capacity are AWN,
Jastel, NT, TICC, and DTAC. They are all network operators, both fixed and mobile.
They account for more than 80% of Thailand's international capacity gateways, with
a combined capacity of approximately 16.5 Tbps (Data updated as of May 2021). As
the comparison between Thailand and Singapore on the volume of international
bandwidth usage, shows Thailand's international bandwidth is equivalent to 49%
of Singapore’s.
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Although there are many internet gateway service providers in Thailand, the
majority of internet Exchange Points in Thailand are for the exchange of information
between broadband internet service providers, rather than for the public exchange
of information between connected networks. BKNIX is the economy’s first neutral
internet Information Exchange Point (IXP) led by Thailand’s country code top-level
domain or ccTLD (th) operated by the Thai Network Information Center Foundation
(THNIC).

3 4 Indicators for The Development of Information
[ ]

and Communication Technology (ICT)

3.4.1 Network Readiness Index (NRI)

The Network Readiness Index (NRI) is a global indicator on the technology
readiness level and communication development, as well as the potential for
utilizing information and communication technology (ICT) in the public, private,
and government sectors. It is produced by the Portulans Institute. Thailand’'s NRI
was ranked 51 in the 2020 NRI report, with a total score of 53.45, an increase of five
places from 2019. Thailand, on the other hand, was ranked lower than developed
countries®? such as Denmark, the United States, the United Kingdom, and Japan,
as well as developing countries®® such as Singapore, South Korea, China, and
Malaysia. The NRI ranking performances are based on 4 pillars: Technology, People,
Governance, and Impact for example the impact on economy and the
impact on quality of life. In figure 3-10, Thailand ranks lower than the average of
Asia-Pacific region (APAC) in three pillars: Technology, People, and Impact. Therefore,
Thailand shall strengthen these three pillars in order to improve its readiness to use
information and communication technology.

$2Country Classification, UN, 2020
$Loc. cit.
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Network Readiness Index on 4 Pillars by Countries (2020)
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Figure 3-10: Thailand’s NRI Ranking Compared to International Countries

3.4.2 Global Connectivity Index (GCI)

The Global Connectivity Index (GCI) was conducted by Huawei to demonstrate
how digital transformation in the industrial sector is enhancing each country’

spotential, economy, and competitiveness Thailand’'s GCl was ranked 46™ in the 2020

GCl report, with a total score of 46, a three-place improvement over 2019. Thailand,
on the other hand, was ranked low in comparison to developed nations such as
the United States, Denmark, the United Kingdom, and Japan, as well as developing
nations such as Singapore, South Korea, China, and Malaysia. The CGI ranking is
based on their performance across four distinct pillars: Supply, Demand, Experience,
and Potential, each with ten sub-indicators, for a total of forty. Fixed broadband
service has four sub-indicators: FTTH Subscriptions, Fixed Broadband Subscriptions,
Fixed Broadband Affordability, and Broadband Potential. Thailand performs worse
than the average in three sub-indicators depicted in Figure 3-11: Fixed Broadband
Subscriptions, Fixed Broadband Affordability, and Broadband Potential. As a result,
Thailand's future competitiveness depends on strengthening these three indicators.
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Figure 3-11: Thailand’s GCI Ranking Compared to International Countries

3.4.3 World Competitiveness Ranking on Technological Infrastructures

The IMD’s World Competitiveness Ranking measures the worldwide
competitiveness of 64 economic areas. The IMD’'s World Competitiveness
Ranking 2021 employs criteria to classify 338 indicators into four pillars: 1) Economic
Performance (81 sub-indicators), 2) Government Efficiency (72 sub-indicators),
3) Business Efficiency (74 sub-indicators) and 4) Infrastructure (107 sub-indicators).
Thailand focuses on technological infrastructure indicators in the infrastructure pillar.

In 2021, it ranked 37™ on indicators of technological infrastructure, trailing
developed countries such as the United States, Denmark, the United Kingdom,
and Japan, as well as developing countries such as Singapore, China, South
Korea, and Malaysia. Thailand’s technological infrastructure ranking has fallen three
places since 2020, owing to a decline in public and private support for technology
development, as well as an increase in the cost of telephone service indicator4. As
a result, Thailand’s technological infrastructure needs to improve in order to support
increased utilization of digital technology infrastructure in the future as well as to
enhance the company’s future competitiveness.

3Summary of IMD World Competitiveness Ranking, The Secretariat of the Cabinet, 2021
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Figure 3-12: Thailand's IMD World Competitive Ranking on Technological Infrastructure
Indicators Compared to International Countries

Thailand is ranked in the middle of international countries on the NRI, CGl, and
Technological Infrastructure indicators. It must improve the NRI across three pillars:
1) technology 2) people, and 3) impact, as well as the GCI across three indicators:
fixed broadband subscriptions, fixed broadband affordability, and broadband
potential, as well as the World Competitive Ranking across technological
infrastructure indicators, in order to increase readiness for the use of information
and communication technology and to encourage increased utilization of digital

technology infrastructure. As a result, Thailand's global competitiveness will improve.
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3 5 Comparing Thailand’s Fixed Broadband
[ ]

with International Countries

Thailand has been steadily increasing the availability of fixed broadband
services. To improve its fixed broadband services, Thai telecommunications
statistics were compared to those of 20 selected countries on four pillars. The twenty
countries chosen are at the forefront of fiber optic network development in the
region, as follows: 1) France, the United Kingdom, Germany, Spain, and Sweden
are five selected European countries. 2) Republic of China (or China), South Koreq,
Japan, the United Arab Emirates, Singapore, Australia, and New Zealand are the
seven Asian countries selected. 3) The United States, Canada, Mexico, and Chile
are the four selected American countries. 4) Malaysia, Vietnam, Indonesia, and
the Philippines are the four ASEAN countries leading the deployment of fiber optic
technology. The following are the four pillars: 1) fiber penetration by households
2) fiber subscriptions growth rate 3) fixed broadband speeds and 4) fixed
broadband service price of GNI per capita (Gross National Income).

20 Selected countries

Fiber broadband Fiber broadband leading
5 leading countries in 7 countries in Asia & Oceania
Europe = China
= France = South Korea
= UK = Japan
= Germany i = UAE
= Spain s = Singapore
= Sweden I‘I == e} = Australia
. l = New Zealand
[ J
B= &
*
Fiber broadband = Neighboring countries
4 leading "’l r— 4 having potential FBB
countries in —] - development in ASEAN
America ’ = Malaysia
= USA . Vletnam_
= Canada = Indonesia
= Mexico L = = Philippines
= Chile ﬁ I -,

Figure 3-13: The Selected Countries for Comparing in Fixed Broadband with Thailand
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3.5.1 Comparison of Fiber Penetration by Households

In 2020, the fiber penetration by households in Thailand was 30%®°, while the
median of 20 selected countries was 33%°¢. Thailand has a lower fiber penetration

by households than the median of 20 selected countries, indicating that Thailand
should improve in this pillar.

Fiber Penetration by Household in 2020
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66% 649, 62%
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Sources: CAICT (2020), GSO’s Vietnam (2020), NBTC (2020), IDATE for FTTH Council MENA (2020), IMDA (201982020), MCMC (2020),
National Statistic Office in Each Country (2020), NTC’s Philippines (2020), OECD (2020), World Bank (2020)

Figure 3-14: Comparing Thailand’s Fiber Penetration by Households with International Countries

%Calculating from Thai Telecom Industry Database, NBTC, 2020

%6Calculating from 1) Fiber broadband penetration, CAICT, 2020 2) Fiber subscription, OECD, 2020 3) FTTH council
MENA - Panorama, IDATE Digiworld, 2020 4) ICT statistics and household data, National Statistic office in Each
Country, 2020 5) Telecom statistics, GSO’s Vietnam, 2020 6) Telecom statistics, IMDA, 2020 7) Telecom statistics,
MCMC, 2020 8) Telecom statistics, NTC's Philippines, 2020 9) Telecom statistics, World Bank, 2020 10) Thai Telecom
Industry Database, NBTC, 2020




m Giga Thailand Infrastructure White Paper

3.5.2 Comparison of the Fiber Subscriptions Growth Rate

Between 2019 and 2020, Thailand's fiber subscription growth rate was 2%,
compared to a median of 15%*” in 20 selected countries. Thailand’s growth rate is
faster than the median of 20 selected countries.

Growth Rate of Fiber Subscription from 2019 to 2020

80% 1

65%

60% -
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; © sy
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Sources: CAICT (2020), GSO’s Vietnam (2020), NBTC (2020), IDATE for FTTH Council MENA (2020), IMDA (2019&2020), MCMC (2020),
National Statistic Office in Each Country (2020), NTC’s Philippines (2020), OECD (2020), World Bank (2020)

Figure 3-156: Comparing Thailand's Fiber Subscriptions Growth Rate with International Countries

¥Calculating from 1) Fiber broadband penetration, CAICT, 2019-2020 2) Fiber subscription, OECD, 2019-2020 3) FTTH
council MENA - Panorama, IDATE Digiworld, 2019-2020 4) ICT statistics and household data, National Statistic office
in Each Country, 2019-2020 5) Telecom statistics, GSO’s Vietnam, 2020 6) Telecom statistics, IMDA, 2019-2020
7) Telecom statistics, MCMC, 2019-2020 8) Telecom statistics, MIT’s Vietnam, 2019 9) Telecom statistics, NTC's
Philippines, 2019-2020 10) Telecom statistics, World Bank, 2019-2020 11) Thai Telecom Industry Database, NBTC,
2019-2020
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3.5.3 Comparison of the Fixed Broadband Speeds

The average fixed broadband speeds for downloading and uploading in
Thailand was 191/151 Mbps®® in 2020, while the average of 20 selected countries is
123/83 Mbps®. Thailand has a faster fixed broadband speed than the average of
20 selected countries and ranks 2" for fixed broadband download speed.

Average Download / Upload Speed in 2020

300 1 .
Unit: Mbps ™ Download speed

= Upload speed

Avg DL = 128

Source: Speedtest by Ookla (2020)

Figure 3-16: Comparing Thailand's Average Fixed Broadband Speed with International Countries

%Global Index, Speedtest by Ookla, 2020
*Calculating from Global Index, Speedtest by Ookla, 2020
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3.5.4 Comparison of Fixed Broadband Service Price of GNI per Capita

The fixed broadband service price as a percentage of GNI per capita in Thailand
is 2.83%°, while the average of 20 selected countries is 2.5%*. Thailand has higher

fixed broadband service prices of GNI per capita than the median of 20 selected
countries, indicating that Thailand should improve this pillar.

Average Fixed Broadband Price as a Percentage of GNI in 2020

10% -

8.8%

8% 4

6% -

4%

Avg = 2.5%
2% 4 =

Sources: Annual Report of Largest Operator in Each Countries (2020), Fixed broadband ARPU, Global Data(2020), National Telecom Statistics in Each Countries (2020),
World Bank(2020)

Figure 3-17: Comparing Thailand's Fixed Broadband Service Price of GNI per Capita with International Countries

“Calculating from 1) Thailand GNI, World Bank, 2020 2) Telecom market, NBTC, 2020 3) Fixed broadband ARPU,
annual report of each operator, 2020

“Calculating from 1) GNI, World Bank, 2020 2) ARPU, Global Data, 2020 3) Fixed broadband ARPU, Annual Report of

Largest Operator in Each Countries, 2020 4) Fixed broadband market, National Telecom Statistics in Each
Countries, 2020
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3 6 The Challenges of Thailand’s Fixed
o

Broadband Development

The difficulties encountered of Thailand’s fixed broadband development can
be classified into three categories: coverage, speed, and accessibility, which vary
according to urban and rural areas. Additionally, the disparity in the development
of fixed broadband between urban and rural areas creates a digital divide. The
following are the challenges and issues surrounding the digital divide in each topic:

1) Challenge in Coverage areas: Urban areas: Costs associated with deployment
in urban areas when using an underground duct. Additionally, exclusive operators
restrict access to private areas, such as residential buildings and housing
estates, to other operators. Rural areas: The public Wi-Fi solution has a limited
coverage area. Individual houses have a lower fiber connection. Broadband
digital divide: While most urban households have access to the internet via
fiber optic networks, the maijority of rural households do not, forcing rural residents
to connect via public Wi-Fi, demonstrating that there are some gaps in both
availabilities. It demonstrates that most of the fiber penetration by households

(30%) occurs in cities2.

2) Challenges in Speed: Urban areas: Legacy technology is a barrier to upgrade
speed, a strategy to replace copper and coaxial cables inside the old buildings
in the big cities is required. Rural areas: The public Wi-Fi solution limits the speed
depending on the number of users and the distance from the access point.
Broadband digital divide: The average DL/UL speed in urban areas is 191/151 Mbps?,
whereas the speed in rural areas is 30/10% - 100/50 Mbps.*

“Thai Telecom Industry Database, NBTC, 2020
“Global Index, Speedtest by Ookla, 2020

“Loc. cit.

“The village broadband internet project, MDES, 2019
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3) Challenges in accessibility: Rural areas: Low-income households in rural
areas struggle to afford the cost of broadband internet using. A lack of sufficient
knowledge makes it difficult to gain access to digital content. Broadband digital
divide: There is a difference between the percentage of broadband internet
user penetration in urban and rural areas, as shown in Figure 3-18.¢ The low
percentage of broadband internet user penetration in rural reflects the overall

country’s low percentage of broadband internet user penetration.

Broadband Internet user penetration (%)
90% 1

84%

80% +

70% A

60% A 57%

49%

50% A

45%

40%
40% A

30% A

20% A
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mUrban/Suburban = Rural
Source: NSO (2014-2020)

Figure 3-18: Broadband Internet User Penetration between Urban and Rural

“éBroadband internet user penetration between urban and rural, NSO, 2014-2020
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Comparative Studies on The
4 Development of Fixed Broadband
in Leading Countries

4.] The People’s Republic of China

In 2013, the People’s Republic of China (or China) launched “The Broadband
China Strategy Plan*”” to address the country’s fixed broadband development
challenges, in term of lower fixed broadband penetration and speed than
developed countries, as well as the broadband digital divide between urban and
rural areas. Over 100 countries have already developed a strategy for broadband
development. This has prompted China to initiate this plan. The development of fixed
broadband is a priority objective of China's 12 Five-Year Plan for Economic and Social
Development. Three phases define Chinad'’s fixed broadband development objectives:

¢ Phase 1: By 2013, fixed broadband speeds will increase from 2 Mbps to 20
Mlbps.

¢ Phase 2: By 2014 — 2015, the fiber optic broadlband coverage will reach 80%
of the country.

¢ Phase 3: By 2016 — 2020, fixed broadband will have a speed of more than
100 Mbps, and gigabit network will be covered in major cities. The gigabit
network will cover the entire country after 2020.

“’Broadband China Strategy, CAICT, 2014
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Background
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Figure 4-1: Targets and Plans for China'’s Fixed Broadband Development

China’'s broadband strategy plan has achieved four aspects: 1) fixed broadband
penetration by households grew from 43% to 105% in 2013 and 2020 respectively
2) fixed broadband download speed increased from 6 Mbps to 159 Mbps in 2013 and
2020 3) fiber broadband penetration by households increased from 32% in 2013 to
92% in 2020 and 4) digital economy contribution to GDP grew from 20% in 2013 to
38.6% in 2020.

Additionally, China has developed “The Dual Giga Initiative Plan” with 5 targets
by 2025 as described previously in Chapter 2: 1) Gigabit cities will expand to 100
cities 2) Gigabit fiber optic network will cover 400 million households 3) XG-PON
ports will be increased to 10 million ports 4) Gigabit subscribers will increase to 30
million households and 5) 5G network will cover all villages. At the moment, FTTH
port usage is 1.8 ports per household (based on 0.92 billion FTTH/O ports from 0.51
billion households*). Additionally, in 2021, the People’s Republic of China will adopt
FTTR (Fiber to The Room) for 30,000 households?®.

“China Broadband Development Whitepaper No.202113, CAICT, 2021
“Loc. cit.
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However, to support the increase in fixed broadband penetration, the
operators should expand their optical transport network (OTN). In 2020, the OTN
node ratio was 0.54 nodes per 10,000 users, and it aims to increase to 2 nodes per
10,000 users in the next two years, and 4 nodes per 10,000 users in the future®.

In 2011, France launched “The National Program for Very High-Speed
Broadband Plan”, covering a period more than 14 years, to expand fixed broadband
coverage to entire country and to increase fixed broadband penetration rate since

France lags behind other EU countries in terms of broadband development. The EU
broadband coverage 2011 report shows that France’s next generation access
(NGA) was ranked 26 or around 39%, below the average at 50%. Moreover, fixed
broadband service zones are centered only in metropolitan areas. France is lack
of infrastructure sharing, causing development of this plan with the four targets:
1) providing fixed broadband speeds higher than 512 Kbps to cover all of population
by 2012. 2) providing fixed broadband speeds higher than 8 Mbps to cover all of
population by 2020. 3) providing fixed broadband speeds higher than 30 Mbps to
cover all households and extending fiber optic network to cover 80% of households
by 2022 and 4) extending fiber optic network to cover 100% of households by 2025.

S0A|l Optical Smart City Development 2.0 Report, CAICT, 2021
®Broadband Coverage Report, EU, 2011
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Background I I
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Figure 4-2: Targets and Plans for France’s Fixed Broadband Development

France's broadband development plan has achieved four aspects: 1) fixed
broadband penetration by households grew from 95% in 2015 to 106% in 2020.
2) fixed broadband download speed increased from 8.9 Mbps in 2015 to 179 Mbps
in 2020. 3) fiber broadband penetration by households increased from 5% in 2015
to 36% in 2020 and 4) digital economy contribution to GDP grew from 25% in 2015 to
47% in 2020.

4 i 3 Singapore

In 2005, Singapore launched “The Intelligent Nation Plan” (iN 2015), which was
implemented more than 10 years, to catalyze significant economic shifts due to
Singapore’'s natural resource scarcity. It is critical to develop a competitive edge
through the development of telecommunications. The development of the next
generation nationwide broadband network (Next Gen NBN) through fiber optics is
an important part of this plan. Although Singapore’s fixed broadband penetration
was 81% of households, fiber broadband penetration was still low. It has set targets



Giga Thailand Infrastructure White Paper

for expanding fiber optic coverage to more than 50% of households and businesses
by 2012 and higher than 95% of households and businesses by 2015. From the Next
Gen NBN project since 2009, Singapore's fiber optic coverage was higher than 60%
of households and businesses in 2010 and higher than 95% in mid-2012, exceeding
the targets earlier than planned

Background
&_ @ @ National fiber » Next Gen
q %ﬂﬂ A broadband Nationwide
» » » Smart Nation Broadband
Developing its competitive etwor

Singapore is a country Singapore needs to (iN2015)
with little or no natural increase its economic advantage through infocomm Open “Next Gen NBN”
resources. competitiveness. infrastructure and manpower gg;/:rnment
capabilities investment.
‘ t ‘ = The Next Gen NBN is on track to cover 60 per cent of homes and
businesses in Singapore by 2010.
2009 2012 2015 = And it is on track to cover 95 per cent of all homes and businesses by the
Start deployment of 50% coverage of 95% coverage of middle of 2012.
National BB Network homes and businesses  homes and businesses = This rollout is ahead of the Government's initial target of nation-wide rollout.

Achievement
2\ Fixed Broadband Fixed Broadband Fiber Broadband [ Digital Economy*
2 Yo ® oo e rosdoan
107%} 1M11% 133 Mbps} 245 ...  76% } 110% 8.2% } 45%

o

2015 2020 2015 2020 2015 2020 2000 2020
Source: ASIA Development Bank (2021), CAICT (2020), IMDA (2015), * Including digital products
MTI’s Singapore (2009-2020), Speed test by Ookla and digital industries

Figure 4-3: Targets and Plans for Singapore’s Fixed Broadband Development

Singapore’s broadband development plan has achieved four aspects:
1) fixed broadband penetration by households grew from 107% in 2015 to 1% in 2020.
2) fixed broadband download speed increased from 133 Mbps in 2015 to 245 Mbps
in 2020. 3) fiber broadband penetration by households increased from 76% in 2015
to 110% in 2020 and 4) digital economy contribution to GDP grew from 8.2% in 2000
to 45% in 2020.
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4.4 The United Kingdom

In 2010, the United Kingdom launched a plan to develop broadband services in
rural areas where no service provider was willing to invest in. As a result, the country
established the “Superfast Broadband Program 2010-2017" to expand broadband
service.

In the United Kingdom, “superfast” broadband is defined as internet connectivity
that is faster than 24 Mbps. This plan aims to provide fixed broadband connectivity
at a minimum speed of 2 Mbps to all premises. By 2016, fixed broadband will cover
90% of the country (the target was changed from 2015 to 2016), and 95% by 2017.
Following the completion of the project, the United Kingdom's fixed broadband
suffered from the use of copper wire technology and an increase in fixed broadband
users, resulting in increased data demand and decreased capacity. As a result, the
"Gigabit Broadband Program 2018” was established with the goal of covering 80%
of the country with gigabit broadband by 2025 and 100% by 2033.

N~
Background Za N
3 =0 e =)y
: [
O 2'% . 9 M Em >

A - Superfast ! = “Gigabit
Low speed in rural area Broadband | Decreasing speed Decreasing availability Broadband

= Commercial providers have no Program” | = Exiting copper lines. = The increasing data usage. roadbanc

plans to invest in rural area Speed more | = Many users at the same time. Program

because of low yields return. than 24 Mbps. e
‘—‘Superfast Broadband Program .—e Gigabit Broadband Program —»
2010 2016 2017 2018 2025 2033
Start 2 Mbps for all premises & Superfast BB 95% Initiative in 80% of Gigabit Nationwide Gigabit
Superfast Superfast BB 90% coverage | Nationwide Gigabit BB coverage BB coverage
BB Program coverage (revise 2015) : BB Program
... Fixed Broadband Fixed Broadband ... Fiber Broadband /’ Digital Economy*
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Source: K4D helpdesk (2020), National Audit Office (2013-2014),

OECD (2010,2020) , UK Parliament (2021), Speed test by Ookla (2020) Including ICT sectors and digital content industry

Figure 4-4: Targets and Plans for The United Kingdom's Fixed Broadband Development
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The United Kingdom'’s broadband development plan has achieved four
aspects: 1) fixed broadband penetration by households grew from 72% in 2010 to
99% in 2020. 2) fixed broadband download speed increased from 6 Mbps in 2010
to 81 Mbps in 2020.3) fiber broadband penetration by households increased from
0% in 2010 to 5% in 2020 and 4) digital economy contribution to GDP grew from 30%
in 2015 to 66% in 2020.
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Policies and Targets for
Thailand’s Fixed Broadband
Development

The development of digital infrastructure is essential for the country’s
overall growth. As digital expansion is critical for driving industrial value, it results in
increased competitiveness and competitive advantages. Furthermore, it
improves an organization’s management efficiency and has the potential to reduce
operating costs. In short, Thailand’'s economic development is contingent upon the
development of its digital infrastructure. Apart from that, digital access has
facilitated the exchange of knowledge and information, as well as the dissemination
of vital alerts, resulting in more extensive learning. Thailand’s economic and social
development are inextricably linked to the development of digital infrastructure.

The development of the fixed broadband network is one of the key strategies for

digital infrastructure development. Currently, Thailond has developed the policies
and plans for the digital infrastructure development in the economy and society
in the following phases: 1) National Digital Economy and Society Development Plan
and Policy (2018-2037), 2) 5 Years of Digital Economy and Society Development
Action Plan (2018-2022), and 3) the Draft of Digital Technology Infrastructure Action
Plan, Phase 1(2022-2027) which is being amended and approved at the present.
Besides, NBTC have developed Thailand’s Telecom Industry Plans which focus
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on fixed broadband development through the following: 1) Telecommunications
Master Plan No. 2 (2019-2023) which determines the NBTC's direction of
governance on telecom industry. The goal of this plan is to sustain the rapidly
changing digital ecosystem environment. The plan concentrates on
allocating of telecom resources to confront demand and improve the coverage of
telecommunication infrastructure. 2) Universal Service Obligation Plan No.2 (2016-
2021) and 3) Draft of Universal Service Obligation Plan No.3 (2022-2026), which
the both aim to develop expansions of telecommunication infrastructures and
high-speed internet services to all areas, to cover on all groups of the Thai
population as well as government agencies’ operations. By expanding on the
adoption of “Upgrading Telecommunication Infrastructure Project to Drive the National
Economy Project”, a project that aims to expand high-speed internet networks to
cover all of Thailand's villages.

5 .I The UN Goals for the Development
[ J

of Digital Infrastructure and Broadband

By 2019, half of the world’'s population will have access to broadband internet,
but the remaining half of the world’'s estimated 3.8° million people will be unable
to benefit from digital expansion in terms of information access and social and
economic development. As a result, the Broadband Commission for Sustainable
Development establishes 7 goals to be achieved by 2025 in order to develop
broadband internet infrastructure, expand broadband internet coverage, and
increase broadband internet usage across all populations. According to UN
targets, there are 2 goals regarding the development of broadband internet
infrastructure in Thailand. Those 2 developing goals are the charges of
broadband internet services and broadband internet access rates. The charges
of broadband internet services should be less than 2% of monthly GNI per capita.
The broadband internet access rates for developing countries should reach 65%%.

22025 Targets: Connecting the other half, ITU, 2018
®Loc. cit.
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Connectivity target to achieve in 2025 Thailand current status

Objective: Two targets from UN connectivity Entry-level Fixed Broadband Service Price of GNI per capita (2020)
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) = development 2.08%

2% 29 In Thailand, the entry level fixed broadband service price
=] ° is 2.08%, which is higher than UN targets by a little bit.
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Source: ITU website and Broadband Commission (2018) Source: NBTC, NSO

Figure 5-1: The UN Connectivity Targets 2025

Comparing the Thai fixed broadband internet service rates with the GNI per
capita in 2020, it was 2.08%°>* which shows slightly higher than the target set by the
UN. This service rate refers to the lowest package offering by a service provider
with the highest fixed broadband market share which is higher than the UN targets.
When compared to the income gap per capital between urban and rural areas,
on the assumption that rural people have lower income per capita than urban
people. This illustrates the cost of entry-level broadband for rural people may
exceed 2.08% of monthly income.

Thailand’s broadband internet user penetration rate was 77%, with urban areas
was 84% and rural areas was 73%.°° In the case comparison to the UN target of 65%
for developing countries, the Thai rates in both urban and rural areas are significantly
higher. Rural broadband access rates, on the other hand, are considerably lower
than in cities. Thus, Thailand should improve the charges of entry-level broadband
services and close the gap between urban and rural broadband internet access
rates by increasing rural broadband internet access rate.

s4Calculating from 1) Thailand GNI, World Bank, 2020 2) Fixed broadband lowest internet package offering by True,
Trueonline official website, 2020
SInternet user, NBTC, 2014-2020
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Due to the Covid-19 pandemic, it reinforces the need for digital technology,
changing people’s behaviors into the new normal lifestyle. The new normal
has resulted in a variety of online activities such as in new working style, medical
doctor consulting in telemedicine way, virtual studying, and ordering food and
goods in a new way. The COVID-19 caused an increasing in the telecommunication
network usage more than ever before, resulting in a 30% rise in internet traffic
consumption®®. If the internet backbone’s available capacity is less, it may not be
sufficient to handle the increased internet traffic. Due to the lockdown, some data
traffic migrated away fromm mobile networks and toward fixed/Wi-Fi networks.
Additionally, remote work increases the demand for broadband internet upload
speeds. This has exacerbated the issue of internet download and upload speed
asymmetry.

The more using in broadband internet, the greater need for better broadband
uplink speed, and the migrated data traffic from mobile to fixed/Wi-Fi networks
reveal a new requirement for broadband infrastructure. Fixed broadband service
should be served by fiber optic network and connected to the internet backbone
with 50% of available capacity at all the time®” in order to handle increased traffic
even during peak times.

5 2 Digital Infrastructure Development Policy
®

and Plan for Economy and Society

Thailand is currently undergoing a transition to the Thailand 4.0 age, in which
the economy and society are propelled by technical and digital breakthroughs
that span all sectors. Thailand’s 4.0 policy prioritizes the development of digital
technology infrastructure. As a result, the Thai government launched “The National
Digital Economy and Society Development Plan and Policy (2018—-2037),” “The Digitall
Economy and Society Development Action Plan (2018-2022),” and the Draft “Digitall
Technology Infrastructure Action Plan Phase 1(2022-2027)" for the development of
digital technology infrastructure.

®Economic impact of covid-19 on digital infrastructure, ITU, 2020
¥ITU loc.cit.
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MDES Strategi National Digital E d Society"
rategies on National Digita cor?omy and Society' MDES Action Plan (2018-2022)
Development Plan and Policy

6 Strategies Targets from the 1st strategy

qst Develop countrywide high- 4th  Transform the public sector o op ~
efficiency digital infrastructure into a digital government M

(regarding digital infrastructure)

ond Drive the economy with 5th  Develop workforce for the age of Broadband Thailand Increase capacity of Top 35 rank of ~ FBB service
digital technology digital economy and society infrastructure  becomes Digital ~cross border links Technological  price (%GNI
cover 74,987  Hub of ASEAN and submarine Infrastructure per capita)
3rd  Build an equitable and inclusive Gth  Build trust and confidence in the villages cables from World was reduced
society through digital technology use of digital technology Competitiveness to 2.5%

Digital Technology Infrastructure Action Plan, Phase 1 (2022-2027)

Infrastructure Targets Connectivity Targets Competitiveness Targets
€%)  >100 Mbps by 2027 _ i Stepup Network Readiness Index (NRI)
O : = Penetration by HH 2 70% by 2022 and 5rank setup 5 rank within 5 years
. 9  80% by 2027 i
= m > 1 Gbps accessing to :
=9 every household by 2027
= . . | 1'% Technological Infrastructure from
a, o International connectivity expansion ; 0 Price under 1% of GNI per capita by 2027 i echnological Infrastructure iro
on Submarine cable capacity and o Top 30  World Competitiveness Scoreboard

terrestrial cross border link

Sources: Thailand Digital Economy and Society Development Plan from MDES,
MDES Action Plan (2018-2022), and ONDE Action Plan (2022-2027)

Figure 5-2: Fixed Broadband Development Policies And Goals for The Economy and Society

5.2.1 The National Digital Economy and Society Development Plan
and Policy

The National Digital Economy and Society Development Plan and Policy
(2018-2037) is Thailand's principal master plan for the development of the digital
economy and society. Through the employment of digital technology, it sets the
course for the country’s sustainable growth, and this plan consists of six strategies
as follows: 1) develop countrywide high-efficiency digital infrastructure 2) drive
the economy with digital technology 3) build an equitable and inclusive society
through digital economy 4) transform the public sector into a digital government
5) develop workforce for the age of digital economy and society and 6) build
trust and confidence in the use of digital technology. It reasons the first strategy is
critical for establishing fixed broadband plans: develop a countrywide high-efficiency
digital infrastructure. However, due to the rapid advancement of digital technology,
this plan identifies targets and directions for the growth of the digital economy and
society divides into four phases:

¢ Phasel (1year 6 months) Digital Foundation: Investing and building digital
foundation.

¢ Phase 2 (5 years) Digital Thailand I: Inclusion; Ensuring all Thai sectors can
benefit from digital technologies.
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¢ Phase 3 (10 years) Digital Thailand II: Full Transformation; Driving and
nmaximizing the potential of the country’s digital technologies and innovation.

¢ Phase 4 (10-20 years) Global Digital Leadership; Leading with digital
technology and innovation (becoming a developed country).

5.2.2 Digital Economy and Society Development Action Plan (MDES)

MDES Action Plan 5 Years (2018-2022) is a five-year action plan developed
in accordance with The National Digital Economy and Society Development Plan
and Policy from MDES (2018-2037), which is related with goals for the growth of the
digital economy and society phase 1: Digital Foundation. This plan has lbeen revised
and updated to DES Action Plan (3-year plan 2020-2022 revised edition 2021) which
includes the following six objectives: 1) people have equal access to information
and service via a cost-effective, universal, and efficient network 2) contribute
to the economic value creation associated with the implementation of digital
technology in business operations 3) people improve their quality of life by utilizing
digital technology 4) the government has digitalized its processes and services to
become a high-performing organization capable of operating successfully both
domestically and internationally 5) develop workforce knowledge and abilities in
digital technology that can be utilized to propel the economy and society and
6) all sectors have a high level of confidence in their abilities to leverage digital
technologies.

Five important targets under strategy for digital infrastructure development
in MDES Action Plan 5 Years (2018-2022) are as following: 1) fixed broadband is
available in all villages (74,987 villages) 2) Thailand has become an ASEAN
digital hub for connecting and exchanging information in the region 3) doubling the
capacity of terrestrial cross-border connections with Cambodia, Myanmar, and
Laos during the next three years 4) the indicator of technological infrastructure is
ranked in the top 35 in the World Competitiveness Index and 5) the cost of fixed
broadband services does not exceed 2.5% of GNI per capita.
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5.2.3 (Draft) Digital Technology Infrastructure Action Plan Phase 1
(2022-2027)

The draft of Digital Technology Infrastructure Action Plan Phase 1(2022-2027)
is an action plan for developing the country’s digital technology infrastructure in
the next six years in accordance with The National Digital Economy and Society
Development Plan and Policy from MDES (2018 — 2037). It related to targets for
the growth of the digital economy and society in 2 phases which are phase 2:
Digital Thailand I: Inclusion for the first year of operation, followed by phase 3: Digital
Thailand II: Full Transformation for the next five years. It has three targets related to
digital infrastructure development as follows:

1) Infrastructure Targets
¢  Fixed broadband speeds of at least 100 Mbps shall be available nationwide.

¢ All households have access to a fixed broadband speed of 1 Gbps for
urban areas, economic zones, and public utility enterprises such as schools,
sub-district hospitals, and local community learning centers.

¢ Increase the submarine cable capacity and terrestrial cross border link.

2) Connectivity Targets

¢ Fixed broadband penetration by households is more than 70% by 2022
and more than 80% by 2027.

¢ Fixed broadband service prices are not exceeded 1% of GNI per capita.

3) Competitiveness Targets
¢ The Network Readiness Index (NRI) will increase by at least in five ranks.

¢ Technological infrastructure indicator ranks in the top 35 in the World
Competitiveness Ranking.
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5 3 Regulations and Plans under
o

Regulatory Agencies

The NBTC office is recognized as the primary driver of Thailand’s
telecommunication infrastructure development, allocating telecommunication
resources and regulating Broadcasting and Telecommunications Services to
maximize public benefit. To improve fixed broadband, a policy stimulus is
critical for expanding coverage to all villages and populations while maintaining
fair competition and affordable prices. The NBTC has introduced the
Telecommunications Master Plan No. 2 (2019-2023), the Universal Service
Obligation Plan No. 2 (2016-2021), and the Draft of Universal Service Obligation Plan
No. 3 (2022-2026), which the NBTC is currently revising and authorizing.

5.3.1 Telecommunication Master Plans No. 2 (2019-2023)

The Telecommunications Master Plan No. 2 (2019-2023) focuses on allocating
telecom-resources to meet demand and maximize efficiency. This master plan
also prioritizes the expansion of basic telecommunications infrastructure, which
enables people to access and benefit from telecom services. The policy includes
spectrum licensing and telecom-infrastructure development to reduce digital
divide gap. For developing telecommunications infrastructure, open access is
being used to encourage any telecommunications operators to share networks
in order to maximize network efficiency and provide customers with alternative
options when selecting their services. Furthermore, the Last-Mile network was
expanded to improve access in rural areas, enabling broadband service to be
provided to all villages, schools, and sub-district health promotion Hospitals.
However, the implementation of this master plan will provide significant
challenges, especially in devising incentive mechanisms for telecom-operators to
extend network coverage because investment costs are substantial and may not
e worth the investment.
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The telecommunication master plan is comprised of 6 strategies, which
are as follows: 1) developing the Telecommunications industry and Promoting
Free and Fair Competition: focus on expanding broadband coverage, effectively
utilizing existing telecommunication infrastructure, and promoting access to
services at affordable prices. 2) license and Regulation of Telecommunications
and Radio communication: focus on improving management efficiency and
monitoring compliance with license conditions. 3) efficient Telecommunications
Resource Management: focus on the efficient use of spectrum and numbering
in order to facilitate the development of digital technology 4) universal Basic
Telecommunications and Social Services: focus on universal basic
telecommunications services in both spatial and social dimensions; 5) consumer
Protection in Telecommunications and Social and Public Benefits: focus on
empowering consumers in the telecommunications industry and increasing
awareness of telecom benefits 6) Economic and Social Support for Digital
Development: focus on collaboration to facilitate the digital economy and social
development policies.

5.3.2 The Universal Service Obligation Plan (USO) No. 2 (2016-2021)

The main objective of USO plan No. 2 is to expand broadband service
coverage which includes investments in telecommunications infrastructure
and the provision of high-speed internet service in all areas as well as to all
demographic groups (the Village Level) through a collaboration with the
government under “Upgrading Telecommunication Infrastructure Project to Drive
the National Economy Project”. According to NBTC's implementation, broadband
service coverage was expanded to 19,652 villages, including 15,732 rural villages
and 3,920 border villages, with connectivity speeds at 30/10 Mbps or 30/5 Mbps
when connected via satellite system. Furthermore, under the same project, the
Ministry of Digital Economy and Society expanded coverage to 24,700 villages (Net
Pracharat’s project).

As a result of project, broadband service coverage in Thailand has been
expanded to 44,352 villages, with connectivity rates of 30/10 Mbps. However, there
are some villages that have been upgraded to 100/50 Mbps for 10,000 villages.
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Figure 5-3: Upgrading Telecommunication Infrastructure Project to Drive The National ECconomy Project

5.3.3 (Draft) The Universal Service Obligation Plan No. 3 (2022-2026)

The USO Plan No. 3 (2022-2026) focuses on expanding the deployment of
network and internet services under the “Upgrading Telecommunication
Infrastructure Project to Drive the National Economy Project”, which have already
been installed, to assist associated agencies in operating more efficiently and
effectively. Additionally, it focuses on the development of ICT literacy for target
groups in order to enable them to access and use telecommunications services,
as well as the development of ICT awareness in order to assure security.

The Bureau of General Telecommunications and Social Services (USO Bureau)
convened a meeting with 19 key relevant agencies to investigate the difficulties
and inefficiencies of communications networks and propose solutions. According
to the brainstorming, the operating framework are as follow: 1) expanding basic
telecommunications service in spatial dimensions to cover all areas, including
missing villages, schools, hospitals, public service agencies, and USO target groups
such as the elderly, low-income individuals, farmers, disabled individuals, and
public service agencies that lack telecommunications service. 2) utilizing the
existing network and internet service, a result from USO Plan No.l and No.2, to
support government or public service agency operations. 3) improving a method for
effectively providing USO services in response to the pandemic of COVID-19, which
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necessitated prompt assistance. 4) developing ICT literacy and awareness. The NBTC
divides the strategies for universal service duty into four strategies, as follows:

¢ Strategy 1: USO services to support educational services.

¢ Strategy 2:USO services to support medical service.

¢ Strategy 3: USO services for the public purposes.

¢ Strategy 4 : Developing ICT knowledge and human resources.

The targets and indicators are as follows: 1) provide basic telecommunications
services to government agencies and non-profit organizations that support society
at a minimum of 10,000 service points. 2) establish public internet centers at least
1,000 access points. 3) deliver at least three essential telecommunications services
to USO target groups. 4) improve the ICT skills of at least 700,000 individuals.

5 4 The Importance of Broadband Infrastructure
o

to Economic and Social Development

5.4.1 The Importance of Gigabit Broadband to Future Technology

Gigabit Broadband is designed to deliver internet services at up to
1 Gbps over fiber optic networks in a variety of ways, including connecting fiber
optic cables to the control cabinet (FTTC: Fiber-to-The-Cabinet), connecting fiber
optic cables to buildings (FTTB: Fiber-to-The-Building), and connecting fiber optic
cables to individual households (FTTH: Fiber-to-The-Home). This connection can
support high-speed data transmission due to its wider bandwidth. Therefore, it is
important to provide a foundation for future technologies that require faster,
larger connections, such as the following: 1) Internet of Things (loT) is a network of
devices equipped with sensors or embedded processors and are capable of
recording, receiving, and transmitting data over the internet. 2) Big Data is a
collection of large and complex data that can be further used for data
analytic. 3) Artificial Intelligence (Al) refers to a system that performs deep
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processing and is trained with mechanisms for learning and processing
massive volumes of data. It can be utilized in a variety of ways based on the user’s
preferences. 4) Data analytic is the process of transforming and analyzing
information from Big Data for modeling, forecasting, and adopting for other
applications. 5) Cloud Computing is a service that enables the processing of
both hardware and software, as well as data storage and online systems, via
the internet. 6) Digital Reality is a computer-generated simulation of a virtual
surround landscape that enables people to interact with the virtual
environment using equipment like cameras, keyboards, microphones, and
headphones. 7) High-definition video refers to the transmission of high-resolution
audio and video signals. As a result of mentioned technologies, high-bandwidth
applications such as smart cities, online education, cloud storage, and telemedicine
medical service robots have been developed.

Application
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Figure 5-4: The Important of Giga Broadband to The Future Technologies
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5.4.2 Applications

At the preset, numerous applications based on future technologies are
being developed for the market. All of these require increased bandwidth and
lower data transmission latency in comparison to previous applications to ensure
that users have an enjoyable and efficient experience with the application. The
following are some examples of applications: 1) AR/VR applications, such as gaming
and education, require a minimum of 60-180 Mbps and a latency of less than or
equal to 10-20 milliseconds. 2) Video applications, such as HD video playback and
video conferencing, require a minimum of 30 Mbps and a latency of less than 20
milliseconds. 3) Smart things, such as smart cities and intelligent industries, require a
bandwidth of at least 18 Mbps and a latency of less than 20 milliseconds 4) Learning
and working, such as educational robots, analysis of learning plans through data
processing, requires a bandwidth of at least 18 Mbps and a latency of less than
20 milliseconds 5) Cloud computing activities, such as cloud gaming and cloud
storage, requires at least 60-180 Mbps of bandwidth and a latency of less than 20
milliseconds. 6) Health and medical profession, such as disease analysis from data
processing, medical robot, require a bandwidth of at least 18 Mbps and a latency of
less than 20 milliseconds. 7) Remote activities, such as remote diagnosis, requires at
least 60-180 Mbps of bandwidth and a latency of less than 20 milliseconds. 8) Data
analytic, such as optimization, traffic light management, requires a bandwidth of
at least 18 Mbps and a latency of less than 20 milliseconds. Notwithstanding, the
great majority of applications for fiber optic networks are for fixed broadband. A
single access point can connect multiple users, allowing for concurrent operation of
multiple applications. As a result, bandwidth consumption may increase

exponentially.
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Thailand’s Broadband Infrastructure
Development Targets

79

From the national policies, Thailand Digital Economy and Society Development
Plan (2018-2037) from MDES, MDES Action Plan (2018-2022) and ONDE Action Plan
(2022-2027) have seven key targets related to the development of broadband
infrastructure as follows:
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Figure 5-5: Thailand's Broadband Infrastructure Development Targets

1) Fixed Broadband Coverage: Fixed broadband reached 74,987 villages
in 2020, with the targets of reaching all villages by 2022, fiber optic broadband is
planned to cover all households as well as in zone A and B by 2025. Ultimately, by

2027 the coverage to all households.

*8The village broadband internet project, under Upgrading Telecommunication Infrastructure Project to Drive the
National Economy, GIS NBTC, 2017
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2) Fixed Broadband Quality: Urban areas had a fixed broadband speed
of 191/151%° Mbps, while rural areas had an average fixed broadband speed of
around 30/10 Mbps to 100/50%° Mbps in 2020. By 2022, all villages will have access to
fixed broadband at a speed of more than 100 Mbps. By 2025, Thailand should set
additional targets for urban areas and economic zones to access to fixed
broadband at a speed of more than 500 Mbps. The plan aims to boost fixed
broadband speed to more than 1 Gbps by 2027, covering urban areas, economic
zones, and public utility enterprises such as schools, sub-district hospitals, and local
community learning centers.

3) International Connectivity: Thailand had a total of eight submarine cables in
2020, with a design capacity of 153.01° Tbps. By 2022, it plans to increase submarine
cable design capacity to 437.01 Tbps by connecting two more routes which are 140
Tbps for ASIA Direct Cable Consortium (ADC) and 144 Tops for Southeast Asia-Japan
2 Consortium (SJC2). By 2023, the submarine cable design capacity will increase
to 637.01 Tops, by connecting one more route: 200 Tbps for India-Asia-Xpress (IAX).
By 2027, the submarine cable design capacity will be increased to 1,000 Tbps.

In 2020, the capacity of terrestrial cross border link was 250% Gbps. It aims to
add 140 Gbps of terrestrial cross border links in 2022 followed by another 1.2 Tbps
during 2023 - 2026. By 2027, the total capacity of terrestrial cross-border links will
e 1.59 Tbps.

In 2020, the international internet bandwidth was 14.1%% Tbps, and it will be
increased to at least 50 Tbps by 2027.

4) Fixed Broadband Penetration: Thailand had a fixed broadband penetration
rate of 51.5%°% of households, or around 1.5 million fixed broadband subscribers.
It aims to increase fixed broadband penetration by households to more than 70%
by 2022 and to more than 75% by 2025. By 2027, fixed broadband penetration will
reach more than 80% of households.

®Speedtest, Ookla, 2020

%The village broadband internet project, NBTC, 2020
fTelegeography, 2021

62MDES Action Plan 3-years, MDES, 2020-2022

83Internet Bandwidth, NECTEC, 2020

%Thailand Telecom Industry, NBTC, 2020

55Calculated from the numlber of households, NSO, 2020
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In 2020, the fiber to the home (FTTH)
penetration rate was 30% of households,
or approximately 6.7 million fiber optic
broadband subscribers. The FTTH penetration
rate by households is expected to increase
to 50%, 70%, and 75% by 2022, 2025, and
2027, respectively, with one FTTH port per
household. Moreover, Fiber to The Room, or
FTTR, may emerge in Thailand in the coming
year. Around 10,000 households are expected
to use the FTTR by 2022.

However, to support the forecasted growth in FTTH penetration, the optical
transport network (OTN) should be increased from 0.3 nodes per 10,000 users to 1
node per 10,000 users in the next two years.

5) Fixed Broadband Service Price of GNI per capita: Thailand had a fixed
broadband service price of 2.83%° of GNI per capita or around 544 THB per month,
based on ARPU and the market share of fixed broadband service provider®’. Fixed
broadband service prices will be reduced to 2.5% of GNI per capita by 2022, and
it should be between 1.8% — 2% by 2025. By 2027, it will be reduced to 1% of GNI per
capita.

6) Digital Economy Contribution to GDP: In 2017, Thailand had a digital
economy value of 17%% of GDP. It aims to increase the digital economy to 20%
of GDP by 2022 and should increase to 22% of GDP by 2025. By 2027, the digital
economy must be worth at 25% of GDP.

7) World Indexes: Thailand is ranked 37" in the technological infrastructure
indicator in the World Competitiveness Ranking 2021. It aims to improve its
technological infrastructure ranking in the top 35 by 2020 and should be in the top
33 by 2025. By 2027, technological infrastructure will have to rank in the top 30.

#Calculating from 1) Thailand GNI, World Bank, 2020 2) Telecom market, NBTC, 2020 3) Fixed broadband ARPU,
annual report of each operator, 2020

SCalculating from l) Telecom market, NBTC, 2020 2) Fixed broadband ARPU, annual report of each operator, 2020

s8Digital Ecosystem, BOI, 2020



Giga Thailand Infrastructure White Paper

In addition, Thailand was ranked 515t in Network Readiness Index (NRI) in 2020. It
will improve the NRI ranking by at least five places and by 2027, or one place every
year.

5 6 Gap Analysis for Giga Fiber
[ ]

Development for Target Achievement

From the topic 5.5, it can be indicated that there are five main targets and
indicators for gigabit broadband: 1) fixed broadband coverage 2) fixed broadband
quality 3) fixed broadband penetration 4) fixed broadband service price of GNI per
capita and 5) digital economy contribution to GDP, which can analyze the gaps
between current state and the development of gigabit broadband as follows:

&@ Fixed Broadband Coverage Fixed Broadband Download @ Slee: Pr;adbrzd Dowlrlnload
e [E[EEl¢7) Speedin Urban Area ______________ , (ySpeedin Rural Area (villages) _______ ,
| Households ] ! Households ] 1 Households '

PXe | « in private areas™) ! « Limiting by 1 !+ 44,352 villages |
1+ inrural 1 1 Gbps ! legacy tech. 1 100 Mbps | in rural are 1
| *in unattractive | !« Not accessible in} ! limited by public |

|

| investment areas! | private areas

30-100” Mbps | WiFi

74,987 All
fy 191 Mbps
villages
g households Urban, 7 Average / Sor00 e
2020 2027 suburban and 191 Mbps DL speed
74,987 villages 2020 2027 DL speed 2020 2022
vy (ON
H\/ﬁq Fixed Broadband Penetration by HH Fixed Broadband Affordability Digital Economy Contribution to GDP
Fiber Ml Other .o b o = S [P ' [rr T ,
b 1 +28.5%cap: | 2.8% 1-1.8%Gap ! 25% | +8%Gap
21.5% ! +6.5m HH are | -281 THB/mo. by | s Digital industry '
!« No FBB coveragel i+ Reduce ) 17% , + Dig ustry

: * e-commerce

|« Unaffordable
! - others

fl » Using Mobile BB |

G 80%

1
{ investment cost!
1.0% g 1

2.8%
(544 THB/month)

7

30% 75% 51.5%
2020 2027

2020 2027 2017 2027

Note: (1) Private areas are for example residential building, office building, housing estate, Industrial estate etc.
(2) “Community Public Wi-Fi” Project 10,000 Wi-Fi have speed 100/50 Mbps

Figure 5-6: Gap Analysis of Main Targets And Indicators in The Development of Gigabit Broadband in Thailand
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1) Fixed Broadband Coverage: Thailand's fixed broadband coverage must
be expanded to cover all households, private areas, particularly those in rural
areas, and unattractive investment areas to achieve the target of providing fixed
broadband to all households by 2027, based on the coverage of fixed broadband
in 4,987°% villages in 2020.

2) Fixed Broadband Quality: The urban areas, economic zones, and
public utility enterprises such as schools, sub-district hospitals, and community
learning centers that use copper cable must be switched to fiber optic to support the
increasing speed of fixed broadband to 1 Gbps by 2027, up from 191° Mbps in 2020.

For 44,352 villages locate in rural areas that covering remote (Zone C) and
border (Zone C+) areas, the fiber optic network must be expanded to increase the
speed of fixed broadband to 100 Mbps by 2022, up from 30 - 100" Mbps in 2020.

3) Fixed Broadband Penetration: Thailand needs to increase fixed
broadband penetration by 28.5% of households, or around 6.572 million fixed
broadband subscribers. To achieve the targets of increasing fixed broadband
penetration to more than 80% of households by 2027, up from 51.5%"2 in 2020, the
increment of subscribers shall come from the households that lack coverage/
connectivity to fixed broadband, low-income households, and households that use
only mobile broadband.

®The village broadband internet project, under Upgrading Telecommunication Infrastructure Project to Drive the
National Economy, GIS NBTC, 2017

"“Speedtest, Ookla, 2020

"The village broadband internet project (Net Pracharat), NBTC, 2017

2Calculated from the number of households, NSO, 2020

’Thai Telecom Industry Database, NBTC, 2020
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However, fiber penetration is predicted to increase by 45%, or around 10 million
households by 2027, since FTTH technology tends to grow more rapidly in the future
and is an important technology of Thailand’s development of fixed broadband.
FTTH technology may eventually replace other wired technologies, which reduce
utilization.

4) Fixed Broadband Service Price of GNI per capita: Fixed Broadband service
price was 2.83% of GNI per capita, or around 544 THB per month in 2020, which is
calculated from ARPU and the market share of fixed broadband service provider’.
Thailand’s fixed broadband service price must be decreased by 1.8% of GNI per
capita, or around 281 THB per month, or pay the amount of the monthly service cost
of approximately 263 THB to achieve the targets of decreasing fixed broadband
service prices to lower than 1% of GNI per capita by 2027.

5) Digital Economy Contribution to GDP: Thailand’s digital economy must be
accelerated by 8% by investment in digital, e-commerce, and other sectors that
related to achieve the targets of increasing digital economy to 25% of GDP by 2027,
up from 17%7° in 2017.

74Fixed Broadband Market Share, NBTC, 2020
*Digital Ecosystem, BOI, 2020
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5 7 Technologies Supporting Fiber Optic
®

Broadband Development

Gigabit fiber can be implemented using technologies that facilitate the growth
of fiber optic broadband development, such as GPON, IPv6, DWDM and Wi-Fi 6. The
transition to such a technology will be based on market mechanisms designed to
keep service providers competitive. Moreover, a Digitalized Quick ODN accelerates
gigabit fiber installation to the end user (last-mile) and regulatory tools such as
map-base systems for monitoring fiber-optic network extensions and the quality
of internet service countrywide (Broadband Monitoring System) are described as

in figure 5-7.
Future Technology to support Gigabit enable Gigabit accelerated
PON Technology Roadmap Digitalized Quick ODN
= Operators will switch to XG-PON according to market
mechanism to gain competitiveness Rotate and lock
= Legacy network will be replaced with PON technology
High Speed PON to align with their major technology A Cable
IPv6

. . = Operators shall use pre-connectorized cables in ODN for a fast,
= Operators will gradually switch to Ipv6 due to the cheaper and errorless deployment to last-mile in rural area"
insufficient Ipv4 address

Arrange training or seminar to share knowledge and
knowhow to IT and telecom staffs through association. .
Regulation Tool

Wi-Fi 6 o

Monitoring System
| | i@‘ = Operators shall offer their clients an upgrade to Wi-Fi

u‘ * 6 router to support and guarantee giga speed

C—20) PP 9 gigasp Create platform / application to collect performance

data from both FBB and MBB network in Thailand

DWDM - @ = Get initial data from USO network
'@: = Develop report of key index %penetration / Coverage
= DWDM can support a vast capacity vary from 100G to ’ and speed periodically.

1000G and over for enabling on advance transport
network (e.g. aggregated, and backbone network)

Figure 5-7: Overall of Giga Fiber Supported Technology

5.7.1 GPON Technology Roadmap

GPON (Gigabit Passive Optical Network) is a passive access network
technology. It is a point-to-multipoint access network that gives users the ability to
consolidate multiple services into a network over a single fiber optic transmission.
The GPON consists of primary equipment, such as OLT, splitters and ONT devices.
The ITU (International Telecommunication Union) has established development
guidelines for the GPON technology, as illustrated in Figure 5-8. Countries such as the
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United Kingdom, the Kingdom of Spain, the Italian Republic, the People’s Republic of
Ching, the Hong Kong Special Administrative Region of the People’s Republic of Ching,
and the Republic of Singapore are examples of countries that have begun to use
XG(S) PON. Since 2015, several of them have been piloted as shown in figure 6-8.
The evolution of GPON in Thailand can be divided into two paths by group of users:
1) Household users, for whom internet connectivity technology has evolved from
Public Switched Telephone Network (PSTN) to FTTH or FTTB, which includes GPON and
XG-PON access networks. 2) Enterprise users whose internet connection technology
has evolved from a WAN (Wide Area Network) based on the X.25 protocol and PDH
(Plesiochronous Digital Hierarchy) to an internet connection based on XG(S) PON,
IP technology /DWDM 10G and 5G FWA (Fixed Wireless Access Network). However,
XG(S)-PON technology tends to be used more among enterprise users. While GPON
technology is likely to continue to be used by household users.

At the moment, some service providers are providing Gigabit connectivity via
GPON technology. However, if service providers wish to deliver Gigabit connections
or greater, they must migrate to XG-PON technology. In Thailand, only few service
providers have begun testing the technology, and some providers are capable
of delivering a symmetrical connection, which implies that download and upload
speeds are equivalent.

ITU-T PON Roadmap 1 Adoption
G.hsp.x 1
NG-PON2 High Speed PON I [[ 77 7 - mmrmmm oo - T
TWDM 4[],10G/10G N S Household ]
PtP WDM 8[],10G/10G : ADSL VDSL FTTB/FTTH FTTB/FTTH
G.989.xD XGS.PON . PSTN DOCSIS FTTC(PON) (GPON) (GPON/XG-PON)
10G/10G !
G.9807.1 !
XG-PON '
GPON 10G/2.5G . X.25/PDH ATM/SDH IP/WDM100M IP/DWDM1G XG(S)-PON
2.5G/1.25G G.987.x 1 o
G.984.x | IP/DWDM10G
I ! Enterprise
2000 2009 2015 2016 2020 GPON )
XG-PON (10G/2.5G) G.987.x
. 2.5G/1.25G
Examples of XG(S) PON Deployment Sources: ITU G.084x XG(S)-PON (10G/10G) G.9807.x I
.984.
N7 Mid 2020 : GPON and XGS-PON 2015 2020
ZS] openreach July 2021 : Trial 25G PON
=
& Q 2015 : XG-PON
I I onen Mar 2021: XGS-PON . XG($)—PON will be mostly used in enterprise, while GPON can
fioer continue to serve household consumers
“ (e FE @43 2016 : XG-PON laboratory communication
e 2018 : Deployed XG-PON in FTTH scenarios = Some operators in Thailand have trailed XG-PON technology and at
m HKT 2015 : HKT deploy XG-PON for 10Gbps FTTH least operator has launched the symmetry Giga broadband package
(e.g. 1000/1000Mbps) to the market recently.
.*%% W 2015 : SingTel and StarHub offer GPON
Singtel 107 * 2015 : M1 launch XG-PON

Figure 5-8: GPON Technology
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5.7.2 IPv6

Nowadays, there is a surge in broadband usage and internet connections,
necessitating the use of the internet and fiber optic networks to connect smart
devices such as mobile phones, PCs, and, more recently, |oT devices. In 2019, loT
devices climbed by 23% over the previous year. However, smart devices must be
identified and addressed in the network using Internet Protocol (IP), and IPv4 Internet
Protocol addresses are limited and insufficient in the future to allow the identification
of further smart devices. Service providers should migrate to IPv6, which supports a
greater number of devices than IPv4. IPv6 is a 128-bit address, which is larger than
IPv4's 32-bit address. IPv6 has a maximum address capacity of 7.9 x 10128, which is
equivalent to the number of devices it can support. Thailand has equipment capable
of supporting IPv6 usage at a rate of 42.63%, which is greater than the global average.
Many telecommunication operators are transitioning to use more IPv6 connections.

In this regard, a policy should be established to encourage and support the
use of IPv6 connections. In 2027, the complete IPv6 transition is expected to
be done. Thailand’s Ministry of Information and Communications Technology
(ICT) has a policy to promote IPv6, which is separated into two phases: The
development strategy for the years B.E. 2013-2015 is divided into four areas:
1) Development of infrastructure 2) Development of services 3) Development
of personnel 4) Raising awareness and encouraging the usage of IPv6; and the
second phase of the strategy is the development phase, which will focus on
creating targets to further the first phase’s objectives. Figure 6-9 illustrates the details.
However, service providers will switch to IPv6 connections as a marketing

mechanism when IPv4 connections are no longer available.
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IPv6 Technology and Key Features Thailand 4.0 and Industry 4.0 Master Plan
Encourage enterprises to automate their activities via loT, Cloud-based technology and
32-bit IP Address 128-bit IP Address Big Data resulting in the gain of loT connection
loT Connection (Million)
4.3 Billion Address 7.9 x 10?8 Address Py 23%
Address must be reused and masked Device have a unique address — _
0
i i Support auto-configuration
DHCP or manual configuration W £ igurati Year2019 mYear2021  Sources: AlS (25 Sep 2020)
Numeric dot-decimal notation Alphanumeric hexadecimal notation Country |Pv6 Capable Pv6 Preferred Sample size
192.168.1.20 2001:0DB8:0234:AB00:0123:4567:8901:ABCD Thailand 42.63% 41.44% 3,748,182
I Private sectors especially telecom operators are in process of giving their clients
Global Prefix  Subnet Interface ID the more capabilities to connect devices via IPv6
Global Deployment Status Thailand IPv6 Policy
% Network Vs User supporting IPv6 Development plan (2013-2015) in 4 aspects
30.0% Global IPv6 Deployment (as of IPv6 Transition is expected to complete by 2027
- 27.5%  June 2021) from 3 different )
'_HT%‘/‘\.———*/' 3% sources:; Infra Service Personnel IPv6 IPv6 Plan
200% ’ . Promotion Awareness (2016-2018)
10.0% APNIC 27.5% 30.4% 90% of All main Trainingand ~ For general 75% of
22% i i
0.0% o government  government  seminar for all public government
2015 2016 2017 2018 2019 2020 Go gle 35.5% | Global department sector’s government website
average i i
—e—%Network supporting [PV =@=%IPv6 User facebook JEE7X 17 ’ Z:;?t;j;d associates IPv6 deployment
support IPv6 in Thailand
Sources: APNIC, internet society pulse (https://pulse.internetsociety.org/technologies) connection increase 25%

Figure 5-9: IPv6 Technology

5.7.3 Wi-Fi6

Wi-Fi is a wireless network that communicates using radio waves. Wi-Fi
6 is the sixth generation of the Wi-Fi standard, which was established by the
International Institute of Electrical and Electronics Engineers (IEEE). The
standard IEEE 802.11ax enables data transmission at up to 9.6 Gbps with device
engineering adjustments such as switching to 1024 QAM modulation,
implementing OFDMA resource managment,enabling MIMO transmission, and
utilizing frequency reuse BSS. The following features are included with Wi-Fi 6: It
performs significantly better in densely populated areas and at large population
densities, at least four times better per user. This includes the ability to receive and
transfer data up to 40% faster for a single user, as well as prolonging the battery life
of the device. According to the foregoing, Wi-Fi 6 is critical in assisting in reducing
congestion and increasing the efficiency of data transfer from the core network to
end devices. Despite this, the economic value of $3.3 trillion in 2020 is expected to
grow to $4.9 trillion by 2025.

In Thailand, Numerous service providers, including as AIS 3BB and TRUE,
should offer Wi-Fi 6 router replacements together with a 1 Gbps internet package
to their existing and new subscribers for the most efficient connection. Additionally,
certain device vendors, such as Huawei, TP-Link, and Asus, have already begun selling
routers that support Wi-Fi 6 connectivity. The industrial sector will be the first to
adopt such technology, followed by the household.
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Technology and Key Enhance Features Global Deployment Status
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' -
IEEE 802.11a 1 802.11g H 802.11n | 802.11ac | 802.11ax 2.2 Wi-Fi6 0.34 Wi-Fi6E
standard  80211b | ; ; ; tiion Device  billon Device ‘
| ' ' '
' ' ' |
Speed 11-54 Mbps , 11-54 Mbps 1 150 Mbps 1 6.9 Gbps 1 9.6 Gbps 16.4 Device in 42 Annual
1999 2003 2009 2014 2019 2020 bilion Use bilion Device
. 2020 2025f
Key Feature: 37.5 Cumulative 500+ Access
f : billion  Device million  Point « Wi-Fi Alliance estimates the current annual
lBetter in dense i:wro:metnts 10bits per symbol 4 oroma global economic value of Wi-Fi will reach $3.3
mprove average Aroug‘ put per i 3 e Mobile trillion in 2021, and projects it will reach $4.9
user by at least 4 times in 3 b Ve ¢ 83% Traffic trilion by 2025.
congestion environment. ‘ s Offload . From current Wi-Fi number, Wi-Fi 6 device is
_@ Faster throughput 1024 QAM OFDMA Source: Wi-Fi.org (as of 2021) 13% of total device in use globally.
- i 0, i
=\ (Ej):tgv?;t:ac:?:giﬁ Tégrl;ll(ieern‘:zae};ice ,,,,,,,, i o Deployment Status in Thailand
9 : fsntae Ty
. = Operators shall offer 1 Gbps speed
=) Extend battery life 8x8 MU-MIMO BSS color package together with Wi-Fi 6 router to /\
of client devices. DL/uL Spatial freq. re-use their users to enable Giga broadband full IE ! ﬂ
Bottleneck Problem emiency'

als 328 trueonline — 3

Dat ] Less Bandwidth
Fast Core aa = Wi-Fi vendors have already put Enterprise§ are likely to be the early
Data Wi-Fi 6 router for sale. user for Wi-Fi 6 followed by
Network households.
Data g'é tplink /iSUS
HUAWE!

More Bandwidth

Source: Wi-Fi.org

Figure 5-10: Wi-Fi 6 Technology

5.7.4 DWDM (Dense Wavelength-Division Multiplexing)

DWDM technology, or dense wavelength division multiplexing, is a
method of transmitting data via a fiber-optic cable by combining signals of various
wavelengths. The aforementioned technology expands the amount of bandwidth
available for data transmission and reception. This improves the amount of data that
can be sent at a single wavelength within a fiber-optic cable, enabling the efficient
use of internet connections faster than 1 gigabit. The following are the advantages
and benefits of the technology: 1) It is capable of transmitting massive amounts
of data. Devices using DWDM technology offer multi-frequency aggregation and
can transmit data 20 Tbsp. per system or more. 2) Fiber optic resources shall be
saved by adopting this technology for data transmission. It takes only one pair of
fiber optic cables to transmit and receive data, although additional data transfer
is required. This is less than previous technologies such as SDH, which required an
increasing number of fiber optic lines as the amount of data required increased.
3) Capacities can easily be increased without increasing the number of fiber optic
cables by utilizing the existing optical line’s available frequency. 4) The data can be
transmitted over long distances using DWDM with an integrated amplifier. It enables
the transmission of data over a great distance between 2,000-3,000 Km without the
need for extra amplifiers. 5) The network’s reliability will be increased. The maijority of
devices used in DWDM systems are photoelectric, or light-triggered devices, which
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are extremely reliable and difficult to make errors in detecting light in fiber-optic
cables. 8) It is capable of forming an all-optical network and connecting with other
optical network devices such as OADMSs or optical redirection devices. This can help
reduce work-related errors and network costs.

At current, DWDM devices are usually adopted by aggregating wavelength
for example 80 wavelengths 128 wavelengths 160 wavelengths and supporting
100 Gbps to 1000 Gbps or more per wavelength. For Thailand, DWDM has been
employed in core network for the last decade. The telecommunications
operator has enhanced the device's capabilities to enable aggregation of up to 120
wavelengths, with each wavelengths supporting data transfer rates of up to 200
Gbps which can be expanded capability in the future to support the expansion of
the core network and effectively enable gigabit broadband services.

Dense wavelength-division multiplexing (DWDM) is a technique for increasing the bandwidth of existing fiber networks by optical fiber multiplexing. It mixes data
signals from several sources via a single pair of optical fiber while keeping the data streams completely separate. It will help enable the giga fiber connection.

DWDM Characteristics DWDM product available in global market

data section Fiber Optic DWDM can support multiple
WEvElEsi N channels for example 80/128/160
9 wavelengths (Lambda).
The specific limits of this technology are
not yet known.
The transmission capacity are
Capacity 100G/200G/400G/800G per
DWDM bwbM lambda, which can be expanded to
Large capacity transmission Long haul transmission 1T/2T.
The transmission capacity of the system  With laser amplifier, it will enable 2,000- DWDM Capacity in Thailand
can reach 20 Tbps, or even more. 3,000 km long haul transmission.
Saving optical fiber resources Improve the reliability of the system «—>, DWDM operating in Thailand
It only require a pair of fiber optic cable to Most of the DWDM devices are photoelectric O /\/\ currently can support up to 120
transmit the data. devices, which has a high reliability. wavelength (Lambda)
Smooth capacity expansion It can form all-optical network
The capacity can be increased easily DWDM can be mixed with OADM and Capacity The t():apacﬂ); n eaz%fz)gavecljeggth d
based on available wavelength and no OXC to form an all-optical network with can be vary from and beyon
new core fibers are required flexibility, reliability and survivability

Figure 5-11: DWDM Technology
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5.7.5 DQ-ODN

Digitalized Quick ODN, details are shown in Figure 5-12. It can be classified into
2 types: 1) Pre-connection: to pre-connectorized the equipment in the ODN network
from the factory. This eliminates the need for specialists to install the equipment.
2) Digital labels and ODN management systems: to reduce errors in the equipment
management. This technology enables the rapid connection and installation of such
equipment, resulting in cost savings due to the needless of an expert or those who
require training in the installation process, as well as a reduction in connection and
installation errors. This speeds the connection to end users and saves more on the
cost of network installation by focusing on the last-mile network in rural areas and
the fiber pre-deployment in the building.

Digitalized Quick ODN Advantages
Quick construction: pre-connection Digitalized ODN: digital labels, ODN
management system @ / A
oDN Save Time Save Investment Cost Minimize Error
Rotate and lock Management Syster Save deployment time No trained staffs and Minimize human error
B A with splice free and easy special equipment are from splicing the cables
P ———— plug-in cables. required. and ODN management.

A

A A A .
ODN Cable Adoption

equipment
0 Last-mile connection in rural Fiber pre-connection in
area building

= All ODN passive elements are pre- = Using robust digital labels.
connectorized. = Support recording and management Rural

= Splicing free. of ODN equipment to avoid human o o o

= Technician can manually plug in the mistake. Legiil
cables with ODN = Easy identification and displaying of Equipment

topology based on upload Room

information.

Figure 5-12: Digitalized Quick ODN

5.7.6 Regulation Tools

The map-based system that tracks the expansion of the fiber optic
network and the quality of broadband internet across the country can be used as a
regulation tool (Broadband Monitoring System) monitor and track the use and
installation of fiber optic networks as a tool to assist with governance regulation. It is
divided into the following three sections: 1) a system for monitoring the development
of the fiber optic network, both in terms of installation expansion and service quality, in
the form of a map, consisting of databases imported from NBTC, such as the optical
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network database and the USO network database, as well as external databases,
such as service provider databases; 2) channels or applications for collecting usage
data from end users, including fixed broadband and mobile broadband internet,
in all cities and locations such as schools, hospitals, government agencies, etc.
3) Creating progress reports that compare the fiber optic network’s development
results to the targets, including comparisons to global indicators. The report’s details,
such as the percentage of broadband internet access, percentage of fiber optic
network coverage, and speed, should be updated on an annual or quarterly basis.

Set up measurement system for monitoring Build platform for data collection of
broadband network development broadband network

Develop the progress and performance
report regularly comparing with target
and global index

Map Based System:

The map should contain the speed test provided
by official test server and integrate 3 existing
NBTC database fiber network and USO network
along with external database from operator to
monitor and evaluate the status of network.

8 8 O

Fiber uso External data
Network  Network  from providers

Application/Platform :

The platform / application shall be deployed to

collect data for both FBB and MBB coming from

= all cities and every villages and access point at
school, hospital, government ICT center, etc.

= To collect data for both FBB from telecom
operators and the end users.

Periodic Progress Status Report:

A report of %penetration / coverage and speed of
broadband development comparing with target and
global index shall be published quarterly.

Broadband Development Report:
A summary report to present the achievement shall
be published yearly.

Figure 5-13: Regulation Tools
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5 Guideline for The Development of Policy
]

and Governance Goals

The Telecommunications Master Plan No. 2 (2019-2023), the Universal Service
Obligation Plan No. 2, and the Universal Service Obligation Plan No. 3 are the guideline
for the NBTC's telecom regulations which are intended to support the development
of comprehensive telecommunications infrastructures. Open access is one of the
regulatory mechanisms stated in the master plan to encourage operators to open
their networks for other operators to access resulting in a more efficient network
utilization and provides end users with alternative options. Another important policy
framework is developing of last-mile network, providing basic telecommunication
services in remote areas and expanding the network cover all villages. Those policy
frameworks, Gap Analysis, and technical study will be the guidelines to develop the
policy and regulation recommendations in order to achieve the development of
Giga broadband target. It can be summarized as the following picture in Figure 5-14.

Government Policy and Regulation

Fixed Broadband Target Infra-sharing Fiber Pre-deploy USO Funding Tools
2027 How to Close the Gap ) —
— =g - ==
B = <
Z = 3
= Reduce investment cost [ ) [ )
&@ FBB Coverage = Reduce investment time [ )
All Households « Remove barrier for accessing private areas [ ) [ ] Infrastructure Atlas
&é iFnBSrE:nS::;d 1 Gbps = Replace legacy in private area . [ ] Infrastructure Atlas
al [l
@ FBB DL Speed = Connect with FTTH . BB Monitoring
in Rural Area>100 Mbps = Increase capacity [ ) BB Monitoring
= Increase coverage in urban area . . BB Monitoring
~ FBB Penetration . P
’I\/ﬁ by HH 80% Increase coverage in rural area . BB Monitoring
= Increase usage in rural area . BB Monitoring
a,; Fixed Broadband 1%of " Reduce investment cost .
$ Affordability GNI = Subsidy in rural area ()
igi = Increase investment & consumption
‘z@ g:?r:::ilb?:ﬁ;ogy 25% N o P Build the broadband infrastructure and ecosystem to support
= GpP © = Increase digital productivities the digital industry and digital productivities

Figure 5-14: Guideline for Development of Policy and Governance Goals
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Coverage Target: In order to expand internet coverage to every national
household as a target, redundant infrastructure costs and installation time
must be reduced. As most of the network’'s costs come from deploying of
infrastructure, connecting last-mile network, and installing network in private areas
(e.g, residential buildings, office building, housing estate, and industrial estates,
etc.). Therefore, the transparent infrastructure sharing shall be promoted and
regulated including both open access and price regulation. Open access shall
apply to passive telecommunications infrastructure such as electrical poles,
underground ducts, and pre-deployed fiber cables in private areas. For remote
areas, the existing network under "Upgrading Thailand’s Telecom Infrastructure
Project to Drive the National Economy” should be expanded by connecting last mile
to individual household using FTTH technology.

Speed Target: The low average broadband speeds in major cities are due
to the incapacity of copper and cable technologies to support fiber optic-based
comprehensive telecom systems. As a result, the legacy technologies should be
replaced by fiber-based technologies, particularly in private areas. For private
areas, the fiber optic cables shall be pre-installed and open for other fixed
broadband operators to access by requesting via map-based infrastructure
sharing support system (Infrastructure Atlas System). For rural areas, the current
speed should be increased to higher than 100 Mbps, by retrofitting the network
configuration or upgrading the GPON technology in accordance with the ITU's
roadmap. In addition, a broadband monitoring system should be implemented to
track the network’s expansion and quality.

Penetration Target: for urban areas, accelerating network expansion for
coverage through infrastructure sharing, especially pre-deployed fiber cables,
may result in a rapid increase in penetration rate. For rural areas, accelerating
network expansion for coverage and encouraging local residents to use and adopt
internet-based applications, may result in a rise in the number of users and
penetration rate in non-municipal areas.

Pricing Target: to reach the target in lowering fixed broadband prices, fixed
broadband operators consider cutting costs by sharing infrastructure. While
low-income customers in rural areas, may require a subsidized support in order to
gain access to the internet service at a reduced rate.



Giga Thailand Infrastructure White Paper E

Digital Economy Target Issues: to accelerate economic growth by increasing

the contribution of digital technology to GDP, it is required to raise investment and

expenditure in the digital economy, as well as productivity growth in the digital

industry.

Besides the above recommendations, technology is an important factor in

achieving gigabit broadband adoption. The technologies are as follow:

*

XG-PON Technology: Although internet service providers already use
GPON technology to deliver gigabit broadband services, this might not be
sufficient as the number of users growing. For more capabilities to boost
speed, fixed broadband operators should upgrade their technology to
XG-PON in compliance with the ITU's roadmap. It is not only should XG-PON
technology be used to replace GPON, but also legacy technologies such
as copper and coaxial cables.

Transition to IPv6: Extending connectivity capabilities in order to support
exponentially expanding device connections that surpass the IPv4-based
IP address limit. Because IPv6 connections can support a significantly
greater number of devices than IPv4 connections, service providers should
implement an IPv6 transition strategy to mitigate the impact of IP address.

Wi-Fi 6: It will be capable of transmitting data at a higher rate than Wi-Fi
5, thereby enabling gigabit connections to end devices.

Digitalized Quick ODN: DQ ODN can reduce fiber optic networks to end
users in last-mile connections by implementing pre-connectorized ODN
(Optical Distribution Network) devices that eliminate the requirement for
on-site splicing. Additionally, the ODN management system is also included,
which makes it easier to record complex ODN data.

Policy and regulation innovations: it is critical to ease the massive
deployment of fiber optic cables for example, the Infrastructure Atlas
system, which facilitates infrastructure sharing. Secondly, the Broadband
Monitoring System, which monitors fiber optic network expansion and the
quality of broadband internet service nationwide)
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6 Infrastructure Sharing

Infrastructure sharing reduces the cost and time required to install and
operate a telecommunications network, resulting in the greatest benefit to users
in terms of service quality and price. Therefore, this policy is generally adopted
in the development of telecommunication networks under the regulation of the
infrastructure sharing.

6 ] Current Infrastructure Sharing Issues
[ ]

Presently, telecommunications operators that provide broadband
internet service have access to other operators’ passive infrastructure (e.g,
poles and ducts) and telecommunications networks (e.g, fiber optic networks
and access networks). Under NBTC regulations, entities that have technical
and commercial agreements to use the service or to provide services via the
telecommunications network are permitted to do so. Regardless of Thailand's
telecom market conditions, such services are regulated, there are still issues
that can be considered to optimize infrastructure sharing in order to support the
development of broadband internet. Expansion of telecommunications
infrastructure alongside other utility infrastructure, determining the rate of
compensation for underground duct usage, and allowing other operators equitable
access to access networks in private areas are examples. This will be covered in
more depth in the following sections.
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6.1.1 Underground Duct Compensation

The NBTC has developed a plan for undergrounding communication cables in
2021 in collaboration with the Metropolitan Electricity Authority (MEA), the Provinciall
Electricity Authority (PEA), Bangkok Metropolitan Administration (BMA), the Royal Thai
Police, the Telecommunications Association of Thailand under Royal Patronage,
and telecommunication operators. The plan will organize communication cables
and migrate to the underground duct, resulting in a picturesque landscape and
increased public safety. Additionally, it contributes to infrastructure sharing, which
enables the telecommunications industry to grow in the future.

Pole and Duct Rental Prices

Price cap: 9,650
THB/sub-duct/km/month

More than 18 times The impact from duct migration is not only
migration cost but also the increasing of
operation cost because duct rental price is
) much higher than pole even though the price
Market price: 109-530* cap is applied.
THB/km/month

N
5 C &
____________ ’
| 4 Assumption: average distance between poles is 40 m in range 30 — 50 m

Figure 6-1: The Comparison Of Duct and Pole Compensation Rate

Although switching from laying fiber-optic cables on electricity poles to
underground ducts can reduce signal interruption problems and maintenance
costs for operators, such changes affect the cost of installing underground
communication lines and the cost of renting underground duct. The duct rental
rate is higher than the pole rental rate, increasing from 190-530 THB per kilometer
to 5,314-9,650 THB/sub-duct/km/month. The maximum monthly rental rate was
set at 9,650 THB. The maximum rental fee for underground conduits has been
temporarily approved at 9,650 THB/sub-duct/km/month’ including VAT, for a total
of 10,325.5 THB, by resolution of the NBTC meeting No. 4/2020 on February 26, 2020.
The expense of leasing the underground duct constitutes a long-term burden for
telecommunications operators.

SNotification of the NBTC on The Highest Rate of Compensation for Communication Ducts Usage
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6.1.2 Fiber-optic Network in Private Area

At present, telecommunications operators are implementing infrastructure
sharing in accordance with the NBTC notification: “Telecommunication access
and interconnection” B.E. 2556. The notification is intended for operators who have
been granted access to telecommunications networks pursuant to a technical and
commercial agreement in order to use the network or provide a service via the
network. Additionally, it refers to fiber-optic access networks established in private
areas such as buildings, offices, housing estates, and industrial estates as the
Access Network in Private Area. The area’s SMP operator is likely to be the first
operator to partner with the landlord or developer of the properties to establish a
fiber-optic network. The SMP would propose a high rental rate and an unfair service
in order to deprive other operators, rendering them uncompetitive and impeding
the development and improvement of fixed broadband internet in private areas.

Access Network in private areas

Access Network Rental Price

* Most of building in private area applied strategic
cooperation mode. The setting of rental price and

= @ ® SLA can easily lead to monopoly.

oo

B = B inpi

o] E  The access network in private areas rollout by
Residential Commercial Industrial :ngn;i:zrs go"mpames usually do not open for others

Building Building Park :
125 - 500 4000 3500 — 6000 « The other operator companies may need to deploy
THB/core-km/month THB/core-km/month THB/core-km/month their own network in the same buiIding Ieading to

duplicated investment.

Figure 6-2: The Issue of Accessing Fiber-Optic Network in Private Areas

For a telecommunications network’s rental fee is defined by the area’s
structure. Rental fees for home telecommunications networks range between
125 and 500 THB/core-kilometer on a monthly basis. Also, commercial buildings
are charged at 4,000 THB/core-kilometer/month, whereas industrial estates
are charged at 3,500-6,000 THB/core-kilometer/month. There are two types of
telecommunications operators who build fiber-optic networks in private areas:
network operators (who provide only the network) and fixed broadband
providers (who provide both network and internet service). Both groups have
to submit Reference Access offer (RAO) to NBTC. The RAO shall include the
standard calculation and demonstrating the calculation for the rental rate, as well as
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details of service quality, and conditions relating to confidentiality and information
disclosure in accordance with the NBTC's notification on “Telecommunication
access and interconnection” B.E. 2556. In practical, fixed broadband operators who
provide internet service and installing telecommunications networks in private areas
prohibit other operators from using their network. On the other hand, other
operators lack confidence in their quality of services, resulting in investment
duplication and service delays.

6 2 International Best Practices
[ )

for Broadband Infrastructure Sharing

6.2.1 International Best Practice of Telecommunication Infrastructure and
Utility Infrastructure Installation

The majority of the cost of investing in telecommunications infrastructure,
particularly direct bury fiber optic cables and duct installation, is borne by
construction or civil work. In the People’s Republic of Ching, it has been proved
that concurrently establishing telecommunications infrastructure alongside
other infrastructure construction can lower construction costs by 30%.The
telecommunication infrastructure that can be installed with other infrastructures
is classified into three layers: 1) The core network (Backbone Loyer) is the installation
of a telecommunication network between cities parallel to the highway or
railway. 2) The Aggregation Layer is the network infrastructure thatconnects
a city’s multiple distribution points and its main network. As a result, it can be
integrated into the city’s basic utilities, such as sewers, water pipelines,
and underground electrical conduits. 3) Access network is a network that is
deployed to end users. It can be constructed with basic utilities to enable access
to households or offices, including the installation of a fiber optic network within the
building to connect fiber to users in each residential unit concurrently with building
development.
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Basic Infrastructure and Telecom Infrastructure

Backbone Layer Aggregation Layer Collaboration Access Layer Collaboration
Long haul between cities Inside the cities Last-mile
high way, express way, railway, electricity duct, water duct, sewerage residential building, commercial
electricity transmission network duct, storm water, along sidewalk building, housing estate

Access Network

Figure 6-3: The Installation of Telecommunication Infrastructure with Other Infrastructures

In Germany, construction expenses are considerable high, accounting for
around 80% of total costs, necessitating collaboration in the development of
infrastructure. The cost-cutting policy is aimed at streamlining the planning and
execution of civil works. The objective is to increase the efficiency with which
telecommunications network infrastructure is developed. As a result, existing
utility infrastructure such as water pipes, light pipes, lightning arresters, towers, and
antennas shall be integrated into telecommunications infrastructure to the extent
possible.

The telecommunications regulator works as an intermediary in
coordinating infrastructure installation and expansion information with other
infrastructure authorities. The online database maintained by the
telecommunications regulator will collect notifications from other
infrastructure authorities. Simultaneously, telecommunications operators can
access this database. As a result, increased coordination with municipal
infrastructure authorities is anticipated.
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Basic Infrastructure and Telecom Infrastructure

Facilitate the Deployment of High-Speed Digital Networks":

« Shorten RoW

Information

. authorization periods
B rtecomoperaor | s | Fo e R amow, "

Provide 9 BNetzA [o N\ « Obligation for fiber

information deployment in public
housing
* Co-use rights
B Public Infrastructure Companies Notification of passive
Agreements for joint use J (( )) ) infrastructures and capacities . Entitlement to co-
'l A ? /A\ g E(D] | deployment

Figure 6-4: Online Notification of Installation and Expansion of Basic Services

Not only cost savings are realized as a result of this collaboration throughout
the construction process, but the approval process can be also speeds up by
combining the rights of way. Additionally, it might speed up the approval process
by merging the rights. Additionally, it may permit fiber optic cable construction
in public areas in conjunction with other services, lessening the impact on local
residents.

6.2.2 Infrastructure Sharing in the United Kingdom (UK)

In the United Kingdom, most telecommunications lines are established to
connect the operators to the end users. The wirelines were were operated and
maintained by Openreach, a subsidiary of the BT group of companies. Other
operators will be able to purchase wholesale broadband services from Openreach
(e.g, BT, Sky and Talktalk). Due to Openreach’s enormous network of ducts and poles,
telecommunications regulators, ofcom, aim to expedite the expansion of broadband
internet services by other providers. As a result, Openreach has been required to
offer competitors access to its ducts and poles since 2010. However, only a small
number of applicants apply for the service in the time-consuming and traditional
manner. The approval process is multi-staged. As a result of this collaboration, the
regulator works with Openreach and its stakeholders to improve the access process.
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In 2016, infrastructure access and infrastructure sharing regulation were
introduced as well as other infrastructure, such as gas pipes, electricity and
water supply. This is referred to as Access to Ducts and Poles (DPA). The few
applications that apply to Openreach’s network may be the result of an ineffective
DPA process, and Openreach’s data for ducts and poles may be inaccurate or
lack information about their conditions, such as not being located in the specified
location, being damaged, or being unable to support additional fiber optic cables.
These impediments prevent all operators (including BT) from using Openreach’s
ducts and poles, hence limiting the expansion of fixed broadband networks.

N LA
A1)

openreach
@ o . Reduce the process of documentation
U:u Duct and Pole Access Map The core products and P
| 53 S - B activities that CPs mostly use:
Map-based -P 3 y .

Duct and Pole Access Map

system Provide necessary data of duct and
= Spine duct pole access for CP

= Checking the availability = Lead-in duct

= Route plan provision = Manhole " CP may reserve their fiber route for up
= Making a route reservation # . = Footway Box to 6 months
S . Eliminate monopoly
og oo . Enhance broadband connection rate
Customer ofog cP ofag and broadband penetration rate
Premise “ Cabinet
. CP h c = Allow other operators to place their
- - - Handover — -~ ;stor_ner equipment into Openreach’s manholes,
Box CP Handover Box remise removing the need to dig new
T// manholes and making it easier to
> 7ﬁ connect cables
| IS R S L ” L T 1 |
Joint Box  Joint Box To Customer Joint Box Joint Box o .
premise CP : Communication Provider

Figure 6-5: Passive Infrastructure Sharing with Map-Base Supporting System

ofcom is attempting to persuade Openreach to continue opening access for
infrastructure sharing, but the approval process needs to be simplified to make it
more accessible to other operators, including the development of a map-based
system and an online tool to provide applicants with access to Openreach poles
and ducts data. In March 2017, the system was implemented.
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6.2.3 The Open Access Model in Singapore

Singapore first launched its efforts to develop broadband internet services in
2009. The national broadband network has been installed, enabling open access and
infrastructure sharing via the Structure Separation model, with the goal of avoiding
duplication of investment, eliminating access bottlenecks to telecommunication
networks and infrastructure, and encouraging small operators to compete in the
broadband internet service market through commercial agreements.

Open Access Model in Singapore G

This model has prevented asset duplication and removed access bottlenecks, which in turn has led to a competitive broadband market where retail service providers
compete on commercial terms.

Consumer / End-User OpCo Obligation
* Operation Company
Retail Retail Retail X X
[yl Services | Services Price Control via Responsible for building a fiber-to-the-home (FTTH)
Providers | Providers ) Interconnection architecture using GPON and Active Ethernet network
_______________________ __ Operational ~ Offer (ICO) elements. Nucleus Connect design, build and
i separation operate the active infrastructure
Active Operation Company '
Infra
holes (GpCo)
(Wholesale Universal Service
Sandwdt) ____ May have multple player Stuctral  piigaton (USO) " Network Company

separation

Responsible for designing, building and operating the
passive infrastructure of the network. NetLink Trust
owns and deploys all the fiber optic cables, and
offer wholesale dark fiber services to qualifying
of 25 Years OpCos on a non-discriminatory basis.

Passive
Infra

(Wholesale
Wireline)

License Period

Monopoly

Figure 6-6: Open Access and Structure Separation Infrastructure Sharing

Separation of infrastructural structures can be divided into two types: 1) Passive
infrastructure, which is operated by a network company. The network company
constructs and installs passive infrastructure or dark fiber in order to enable
operation company to access the network. 2) Active infrastructure which is
operated by an operation company who connects the fiber optic networks to
residential households via FTTH and GPON technology. The operation company may
offer broadband services directly or through a retail service provider.
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6 3 Recommendations to Regulate
®

the Infrastructure Sharing

to address the issue of underground duct rental rates, which are a long-term
commitment, and issue of fiber optic network access in private areas, including
supporting the development of fiber broadband services, it is required to increase
infrastructure sharing efficiency. As a result, greater consideration should be given
to the regulation of infrastructure sharing. Moreover, the system should be built to
facilitate the infrastructure’s information and process exchange.

Provision of utility infrastructure and expansion of telecommunications
infrastructure should be collaborative endeavors.

Because supplying basic utilities and expanding telecommunications
infrastructure should occur concurrently in order to minimize construction costs
and impact on people’s daily life during the construction development period.
An information center for fundamental infrastructure project plans should be
established to promote collaborative planning between infrastructure authorities
and telecommunications operators in planning infrastructure expansion and
common telecommunications collaboratively.

Review of the regulation governing on underground ducts rental rates by
using reference rate

The underground communication cable project effectively mandates that
operators install fiber optic cables in subsurface ducts. Additionally, there is the
cost of duct rental over time, which is substantially more expensive than pole
leasing. To facilitate future fiber optic network expansion via underground duct
migration and additional duct migration projects, the price regulation should be
reconsidered. As a result, regulation of underground duct rental rates should be
reconsidered in order to progress from a maximum rental rate to a reference rate. The
reference rate must be computed using proper calculation standards at a
reasonable cost, as telecommunications operators are unable to pick which route
of the underground system is served by a single duct supplier. Additionally, to ease
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difficulties and maintain fairness to telecommunications operators, supporting such
initiatives through financial mechanisms, tax or fee reductions would be considered
to incentivize operators to respond quickly.

The regulation of open access in private areas

The issue of open access in private areas is slowing the spread of fixed
broadband coverage. This includes the access network in residential buildings,
office buildings, housing estates, and industrial estates. The challenges arise as
a result of exorbitant rental charges and inequitable service quality. Thus, open
access regulation in private regions will be strengthened by establishing more
pragmatic service level agreements (SLAs) and fines to assure service quality and
maintenance in the case of a fiber optic network failure.

Establishing a map-based support system for infrastructure sharing

Regulators should have systems to control and regulate infrastructure sharing
in order to ensure that applications for infrastructure sharing between operation
providers are convenient, transparent, and efficient. This map-based support system
should include the following: 1) poles and underground ducts; 2) fiber optic cable
and networks in public and private areas 3) fiber optic network under “Upgrading

Telecommunication Infrastructure Project to Drive the National Economy”, and so
forth.
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Infrastructure Atlas System (Passive Infrastructure)

The infrastructure atlas'system is the central information tool showing options for sharing infrastructures in fiber broadband rollout. It provides
information on the location and availability of fiber optic cable, duct, pole and other infrastructures that can be used for broadband development.
o Ducts and Poles e Fiber / Access Network o USO village Network
o
X Tld
el — X " Vilages
8 O 8 ® 8 O
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W:'gsht;;fn, External data Fiber Access Network USO support  External data
Y Y from providers Network* in private areas system* from providers
Map-based tool that opens for Telcos to Map-based tool used to monitor fiber Map-based tool used to monitor USO ‘s
check ducts and pole’s availability coverage and opens for tenant to check access network and open for tenant to
and process application online. network ‘s availability (on provider check the network ‘s availability for
level) for sharing on particular routes. sharing on particular area.
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Figure 6-7: A Map-based Support System for Infrastructure Sharing

The map-based system that facilitates infrastructure sharing services should
contain a function that enables the requester to list infrastructure providers along
the suggested path, check the status and capacity of services, and apply online.
It may import preliminary data from existing databases, such as the rights of way
system, the permission system for fiber optic cable installation, and the information

from the USO project’'s operation support system.
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7 Preparation of Fiber Pre-deployment
Policies and Standards

Fiber Pre-deployment is the process of installing a fiber optic network in private
areas such as residential buildings, office buildings, housing estates, and industrial
estates prior to receiving a request for internet broadband service. In public areas,
telecommunication operators could apply for permission to install the fiber optic
cable on poles or through ducts, such as the Metropolitan Electricity Authority (MEA),
the Provincial Electricity Authority (PEA), the National Telecom Public Company (NT),
and The Krungthep Thanakom Co.Ltd. However, telecommunications operators
must contact or enter commmercial deals with landlords to develop the fiber optic
network in Private Area. The Current Situation for Fiber Pre-deployment in Private
Areasrators to expand their fiber optic network and providing services.

7 -I The Current Situation for Fiber

Pre-deployment in Private Areas

In Thailand, fiber pre-deployment in private areas can be classified into 4
scenarios, each with distinct benefits and downsides that affect the broadband
market differently, as seen in Figure 7-1.
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Figure 7-1: The Four Scenarios of Fiber Pre-deployment in Private Areas in Thailand

Scenario 1: Fiber deployment is no pre-installation (No Fiber Pre-deployment).
Fixed broadband operators are unable to deploy services instantly due to the
lack of fiber infrastructure. The fiber optic cables must be laid beginning at the
access point and continuing through the building or private areas to the end
users. If subsequent fixed broadband operators intend to provide services in the
same private areas, they must reestablish fiber optic cables to connect to the
building or private areas. As a result, investment becomes redundant and
ineffective. However, this No Fiber Pre-deployment solution enables all fixed
broadband operators to compete on a level playing field. Additionally, this would
enable all service users to make an alternative operator selection based on
service quality.

Scenario 2: Operators Exclusively Pre-deployment, the strategic cooperation
mode is when a fixed broadband operator enters into an agreement
with the owner of a building or a private area to become the exclusive
pre-deployment providers of fiber pre-deployment for the duration of the
agreement. A fixed broadband operator can rapidly connect customers due
to fiber pre-deployment. However, operators exclusive pre-deployment is
regarded as a fixed broadband service provided as the sole monopoly
operator for the term of the agreement, and the exclusivity period may be
extended if no other fixed broadband operators join the agreement. This mode
therefore tends to cause a permanent monopoly. Alternatively, after the term of
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the agreement ends, another fixed broadband operator may offer a second fiber
pre-deployment deal, mandating investment in redundant fiber pre-deployment
with the first operator. Fixed broadband operators are unlikely to lease fiber
pre-deployment in private areas to competitors, and the initial operator is unlikely
to open its networks to competitors. However, strategic cooperation is the most
frequently used form of operation at the present, as a fixed broadband provider
with a dominant position in the private area would considerably gain from business.

Scenario 3: Exclusively third-party pre-deployment, a fiber optic network
provider enters an arrangement with the owner of a building or a private area
to become the exclusive fixed provider responsible for installing and offering
fiber optic networks for the agreement period, which is sometimes referred to as
strategic collaboration mode. Third party exclusive pre-deployment is distinct
from operators exclusive pre-deployment in that the fiber optic network was
installed in advance by the fiber optic network provider that provides wholesale
access to fixed broadband operators. Fixed broadband operators might link their
customers instantly to their offerings. This scenario enables the opening of fiber optic
networks in a private areqg, which can be accessed by all fixed broadband operators.
As a result, it has a higher competitive edge than scenario 2. (Operator Exclusively
Pre-deployment). However, the third-party provider will become the sole provider
of fixed fiber pre-deployment in that private areqg, with the authority to decide the

rental pricing and service quality level.
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Scenario 4: Self-building mode is when a real estate developer or private
landowner installs a fiber optic network and enables fixed broadband operators
accessing to the services. Fixed broadband operators can immediately connect to
the signal and begin delivering services to end customers without having to pay rent
to a real estate developer or private area owner, as the cost of fiber pre-deployment
is already built into the real estate price. Additionally, the equipment, which includes
the telecommunications control room, is treated as a shared asset. This scenario
enables fiber optic networks to be constructed concurrently with the construction
of the building, resulting in cheaper network installation costs in comparison to the
other fiber pre-deployment scenarios. This scenario is the most cost-effective and
competitive. However, real estate developers in Thailand have just recently begun
to use it for buildings or private areas with high-priced or premium assets.

The four scenarios for fiber pre-deployment in private areas indicate that
fixed broadband users will face challenges such as delayed service, inability to
choose a fixed broadband operator, and possibly inability to receive the required
level of service in private areas without fiber optic networks (or relying only legacy
technologies, such as copper cable network that not fluently support giga
broadband). Fixed broadband users in Bangkok and major cities such as Chiang
Mai, Chonburi, Rayong, Nakhon Ratchasima, Khon Kaen, and Phuket are more likely
to face these challenges than users in other provinces, as these provinces have
a rapid trend of private sector expansion, including residential buildings, office
buildings, and housing estates. Bangkok and vicinities accounted for 40% of all
residential development permit applications in 2019. Additionally, the housing
business expanded and concentrated in those six major cities, with around 23%7".
of residential construction applications.

7The housing industry outlook (6 main provinces), Krungsri, 2021-2023
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7 2 International Best Practices for Policies
[ J

Regarding Fiber Pre-deployment

As discussed previously, one of the issues associated with expanding fixed
broadband coverage using fiber optic networks is providing fixed broadband
in residential buildings and private areas. A number of nations, notably those
who are leaders in the development of fiber optic networks for fixed broadband
services, have established several best practices on this subject. The study on fiber
pre-deployment rules and standards was undertaken utilizing best practices from
the People’s Republic of Ching, Singapore, France, and the United Arab Emirates.

7.2.1 The People’s Republic of China

The People’'s Republic of China developed a fiber optic network growth
strategy in 2011 that included infrastructure sharing and efforts to limit monopoly
access. In 2013, the National Development and Reform Commission (NDRC) developed
policies for fiber pre-deployment in buildings in collaboration with two primary
organizations: the Ministry of Industry and Information Technology and the Ministry
of Housing and Urban Rural Development, which are responsible for developing
Code of design and Codes for construction and acceptance.

Fiber optic networks have been required to be installed in new buildings
prior to occupancy, by constructing communications infrastructure and
conducting acceptance concurrently with the building’s construction. At least
three fixed broadband operators must be supported by the cross-section of
communication ducts, distribution points, and facilities for constructing fiber optic
networks in buildings, such as a Telecom Room.
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Figure 7-2: People’s Republic of China’s Policies and Standards for Fiber Pre-Deployment in Buildings

Subsequently, in 2014, a reference budget was created to assist real estate
developers in predicting the cost of fiber optic network installation in conjunction
with the building’'s development. In summary, the People’s Republic of China has
developed a fiber pre-deployment strategy in residential buildings in order to
facilitate the development of fixed broadband services via fiber optic networks. Since
2013, all buildings applying for a construction permit must adhere to design codes,
construction and acceptance codes, and market reference values for buildings.

7.2.2 Singapore

Since 2010, the Infocomm Media Development Authority (IMDA) has
regulated real estate developers and building owners to ensure adequate space and
facilities for telecommunications operators by enforcing standards contained in
the Code of Practice for Info Communication Facilities in Buildings (COPIF). The most
recent COPIF, published in 2018, establishes the obligation of building owners and
real estate developers to provide sufficient space, facilities, and accessibility for
telecommunication licensees to provide telecommunications services by
pre-installing telecommunications infrastructure appropriate to the type and size
of buildings. On request, the building owner must allow telecom licensees to install
the network in the private area. Additionally, the COPIF defines the responsibilities
of licensees of fixed and mobile telecommunications. Compliance with COPIF is
a regulatory requirement. If not complied, it would constitute a breach of
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the Telecommunications Acts. The following are some of the items that a building
owner or developer must provide to a telecom’s licensee:

¢ lead-in pipes, underground pipes or manholes;

¢ Main distribution frame rooms;

¢ Telecommunication equipment rooms;

¢ Mobile installation spaces;

¢ Telecommunication risers;

¢ Coaxial cables with associated splitters and TV outlets; and/or

¢ OFC with associated fiber termination points

Moreover, the COPIF prohibits building owners from imposing costs, expenses,
service fees, or rents on telecommunication licensees, as well as from imposing
extra criteria that result in increased costs or expenses. On the other hand, while
the building owner is not liable for utility costs, he or she may consult with the
telecommunications licensee over how to calculate them or whether to install o
separate utility meter. The building owner should agree on emergency access
measures with the telecommunications licensee.
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Between 2000 and 2018, the COPIF was revised five times, with the most recent
edition issued in 2018. The initial edition of COPIF mandated that building owners
or developers provide space and facilities for telecommunications services. The
second COPIF needs room for the Next Generation Nationwide Broadband Network’s
buildings and infrastructure. COPIF’'s 2013 and 2018 editions mandated building
owners to attach at least two and four’® cores of fiber optic cable to each room or
unit, respectively.

7.2.3 France

France required the installation of fiber optic networks in 2012 as part of the
Building and Residence Law R.111-14. The regulation applies to structures granted a
building permit after 1 April 2012, but not to temporary structures lasting less than
two years. As a result of these regulations, the following pre-installation criteria for
fiber are established:

¢ A network access point must be connected to the telecommunications
network near the entrance, and each room or unit must have at least one
fiber optic communication information box.

¢ Each residence must have an in-door facility for connecting to the
telecommunications network, through fiber optic cable, as specified in the
Building and Residence Law R.111-14.

¢ Commercial residences or rooms must have at least one fiber optic to
provide services. In some cities, a building with more than 12 residential
units must have at least four fiber optics.

¢ Each fiber optic cable must be labeled as a service location, and
telecommunications operators must e able to activate their service at
any time.

¢ Communication duct must be installed in the common area of the building.
Communication cables and connecting devices must be installed with a
minimum of a 20 cm clearance above the equipment.

’8Code of Practice for Info-communication facilities in buildings, IMDA, Chapter 15.2, 15 December 2018
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Additionally, there is a standard for fiber optic network installation in buildings
that specifies the size of the equipment used for the installation, for example the
information box, which must have at least four RJ45 sockets, be 240 x 300 x 200 mm
in size, and be able to support data at 1 Gbps.

7.2.4 The United Arab Emirates

The United Arab Emirates has established regulations and standards
for the development of fiber optic networks based on the following seven
principles: 1) Prevent duplication of investment. 2) Unrestricted network access at no
additional expense. 3) Consider future deployment and capacity development of
security. 4) Support telecommunications providers in selecting technology. 5) Provide
telecom services to customers quickly. 6) Capable of switching service between two
operators without requiring on-site support. 7) Customers retain the option of
selecting their own operators.

Furthermore, a reference fiber optic network installation model is
developed to identify components and their associated definitions in order to
facilitate commmunication and to adhere to the following design concepts and
construction criteria:

¢  Multi-core optical cables must be employed to maintain competitiveness
and reduce investment costs.

¢ At least 1 dedicated fiber optic is connected to each home from each
operator’s OLT.

¢ Prepare additional spare capacity for the installation of telecommunications
equipment by new operator.

¢ Users have the option of choosing one or more service providers and
operators. This results in increased incentives for providing higher-quality
service.

¢ User's information box should be able to hold at least 2 ONTs.

¢ Operator has its own dedicated E2E FTTx network and complete service
delivery control capabilities.
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Recommendations for Developing Policy,
7 3 Regulation, and Standard Specification
[ J

for Fiber Pre-deployment

Fiber pre-deployment policy shall remove impediments to the growth
of fiber optic networks in terms of coverage expansion and service quality
improvement, notably in terms of speed. The policy should apply to both new building
permits and existing buildings where the fiber optic network has been established
or has not yet been installed. To provide equal access, avoid monopolization, and
establish a reasonable reference pricing, the fiber pre-deployment network should
be clearly governed. The fiber optic network must be maintained in accordance
with service level agreements (SLAs) and within the budget constraints of the
overall construction project. Moreover, fiber-pre-deployment requirements for both
indoor and outdoor scenarios should be defined, including design, installation, and
acceptance specifications, as well as a reference budget for analyzing the project’s
cost.

Recommendations for Encouraging Fiber Pre-deployment Policy

Fiber-pre-deployment policies, particularly in private areas for broadband
internet delivery, shall be examined and implemented to include the following:
1) When requesting for construction approval for a new building, the policy should
require the submission of a fiber optic network design. The developer should
install fiber optic networks concurrently with the construction of the building.
Similarly, as policy requirements are implemented in the Republic of Ching, a fiber
pre-deployment policy is a need for new buildings in every unit. However, according
to “The characteristics and types of telecommunications businesses that require
a telecommunications business license,” the installation of a fiber optic network
in a private area (e.g, a residential building) by building owners or the juristic
of a condominium or housing estate that already has a fiber network inside the
building or private area does not require a telecom license. Appendix C. 2) In the
case of private areas where fiber optic networks have already been installed by
telecommunications operators, including fixed broadband operators (e.g, AlS True,
etc.) and fiber optic network providers (e.g, PlanetComm FirstMile), the fiber optic
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network in the private area is obligated to provide an open access network at a
reasonable rental fee and on an equal footing with other operators. 3) In cases
where fiber optic networks have not yet been installed in private areas, fiber pre-
deployment should be encouraged through financial incentives, tax deductions, or
alternatively through matching funds for joint investment between building owners
and telecommunications operators for cost sharing strategies.

Recommendations for Standardizing The Installation of Fiber Pre-
deployment

Fiber pre-deployment standard specification should be defined for residential
buildings, office buildings, and housing estates, both indoor and outdoor. Furthermore,
a methodology for determining the right construction cost should be researched
and cost modeling for the industry’s reference budget undertaken.

Recommendations for Regulating Open Access of Fiber Pre-deployment
in Private Areas

According to the previous section's recommendations on fiber pre-deployment
policy, telecommunications operators shall be regulated to allow other
fixed broadband operators access to their fiber optic networks in private areas.
Telecommunications operators that own fiber optic networks in private areas
(e.g., buildings, housing estates, and other private areas) shall update a point
of access into a map-based infrastructure sharing support system
(Infrastructure Atlas System) to facilitate access. To regulate fiber pre-deployment
in private areas, both the establishment of RAO (Reference Access offer)
and the standard for calculating rental fees must adhere to the principle of

“Telecommunication access and interconnection” (Refer to Infrastructure Sharing
Chapter).
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8 The Mitigation of Digital Divide

8 ..I Thailand’s Digital Divide Challenges

Thailand’s digital divide challenges can be categorized into 3 aspects as
follow:

1. Limitation of internet accessibility via fiber optic network to households in rural
areas: Thailand's fiber broadband penetration rate is 30%’%, while the majority of
access are concentrated in the urban areas. Residents in rural areas can connect
to fixed broadband via public Wi-Fi, as each village has its own hotspot. Certain
villages may have multiple Wi-Fi access points, if they have a school, a sub-district
health promotion hospital, a USO Net location, or a USO WRAP location®. However,
employing Wi-Fi technology has limitations in terms of distance and number of users.

2. The disparity in the quality of fixed broadband service between urban and
rural areas: In urban areas, the average fixed broadband speed is 191/1581 Mbps
(download/upload), whereas rural areas have a fixed broadband speed of 30/1082
Mbps, with the exception of 10,000 rural villages that have had their speeds increased
from 30/10 to 100/5083 Mbps. To summarize, the fixed broadband speed in urban
and rural areas varies greatly.

°Calculated from Thai Telecom Industry Database, NBTC, 2020
80UsO implementation result, USO, 2020

8iGlobal Index, Speedtest by Ookla, 2020

82USQ, loc. cit.

8The village broadband internet project, MDES, 2019
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Average Fixed Broadband Speed (Mbps), 2020
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Source: MDES (2019) , Speeditest by Ookla (2020), USO (2020)

Figure 8-1: Comparing Fixed Broadband Speeds in Thailand’s Urban and Rural Areas

3. The disparity in internet users across urban and rural areas: Urban areas
have an internet penetration rate of 84%, while rural areas have a penetration
rate of 73%%. To summary, urban and rural areas have drastically different
percentages of internet users.

Individual internet user (%), 2020
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Source: NSO

Figure 8-2: Comparing The Percentage of Internet Users in Thailand’'s Urban and Rural Areas

84National Statistical office (NSO), 2020
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The Covid-19 pandemic has aggravated Thailand’s digital inequality
problem, which has become more acute as a result of people’s shifting lives or the
emergence of a new normal. The new normal has resulted in work-from-home
opportunities and distance learning, necessitating a faster internet connection
and more concurrent users. Due to increased demand, rural villages’ current fixed
broadband (public internet service via Wi-Fi hotspots) infrastructure is insufficient.
Additionally, a lack of equipment and information about how to use the internet
limits people from taking advantage of digital expansion opportunities such as
distance learning, booking COVID-19 vaccinations, or qualifying for a financial
government subsidy.

8 2 The Implementation Project
[

for Thailand'’s Digital Divide Mitigation

According to the NBTC's GIS, Thailand had 74,987 villages in 2017, with
30,635 villages classed as Zone A or Zone B already having internet broadband
connectivity, while the other 44,352 villages classified as Zone C (rural areas) or Zone
C+ (boundary areas) do not have internet broadband access. To meet the goal of
delivering internet service to all villages in Thailand, the broadband infrastructure
was created in all villages in Zone C and Zone C+ as part of the project “Upgrading
Telecommunication Infrastructure Project to Drive the National Economy”.

Rural residents now have access to broadband internet via public Wi-Fi as
a result of the installation. Between 2016 and 2019, Wi-Fi hotspots in 24,700 target
communities were deployed, with one access point per village and a minimum
speed of 30/10 Mbps. and afterwards, 10,000 of them were upgraded to 100/50 Mbps®®,
Between 2017 and 2021, Wi-Fi hotspots were installed in 19,652 target villages for a
total of 25,925 points®, including 18,722 in villages, 4,380 in schools, 1,623 in USO Wraps,
991 in USO Nets, and 198 in sub-district health-promoting hospitals, with a minimum
speed of 30/10 Mbps or 30/5 Mbps when satellite was used.

8The village broadband internet project, MDES, 2019
85USO implementation result, USO, 2020
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Figure 8-3: The Expansion of Broadband Internet to Target Villages

Currently, a network architecture based on GPON technology has been
established by extending fiber optic cables from OLT devices to splitters and
connecting the Last-mile to at least one Wi-Fi access point per village. Certain
villages may have more than one Wi-Fi hotspots to provide government services
such as school-based Wi-Fi, a sub-district health promotion hospital, and school-
based USO Net.

Rural residents may be unable to achieve the maximum speed because they
access fixed broadband via public Wi-Fi, which has distance and user capacity
constraints. For example, in some villages where the speed has been upgraded to
100/50 Mbps, users must be within 25 meters of the access point in order to achieve
that speed. Additionally, if a significant number of people are online concurrently,
the user will be unable to reach that speed.
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= The installation of fiber cable network to 44,352 target rural villages

throughout the country.
= = USO fiber network allows Thai people to access free public Wi-Fi
/Lrﬁ hotspots at the speed of 30/10 Mbps (DL/UL).
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Figure 8-4: The Model of Fixed Broadband Service in Rural Areas

8 3 International Best Practices for Broadband
( }

Development in Remote Areas

While future technologies such as the Internet of Things (loT), artificial
intelligence (Al), and blockchain have made considerable strides, roughly half
of the world’'s population remains without access to digital technology?®’. Rural
households are less likely than urban or central city households to have internet
connection, resulting in a digital divide. To address this issue, a number of nations
have enacted the Universal Service Obligation (USO), which aims to ensure universal
and fair access to essential telecommunications services for all residents.

8.3.1 Universal Service Obligation in The People’s Republic of China

The growing divide between urban and rural areas in fixed broadband
expansion has a deleterious influence on economic development. Recognizing
the critical nature of broadband infrastructure development, China has
made it a priority in its National Economic Development Plan for basic

8’Connectivity Target, UN, 2025
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telecommunications and social services. It intends to deploy fiber optic
broadband for telecommunications infrastructure, with the goal of supplying rural
areas with fixed broadband at a minimum speed of 4 Mbps in 95% of all villages
by 2015 and 12 Mbps in 98% of all villages by 2020.

The federal government, local governments, and fixed broadband
operators are collaborating to establish telecommunications infrastructures
using fiber optic networks that will require local residents to participate in the
construction process and earn profit sharing. The infrastructure will be transferre
d to fixed broadband operators after five years. By 2015, China had installed
telecommunication infrastructure in over 130,000 rural villages. Along with
promoting the development of telecommunications infrastructures, China
understands the importance of practical application. As a result, it encourages the
establishment of e-commerce platforms in order to boost broadband use and the
local economy.

8.3.2 Universal Service Obligation in The United Kingdom

Almost one of third of the United Kingdom is serviced by telecommunications
operators that have no intentions to invest in broadband infrastructure expansion
due to the low rate of return on investment in that areas. Therefore, the United
Kingdom has invested in rural broadband infrastructure to provide universal access
to basic telecommunications and social services, with the goal of providing fixed
broadband at a minimum speed of 2 Mbps in 90% of targeted areas and up to 2438
Mbps in 90% of targeted areas in the local economy.

Along with funding the construction of telecommunications infrastructures,
the United Kingdom promotes broadband access by subsidizing the cost of
installation and establishing a monthly cap. The subsidy applies for people
who require broadband service throughout the country. A monthly cap on the
cost of using fixed broadband service is set for a minimum speed of 10/1 Mbps.
Additionally, it has a scheme to support gigabit broadband growth in rural areas with
broadband speeds less than 100 Mbps by distributing vouchers for gigabit
broadband installation® to local inhabitants.

8The rural broadband program, National Audit office, 2013
89Rural broadband, UK Parlioment, 2017-2019
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8 4 Recommendations to Mitigate
o The Digital Divide

to mitigate the digital divide between urban and rural areas, the following
recommendations are as follow: 1) extend the coverage and capacity of existing
fiber optic networks; and 2) increase broadband internet penetration, use, and
subscriptions.

Policies facilitation and support to improve the service in remote areas and digital divide

1) Expand the coverage and capacity with FTTH 2) Increase the usage and subscription

= Promote the useful applications. Bl SIg

= Expand the USO project’s coverage to more individual o o
households and important government service places. * Increase digital literacy by training.

= Subsidize for =IiZ

= Increase capacity to offer Giga fiber following GPON roadmap. » new gigabit-capable installation

» monthly service charge

» devices

Figure 8-5: Recommendations to Mitigate The Digital Divide

Expanding The Coverage and Capacity of Existing Fiber Optic Networks

Fixed broadband coverage in rural villages will be expanded using existing
fiber optic networks and service offerings ranging from Wi-Fi hotspots to FTTH
connections will be enhanced. The last-mile fiber optic cable will connect to
individual household and government agencies that require fiber optic connectivity.
The existing GPON network may require reconfiguration to meet the desired speed
and bandwidth requirements.
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Increasing Fixed Broadband Penetration Rate and The Number of Internet

Users

to increase fixed broadband penetration and the number of internet users, it

is necessary to promote the adoption of useful life applications for the following

services:

S
N

R

-

)

Educational service applications: Rural areas have a different
standard in education system than urban areas. Certain rural
areas lack basic instructors and educational resources. To
address the issue, online schooling should be implemented.
Additionally, online educational software or e-education
services will promote non-formal and self-directed learning.
However, in order to access an e-education system or remote
learning, device support for content access is still required.

Health service applications: The quality of public health or
medical services is provided in rural areas differs from that
in urban areas. Certain isolated villages lack access to basic
health care. While some rural villages have sub-district health
promotion hospitals, the service quality may be worse than in
urban regions due to a physician scarcity, particularly among
medical specialists. Also, long-distance trip for visiting a doctor
in the city center, along with time consuming and high health
care cost, results in patient’s inability to continue treatment
or sought medical help when their symptoms were severe
and difficult to address. In order to address these obstacles,
the issue might be handled with the implementation of a
telemedicine system. However, telemedicine adoption
requires coordination on the side of government agencies
to procure services from hospitals and to foster the
expansion of online services.
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3) Government services applications, communication,

N

L

public relations, and notification of significant events:
Publish a press release, disseminate news and information, or
manage a government’s public relations in a rural village
(e.g. financial assistance program during the covid-19
pandemic) is challenging, time-consuming, and may result in
misinterpretation or non-reception by some people. The
issues will be resolved by implementing the notification online
application.

4) Specific services/target groups applications: Rural

commerce is harmed by a scarcity of tourists or a decline
in visitor numbers. Encouraging the use of e-commerce
platforms to educate the public will boost trade options and
provide greater cash for residents. Additionally, because
disabled people encounter hurdles to information access,
telecommunications services should be tailored to their
specific needs.

Application
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Figure 8-6: The Adoption of Useful Life Applications for Different Services
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Apart from promoting application use, as discussed previously, ICT skill
training is critical for enhancing digital literacy and awareness due to a lack of
understanding and experience in the use of information technology among some
residents of rural areas.

However, the above-mentioned measures to mitigate the digital divide may
require financial assistance to cover the costs. Certain rural residents continue to
lack the financial resources necessary to enroll in broadband internet services and
purchase the necessary equipment to connect. As a result, low-income families

may require financial assistance for installation, monthly fees, and equipment.
Subsidies shall be considered adequately in terms of technique and magnitude.
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9 Operation Plans

Considering the current issues and circumstances impeding the growth of
fixed broadband services, particularly the issue of digital divide outlined in the prior
chapter. It results in the recommendations and the implementations of four operation
plans: 1) The regulatory oversight of passive infrastructure sharing 2) Repulsion Fiber
pre-deployment policies, regulations, and standards in private areas 3) Mitigation
of the digital divide 4) Creation system to facilitate and promote the adoption of
related technologies. They are summarized in the figure below.

Policies and Technical Recommendation

0 Passive Infrastructure-sharing a Fiber Pre-deployment e Digital Divide Mitigation

r#j * Telecom infras. is basic infras. and y fiber oo « Expand th ;
SO shall be co-implemented. pre-deployment a& X xpand the coverage and improve speed
with FTTH.

» Regulate duct access by setting &

reference price based on LRIC+. « Drive fiber pre-deployment policy as a mandatory = * Increase the internet usage and
for building and private areas. \\% broadband subscription.

» Apply financial support mechanism o Require developer to pre-deploy fiber for ‘—_l X o

for duct migration. new building. o Promote important applications for
o Encourage owner of old building to replace living and social equality.

» Regulate service charge’s copper by prlovliding funding suppolr‘t. @ @

calculation methodology for access © O‘?e" the existing access network in
EEEEEEEE network in private area. private area to other operators. o Provide ICT training.
= ) P o Subsidize for installation, device, and
« Consider SLAin RAO. + Develop fiber pre-deployment specification monthly service charge.
standard.
oTechnology Gigabit-enabled i Gigabit-accelerated | Regulatory Tools
= Operators will = Encourage operators = Encourage operators§ = Operators shall = Establish Infrastructure = Set up Broadband
upgrade GPON and  and ICT private sector to publish | consider DQ ODN i Atlas System to Monitoring System
@ DWDM accordingto  to switch to IPv6 infographic to gain | toincrease theroll- |  support infrastructure for regulatory
demand and market  through the association.  clients Wi-Fi 6 out performance. i sharing. operation.
’ mechanism. awareness. | |

Figure 9-1: The summary of policies, regulations and technical recommendations
for fixed broadband development

1) The Regulatory Oversight of Passive Infrastructure Sharing

¢ Establish an information center for the collection of infrastructure project
plans with the purpose of coordinating the extension of infrastructure projects
between the infrastructure project developers and telecommunications operators
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+ Enhance duct access reference pricing regulations and examine relevant
calculation standards, such as LRIC+, for determining the reference price, as well
as financial tools to support telecommunications operators for underground cable
relocation project.

¢ Conduct a review and enhancement of the regulations governing open
access to fiber optic networks in private areas by raising the regulatory level in terms
of enforcing calculation requirements and conducting an in-depth consideration
of the Reference Access offer (RAO).

2) Repulsion Fiber Pre-deployment Policies, Regulations, and Standards In
Private Areas

+ Develop policy, regulations and standards for fiber pre-deployment in
private areas that will enable broadlband operators to instantly access and deliver
service. This policy shall apply to new construction applications, existing buildings with
fiber optic network installations, and existing buildings without fiber optic network
installations. If, however, telecommunications companies pre-deploy fiber optic
networks in private areas, they must be governed similarly to how open access
fiber optic networks are handled in 1).

+ Develop industry standards for the design, installation, and acceptance
of fiber optic networks in private areas, both inside and outside of buildings.
Additionally, the reference budget shall be established by evaluating calculation
standards and computing industry-standard fiber pre-deployment prices.

3) Mitigation of The Digital Divide

¢ Increase fixed broadband coverage in villages to cover essential areas
for public agencies and connect the network to households using FTTH technology
by expanding the existing fiber optic network from “Upgrading Telecommunication
Infrastructure Project to Drive the National Economy”. As a result of achieving both
ease of access and speed requirements, it is possible to close the digital divide and
raise the quality of fixed broadband to that offered in urban areas. Currently, urban
areas can benefit from much faster fixed broadband speeds than rural areas.
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¢ Increase broadband usage and subscriptions in the following ways:
1) Through broadband networks, encourage the use of useful online applications such
as e-learning systems, telemedicine service systems, electronic data management
systems, and e-commerce systems. 2) Conduct ICT training 3) Subsidize financial
assistance for broadband installation, device, and monthly service charges.

4) Creation System to Facilitate and Promote The Adoption for Related
Technologies

« Install a map-based data support system (Infrastructure Atlas System)
to facilitate infrastructure sharing regulation by initializing data from existing NBTC
database.

+ Install a Broadband Monitoring System to track the country’s fiber optic
network growth and the quality of broadband services.

¢ Support the adoption of technologies related to gigabit broadband
expansion, such as IPv6 and Wi-Fi 6, by encouraging ICT associations to host
seminars on how to educate and transition from IPv4 to IPv6 technology, as well as
raise awareness about the advantages of Wi-Fi 6 for supporting gigabit speeds.
Besides that, fixed broadband operators should upgrade their network equipment
both in the transport network and access network following the roadmap of DWDM
and GPON technology, respectively, in accordance with demand and market
mechanisms. Additionally, DQ ODN technology may be applied to increase the
efficiency of fiber optic network expansion.

9 -I The Operation Plans
[ J

for Infrastructure Sharing

The operating plans include the following: 1) Co-Implementing
telecommunications infrastructure and other basic infrastructure utilities,
2) Sharing an underground communication duct, and 3) Open access networks of
fiber optic. The figure below depicts the operation plans.
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Figure 9-2: The Infrastructure Sharing Operation Plans

9.1.1 Co-Implementing Telecommunication Infrastructure and Other Basic
Infrastructure Utilities

The NBTC is charged with organizing collaboration among groups that own
telecommunications infrastructure and basic infrastructure utilities such as roads
or highways, water or drainage pipes, and underground electrical ducts. The
advantages of co-implementation of basic infrastructure include greater
construction efficiency and a reduced impact on neighboring inhabitants during
the construction phase. NBTC shall collect and distribute fundamental infrastructure
construction plans through the Infrastructure Atlas System, a map-based support
system that will enable telecommunications operators to obtain online information
and later coordinate with utility owners.

9.1.2 Sharing an Underground Communication Duct

Telecommunications operators are perpetually saddled with the expense
of renting underground communication ducts, which significantly increase
operating costs when compared to renting electrical poles. NBTC should research
relevant calculating standards, such as LRIC+, in order to determine the actual cost
of renting underground communication ducts. Particularly, the NBTC's regulation of
underground communication duct rental prices should be strengthened by
switching from “Price Cap” to “Reference Rate”. The NBTC's draft notification titled
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" The Highest Rate of Compensation for Communication Ducts Usage,” as well
as related notifications such as “The Duct Access and Public Infrastructure for
Telecom Services B.E. 2560,” may require revision. Recently, the NBTC has
collaborated with entities involved in the communication cable industry to
develop underground communication cable relocation plans and to give financial
assistance to telecommunications operators for cable relocation compensation.
However, for long-term support, the NBTC may consult with a variety of funds that
provide the cable relocation compensation to telecommunications operators,
including the Digital Economy and Society Development Fund, the Environment
Fund, and the Broadcasting and Telecommunications Research and Development
Fund for Public Interest (BTFP).

9.1.3 Open Access Networks of Fiber Optics

Regulations of infrastructure sharing enables other operators to access fiber
optic networks, particularly those in private areas. The NBTC should strengthen its
regulation of compensation rates by closely monitoring the calculation standard
used by telecommunications operators to arrive at compensation prices. The NBTC's
notification on “The Telecommunication Network Access and Interconnection B.E.
2556" may require revision. Moreover, the NBTC should carefully review the Reference
Access offer (RAO) in terms of service level agreements (SLAs) and fines to ensure
they are reasonable and practical, building confidence in telecommunications
operators that serve other operators in private areas.

The Operational Plan for Policy Preparation,
9 2 Regulation, and Standardization of
([ J

Fiber Pre-deployment

According to the recommendations to develop the fiber pre-deployment
policy, regulation, and standard specification, specifically in private areas, the
operation plan includes 1) driving the fiber pre-deployment policy and regulation,
in private areas, and 2) establishing fiber pre-deployment standards specification.
The operation plans are illustrated in the diagram below.



Giga Thailand Infrastructure White Paper

Policy and standard ® Permission submission ] acceptance =% and service
Policy = NBTC coordinates with ONDE to set up = Building Control Committee issues the = Review existing Acts relating to the
“Fiber Pre-Deployment Policy” for new ministerial regulations regulating on used of system in the building such
building construction permission and fiber installation & acceptance as Condominium Act , Land Allocation
ﬁ collaborates with Building Control = The acceptance shall be proceed by Act
0 E . Bureau, DPT and other relating representative from DPT and real = NBTC coordinates with ONDE to find
Residential Government agencies estate developers support mechanism for old building to
Building Fiber pre- = Building Control Committee considers pre-install fiber (DE, BTFP fund)
deployment and issues ministerial regulations
@ policy under Bwldmg Control Act, - Real estat o &
£ h eal estate 2L
- an U. ? ‘é} %’ & developers E)nana nnva.
Housing -
Estate || 77
Regulation || " NBTC shall collaborates with EIT and = NBTC shall collaborates with EIT and = NBTC regulate on the existing
DPT to draft fiber pre-deployment DPT to draft fiber pre-deployment access network to open their network
— design specification (covering indoor installation (e.g. certified fiber for operator companies
TD and outdoor wiring) installation company, standard = Register their access network (private
Commeraial é ’ _____________ mgt_h_o_d_o_qux)_a_rld_ acceptance standard area) into Infrastructure Atlas system
building :""'- -------- ' = Installation and :
Fiber pre- s?;:ﬂd ‘ + 3;. St;:g:rd ! 1 ®é Acceptance Standard
deploy
Standard ? (@) Telecom
& companies

Figure 9-3: The Developing The Fiber Pre-deployment Policy, Regulation,
and Standard Specification Operation Plan

9.2.1 Repulsion of The Fiber Pre-deployment Policy and Regulation in
Private Areas

The NBTC should engage with ONDE to develop a fiber pre-deployment
policy and regulation focused on private areas that would enable fixed broadband
operators to provide services immediately. To implement the policies forward,
the NBTC and ONDE will collaborate with related government organization, for
example, the Building Control Bureau under the Department of Public Works, and
town & Country Planning to draft ministerial regulations and submitted to the Building
Control Committee for consideration and approval in accordance with the Building
Control Act B.E. 2522 under Section 8, local government organization in big
cities (e.g, the Public Work Department under Bangkok Metropolitan Administration
and municipality) to develop the local ordinance and Industrial Estate Authority of
Thailand to revise their regulation in industrial estate areas. To enforce the policy for
new buildings, the following procedures are as followed: 1) The process of designing
and acquiring construction permits: while submitting a construction permission
application, a real estate developer or building constructor is obliged to present a
fiber optic network design that complies with ministerial regulation, local ordinance,
and other relating regulations. 2) The installation and acceptance processes: A real
estate developer or building constructor is required to install fiber optic networks and
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conduct the acceptance procedure concurrently with the building’s construction
and acceptance. The installation and approval processes shall be in accordance
with the fiber optics installation and acceptance standards for indoor and outdoor
applications set in the ministerial regulations, local ordinance, and other relating
regulations. 3) The connecting of processing service: Other related Acts, such as the
Condominium Act, and the Land Allocation Act, may be revised. For private areas
where fiber optics have been installed and are ready to provide service, the NBTC
should regulate telecommunications operators to allow other fixed broadband
operators access to their access networks at a reasonable rental fee and on an
equal footing, consistent with the regulation of infrastructure sharing mentioned
in 9.1.3. Moreover, telecommunications operators must integrate a map-based
support system for infrastructure sharing with a point of access for buildings,
housing estates, and other private areas (Infrastructure Atlas System).

In the case of private areas where fiber optic networks have not yet been
installed, the NBTC shall consult with ONDE and funds (e.g. Digital Economy and
Society Development Fund, and the Broadcasting and Telecommunications
Research and Development Fund for Public Interest) prior to implementing the
financial mechanism or tax deduction as an incentive for developers or landlords.
Alternatively, NBTC may assist with fiber pre-installation in existing buildings by
matching joint investments between network operators and building owners, or

between network businesses, in order to relieve investment costs.
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9.2.2 Developing Fiber Pre-deployment Standard

The NBTC will conduct research and develop fiber pre-deployment design,
construction, and acceptance standards for both indoor and outdoor scenarios
in private areas, which include residential buildings, office buildings, and housing
estates. The Building Control Committee will consider the developing standards
parallel with the proposed ministerial regulations. NBTC should cooperate with
relating government agencies for example the Building Control Bureau under
the Department of Public Works, and town & Country Planning, local government
organizations in big cities (e.g., the Public Work Department under Bangkok
Metropolitan Administration), and the Engineering Institute of Thailand to establish
those fiber pre-deployment standards and calculating the reference budget for
industry’s reference.

9 3 The Operation Plan for
®

Mitigating the Digital Divide

The operating plan, in accordance with the recommendations to close the
digital divide, contains two plans 1) expanding coverage and increasing broadband
speed, and 2) encouraging the usage of broadband internet. The operation plans
are illustrated in the diagram below:




]
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Figure 9-4: The Operation Plan for Mitigating Digital Divide

9.3.1 Expanding Coverage and Increasing Broadband Speed

According to the first recomnmendation, the Bureau of General Telecommunications
and Social Services should expand the coverage of the existing fiber optic
network in villages in order to connect critical government agencies and individual
households via FTTH technology that satisfies both accessibility and speed
requirements. The existing networks were constructed in accordance with the
master plan for Universal Service Obligation No. 2 (2016-2021) and the “Upgrading
Telecommunication Infrastructure Project to Drive the National Economy,”
which aimed to provide high-speed internet in all villages with speeds of at
least 30/10 Mbps, such as the Net Pracharat network, as well as rural and border
area networks with high-speed internet. The Bureau of General Telecommunications
and Social Services should interact with government agencies and
the private sector to evaluate demand and design a network expansion
strategy. Following that, a procurement process for operators to supply capacity
growth should be initiated. Then, through USO Net employees in rural areas,
internet broadband usage should be marketed to the target group and/or focus
areaq.
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9.3.2 Encouraging the Use of Broadband Internet

According to the second recommendation on the mitigating digital divide, the
Bureau of General Telecommunications and Social Services (USO Bureau) should
encourage the use of broadband as following:

1) to promote useful applications that require broadband internet access,
such as electronic education or online learning, remote medical service systems,
electronic administrative offices, and electronic commerce systems. To generate
material for each application, the USO Bureau should engage with relevant
government departments. The following are some examples of government
agencies that collaborate:

¢ for developing electronic education or online learning applications: The
USO Bureau should collaborate with the office of the Basic Education
Commission, the office of the Non-formal and Informal Education, the
Ministry of Education, and the Ministry of Higher Education, Science,
Research, and Innovation.

¢ for developing the remote medical service application: The USO Bureau
should collaborate with the Ministry of Public Health and the Rural Doctor
Foundation.

¢ for developing the electronic administrative office application: The USO
Bureau should collaborate with Bureaus, Divisions, Subdivisions and Sections
under Department of Local Administration (DLA), and the Ministry of Interior.

+ for developing electronic commerce application: The USO Bureau should
collaborate with ICT's village center, Electronic Transactions Development
Agency (ETDA), and the Ministry of Digital Economy and Society.

The Bureau of General Telecommunications and Social Services should
next develop appropriate applications and platforms for testing and promoting
application adoption. Through USO Net workers in rural areas and the Local
Administrative Organization, the applications should be promoted to the target
group in the focal area.
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2) The Bureau of General Telecommunications and Social Services should
select the appropriate ICT skills and plans it for a training class. The training session
should be organized by collaborating with the Local Administrative Organization.

3) The Bureau of General Telecommunications and Social Services should
investigate the possibility of subsidizing installation costs, monthly fees, and
gadgets by conducting research and designing a subsidy scheme suited to the
needs of each area’s requirements.

However, the aforementioned operating plan shall be considered to be
consistent with Universal Service Obligation Plan No. 3. (2022-2026). Primarily, the
Bureau of General Telecommunications and Social Services convened a meeting
with 19 key relevant agencies to investigate the difficulties and inefficiencies of
communications networks by brainstorming solutions for more efficiently supporting
the operation and mission of associated agencies.

The Operation Plan for Establishing Regulatory

9 4 Support Systems and Encouraging
' the Adoptionof Related Technologies

By establishing regulatory support tools or systems and encouraging the
adoption of related technologies to speed the development of fiber broadband,
the transition to gigabit broadband will be accelerated. The figure below illustrates
the operation plans.
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Figure 9-5: The Operation Plans for Establishing Regulatory Support Systems
and Encouraging The Adoption of Related Technologies

9.4.1 Establishing Regulatory Support Systems

The NBTC should supply a map-based infrastructure sharing support
system to simplify and streamline the application process when applying to share
infrastructure, particularly in the ducts, poles, fiber optic cables and networks
in private areas. The system may be developed using initial data from NBTC's
existing database, which would reduce time and boost efficiency. The map-based
infrastructure sharing support system can also be expanded to include data on
telecommunications and other basic utility infrastructure, as well as act as @
hub for telecommunications operators to collaborate on co-implementation or
construction projects between infrastructure providers and government agencies
that provide infrastructure services.

Furthermore, the NBTC should supply a map-lbased broadband monitoring
system that allows for the tracking of fiber optic network expansion and broadband
quality across the country. To gain a better understanding of the present state of
fixed broadband network development, the system should support the compilation
of progress reports that compare the current condition to the fiber optic network
development goals.
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However, the NBTC should seek the aid of system integrators in designing,
installing, and integrating the two regulatory support systems stated above. This
may enable government agencies or state corporations responsible for basic
infrastructure utilities to support and utilize data, as well as telecommunications
infrastructure providers (e.g, duct and pole operators) and telecommunications
operators.

9.4.2 Promoting the Use of Technologies Related to the Acceleration of
Gigabit Broadband

The NBTC should advocate for the adoption of technologies that accelerate
the deployment of gigabit broadband, such as IPv6 and Wi-Fi 6. Associations
devoted to information technology, such as the Telecommunications Association
of Thailand under Royal Patronage, the Thai Information Technology Industry
Association, and the Thai Digital Technology Association, should host seminars
to disseminate knowledge and know-how about IPv4 to IPv6 migration
and to raise awareness about the benefits of Wi-Fi 6 in terms of increasing
the efficiency of fixed broadband capable of gigabit speeds. The target to complete
the IPv6 transition by 2027 shall be set. To accomplish this, information must be
conveyed across a variety of mediums, including infographics.

9 5 Summary of the Operation Plans
o

for Fixed Broadband Development

The operation plans to drive the development of fixed broadband networks
are divided into 4 major parts: 1) Infrastructure sharing regulation. 2) Repulsion
Policy, regulation, and standard development for fiber pre-deployment in private
areas. 3) The digital divide mitigation. 4) The regulatory support systems and the
use of relevant technologies to enable gigabit broadband. The operation plans are
depicted in the diagram below.
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Figure 9-6: Summary of The Operation Plans for Driving Thailand'’s Fixed Broadband Development

Policy, regulatory, and technological recommendations, including the
aforementioned operation plans, are developed to 1) close the gap between the
current state of fixed broadband network infrastructure development and the
targets for 2022-2027 2) mitigate the digital divide in rural areas and 3) overcome
barriers to broadband network development in order to achieve the following targets:

*

L 4

Fixed broadband network with FTTH technology will cover all households.

Fixed broadband speed will at least 100 Mbps for rural villages and 1 Gbps

for municipality areas, economic zones, and public utility enterprises.

Fixed broadband penetration will reach more than 80% of households. The
fiber penetration is expected to be increased to 75% of household.

Fixed broadband service price will less than 1% of GNI per capita.

Digital Economy/ GDP contribution will climb to 25% of GDP.
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Reduced network installation costs and time, increased network efficiency, and
increased network capacity in terms of speed, all benefit operators and consumers
by enabling them to acquire more efficient fixed broadband services at
a lower cost. Furthermore, it boosts the national economy indirectly by increasing
the contribution of the digital economy to GDP. The construction of fixed broadband
infrastructure is an important step forward for Thailand's digital infrastructure,
economic development, and social development.

o me
[T
" 1

1wa

-










