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“Three-centric, three-balance:
Challenging missions in
telecommunications”

A perspective from Associated Professor

Dr. Somphop Purivigraipong, a Commissioner
(Telecommunications) at the National Broadcasting
and Telecommunications Commission (NBTC])

As technology continues
Broadcasting and Telecommunicati
with overseeing broadcasting, tele
must determine its future directil
Dr. Somphop Purivigraipong, a telecommunic ssioner at
the NBTC, shares his perspective on the key initiatives and the path
forward for the industry.
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According to Associated Professor
Dr. Somphop Purivigraipong, Thailand’s key
telecommunications initiatives are focused
around three core elements:

1. Social Centric: Addressing Digital
Inequality

The Universal Service Obligation
(USO) initiative, which originally aimed to
support remote and marginalized communities,
including people with disabilities, is to be
expanded to encompass underprivileged
groups in large urban areas, such as those
in slums, children, and socially disadvantage
individuals. The nationwide USO initiative will
also focus on providing engaging, appropriate,
and beneficial content for youth, building upon
the achievements of USO Phases 1 and 2,
which are nearing completion. This is crucial
as many schools lack the budget to continue
the projects independently.

2. Public and Security Centric:
Focusing on Security and Safety

The public and security centric mission
covers several key areas, including the
implementation of the Cell Broadcast Service
for emergency alerts, which has already been
approved by the NBTC. Efforts will continue to
enhance system connectivity and operations.
Addressing fraud and call center scams
remains a priority, with the NBTC collaborating
with the Bank of Thailand, telecom operators,
the Telecommunications Association and
related authorities to strengthen their approach.
Additionally, the NBTC is studying legal
frameworks to better manage last-mile
communication infrastructure and establish
regulations for organizing communication
lines.

Another critical area is maritime
communication, which involves addressing
communication gaps, disaster warnings, vessel
tracking, and maritime crime, including human
trafficking. Currently, many communication
devices on ships have been modified by local

technicians, leading to potential safety issues.
Therefore, the NBTC aims to regulate maritime
telecommunications without imposing undue
burdens on users. Recent discussion was held
with fishing industry representatives in Rayong
and will soon continue in Surat Thani. The
NBTC is also organizing training sessions and
developing user manuals for maritime radio
communication. In support of these efforts, the
NBTC has been backing the Bangkok Radio
(radio station for maritime communication),
managed by National Telecom Public Company
Limited (NT), and will consider further plausible
support under the USO framework.

3. Economic Centric: Focusing on
Spectrum Allocation and Satellite

The NBTC has introduced the “IMT
Roadmap,” which outlines the allocation of
frequency spectrum into four key groups: (1)
frequencies with licenses expiring on August
3, 2025, such as 850 MHz, 2100 MHz, and
2300 MHz; (2) frequencies awaiting allocation,
including 1500 MHz and 1800 MHz; (3) C-band
frequencies, which were designated for IMT
use in the 3300-3700 MHz range but are still
occupied by TVRO and fixed satellite services;
and (4) high-band frequencies.

Revise spectrum auction rules

The roadmap provides a clear timeline,
allowing operators, government agencies, and
the public to prepare for upcoming auctions,
especially for the 2025 frequency bands.
Operators, besides preparing funds for
bidding, will also need to budget for installing
telecommunications equipment at cell
sites-costs that ultimately affect consumer
prices.

The upcoming auctions will adopt a
multi-band approach, with considerations for
signal quality (QoS), roaming conditions, and
support for smaller operators like MVNOs to
promote competition. Incentives may also be




introduced to attract new entrants to the market.
The first quarter of 2025 will see auctions for
frequencies such as 850 MHz, 1500 MHz,
1800 MHz, 2100 MHz, and 2300 MHz. The
3300-3700 MHz range is slated for allocation
in 2027, with service expected to begin in 2029,
while the 3700-4200 MHz range could be
auctioned in 2030, with service commencing
by 2032.

“While the multi-band auction has
its pros and cons, the telecommunications
division is working with consultants
to evaluate the approach, including the
possibility of hosting international roadshows.
This would encourage partnerships
between non-telecom Thai businesses and
foreign telecom operators to invest in
Thailand.”

SMP Measures to Address Duopoly

If the frequency auction does
not bring in a new player and the market
remains a duopoly, this may not be a
concern as long as consumers continue to
receive quality services at reasonable prices.

However, it will be crucial for
the regulator to strike
a balance, particularly by
carefully enforcing
the NBTC’s measures on
Significant Market Power (SMP).
The challenge lies in applying
these regulations in a way
that maintains equilibrium among
the regulator, service providers,

and consumers, ensuring that all

parties can coexist effectively.

‘

Additionally, the NBTC will need to
review and adjust various regulations to align
with technological developments. For instance,
is it appropriate to regulate data service
interconnection charges (IC) using the same
framework as voice services, despite the
fundamental differences in the services?
Another area for consideration is setting
wholesale price caps to support smaller
operators, like MVNOs, who lack their own
infrastructure but are essential to market
competition.

Moreover, beyond the USO
mechanism, other strategies must be explored
to expand internet and broadband access,
particularly fixed broadband, which is currently
available in only 36% of households
nationwide. Increasing the adoption of fixed
broadband will enhance access to affordable
internet services, offering a more cost-effective
solution compared to mobile broadband.

Filing rights that impose unnecessary
burdens

In the satellite sector, the primary
mission of the NBTC is to preserve Thailand’s
rights to the orbital positions at 50.5°E, and
142°E. However, these rights, granted by
the International Telecommunication Union
(ITU), are nearing expiration. The rights for the
50.5°E positions will expire on November 27,
2024, while the 142°E position will expire the
following year, though ITU could review them
at any time.

The NBTC has held two auctions
to find licensees for these orbital slots,
most recently lowering the starting bid
to just tens of millions of baht. However,
no bidders came forward. One reason is that
these positions serve areas outside of
Thailand,coupled with the high compensation
penalties imposed on winners if they fail to
maintain their orbital rights.



The current strategy of the NBTC is
to inform stakeholders that these orbital rights
are not permanent assets of Thailand, but
international properties managed by the ITU.
Under the 2017 Constitution and relevant laws,
Thailand applied for these rights during the
concession system but has never launched
satellites to occupy the orbits. According to
Section 27 (14/1) of the NBTC Frequency
Allocation Act, the NBTC may relinquish
these rights if the cost of maintaining them
outweighs the benefits to the state. In such
cases, the decision must be included in the
orbital rights management plan and reported to
the Cabinet, along with a detailed explanation
for public transparency.

The NBTC has prepared
comprehensive documentation, including full
reports,summaries, executive summaries,
and infographics, to distribute to target
audiences,demonstrating that the NBTC
has made every effort to retain the rights.

Adapt to satellite trends

We are currently witnessing a
significant global shift in satellite technology.
Traditionally used for broadcasting radio
and television, satellites are now evolving to
primarily provide internet services. This
transition involves distinct technologies and
frequency bands, and a majority of current
satellite service providers are foreign entities.

The National Broadcasting and
Telecommunications Commission (NBTC)
has regulations governing the use of foreign
satellite signals within Thailand. These
regulations, such as “landing rights,” permit
foreign satellite operators to provide services
domestically, while others enabling Thai
operators to legally import the necessary radio
communication equipment.

This regulatory framework must
consider three key dimensions. First, pricing
competitiveness. Historical data from NSR
(Northern Sky Research) indicates that Thai

operators have charged significantly higher
rates per ransponder (a device on a satellite
that receives, amplifies, and retransmits a
signal) compared to the ASEAN average.
Allowing foreign satellite operators to enter
the market is expected to introduce more
competitive pricing.

Second, ensuring a fair competitive
environment between domestic and foreign
operators. The relevant regulations will be
revised in the future. This is particularly
important when considering the significant
difference in fees between the recent auction
for satellite orbital slots by Thai operators
(which cost hundreds of millions of baht) and
the landing rights licensing fees. The origin of
these fees may be unclear, raising academic
concerns. The NBTC’s academic department
will need to analyze appropriate fee levels.




Lastly, technical considerations. It's
undeniable that foreign satellites can transmit
signals to Thailand as they pass over the
country. The NBTC cannot prevent foreign
satellites from transmitting while passing over
Thai territory. However, to provide services
legally within Thailand, foreign satellite
operators must partner with Thai companies,
and the Thai partner must submit the necessary
applications. Unfortunately, there have been
cases of individuals illegally importing
satellite reception equipment without obtaining
the required permits. These instances will be
addressed through the Radio Communications
Act. Moreover, foreign satellites using this
system have yet to submit applications
for authorization.

Regarding content from foreign
satellites, the NBTC has stipulated that
operators must establish or lease a gateway
within Thailand. This gateway must be fully
controllable to enable effective content
regulation, preventing the dissemination of
inappropriate or harmful content. In cases
where smaller operators or individual users
utilize satellite services in a manner that
threatens national security, the gateway can
be instructed to terminate the signal.

The tripartite balance of regulator,
service providers, and consumers

It is evident that technology
convergence is now a reality. Consequently,
the NBTC’s regulatory approach must shift
from a “control” model to a “promotion” model.
Although the Radio Frequency Allocation
Act mandates a converged organizational
structure, the Office of the NBTC’s internal

structure remains siloed and requires
restructuring. Furthermore, future licensing will
be divided into two categories: network service
licenses and service licenses, regardless
of whether the service is broadcasting,
television, or telecommunications. This
approach has been approved by the
subcommittee on telecommunications and
radiocommunications licensing and regulation
and is now on the NBTC board’s agenda for
consideration.

“My key word is ‘balance’.

We must balance three elements:
the regulator, service providers,
and consumers.

All three must work together
in harmony.

This is the challenge.”

Moreover, the NBTC’s regulations
must adapt to the rapid pace of technological
change. Many existing regulations, despite
being relatively new, are already becoming
obsolete. Therefore, there is a need to review
and streamline the regulatory process
to enable the NBTC to issue regulations more
swiftly. All regulations must be grounded
in sound research. The academic
division serves as a think tank for the NBTC,
providing insights and analysis. For instance,
the academic division played a crucial role
in forecasting frequency demand for the
IMT Roadmap and in evaluating the value of
different frequency bands for future allocation.
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Open-RAN: Changing Landscape of Competition under
Bi-polarization of Telecommunications Policy?

Benyathip Laorrojwong
Natchaya Makarathat

Abstract

The Open-RAN has introduced an open interface which allows telecom
operators to choose their own combinations of hardware and software.
By using open interfaces, operators will be able to use equipment from different
manufactures. Recently, the benefits of the Open-RAN has been put to the
forefront of debate on how the open networking technologies would benefit the
telecom operator, vendors and tech sectors in terms of competition, freedom,
and openness.

After the examination, this paper finds that Open-RAN architectures,
at the first look, opens up vendors’ market as well as create a competitive entry.
It also unlocks the propriety technologies by allowing operators to mix and
match the hardware and software from different sources. However, a closer look,
from economic and geopolitics aspect, suspects the benefit of the Open-RAN.

From economic context, it is true that Open-RAN brings about the
competitive entry of the telecom’s equipment market that flavor a multi-vendor
environment. However, the questions have been raised regarding that the
leading manufactures for Open-RAN such as Nokia, Ericsson and Huawei are
already dominant in the market. The tendency of oligopoly in the Open-RAN
equipment market is criticized for keeping the price high and slowing down
the innovation. From geopolitics context, Open-RAN can be considered as an
escape of the American superpower and its allies who want to avoid proprietary
equipment and reduce national dependence on Chinese equipment with the
reason of national security.

Open-RAN, in the end, can only be a prism of U.S. - China tech rivalry.
The governments and regulators who are at stake of making tech decision have
to weigh between geo-politics and geo-economics. Factors such as economic
opportunities, the diplomatic relationship, security concerns, and tech
dependencies could not be underestimated as mobile networks become the
critical infrastructure, serving as the backbone of economy and society.

Keywords: Open-RAN, Economics, Competition, Geopolitics, Bi-polarization,
Conflicts, Technology policy.

The opinion and analysis expressed are solely those of the authors. In no case should
they be considered as representing an official position or policy of the NBTC.
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1. Introduction: From 5G Tech Battle to the Open-RAN

The relationship between technology and geopolitics has been closely
connected. The picture has become clearer when Chinese technology has
developed in a rapid pace and has started challenging the Great Power of the
United States in tech-policy oriented, especially in the context of 5G networks.
The Washington’s reactions has been both defensive and offensive, especially
on crucial high technology like chips and semiconductors. However, in the
landscape of new technology, the key technology race has expanded far more

"«

than “hardware”. “5G infrastructure and software”, in this sense, has been
increasingly critical in technology battle and geopolitics backdrop. In recent
years, the tension has been escalated since Beijing has set its goal to compete
with the U.S. in order to become a global leader in 5G infrastructure provider,
causing what we have called Sino-American bipolarization.

The concern about the dangers of installing 5G networks from equipment that
can be manipulated, disrupted or even controlled by the Chinese government
has led the U.S. and its allies to make decision to ban Chinese/Huawei
Technology. The confrontation of the two rivals and their allies has a consequence
in international politics. The situation, in this sense, has limited international
actors and countries towards their scopes of actions in technology policy,
security choices and levels of investments.

In response to a heated technology race, some part of 5G industry has been
calling for an alternative and opened technology. The Open-RAN model has
therefore been introduced. The new Open-RAN is an open and interoperable
5G architect that does not need to rely on proprietary equipment. The benefit
of using open interfaces, allowing operators to be able to use equipment from
different manufactures, is consider as a promise to ensure security, mitigates
risk, and avoid national dependence on foreign equipment manufacturers, while
promoting competition and innovations by diversifying supplier and reducing
the tendency of tech oligopolies.

2. Open-RAN: Definition, How it works, the Pros and Cons, and Current
Status
2.1 What is it and how it works

A mobile network comprises of two domains: the Core Network and the
Radio Access Network (RAN). The RAN connects the users to the core
network by sending and receiving radio signals from the users’ devices through
antennas on the towers and converting them into digital signals at the base
stations (Nokia Communication, n.d.)




In order to comprehend the true nature of Open-RAN, itis necessary to
talk about how RAN evolved. (Faisal, 2021, and Wypiér et al., 2022) Originally,
the baseband unit (BBU) and remote radio unit (RRU) at the cell site are
co-located in the core network, and this is where the traditional RAN connects
to its users. The backhaul, in this architect, connects each cell site to the main
network.

The evolution of Radio Access Networks (RANs) has been marked by a
continuous drive towards separation of functional units within the base station.
This trend, as documented by Wypiodr et al (2022), stems from the desire to
enable “one-to-many connections” between individual nodes, thereby paving
the way for a multi-vendor approach within the RAN architecture. Despite this
advancement, however, the interfaces connecting these nodes often remain
proprietary. Consequently, mobile operators are still left with limited options,
often resorting to mature solutions from single vendors for ease of integration,
optimization, and maintenance. (de Geest et al, 2023)

This reliance on single vendors, even amidst the growing complexity and
innovation in RANs, ultimately leads to vendor lock-in and its associated
limitations, such as the lack of motivation to provide innovation or better prices
from the vendors, which could lead to slower tech development and higher
costs. (Nokia Communication, n.d.)

Figure 1
Overview of the traditional and open RAN architect
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Physical RAN i /é

Packet Core BBU RRH
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Note : Analysys Mason (2022)

In the light of such limitations, Open-RAN was founded to enable the
multi-vendor environment of RAN by disaggregating the network architecture
into three main building blocks, which are the Radio Unit (RU), Distributed Unit
(DU), and Centralized Unit (CU), and ensuring their interoperability and flexibility
through open protocols and interface using open standard (Claydon, 2021).
By doing so, Open-RAN is not only physically disaggregate each functional
unit but also allows different vendors equipment to interoperate within the

same network.



Not only the hardware and maintenance aspects that are the concern
in Open-RAN development, but also the software that would be operated on
top of the network. Open-RAN usually comes with RAN Intelligence Controller
or RIC as a part of Open-RAN architecture. RIC is in charge of controlling and
optimizing RAN function. (Juniper Network, n.d.) It makes controlling RAN
elements and their resources in one second possible by delivering Al-based
recommendations for network optimization. It also makes use of external
enrichment data, including subscriber data, network data, and performance
indicators in its analytics process.

It is reasonable to conclude that the emergence of Open-RAN has
increased efficiency and has opened up a wide range of new opportunities while
simultaneously decreasing vendor dependence and monopolization in the
building network. With the emerging of Open-RAN, some vendors aim to
provide both hardware and software that will be compatible with such open and
disaggregated network architecture. However, Open-RAN cannot work unless
all the hardware and software from different vendors are able to interoperate.
Therefore, in this very early stage, the test of interoperability of the equipment
and interface must be arranged in order to make the list of equipment and its
vendor that would fit to O-RAN’s open standard.

2.2 The Pros and Cons: Technical and Economic Insights of Open-RAN
The Open-RAN model disaggregates the different parts of radio access
network and gets connected through open interfaces. (Plantin, 2021) The new
architect of Open-RAN could be replacing the traditional/old model, which
offers bundle hardware and software, already integrated, in a monolithic
architecture. From the tech industry, the open interfaces and modular
architecture could be a promise to promote competition and innovation.
However, some have suspected the benefit of the Open-RAN and has been
questioning the possibility of tech adoption, fragmentation of tech standards,
as well as the vulnerabilities of threat from multi-vendor’s equipment. In this
section, the paper will therefore discuss the debate of the Open-RAN model
from the pro and cons sides through technical and economic perspectives.




2.2.1 The pros

According to the Open RAN Policy Coalition', they believe that
by “standardizing” or “opening” the protocols and interfaces between the
various sub-components, such as radios, hardware and software, in the RAN,
will establish an environment where networks can be deployed with a more
modular design without being dependent upon a single vendor. Standardizing
and developing open interfaces will also ensure interoperability across different
players and potentially lower the barrier to entry for new innovators.
(Openranpolicy, n.d.)

Open-RAN design, deployment, and operation are based on
disaggregated, virtualized and software based components. It get connected
through open and standardized interfaces and is interoperable across different
vendors. (Polese, Bonati, D’Oro, Basagni, & Melodia, 2022) From technical
point of views, the benefit of the Open-RAN is centered at two main elements:

(1) The disaggregation and virtualization enables flexible
deployments,which increase the resiliency and the ability for configurability of
the RAN.

(2) The open interface allows operators to use different equipment
from different vendors.

The Open-RAN architect, in this sense, unlocks the propriety
technologies by allowing operators to mix and match the hardware and software
from different sources and vendors. In the simple terms, the operating system
can come from Company 1, antennas and cells can come from Company 2,
and a microchip can be used from Company 3.

From economic point of views, the Open-RAN architect will open
the ecosystem to the competition, allowing new players to offers services, create
more choices, as well as reduce costs. The detail is discussed as follows:

(1) Market and Players:

In the past, the RAN market is dominated by a limited organizations

that do not design their infrastructures to be interoperable. This architect

"Open RAN Policy Coalition represents a group of companies formed to promote policies
that will advance the adoption of open and interoperable solutions in the Radio
Access Network (RAN). Its membership consists of global technology companies,
including: Airspan, Amdocs, AMD, American Tower, Analog Devices, AT&T, AWS, Bharti
Airtel, Broadcom, Ciena, Cisco, Cohere Technologies, DeepSig, Dell Technologies,
Deutsche Telekom, DISH Network, Fujitsu, Google, Hewlett Packard Enterprise, IBM,
Inseego, Intel, JIMA Wireless, Juniper Networks, Kyrio, Ligado Networks, Marvell, Mavenir,
Meta, Microsoft, NEC Corporation, Nokia, NTT, Nvidia, Oracle, Pivotal Commware,
Qualcomm, Quanta Cloud Technology, Radisys, Rakuten Symphony, Red Hat,
Reliance Jio, Samsung Electronics America, STL Tech, Texas Instruments, U.S.
Cellular, US Ignite, Verizon, VMware, Vodafone, Wind River, and XCOM-Labs.

‘



therefore limits choices and options where network operators must depend on
equipment from exclusively one vendor, creating a “vendor lock-in” situation.
Without open interoperability standards, there is little space for new vendors
at any level of the RAN market to get started.

When Open-RAN standards are widely adopted, network
operators will have the options to select the equipment and software with features
that best fit their needs. In this sense, the limitation arising from “vendor
lock-in” will somehow disappear and will create a market entry for new equipment
vendors to access to the market.

The landscape of multi-vendor, introduce by the Open-RAN architect
led to a more competitive market, driving the market growth. According to
data from Grand View Report (2023), global Open-RAN market size was
estimated at USD 2,771.2 million in 2023 and is expected to grow at a compound
annual growth rate (CAGR) of 33% from 2023 to 2030. North America,
comprising of developed countries such as the U.S. and Canada, is expected
to hold the largest global Open-RAN market share, accounting for a share of
more than 44% of the overall revenue in 2022. The growth are possibly caused
by several factors, including the presence of prominent key players, such as
AT&T, Inc., and the region’s technological inclination towards early adoption
of advanced solutions.

Asia Pacific is also potentially contributed to a significant growth
of the Open-RAN. The region’s growth is catalyzed from several factors, such
as the increasing demand for advanced telecommunications infrastructure, a
growing number of mobile subscribers, and government regulations. (Grand
View Report, 2023) Countries, such as Japan, South Korea, and India, are at
the forefront of regional growth due to their technological advancement and
the rising emphasis on fostering a healthy and secured digital ecosystem.

The Open-RAN market is still in an early stage since technology is
fairly new and the deployment of Open-RAN has been recently commercialized.
However, the growing demand for flexibility and cost-efficiency offered by
Open-RAN is contributing to the market’s growth. Apart from vendors from
China, the U.S., and Europe, there are also new market entrants from South
Korea (Samsung) and Japan (NEC, Fujisu, Rakuten, KDDI) entering into the
RAN market. Some of the prominent players in the global Open-RAN market
are vendors from across regions. (Reports Publisher, 2023) The sample are
as follows:

America: AT&T (U.S.), IBM (U.S.), Hewlett Packard Enterprise
(U.S.), VMware (U.S.), Airspan Networks (U.S.), Mavenir (U.S.), CommScope
(U.S.), VIAVI Solutions (U.S.), Amdocs (U.S.), XComunicagao Labs (U.S.),
DeepSig Inc. (U.S.), Celona (U.S.), Verana Networks (U.S.), Entel (Chile)

‘



Europe: Ericsson (Sweden) , Nokia (Finland), Orange (France),
TIM (ltaly), Telefénica (Spain), Sivers Semiconductors AB (Sweden), NXP
Semiconductors (Netherlands), Picocom (UK), Lime Microsystems (UK),
Microamp Solutions (Poland)

Asia: Huawei (China), ZTE Corporation (China), Comba
Telecom (China), Samsung Electronics (South Korea), NEC Corporation
(Japan), Fujitsu (Japan), Rakuten (Japan), Renesas Electronics (Japan), KDDI
Corporation (Japan), Singtel (Singapore)

Africa and Middle East: MTN Group (South Africa), Etisalat UAE
(UAE), Mobily (Saudi Arabia)

(2) Cost:

Proprietary products are typically more expensive than generic
counterparts. Since there are not third-party RAN elements that can integrate
into a RAN vendors’ infrastructure, a network operator is trapped with one RAN
vendor’s products.

The benefit of the open interface standards is that third-party
products can communicate with the main RAN vendor’s infrastructure. Network
operators, in this regards, can select or choose the less-expensive third-party
product that runs on generic hardware. The fact that operators can deploy
networks elements and equipment from a range of suppliers will establish an
open ecosystem, lower barriers to entry as well as allow new players to offers
products and services, leading to the competition in pricing.

In this sense, Open-RAN interface is assumed to reduce the cost of
deploying the new 5G technology. According to Analysys Mason report 2022,
Open-RAN has a potential reduce deployment cost by up to 30%. The Total
Cost of Ownership (TCO) will be lower based on the following concept:

o Capex (capital expenditure): The Open-RAN hardware and
software components will reduce capex, compare to traditional physical
components, which are costly and only available from a small number of
vendors.

o Opex (operational expenditure): Adopting the cloud native
infrastructure of RAN technology, operator will not face with the 5G challenges
in terms of densifying their networks by adding more sites. Also, the lower cost
of Open-RAN hardware and software will result in the reduced vendor support
and maintenance expenses, compared to the tradition RAN architect.

Analysys Mason has developed a Total Cost of Ownership
(TCO) of disaggregate and Open-RAN model, compared to the traditional
physical RAN for 5G, with the collaboration with Wind River?. Analysys Mason

2Wind River is a distributed cloud company for vRAN and Open-RAN deployments.



has also identified 3 different types of operator profiles based on architect

assumption and scenario assumptions as follows:
* Operator profiles
1) A large size operators in Western Europe.

(
(2) A medium sized incumbent operators in a developed market.
(

3) A large size operators in developing market.

(1) A large size (2) A medium
. operators in sized in a
Detail Western Europe  developed
market

Country population 60,000,000 40,000,000
Market share of subscribers 33% 33%
5G coverage (within 3 years) 35% 35%
Total number of RAN sites
(within 3 years) 2,000 1,700

(3) A large size
operators in
developing
market

60,000,000
33%
35%

900

Note : Analysys Mason (2022)

* Architect assumptions

Architect Assumption
Radio spectrum Mid-band 5G: 3.5 GHz (100MHz) and 700MHz
Geography 5 geo-types based: dense urban, urban, suburban,

rural, very rural

Capex parameters Hardware (Physical RAN) , software (Open-RAN)

Opex parameters Headcount, power, support and maintenance

Length of analysis 3 years

Cell site passive infrastructure (towers, poles) is excluded

Note : Analysys Mason (2022)

* Scenario assumptions

(1) Traditional physical RAN (scenario 1)

(2) Open-RAN: distributed (scenario 2)

(3) Open-RAN: Centralized (vCU?) (scenario 3)
(4) Open-RAN: Fully Centralized (scenario 4)

3This allows vCU pooling in a remoted data center, providing a better software Capex
and Opex. However, it might lead to addition hardware server and power consumption

cost in data center.



Figure 2:
Architect of Model Scenario
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Note : Analysys Mason (2022)

* Scenario cost outcome

Compared to the traditional/old architect (scenario 1), the result
of the model shows that if adopting the distributed Open-RAN (scenario 2),
a large size operators in Western Europe can save up to 22% of cost
saving, while a medium sized incumbent operators in a developed market and
a large size operators in developing market will save up to 20% and 13% of
cost saving accordingly.

Interestingly, if adopting the centralized Open-RAN (scenario 3),
in which the vCU is pooling in a remoted data center, will provide a better
software Capex and Opex. However, it might lead to addition hardware
server and power consumption cost in data center. This will be possible to
outweigh the gains from the reduction in software cost. However if operators
are able to utilized spare data center capacity without incurring the additional
data center costs, scenario 3 would yield the better TCO than scenario 2.
Forinstance, a large size operators in developing market can reduce cost about
14% of cost saving from scenario 3.




Table 1:
Total Cost of Ownership for a large size operators in Western Europe

Component Scenario 1 Scenario 2 Scenario 2, Scenario 3 Scenario 3,

Traditional distributed compared to Centralize compared to
physical RAN Open-RAN Scenario 1 Open-RAN Scenario 1

Total capex USD 69,922,062 USD 53,553,923 -23% USD 53,452,593 -24%

Total opex USD 29,785,748 USD 24,700,764 -17% USD 24,882,417 -16%

Total Cost of USD 99,707,810 USD 78,254,687 -22% USD 78,335,010 -21%

Ownership

(3 Years)

Note : Analysys Mason (2022)

Table 2:
Total Cost of Ownership for a medium sized incumbent operators in a developed market
Component Scenario 1 Scenario 2 Scenario 2, Scenario 3 Scenario 3,
Traditional distributed compared to Centralize compared to
. physical RAN Open-RAN Scenario 1 Open-RAN Scenario 1
L[]
Total capex USD 52,740,607 USD 41,051,510 -22% USD 40,974,939 -22%
. Total opex USD 22,385,286 USD 19,131,690 -15% USD 19,239,293 -14%
Total Cost of USD 75,125,893 USD 60,183,200 -20% USD 60,214,232 -20%
) @ Ownership
(3 Years)

Note : Analysys Mason (2022)

Table 3:

Total Cost of Ownership for a large size operators in developing market
Component Scenario 1 Scenario 2 Scenario 2, Scenario 3 Scenario 3,

Traditional distributed compared to Centralize compared to
physical RAN Open-RAN Scenario 1 Open-RAN Scenario 1

Total capex USD 23,654,267 USD 20,509,654 -13% USD 20,439,834 -14%
Total opex USD 7,362,267  USD 6,486,085 -12% USD 6,142,670 7%
Total Cost of USD 31,016,534 USD 26,995,739 -13% USD 26,582,504 -14%
Ownership
(3 Years)

Note : Analysys Mason (2022)

Apart from three scenario assumption, Analysys Mason also
went beyond by testing whether if adopting fully centralized Open-RAN
(Scenario 4) would better the cost in capex and opex. The result shows that,
in western market, the pooling of vDU/NCU away from the cell site in suitable
network locations potentially offer the greater efficiency benefits over all the
model scenarios. However, this scenario is not realistic and not practical for
many operators since it requires a lot of investment and need available fiber
in the fronthaul to meet the latency requirement as well as the availability of
far edge data center.




Table 4:
Total Cost of Ownership for fully centralized Open-RAN (Scenario 4) for a large size
operators in Western Europe

Component Scenario 1 Scenario 4
Traditional fully centralized
physical RAN Open-RAN
Total capex USD 69,922,062 USD 46,716,161
Total opex USD 29,785,748 USD 22,722,292
Total Cost of Ownership USD 99,707,810 USD 69,438,453
(3 Years)

Note : Analysys Mason (2022)

Analysys Mason therefore presumed that a large size operators
in Western Europe is only player that would fit scenario 4 model since they
already have the fronthaul fiber infrastructure in place and have access to edge
data center locations. The results shows that by pooling vDU/vCU, it can offer
up to 30% of TCO saving over 3 years.

From the model’s result, it shows that the Open-RAN will offer cost
savings for operators if they decide to start adopting the Open-RAN with the
right technology path and ecosystem. TCO reduction is one of a key reason
for operators to move from the traditional RAN architect to the Open-RAN
ecosystem. However some are not yet convinced since this Open-RAN
technology is fairly new and is not widely adopted globally.

2.2.2 The Cons
Despite the benefit of Open-RAN for mobile network operators
to be able use equipment from different manufactures, creating a flexible and
competitive ecosystem, leading to lower total costs of ownership (TCO) and
innovation in the telecommunications industry, some parts of the industry are
not yet convinced and are raising concerns in the following aspects.
(1) Market concentration
It is true that Open-RAN brings about the competitive entry
of the telecom’s equipment market that flavor a multi-vendor environment.
However, the questions have been raised regarding that the leading manufactures
for Open-RAN, such as Nokia, Ericsson and Huawei, who are already dominant
in the market, combining revenue share of nearly 80%. (Plantin, 2021) The
current market concentration calls into question regarding the possibility and
ability of new entrants in the market if the leading incumbent manufacturers
have been already dominant in the market and have involved in the technology
design.
The tendency of oligopoly in the Open-RAN equipment
market, in this sense, is criticized for keeping the price high and slowing



down the innovation. It is estimated that Open-RAN can cost roughly 70% of
operator’s expenditure, causing hesitation for mobile telecom operators to
invest and switchover.
(2) Cost
Open-RAN is often promoted as a cost-effective solution
since it is promising to reduce the cost of network operators both in opex
(operational expenditure) and capex (capital expenditure). However, data from
interviewed operators (Analysys Mason, 2022) shows that operators need to
make a lucrative upfront investment, especially for skill acquisition. The skill set
level is very crucial in order for operators to meet level of operational automation
in the Open-RAN and could native infrastructure.
(3) Security and tech fragmentation
Open face, offered by the Open-RAN architecture, has
raised security concern. The multiplication of open faces with the Open-RAN
can expand the threat surface for possible cyber-attacks. (Plantin, 2021) The
presence of the many Chinese players in the O-RAN Alliance* and the ability to
access to the code and intellectual property can be perceived by the West as a
potential risk. The risk can also be witnessed in a fragmentation of tech standards
as well as a lack of common interfaces, which can hinder the interoperability.

2.3 Current Status: Worldwide embrace?

Due to the beginning phase of the technology, adoption and deployment
of Open-RAN on 5G is still limited. Based on O-RAN map provided by the
O-RAN Alliance, there are some recent developments of Open-RAN as follows
(O-RAN Alliance, n.d.):

e Deployment: United States (AT&T), United Kingdom
(Vodafone), Ireland (Vodafone), Germany (1und1, Deutsche Telekom), Japan
(KDDI, NTT Docomo, SoftBank, Rakuten Mobile), and India (Airtel, Vodafone)

* Commercial launch: United States (DISH Wireless), Peru (IPT),
Germany (1und1), Italy (TIM), Romania (Vodafone, Orange), India (Airtel), and
Japan (KDDI, NTT Docomo, SoftBank, Rakuten Mobile)

* Pre-commercial launch: Germany (1und1), India (Airtel), Taiwan
(Chunghwa Telecom), and Japan (KDDI, NTT Docomo, SoftBank, Rakuten
Mobile)

40-RAN Alliance is a world-wide community of mobile operators, vendors, and research
& academic institutions with the purpose to re-shape Radio Access Networks (RAN)
to be more intelligent, open, virtualized and fully interoperable. As of May 2023, nearly
330 carriers and vendors belong to the alliance, which has grown into a global and
large industry association.
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* Field trial: United States (TELUS), Brazil (TIM), Ireland (Vodafone),
United Kingdom (BT, Virgin Media/O2), Germany (Telefonica, Deutsche
Telekom), Italy (Vodafone), Spain (Vodafone), Romania (Orange), Turkey
(Vodafone), Democratic Republic of Congo (Vodafone), Saudi Arabia (stc), India
(Airtel), and Japan (KDDI, NTT Docomo, SoftBank, Rakuten Mobile)

e Testing: United Kingdom (BT, Vodafone), France (Orange),
Spain (Telefonica), Germany (Deutsche Telekom), South Africa (Vodafone),
Mozambique (Vodafone), India (Airtel), Taiwan (Chunghwa Telecom), South Korea
(SK Telecom), and Japan (KDDI, NTT Docomo, SoftBank, Rakuten Mobile)

e MoU: Brazil (Telefonica), United Kingdom (Vodafone,
Deutsche Telekom, Orange, Telefonica, TIM, NTT Docomo), France (Orange),
Germany (Deutsche Telekom, Orange, Telefonica, TIM, Vodafone), Spain (Deutsche
Telekom, Orange, Telefonica, TIM, Vodafone), Italy (Deutsche Telekom, Orange,
Telefonica, TIM, Vodafone), India (Airtel), South Korea (NTT Docomo), and
Japan (Vodafone, KDDI, NTT Docomo, SoftBank, Rakuten Mobile)

3. Open-RAN: Tech Policy from Geopolitics Perspective
3.1 A New Battle of Tech policy?

With the rise of China in global technology sector, the U.S. strategic
competition towards China will be based on the belief that China is America’s
primary threat (Bateman, 2022). In response to that, the American
techno-nationalism has been prevailed in the Washington. The U.S. actions
towards China have been heavily pushed to involve in restrictive measures
with the ultimate purpose to contain Chinese technology threats.

This tech-nationalism policy first took place during former
president Barack Obama’s second term and was elevated and implemented
under Donald Trump’s administration. In May 2019, Trump banned Huawei
from the U.S. 5G networks and announced sanctions that forced Huawei to
overhaul the supply chain. (Nocetti, 2022) Later, an executive order was signed.
The executive order gave the government’s power to block the transfer of
any technology relating to critical infrastructure, digital economy, and national
security to China. (US Department of Commerce, 2019) In other words, the
order has become a measure to control Chinese access to American market,
key’s technology and know-how.

In addition to ban Huawei from network and infrastructure,
President Trump also bought Open-RAN to the center of tech strategy
in order to secure network and infrastructure. While 5G industry originally invented
the Open-RAN for the sake of competition and innovation through the open
interface, Trump administration has used Open-RAN as a technology
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propaganda to create a trust and transparency ecosystem. Open-RAN, in this
sense, has not been only an alternative 5G technology but also a mechanism
to promote tech ideology to Washington’s allied countries to block untrustworthy
of Chinese gears and equipment.

The political interest of the U.S. government behind open-RAN was
prominent through the following reactions:

- In April 2020, Utilizing Strategic Allied Telecommunications Act
or USA Telecommunications Act was passed. This Act established a program
through which the Department of Commerce will award grants to support the
deployment and the use of Open-RAN 5G Networks throughout the United
States. (Congress.gov, n.d)

- “Open RAN Policy Coalition” has been formed in 2020. The Open
RAN Policy Coalition® is a group of companies formed to promote policies
to adopt the open and interoperable solutions in the Radio Access Network
(RAN) as a means to create innovation, spur competition through multivendor
approach, and expand the supply chain for advanced wireless technologies
including 5G. (Open RAN Policy Coalition, 2024) However, when looking at
the membership list of coalition, it is clearly seen that membership exclusively
consists of companies from the U.S. allied countries, such as Germany, UK,
Japan, South Korea, without the presence of Chinese telecom and
manufacturers.

- In May 2020, following the request of the Department of State, the
Center for Strategic and International Studies (CSIS) assembled a group of 25
experts from Asian, European, and U.S. companies and research centers to
develop criteria to assess the trustworthiness of telecommunications equipment
suppliers, known as Network’s Digital Trust Standard.

- In August 5, 2020, “Clean Network Program” was launched.
The objective of the program is to safeguard the nation’s assets including citizens’
privacy and companies’ most sensitive information from aggressive intrusions
by harmful actors, such as the Chinese Communist Party. The Clean Network
Program is a creation of international acceptance on “Digital Trust Standards”
(U.S. Department of State, n.d)

5 Membership consists of global technology companies, including Airspan, Amdocs,
AMD, American Tower, Analog Devices, AT&T,AWS, Bharti Airtel, Broadcom, Ciena,
Cisco, Cohere Technologies, DeepSig, Dell Technologies, Deutsche Telekom,
DISH Network, Fujitsu, Google, Hewlett Packard Enterprise, IBM, Inseego,
Intel, JMA Wireless, Juniper Networks, Kyrio, Ligado Networks, Marvell,
Mavenir, Meta, Microsoft, NEC Corporation, Nokia, NTT, Nvidia, Oracle, Pivotal Commware,
Qualcomm, Quanta Cloud Technology, Radisys, Rakuten Symphony, Red Hat, Reliance
Jio, Samsung Electronics America, STL Tech, Texas Instruments, U.S. Cellular, US
Ignite, Verizon, VMware, Vodafone, Wind River, and XCOM-Labs.
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The Clean Network Program has produced a series of
recommendations to determine trustworthiness and security networks such as a
Criteria for Security and Trust in Telecommunications Networks and Services. The
Criteria for Security and Trust in Telecommunications Networks and Services has
complemented the work of the Prague proposals® and the European Union’s 5G
Toolbox.” These criteria rely primarily on publicly available information to allow
for an assessment of the trustworthiness and security of a potential supplier
and to describe domestic policies and necessary actions to safeguard
telecommunications networks. Clean Network Program sets its part clearly
not to use any transmission, control, computing, or storage equipment from
untrusted IT vendors, such as Huawei and ZTE, which are required to comply
with laws and directives of the Chinese Communist Party.

Regarding the Washington’s interest behind the Open-RAN,
it can be presumed that Open-Ran Technology is somehow a political discourse
constructed by the U.S. government to ban Chinese technology. It also reflects
the U.S.’s technological protectionism and the fear of losing its tech superiority
to Beijing. From the geopolitics dimension, the Open-RAN is not a new battle of
technology; however, it could be a testament of how American and European
superpower ban Chinese (Huawei) gears and equipment from 5G network by
creating a symbolic of technology that stands the value of freedom, openness,
trustworthy and democracy.

3.2 Global Resonances and Reactions

It can be seen clearly that although the Open-RAN trends and
revenues are growing significantly, the number still represent a very small
proportion of the global RAN market. It also remains unclear whether the
Open-RAN architecture will increase the competition, will reduce the Total Cost
of Ownership of mobile networks or will increase the security of the connection.
However, operators, tech-policymakers, and governments around the world
have reacted to the new tech architecture differently.

Government and telecom industry in America, such as the U.S.
and Brazil, in Europe such as UK and Germany, and in Asia-Pacific such as

8InMay 2019, government officials from more than 30 countries across the globe, alongside
representatives from the European Union,the North Atlantic Treaty Organization, and
industry, participated in discussions regarding the important national security, economic,
and commercial considerations that must be part of each country’s evaluation of 5G
vendors. The resulting Prague Proposals on 5G security published by the Czech
conference chair serve as a set of recommendations and principles for nations to design,
construct, and administer their 5G infrastructure. (U.S. Department of State, n.d)
"The 5G Toolbox, released by the European Commission, provides definitions and
measurements on how to avoid the use of “high-risk” suppliers in the network.
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Australia, Japan, and India, has strongly engaged in the Open-RAN technology.
Open-RAN has become a forefront of their strategies, although specific
measures to promote the adoption of open RAN has varied.

The rationale behind the Open-RAN policies of these countries
are beyond the technological and economic values. The new tech has been
politicalized and has enter the geopolitical arena. It could not be denied that the
U.S. government has exported the concept of “openness and trustworthiness”
of technology and has promoted it globally, especially through its allies in
different regions, by using the terms of “Open-RAN”. The joint statement
between leaders has been announced to commit to the expansion of the newly
open architect to counter back the traditional model, led by the Chinese firms.
In developing countries, especially in the South-East Asia region, such as in
Indonesia and in the Philippines, the propaganda of tech polices is managed
in the form of aid and subsidization.

Other governments, including some countries in Asia and in Middle
East, has chosen a more neutral approach by leaving an open-RAN adoption
to industry players.

4. Conclusion and Recommendations

As many countries have laid the 5G network as a backbone of ICT
infrastructure, there have been rising concerns regarding the spread of Chinese
5G equipment that may cause threats to data privacy, economic competitiveness,
and national security. It has been believed that such equipment may be used
for state espionage. (Rosenberger, 2020) With the spread of concerns over
Chinese/Huawei’s 5G equipment, the Open-RAN architect has been emerged
as a solution to achieve security and resilience of 5G infrastructure.

From technical aspect, the disaggregation and virtualization of the Open-
RAN enables flexible deployments and increase the resiliency of network
configuration. The open interface of the new architect also allows operators
to use different equipment from different vendors. These technical advantage
therefore pave the way for network operators to achieve economic gains. From
economic point of views, the Open-RAN architect will open the ecosystem to
the competition, allowing new players to offers services, create more choices,
as well as reduce Total Cost of Ownership.

Upon the emergence of the new Open-RAN, the United States is extremely
active in facilitating the development and expanding the adoption in the global
tech industry. The U.S. leaders has expected that the Open-RAN could change
the backdrop of 5G technology by increasing its competitiveness while reducing
the dominant power of Chinese in the 5G tech realm.
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Regarding the Washington’s interest behind the Open-RAN, this
paper presumes that Open-RAN Technology is somehow a political
discourse constructed by the U.S. government to ban Chinese technology.
From the geopolitics dimension, the Open-RAN is not a new technological
race; however, it could be a testament of how American ban Chinese (Huawei)
gears and equipment from 5G network by creating a tech symbolic that stands
the value of freedom, openness, trustworthy and democracy.

Until now, it is still unclear whether the Open-RAN architecture will
increase the competition, reduce the cost orincrease the security of the connection.
However, operators, tech-policymakers, and governments around the world
have reacted to the new tech architecture differently. The clear example can
be seen in the U.S. closed allies, such as the United Kingdom, Germany,
Australia, Japan, India, and South Korea. These countries have strongly
engaged in the Open-RAN and have put the Open-RAN as a center of their
technology strategies. The expansion of the U.S. tech propaganda over
“openness and trustworthiness” can also be seen in the form of aids and
subsidization. The Open-RAN lab, research, and engineer training have been
introduced by the U.S. agencies in countries such as in Indonesia and the
Philippines.However, among the geopolitics pressure, some countries have
remained neutral in their tech approach by leaving the decision on the
open-RAN adoption to players in the industry.

In case of Thailand, the adoption of Open-RAN technology may be
hindered by the fact that local operators have already significantly invested ina
core network equipment from specific vendors, including Huawei. The
replacement of all network equipment by adopting the Open-RAN would
yield a high cost to the operators. Based on these limitations, this paper
recommends that the initial adoption of Open-RAN might be more feasible at
the software and service level. Operators, in this regard, could make their own
decisions over who to partner for the provision of technology. This approach
allows market to work for itself while offering a lower initial investment, compared
to a complete network infrastructure.

Unlike traditional/closed network architectures, Open-RAN thrives on
an open ecosystem at different level of the network. This openness fosters
innovation by allowing a wider range of companies to develop different products,
including software and services. However, from regulator perspective, the
openness characteristic of the new architect has become a cause of concern.
The reason is rooted from the fact that the new players are not bound by the
existing regulatory framework, making their products or services fall outside
current regulations. Without regulatory framework or guideline in place, it could




lead to unforeseen security vulnerabilities. The concern ultimately highlights
the need for robust security standard.

Considering the geopolitical dimension, this paper will emphasize the
need to build the “trusted networks”. Thai government and related telecom
regulators, in this sense, have to reshape and prioritize their network security
policies. The security standard could possibly be enforced to network operators
through additional obligations under telecom licenses or through the
establishment of security guidelines on trusted network. The proposed approach
could foster innovation, ensure network security, while balancing the pressure
from geopolitical landscape.
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Futures of Thailand’s Space Industry in 2035
Using Foresight Methodology

Yuttana Jamjumrus
Suppapol Jaroonvanichkul

Abstract

The global space industry is witnessing rapid growth and the emergence
of innovative service models that were previously unimaginable. This swift
expansion brings uncertainties, presenting both opportunities and challenges.
Foresight is a crucial tool for systematically exploring plausible scenarios in
the space industry, helping to identify potential impacts and prepare for them.
This study explores the futures of Thailand’s space industry in 2035 using
the Foresight methodology, specifically the “Framework Foresight” approach,
which includes Framing, Scanning, Forecasting, and Visioning. The research
process involved online data collection, an internal workshop within the Office
of the National Broadcasting and Telecommunications Commission (NBTC),
interviews, a survey, and a workshop with stakeholders in the space industry.
From these efforts, 28 trends and emerging issues were identified, leading to
the development of four distinct future scenarios. Each scenario was analyzed
for potential implications, with corresponding recommendations provided.
The findings highlight the need for effective government support and policies,
investment support, organizing human resources, and maximizing citizen
benefits from the space sector in every scenario.

Keywords: Foresight, Scenario, Space Industry, Thailand

The opinion and analysis expressed are solely those of the authors: In no case should
they be considered as representing an official position or policy of the NBTC.
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1. Introduction

The space industry, a prominent and dynamic sector, has garnered
substantial attention in business and policy discussions. Recent estimates
place its global value at USD 200 to 350 billion, depending on the definition
and measurement method, with projections anticipating growth to 1 trillion
USD by 2040 (OECD, 2023). Playing a pivotal role in the economy, the space
sector encompasses upstream activities (design, manufacturing, and launch)
and downstream applications (broadband Internet, satellite television, and
navigation, etc.). Additionally, space-derived activities impact various sectors
such as telecommunications, transportation, and agriculture. Advancements in
space technology, resulting in reduced costs of building and launching satellites,
have made the space industry more accessible to the private sector and poised
for substantial growth. For example, SpaceX’s Starlink satellite network has
enabled the provision of fast broadband internet service globally in just a few
years. Despite the space industry’s growth potential, its future is uncertain
due to various challenges such as addressing environmental problems and
disasters, geopolitical tensions, and emerging technologies. These challenges
require stakeholders to prepare for an uncertain future.

Foresight is the systematic exploration, anticipation, and influence of the
future to enhance preparedness for change. Some studies employ foresight
methodologies to explore the future of the space industry, primarily in developed
countries. For example, Black et al. (2022) analyze threats and opportunities
for the UK National Space Strategy, mapping potential uses of space. Similarly,
Copenhagen Institute for Future Studies (2023) formulates scenarios for
European space exploration, while the University of Houston Foresight
Program (2017) applies foresight to explores long-term strategic planning in NASA
Langley Research Center (LaRC). However, the space industry in developing
countries differs due to variations in several aspects, e.g. economic conditions,
technological expertise, and the availability of a skilled workforce, etc.

Therefore, there exists a discernible gap in the literature concerning the
future of the space industry in developing countries. This paper aims to address
this gap by proposing a study on the future of the space industry in a developing
country using foresight methodology. Thailand is chosen for this case
study as it boasts a significant space industry, with over 35,600 businesses
contributing approximately $1.5 billion annually to the nation’s space-related
market in 2021 (GISTDA, 2021). Thailand’s government and regulators play
a crucial role in shaping policies and regulations within the space industry to
foster an environment conducive to business opportunities, while the private
sector benefits from their support. For example, the Thai government has a
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national space master plan aimed at promoting Thailand’s space economy and
becoming a space hub in Southeast Asia (Akarakupt, 2019). Nevertheless,
Thailand could also face an inevitably uncertain future in the space industry,
which presents both opportunities and threats. To navigate uncertain futures,
scenarios can be used as a foresight tool. This has led to the research question
of this study: What do the future plausible scenarios of the space industry in
Thailand in 2035 look like, and what are the recommendations for the
government and regulators?

This paper follows the widely accepted and referenced “Framework
Foresight” (Hines and Bishop, 2013; Hines et al., 2015; Hines, 2020), as applied
in communications regulation (Jaroonvanichkul, 2023) to explore future
scenarios of the space industry in Thailand in 2035.

The outline of this paper is as follows: Section 2 presents a background
of the space industry in Thailand. Section 3 discusses the methodology for
conducting foresight based on the “Framework Foresight.” Section 4 provides
results, and Section 5 concludes this paper.

2. Background of Thailand’s Space industry

Thailand’s space industry has significantly developed over the past few
decades. Initially, Thailand engaged in basic satellite communications and earth
observation. The launch of its first communication satellite, “THAICOM-1,” into
geostationary orbit in 1993 marked a pivotal step in establishing its space
presence. To date, Thailand has launched 15 satellites, including 7 communication
geostationary satellites, 4 Earth observation satellites in non-geosynchronous
orbits, 1 microsatellite, and 3 nanosatellites (CubeSats) (UNOOSA, 2024).
All of those satellites have been launched from foreign spaceports.

In the communication satellite market, Thailand has played a crucial
downstream role in the telecommunication and broadcasting sectors since
the launch of THAICOM-1. Thailand has seven geostationary satellites, with
three currently operational: THAICOM-4 (IPSTAR, the world’s first broadband
high-throughput satellite at 119.5° East), THAICOM-6 (a broadcast satellite
at 78.5° East), and THAICOM-8 (another broadcast satellite at 78.5° East).
The most prominent market segment is Direct-to-Home (DTH) satellite TV via
C-band and Ku-band household receivers, covering approximately 70% of
Thai households (Thaicom Public Company Limited, 2014). THAICOM-4 and
THAICOM-6 are now operated by National Telecom Public Company Limited
(NT), a government- state-owned telecom operator, while THAICOM-8 is
operated by Thaicom PLC, a private satellite operator in Thailand.




Another prominent part of Thailand’s space industry is its ownership of
earth observation satellites. The first Thai earth observation satellite, “THEOS”
(Thailand Earth Observation System), was launched into Sun-synchronous orbit
from French Guiana in 2008. THEOS provides images with 2-meter resolution
in Panchromatic mode and 15-meter resolution in Multispectral mode
(GISTDA, 2009). In 2023, Thailand launched “THEOS-2” with improved
capabilities: 0.5-meter resolution in Panchromatic mode and 2-meter resolution
in Multispectral mode. Both satellites offer crucial data for environmental
monitoring, urban planning, and natural resource management. The Thai
government, through the Geo-Informatics and Space Technology Development
Agency (GISTDA), has played a vital role in these projects (GISTDA, 2023).

In terms of policy and regulation, the Thai government has outlined a national
space master plan 2023-2037 (Nation Thailand, 2022) with a vision “to develop
and utilize space activities for prosperity, security, and sustainability.” The
mission of the master plan includes enhancing space security, promoting
the space economy, and researching space innovation. The National Space
Master Plan is driven by eight strategies: space for security, sustainable
development, economic development, infrastructure management, innovation
research, human capacity building, international cooperation, and implementation
mechanisms. The goal is to leverage space activities for security, economic
growth, public and commercial services, and international cooperation to enhance
competitiveness.

Additionally, Thailand is introducing a new draft space law, known as the
National Space Act. This act would aim to align national space legislation with
international space law. The National Space Act would be based on three
essential principles:

(1) Establishing an organization to serve as the center for national space
affairs administration.

(2) Upholding and preparing for international space commitments.

(3) Promoting and supporting the space industry, research and development
in space technology, and the regulation of space affairs.

Moreover, there are two main policy approaches regulating communications
satellite operators’ access to the Thai market. First, a Thai satellite operator
can apply to the National Broadcasting and Telecommunications Commission
(NBTC), an independent regulatory body overseeing the country’s broadcasting
and telecommunications industries, including the regulation of radio frequencies
and satellite orbit management, for the right to use Thailand’s orbit and satellite
filing network. Second, a landing rights policy has been established to regulate
the authorization for foreign satellite operators to access the Thai market and
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provide communication services (The Committee on Information Technology,
Communication and Telecommunication, Senate of Thailand, 2021; NBTC,
2020). The state-level landing rights policy is adopted by the National Space
Policy Committee, while the firm-level landing rights policy is managed by the
NBTC.

3. Methodology

The methodology for studying future scenarios of the space industry in
Thailand in this paper adopts the framework foresight (Hines and Bishop, 2013;
Hines et al., 2015; Hines, 2020), as applied in communications regulation
(Jaroonvanichkul, 2023). Four steps of the framework foresight were conducted:
Framing, Scanning, Forecasting, and Visioning. Figure 1 shows an overview of
4- step framework foresight used as the methodology for this study.

Figure 1.
Overview of 4-step framework foresight adopted as the methodology for this
study.
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3.1 Framing
Framing involves defining the scope of the foresight exercise by taking
into account various dimensions outlined in Table 1 (Porter, 2010;

Jaroonvanichkul, 2023).

Table 1

Framing dimensions

Dimension

Driver

Description

The drivers dimension includes
factors influencing future changes
in the foresight exercise. It can
encompass scientific research,
technological developments,

and broader contextual factors
such as social, economic,

and political elements.

Value used in this paper

Broader contextual factors
(STEEP: Social, Technological,
Economic, Environmental, and
Political)

Scope

The scope dimension relates to
the extent of the foresight
exercise. It can concentrate on
a single technology, multiple
technologies, or take a
comprehensive approach that
includes various aspects of the
space industry.

Various aspects of the space
industry

Geography

The geography dimension
defines the level at which the
foresight exercise takes place.

Thailand, while also considering
relevant international activities.

Time
horizon

The time horizon dimension
indicates the foresight exercise’s
timeframe.

10 years

Purpose

The purpose dimension defines the
intended outcomes of the foresight
exercise, provide general insights
(informational) or address specific
strategic issues (action-oriented).

Informational

Participation

The participation dimension involves
the stakeholders in the foresight
exercise, ranging from a narrow,
closed process to a diverse,
representative one.

Diverse mix, representative

Study
duration

The timeframe used for conducting
a foresight exercise.

7 months

Note: adapted from Porter (2010) and Jaroonvanichkul (2023).




3.2 Scanning

During the scanning phase, also known as Horizon Scanning, the goal is
to identify, gather, and analyze various signals of change that could influence
the future of a specific domain (Hines et al., 2019). The information gathered
during scanning phase can be categorized as weak signals, emerging
issues, and trends (Jaroonvanichkul, 2023). Weak signals are events and
developments whose impacts and necessary responses are not yet fully
understood (Hiltunen, 2008). Emerging issues occur when multiple weak
signals converge, resulting in interconnected potential impacts (Amanatidou
et al., 2012). Trends are gradual changes that occur over a long period and
follow a specific direction (Hines & Bishop, 2013).

Itis notable that scanning topics can be grouped into social, technological,
economic, environmental, and political categories, commonly known as the
“STEEP” acronym (Hines & Bishop, 2013). In this study, to identify trends and
emerging issues that may be important for Thailand’s space industry in the next
10 years, the process was conducted in three steps as follows:

1. Scanning information from various online sources.

2. Organizing an internal workshop within the Office of NBTC.

3. Interviewing stakeholders in the space industry.

The 17 stakeholders interviewed included 2 Thai startup groups, 1 defense
representative, 2 governmental policymaker, 1 state space-related
agency, 2 Thai satellite operators, 1 satellite component manufacturer, 2 foreign
satellite operators, 3 educational institutions, 2 terrestrial operators, and 1
space-focused news agency. The interview followed a 7-question method
(Government Office for Science, 2017) with the seven questions as follows:

Question 1) In your view, what issues will be important for Thailand’s
space industry or your organization over the next 10 years? You can raise
issues in various areas such as social, technological, economic and business,
environmental, political and policy, beyond the initial issues compiled by the
Office of NBTC.

Question 2) If the future of Thailand’s space industry in the next 10 years
went in a good direction while still being realistic (optimistic but realistic), what
would you see as a desirable future?

Question 3) On the other hand, if the future of Thailand’s space industry
in the next 10 years did not go as you expected (pessimistic), what would you
see as a negative future?

Question 4) What factors in Thailand do you think should change in order
to achieve the future of the space industry in the good direction you desire?




Question 5) Looking back at the past, what factors or events do you
think have led the Thai space industry to its current situation?

Question 6) Looking ahead to the future, what do you see as priority
actions which should be carried out in Thailand in order to achieve the future
of the space industry in the good direction you desire?

Question 7) If there were no limitations and you could determine the
direction to drive Thailand’s space industry as you wish, what else would you
want to happen?

3.3 Forecasting/ Futuring

In forecasting/Futuring, the goal is to explore possible scenarios by using
information gathered from the scanning step (i.e. trends and emerging issues)
to formulate different scenarios (Hines, 2020). Each scenario includes a title,
a description/narrative, and key factors influencing the scenario.

Scenarios can be created using various methods. This study selects
the scenario archetypes method (Hines, 2020). This method suggests that
a domain or system typically follows one of four archetypal patterns of change:
Continuation/Baseline, Collapse, New Equilibrium, and Transformation,
as outlined in Table 2. To formulating scenarios, the outcomes of the previously
identified important trends and emerging issues are clustered into drivers of
change (Hines, 2020).

The drivers of change are projected into different levels using the method
of Morphological Analysis (Ritchey, 2015), divided into four levels, with level 1
being the most positive projection and level 4 the most negative projection.
The different projections of drivers of change are mapped within each archetype,
serving as the building blocks or plot elements for scenario development.
This methodology ensures the creation of a comprehensive and diverse set of
scenarios to work with (Jaroonvanichkul, 2023).

Table 2
The four scenario archetypes

Archetype Description
Continuation/ The current trends within the domain continue without major disruptions
Baseline or unexpected events, maintaining its present trajectory without

significant deviations.

Collapse The system or topic encounters dysfunction or breakdown as traditional
methods fail, leading to a deterioration in its condition.

New equilibrium The system or topic confronts a major challenge to its current
operations and must adapt, resulting in a new equilibrium among
competing forces that differs significantly from the previous balance.

Transformation The system or topic undergoes a fundamental transformation,
where existing rules are abandoned, and new practices emerge.

Note: adapted from Hines (2020) and Jaroonvanichkul (2023).




3.4 Visioning

In the visioning step, all scenarios are analyzed to fully understand
potential implications, leading to the formulation of recommendations and
ultimately driving action (Jaroonvanichkul, 2023). The process of visioning can
be divided into five steps as follows (Hines, 2020):

1. Choose a scenario.

2. Choose the categories: The categories to focus on for implications
depend on the objective of the foresight exercise. For this study, stakeholders
participating in the space industry are chosen and divided into five categories:
government, education and human resources, users, downstream players/
operators, and the upstream segment.

3. Identify key changes in each category: For each category of
stakeholders, brainstorm potential changes suggested by the scenario, assuming
that the scenario occurs.

4. Identify additional implications using the Implications Wheel:
The Implications Wheel® is a systematic approach to evaluating the effects of
changes (Barker, 2011). Using “cascade thinking,” it explores how a single
event can lead to multiple impacts, each triggering further effects (Barker &
Kenny, 2011). The process starts with first-order impact, then examines
second-order impacts, and finally third-order impacts. These impacts, both
positive and negative, stem directly from previous ones. Analyzing higher-order
impacts with cascade thinking enables one to foresee the long-term,
indirect effects of change (Jaroonvanichkul, 2023).

5. Select the most important implications and suggest
recommendations: Identify the “most important” implications, preferably
third-order ones, which can be either opportunities or challenges, as they hold
significant importance and require stakeholders’ attention. These implications
are then converted into recommendations to provide ideas on how to deal with
and prepare for them.

For this study, in the steps of Forecasting/Futuring and Visioning,
a brainstorming workshop was held with a broad range of stakeholders
participating in the space industry. The workshop included around 20 participants,
such as Thai space startups, defense representatives, government officials,
satellite component manufacturers, educational institutions, terrestrial operators,
and the Office of NBTC. The workshop format featured group discussions with
four groups, each consisting of mixed participants working on a scenario different
from those of the other groups. The groups brainstormed ideas, refined and
validated archetype scenarios and implications, and developed
recommendations.




4. Results
4.1 Scanning
48 trends and emerging issues were identified, consisting of 6 social
issues, 15 technological issues, 10 economic issues, 4 environmental issues,
and 13 political issues, as shown in Table 3.

Table 3.
Detailed information on trends and emerging issues that may be important for
Thailand’s space industry

Dimension No. Issue Description
1. Social 1.1 Food Security The use of space for food security and
and Agriculture | agricultural issues, both in the form of
Space-to-Earth, such as using satellite
data for crop planning, and Earth-to-
Space, such as experimenting with seed
cultivation in space.

1.2 Medical Issues | The use of space for medical research, both
in the form of Space-to-Earth, such as using
satellite data for planning the prevention of
epidemics resulting from climate change, and
Earth-to-Space, such as researching drugs or
cells in space under microgravity conditions.

1.3 Urban Mapping/ | The use of space for urban development or

Urban Planning | urban planning, and population migration.
1.4 Aging Society The use of space to support an aging society.
15 Go green and Environmental conservation and waste
recyclable reduction for the planet, such as using electric
products vehicles and products made from recycled
materials.
1.6 Equitable The utilization of space for promoting equal
Education access to education.
2. Technological |2.1 Satellite Providing direct connectivity between regular
Direct-to-Device | mobile phones and satellite networks without
the need for additional equipment.
2.2 Satellite The satellite industry for enabling Internet of
Industry to Things (IoT) connectivity.
Support loT

2.3 NGSO/LEO Connectivity through non-geostationary
Satellites and satellite orbit (NGSO) and low Earth orbit
multi-orbit (LEO) satellite networks, as well as the use of
models multi-orbit models.
2.4 Extending - Reusing, recycling, and refueling satellites.
lifespan of - Repairing satellites in orbit.
Satellites

25 SmallSats and | The utilization of small satellites (SmallSats)
CubeSats and cube satellites (CubeSats) in space.

2.6 Onboard Wi-Fi | Utilizing satellites to enable wireless internet
supported by (Wi-Fi) connectivity on aircraft and ships.
Satellites




Dimension No. Issue Description

2.7 In-Space Manufacturing industry in space and
Manufacturing | spacecraft component production using 3D
and Additive Printing technology.
Manufacturing

2.8 Data center and | Building Data Centers and Cloud Computing
Cloud via Satellite Networks in Space.
Computing in
space

2.9 Laser The use of laser communication technology.
Communication

2.10 5G/6G Non- Connecting to 5G/6G networks using
Terrestrial satellites instead of ground-based stations.
Network (NTN)
by Satellite

2.1 Drone control Remote control of unmanned aircraft via
by Satellite satellite.

212 Al in Space Utilizing Artificial Intelligence (Al) technology
in the space industry.

213 Lunar Gateway | The development of a lunar-orbiting space
station, known as the Lunar Gateway, for
future lunar and Martian exploration missions.
The station is expected to be operational by
2028.

2.14 Very high The use of Very high throughput satellite.

throughput
satellite
(Geostationary
orbit - GSO)
215 Inter-Satellite The use of communications between
Communications| satellites.
3.1 Commercial Commercial satellite and space service
3. Economic Space Industry | providers entering the national security
players into the | market.
National
Security Market
3.2 New Space The growth of the space industry and the
Economy creation of value in the space economy, with
participation from players ranging from small,
medium, to large private companies entering
the space industry market. This includes new
types of companies such as Special Purpose
Acquisition Companies (SPACs), which are
gaining popularity in the United States
market.
3.3 Space Data as | Data services from space/satellite networks.
a service
3.4 Ground Station | Ground station connectivity services for
as a service satellite signal transmission with a global
(GSaaS) network infrastructure, eliminating the need
for users to have their own gateways, and
allowing control of these ground stations
through cloud-based systems.
3.5 Space Tourism | Commercial space tourism and living in

and Living in
Space

space.




Dimension No. Issue Description

3.6 Concentration The concentration of the satellite industry
in Satellite with few players, such as in the Low Earth
market Orbit (LEO) communication satellite market,

where there are few companies, while there
are increased mergers and acquisitions
among players in the Geostationary Orbit
(GSO) satellite market.

3.7 Financial Funding sources for space activities, such
sources and as Venture capital (VC), government
incentive for funding, and investment promotion
Space activities | measures, e.g. tax incentives.

3.8 Model of Collaboration models between stakeholders
partnership in the space industry, such as:Public-Private
between Partnerships (PPP) involving joint investment
stakeholders between the government and private sector.

Government-led initiatives.Government
procurement from the private sector to create
demand.Government funding for research
and development in the initial stages.
Collaboration in the private sector between
terrestrial operators and satellite operators.

3.9 Vertical Vertical integration of major players in the
Integration space industry, which may affect market

competition, such as a single player
operating both as a satellite launch provider
and a satellite service provider.

3.10 Participation Thailand’s involvement in the value chain
in global of the space industry, which may leverage
value chain the capabilities of related existing industries,

such as the electronics component industry.
4. Environmental | 4.1 The use of Utilizing space for addressing
space for environmental issues/disasters.
solving
environmental
problems and
disasters

4.2 Pollution and The pollution issues arising from space
waste from activities, such as light pollution from
space activities | satellites orbiting the Earth affecting

ecosystems and wildlife migration, as well
as disrupting human life. Additionally, space
debris generated from re-entry processes
and space operations, including space junk
and debris falling onto Earth.

4.3 Orbit Growth of satellites causing orbit congestion.
Congestion

4.4 Space Weather | The impact of space weather events such
Effect as solar storms, which may cause damage

to satellites or satellite-based navigation
systems.
5. Political 5.1 Digital The concept of striving to reduce
Sovereignty dependence on foreign technology by

creating and utilizing one’s own technology
to minimize foreign intervention.




Dimension

No. Issue Description

5.2 Asserting Roles | The presence of each country’s role by the
of States and state in space activities, as well as fostering
International cooperation in various forms on space issues,
Collaboration including at the inter-state, regional, and
in space affairs | global levels. This may include Thailand’s

role as a leader in the ASEAN region.

53 International Challenges in international regulations and
Regulatory and | mechanisms, such as long-standing space
Mechanism laws that lack review or updating to modern
challenges standards. Additionally, there is a lack of

effective enforcement mechanisms for
international space laws.

5.4 Geo-Politics of | The geopolitical competition between major
Space powers at both regional and global levels in

space (Space Race), safeguarding national
security interests, defending against space
threats, developing and using anti-satellite
(ASAT) weapons, advancing space
technology for potential space warfare, and
conducting cyber-attacks via satellites.

5.5 Maintaining the | The effort to maintain the right to access
right to access | satellite orbits, as mandated by the
satellite orbits constitution of Thailand, which states that the
for Thailand state must maintain the right to access

satellite orbits as a national asset. However,
Act on Organization to Assign Radio
Frequency and to Regulate the Broadcasting
and Telecommunications Services B.E. 2553
(2010) as amended states that the right to
access satellite orbits may be waived in cases
where preserving this right imposes an undue
burden on the state beyond the benefits it
would receive.

5.6 Regulatory Relaxing regulations during the development
Sandbox and and testing of space innovations to
Modernizing accommodate new innovations not yet
Regulations supported by current regulations. Additionally,

revising regulations to support the space
industry, including telecommunications and
space-related activities.

5.7 Local Gateway | Requiring satellite service providers to have
vs Virtual satellite gateways in the service area, while
Gateway current technology allows for the use of

virtual gateways.

5.8 Outer Space Awareness and cooperation of states in jointly
Governance taking responsibility in the space domain

include Space Traffic Management (STM),
Space Situation Awareness (SSA), and
Space Debris Removal.

5.9 Space Port in The opportunity for Thailand to establish

Thailand a space port, leveraging its geographical
location and strong diplomatic relations with
various countries, particularly those in the
region and major powers.

5.10 Sustainable and| Providing sustainable and equal access to

equitable use
of spectrum
and satellite
orbit resources

spectrum and satellite-orbit resources for
all countries, in accordance with the ITU’s
principles.




Dimension No. Issue Description

511 Level of foreign | The level of involvement of foreign players
participation in Thailand’s space industry, such as
in Thailand’s granting landing rights to foreign satellites to
Space industry | provide services in the country and enabling

foreign companies in the space industry to
establish regional hubs in Thailand. This
level of openness is related to concerns
about national security.

5.12 Thailand laws, | Ongoing legal and regulatory frameworks
policies and related to Thailand’s space industry, including
organizations the draft Space Activities Act, policies and
for Space plans, a central agency regulating space
Industry activities, and potentially the establishment of

a government space agency.

5.13 Human Preparing and developing human resources
Resources for | for Thailand’s space industry, promoting
Space Industry | education, establishing specialized space

academic programs, and providing additional
training (reskilling) for individuals with
knowledge or experience in other areas to
work in the space industry.

4.2 Forecasting
From 48 trends and emerging

issues, 28 were ranked as of high

importance by survey responses from stakeholder for further consideration.

These 28 trends and emerging issues were clustered into 6 drivers of changes

as shown in Table 4.

Table 4.

Drivers of change mapped from 28 trends and emerging issues ranked as of

importance

Driver of change

Supporting trends & emerging issues (from Table 3.)

Modernizing Regulations

5.6 Regulatory Sandbox and

5.12 Thailand laws, policies and
organizations for Space Industry

Planning

Satellites

Polic:
y 5.11 Level of foreign participation 5.13 Human Resources for Space

in Thailand’s Space industry Industry
2.1 Satellite Direct-to-Device 2.9 Laser Communication

Technol 2.2 Satellite Industry to Support 2.15 Inter-Satellite

echnology loT Communications

2.3 NGSO/LEO Satellites and
multi-orbit models
1.1 Food Security and Agriculture | 3.3 Space Data as a service
1.2 Medical Issues 3.4 Ground Station as a service

Application 1.3 Urban Mapping/Urban (GSaaS)

2.6 Onboard Wi-Fi supported by

4.1 The use of space for solving
environmental problems and
disasters

International
affairs

space affairs

5.2 Asserting Roles of States
and International Collaboration in

5.3 International Regulatory and
Mechanism challenges
5.4 Geo-Politics of Space




Driver of change | Supporting trends & emerging issues (from Table 3.)

Sustainability 1.5 Go green and recyclable 5.8 Outer Space Governance
products 5.10 Sustainable and equitable
4.2 Pollution and waste from use of spectrum and satellite-orbit
space activities resources

4.3 Orbit Congestion

Economy 3.2 New Space Economy 3.8 Model of partnership between
3.7 Financial sources and stakeholders
incentive for Space activities 3.10 Participation in global value
chain

4.3 Scenarios and Recommendations
Thailand will be under the four scenarios in which recommendations
have been made as follows:
1. The Slow Turtle

Thailand has a strategic plan for space but lacks a national policy and
a dedicated responsible agency, leading to adjacent agencies handling space
missions. At the global level, technology continues to develop, but there are
no new discoveries. In Thailand, there are a limited number of space industry
players, mainly existing companies and few startups that are supported. This
leads to few new services emerging and keeps prices high. Foreign participation
in Thailand is limited, and Thailand’s role in the global value chain is also limited.
Space technology is partially utilized in Thailand across various sectors, primarily
using existing technologies with limited new advancements.

Internationally, countries adhere to agreements and laws, with
Thailand joining organizations like ITU but not incorporating space activities
into domestic law.

In sustainability, some efforts like space debris management and
Go Green policies are in place but are inefficient due to dependence on foreign
policies. Educational institutions offer space-related courses but still
do not adequately meet industry requirements. Curricula are being developed
slowly, producing enough human resources for the domestic market but not
internationally, with limited international support and knowledge exchange.
Access to these courses is limited to only some people.

Key factors influencing this scenario

» Lack of a national policy promoting space activities.

» Agencies’ lack of understanding and interest in new services.

» Lack of funding and incentives to support new players in the space

industry.




Recommendations

» National policies need to be clear first for market access
and open for doing business in space sector.

» The production of space personnel needs to be of high
quality. It could also provide talent to other industries.

* The government should focus on fostering the domestic
space industry both directly and indirectly, such as
supporting space tech startups and providing incentives.

* The government must ensure that the public can access
essential services from space technology.

« Both the public and private sectors need to be aware of
global space industry trends.

2. Relentless Fall
Thailand’s space industry stagnates and is declining, unable to research
new projects. With the public in Thailand lacking knowledge and understanding
of the benefits of space technology, and no government support for the industry
to advance technology, the number of players in the space sector is decreasing.
Small businesses likely exit the market early on, leading to monopolies by
large existing players, resulting in higher service prices and limited access
to services for only few groups. Regarding national security, the government
does not recognize the importance of leveraging space technology,
continuing to allocate resources to traditional military means. In a war scenario,
Thailand would struggle to compete with countries that incorporate space
technology into their warfare strategies. As Thailand’s space industry shows
no signs of developing to international standards, it is unlikely any country
would want to form alliances with Thailand, further impeding the growth of its
space industry.
Key factors influencing this scenario
» The government lacks a clear strategic plan to support space
education and the space industry. The public does not see
the importance of space activities.
» Geopolitical conflicts arise, leading to space wars initiated
by superpowers.
Recommendations
* Encourage public-private investment and allow conditional
competition.
* Promote cost reduction and effective research.




 Build investment confidence with public-private collaboration.

* Improve education and provide investment support.

* Implement a strategic plan with clear actions, public
hearings, and indicators.

3. Light at the End of the Tunnel

Thailand’s space industry receives support from the government
through a clear strategic plan, with relevant laws and a central agency. However,
there is still a lack of effective law enforcement. Thailand is under pressure to
maintain a balance with global power blocs, as multiple superpowers engage
in space competition. Some superpowers conduct activities like lunar research,
building lunar surface stations, and space resource exploration, which Thailand
aims to participate in. Simultaneously, Thailand must maintain political equilibrium
with other power blocs.

Additionally, Thailand faces technology disruption, changing
consumer behavior leading to increased technology demands, and heightened
awareness of space activities among the government and the public. Natural
factors, such as floods caused by global warming in certain areas of the country,
impact Thailand’s communication networks, rendering them inoperable for
extended periods. Meanwhile, Thailand’s satellites cannot handle high usage
simultaneously (or alternatively, Thai satellites were previously damaged by
space debris collisions), potentially affecting national security and stability.

To address these issues, it has been proposed to open the market
to foreign players, causing dissatisfaction among Thai operators. This led to
measures supporting Thai businesses and conditions for foreign players
entering the Thai market to transfer technology, conduct research, educate, and
develop Thai human resources. This includes fostering domestic (government
and private sector) and international (Thai and foreign operators) cooperation,
benefiting Thai operators, especially in manufacturing space equipment both
upstream and downstream. This knowledge transfer and expertise enhancement,
combined with leveraging existing industries like electronics manufacturing,
position Thailand as a major producer of space parts and ground equipment
in the ASEAN region.

In terms of sustainability and the environment, space laws include
environmental protection provisions, ensuring usual regulation and enforcement.
Space industry operators are aware of and understand the importance of
supporting environmental sustainability.

Key factors influencing this scenario
» The intense multi-polar space competition among superpowers
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» The emergence of technology disruption.

* The demand for technology from users and increased
awareness among the government and the public.

» Natural disaster problems impacting the country’s
communication systems.

Recommendations

» Allocate a national budget for research and development
of space technology. Develop strategic cooperation with
international partners.

» Establish measures for competition and create a fair
market environment.

» Operators benefit from technology transfers and government
support in building and enhancing capabilities.

* Raise awareness of the benefits of space technology to
the public. Promote the development of high-quality public
services using space technology.

* Implement effective strategic plans and laws with
government support. Enforce laws rigorously.

4. The Golden Age of New Space

Thailand has developed clear strategic plans for space activities,
reviewed every two years, with subordinate plans for operational implementation.
The space industry is supported by clear laws aligned with international
standards, a dedicated support fund, and government incentives such as tax
benefits and eased regulations.

Private investment in the space industry has increased, creating
a demand for skilled personnel. Specialized courses and institutions train
professionals for both domestic and international markets, with reskilling/upskilling
programs for workers from other industries. Thailand welcomes skilled foreign
workers and facilitates knowledge exchange with other countries, supported
by government and private funding, and provides research infrastructure like
hyper gravity testing and spaceports.

Global technology development continues rapidly, leading to ground-
breaking discoveries advancing the space industry. Examples include satellite
communication services like Satellite Direct-to-Device, competing with
terrestrial networks, and progress in deep space exploration and interplanetary
resource utilization. Thailand’s space industry includes numerous diverse
players from both public and private sectors, fostering high competition,




collaboration, and efficient resource use, reducing space debris and lowering
industry costs.

Space applications include space data as a service supporting
sectors like agriculture (e.g., satellite imagery for yield prediction), medicine
(e.g., thermal imagery for tropical disease prediction), and in-space research
(e.g., pharmaceutical research under microgravity and plant growth research
for space resources). Application of these technologies has led to significant
investments from various sectors, effectively addressing problems and raising
public awareness of the benefits of space technology in improving quality of
life.

Globally, countries cooperate to promote the space industry, sharing
values and recognizing the need for collaboration. A turning point event has
emphasized the necessity of working together, efficient and environmentally
friendly use of space resources, space traffic management, and supporting
Go Green policies across the ecosystem.

Key factors influencing this scenario
* The Space Activities Act has been enacted, and a central

organization has been established.

* The government prioritizes space activities and provides
a dedicated fund, with continuous additional support such
as budget allocations, involvement of the Board of
Investment (BOI), tax benefits, and easing of measures
and regulations like customs procedures.

» Globally, there is huge effort to invest in research and
development in the space industry and to conduct space
activities.

* A negative critical event, such as the collapse of terrestrial
communication systems or global conditions severely
impacting humanity, prompts an urgent shift towards the
development and application of space technology.

» There are effective international laws and regulations
governing space activities.

Recommendations

» The government should emphasize the importance of
space activities and recognize that space activities drive
national growth and improve the quality of life.

» The government should set up a national budget or fund,
to provide subsidies that help businesses or offer benefits
to the private sector, such as tax breaks and simplified
registration procedures.




» Employers need to recognize the importance of skilled
foreign personnel and their potential contribution to the
industry. Continuous training should be provided to ensure
a steady supply of skilled workers, anticipating the
demand for space-related jobs. Collaboration between
educational institutions and the government to create
specialized curricula.

* Improve the country’s readiness to participate in international
agreements (G2G) and collaboration. Encourage participation
in international standards and agreements where Thailand
is not yet involved.

* Improve education. Reduce the cost of space-related services.
Increase welfare. Raise awareness about the benefits of
space technology. Ensure that citizens benefit from space
technology, such as in agriculture and health services.

From abovementioned recommendations, several common aspects
must be addressed: effective government support and policies, investment
support, organizing human resources, and maximizing citizen benefits from the
space sector. Both the public and private sectors should focus on these areas
to prepare for any scenario.

5. Conclusion

The global space industry is undergoing rapid growth and the
emergence of innovative service models that were unimaginable in previous
decades. However, this swift expansion also introduces uncertainties, presenting
both opportunities and threats for the future of the space sector. Foresight is a
key tool for systematically exploring plausible scenarios in the space industry.
It helps identify potential impacts and develop strategies to prepare for them.

This study has explored future scenarios of Thailand’s space industry
over the next 10 years using the Foresight methodology, based on the
“Framework Foresight,” including Framing, Scanning, Forecasting, and Visioning.
The process involved online data collection, an internal workshop within the
Office of NBTC, interviews, a survey, and a workshop with stakeholders in
the space industry. This led to the identification of 28 trends and emerging
issues ranked as important for Thailand’s space industry, forming the basis for
developing four distinct future scenarios. Each scenario was analyzed for its
potential implications, and recommendations were made accordingly.




In summary, the future scenarios and their implications highlight both
opportunities and threats arising from various factors over the next decade.
Thailand will still need to rely on international cooperation due to the global
nature of the space industry. However, there are clear opportunities for
Thailand to enhance its participation in the space industry value chain.
This will require clear and effective government policies and regulations, support
for investment to expand the space services market, and the development of
human resources with industry-specific skills. Additionally, opening the market
to space businesses and services with minimal barriers and maximizing the
benefits of space technology for improving citizens’ quality of life are crucial.

This paper contributes to the practice of foresight by exploring possible
scenarios for the space industry based on identified trends and emerging
issues. It details the process of conducting foresight, offering a practical guide
that policymakers and stakeholders can use for their own foresight exercises.
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Addressing the Digital Divide:
A Study on the Predictors of Government E-Service
Utilization in Thailand

Natnaree Wongmith
Onvipa Phueng-ngern

Abstract

With the advancement of digital technology, governments have created
more channels for citizens to access government services. However, there
are disparities in accessibility and utilization of the services, leading to uneven
benefits across the population. This study investigated the determinant factors
of e-government service utilization and identified the sociodemographic
characteristics and technological usage of individuals who used and did not use the
services. The study analyzed data from the 2023 Nationwide Telecommunications
Usage Behavior and Device Access Survey (n = 47,100). Chi-squared test,
z-test and binary logistic regression were employed to analyze the data.
The findings indicated that age, education, geographical location, mobile
broadband technology, and type of data cap are significant predictors of
e-government utilization.

Keywords: Digital divide, E-Government service utilization, Mobile internet
access, Prepaid service, Postpaid service, Survey research
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1. Introduction

In today’s digital era, rapid advancements of technology are
transforming information processing and communication (Corradini & Corradini,
2020). Governments worldwide, including Thailand, are keen to leverage this
potential. In recent years, Thailand has prioritized integrating digital technology
to enhance citizens’ access to government services (Sagarik et al., 2018). Over
the past decade, the Thai government has launched various digital initiatives,
such as the “Pao Tang” health wallet for healthcare services and “Thai ID” for
digital identity verification. These e-government services facilitate online access
to government services, reducing the need for physical presence.

The introduction of e-government services, while offering promising
benefits, raises concerns about the digital divide (Bélanger & Carter, 2009).
In Thailand, although nearly 90 percent of the population reported internet
connectivity (WorldBank, 2022), mere access does not necessarily translate
into actual utilization (Van Dijk, 2017). This unequal utilization could lead to
disparities in economic and social opportunities, creating an uneven distribution
of benefits (DiMaggio et al., 2004). As higher usage tends to disproportionately
benefit the individuals with greater resources and abilities, there is a pressing
need for government to address the digital divide to ensure equitable access
and utilization of e-government services across all segments of society.

Although studies in Thailand have examined mobile internet adoption
(Srinuan et al., 2012) and factors for e-government success (Apriliyanti et al.,
2021), little research has explored the specific factors influencing e-government
service utilization. Understanding these determinants can lead to targeted
interventions to promote e-government usage, ultimately benefiting Thai citizens.

Using a large dataset, this research aims to identify the determinants
of e-government service utilization in Thailand. It examines the impacts of
sociodemographic and technological factors, including price and service quality,
to ensure a holistic understanding of the issue.

2. Literature Review

2.1 Digital Divide

Definitions

The concept of the digital divide emerged around the mid-1990s as
policymakers and social scientists were concerned about the unequal distribution
of internet access and its increasing usage (DiMaggio & Hargittai, 2001).
Initial research on the digital divide referred to it as a binary distinction between
those who have physical access to computers, the internet, and information
technology, and those without (Castells, 2002), known as the first-level digital



divide. As internet connectivity has become more prevalent, the focus shifted
to inequalities in usage and digital skills (second-level divide) (Van Deursen &
Van Dijk, 2019). More recently, scholars have further explored the outcomes
and benefits of using digital technology, known as the third-level digital divide
(Van Deursen & Helsper, 2015). This study focuses on the second level digital
divide as we aim to identify the determinant factors of e-government service
utilization. Consequently, we conceptualize the digital divide as the unequal
usage of online government services among individuals with varying
sociodemographic backgrounds and technological usage.

The Determinant Factors of Digital Divide
Numerous studies have investigated the influencing factors of

the digital divide (Barzilai-Nahon, 2006; Scheerder et al., 2017; Van Deursen
& Helsper, 2015). A systematic review organized the influencing factors into
nine categories: sociodemographic, socioeconomic, personal elements, social
support, type of technology, digital training, rights, infrastructure, and large-scale
events. Sociodemographic factors, such as age (Czaja et al., 2006), geographical
location (Lee et al., 2021), education (Clark & Gorski, 2001), income
(Chakraborty& Bosman, 2005), and gender (Bimber, 2000), have been identified
as significant explanatory variables in most digital divide studies. However,
considering only sociodemographic factors is insufficient in explaining the non-or
limited use of technologies. Technological factors, such as internet speed
and quality of service, also play a crucial role in determining the digital gap
(Varallyai et al., 2015).

2.2 E-government

Definitions

The concept of e-government has been prevalent since the late
1990s (Beynon-Davies, 2007), with various definitions proposed over time
(Hu et al., 2009). The Organization for Economic Co-operation and Development
(OECD) defined e-government as “the use of information and communication
technologies, and particularly the Internet, as a tool to achieve better government”
(OECD, 2003). The definitions of e-government vary across countries, reflecting
priorities in government strategies (OECD, 2003). In this research, we employ
the Thai definition, which is defined as government services provided through
an online platform to address the needs of citizens and related sectors in
a timely manner (Electronic Transactions Development Agency, n.d.).




E-government Utilization
E-government utilization involves using information and

services offered by the government (Nam, 2014). Previous studies further
proposed five types of e-government use: obtaining general information, seeking
information related to government policies, participating in decision-making
and discussion processes, co-creating policies, information, and services with
government and other citizens (Nam, 2014, Bertot et al., 2010).

According to Thailand’s Digital Government Development Plan
(2023-2027), the Thai government aims to transform into a digital government
and enhance public service quality by utilizing digital technology, focusing on
areas such as education, public health, and social welfare inequality (Digital
Government Development Agency, 2022). In recent years, multiple e-government
services have been launched to facilitate convenient access to government
services for citizens without requiring physical presence. Examples include
e-tax filing, Thai ID, and e-payment.

Based on the literature review cited above, disparities in
e-government utilization are anticipated among individuals with varying
sociodemographic characteristics and technology use. The existing literature
suggests the inclusion of age, gender, income, education, and residential
location as sociodemographic factors influencing e-government usage.
Furthermore, technological factors such as mobile expenses, type of mobile
broadband technology, and internet access limitation are also posited to play
arole.

The first research question focuses on examining the proportion
of e-government usage across users with diverse demographic profiles and
technological usage, and assessing whether statistical differences exist among
these groups. The second question identifies the primary factors influencing
e-government use or non-use, divided into sociodemographic and technological
perspectives. Thus, the following research questions were raised.

Research Questions
RQ1. Are there any disparities in government e-service
utilization among individuals with different
sociodemographic backgrounds and technological
affordability?
RQ2. What are the primary factors influencing the likelihood of
government e-service utilization?
RQ2a. What is the impact of sociodemographic
characteristics on government e-service utilization?
RQ2b. Whatis the impact of technological affordability on
government e-service utilization?




3. Methodology

Data Collection

This research utilized secondary data from a nationwide survey jointly
conducted by the National Statistical Office and the Office of the National
Broadcasting and Telecommunications Commission (NBTC). Officers from the
National Statistical Office conducted face-to-face interviews with individuals
aged 18-76 in households across Thailand, using tablets to record responses.
The survey employed stratified two-stage sampling, collecting 47,100
representative samples. The survey was conducted between 4 to 31 August,
2023.

Measures

The original questionnaire was in Thai language comprising five
sections. However, for this research, we focused solely on the effects of
sociodemographic and technological factors on the utilization of e-government
services. Consequently, the following factors were included:

Sociodemographic factors were measured by (1) Gender, (2) Age,
(3) Education, (4) Income, and (5) Geographical area.

For prepaid service, technological factors were measured through
(1) Mobile expenses and (2) Mobile broadband technology. For postpaid service,
technological factors were measured through (1) Mobile expenses, (2) Mobile
broadband technology, (3) Amount of mobile internet, and (4) Internet data cap.

The utilization of e-government services was assessed by asking
respondents: “Do you use the internet for the following purpose? Participating
in government services (e.g., registering for and participating in government
services, and using e-government applications, etc.?)” (1= “Yes”, 2= “No”).

Data Analysis

Descriptive statistics, a chi-squared test, and a Z-test (RQ1), as well as
a binary logistic regression analysis (RQ2) were performed. A chi-squared test
is used to examine the distributions of categorical variables. A binary logistic
regression is commonly used in social science research to predict the probability
of a binary outcome based on two or more independent factors.

The original dataset contains 47,100 observations. Prior to the analysis,
observations that did not meet the criteria — individuals who did not use mobile
internet (n = 4,765) — were removed. Missing data (n = 218) were inspected
on a case-by-case basis and treated as invalid responses. The final dataset
(n = 42,335) was divided into prepaid users (n = 24,464) and postpaid users
(n =17,653) due to the distinct characteristics of these service types.




4. Results

Research Question 1

To investigate disparities in e-government service utilization across
demographic backgrounds and technological usage, a chi-squared test of
independence was conducted to examine the difference between users and
non-users of e-government services.

Table 1 showed the frequency and proportion of individuals who utilize
e-government services and those who do not. The proportion of respondents
utilizing e-government services differed across sociodemographic and
technological factors. For prepaid data, the chi-squared test revealed statistically
significant differences in the e-government usage based on age, X? (3, N =
24,464) = 1,349.8, p < .001, education, X2 (5, N = 24,464) = 1,145.9, p < .001,
geographical location, X? (1, N=24,464)=28.52, p <.001, and mobile broadband
technology, X2 (2, N = 24,464) = 236.08, p < .001. For postpaid data, the
chi-squared test indicated significant differences in e-government usage based
on age, X? (3, N=17,653) = 177.1, p < .001, education, X? (5, N = 17,653) =
193.35, p < .001, mobile broadband technology, X2 (2, N = 17,653) = 14.528,
p < .001, data cap, X? (2, N =17,653) = 25.838, p < .001.

Next, Z-tests were performed to examine differences between
e-government service users and non-users. For prepaid users, the results
showed significant differences in income, Z = 18.892, p < .001 and mobile
expense, Z=20.157, p<.001 between e-government service users and non-users.
Similarly, for postpaid users, there were significant differences in income,
Z =9.689, p <.001 and mobile expense, Z = 7.591, p < .001 between the two
groups.

Research Question 2

Prior to the binary logistic regression, Pearson’s correlation coefficients
were calculated to assess the interrelationships among predictor variables.
For prepaid service users, income had a weak positive correlation with mobile
expense, r(24,462) = .259, p < .001. For postpaid service users, income
exhibited a moderate positive correlation with mobile expense, r(17,651)
=.324, p <.001. Additionally, mobile expense and the amount of mobile internet
were weakly and positively correlated, r(17,651) = .272, p < .001, as well as
income and the amount of mobile internet, r(17,651) = .099, p < .001.

Next, the binary logistic regression analyses were performed to evaluate
the impact of demographic and technological usage factors on the likelihood of
e-government service utilization and identify the most influential predictors.
For prepaid service users, the binary logistic regression model correctly identified
69.46% of the positive cases (“yes”) and 4.82% for the negative cases (“no”).
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For postpaid service users, the binary logistic regression model correctly
identified 83.37% of the positive cases (“yes”) but failed to predict negative
cases (“no”). The binary logistic regression outputs were presented in Table 2.

Table 1.
Frequency and Proportion of E-Government Service Utilization Among Prepaid and
Postpaid Service Users by Demographic and Technological Factors

Prepaid Postpaid
Variables Utilize Non-utilize Total Utilize Non-utilize Total
Age
18-24 4,128 1,422 5,550 2,838 692 3,530
25-42 6,160 1,301 7,461 5,156 766 5,922
43-57 5,400 1,843 7,243 4,827 904 5,731
58-76 2,167 2,043 4,210 2,041 647 2,688
Gender
Male 8,681 3,284 11,965 7,273 1,525 8,798
Female 9,174 3,325 12,499 7,589 1,484 9,073
Living area
Inner 6,974 2,334 9,308 7,367 1,443 8,810
Outer 10,881 4,275 15,156 7,495 1,566 9,061
Education
Never 75 115 190 24 18 42
Less than primary 254 294 548 112 38 150
Primary 4,867 2,926 7,793 2,426 742 3,168
Secondary 9,313 2,653 11,966 6,664 1,401 8,065
Undergraduate 3,294 610 3,904 5,379 781 6,160
Graduate 52 1 63 257 29 286
Mobile broadband technology
3G 618 530 1,148 188 42 230
4G 13,710 4,962 18,672 6,685 1,471 8,156
5G 3,627 1,117 4,644 7,989 1,496 9,485
Data cap
Limit 1,437 371 1,808
FUP 7,196 1,335 8,531
Non-FUP 6,084 1,230 7,314




Table 2.
Binary Logistic Regression Analysis of The Likelihood of E-Government Service
Utilization of Postpaid Users

Prepaid Postpaid
Predictors B SE B p value B SEB pvalue
Intercept -0.875 0.173 .000*** 0.215  0.382 573
Age
18-24
25-42 0.448 0.045 .000*** 0.397  0.060  .000***
43-57 0.196 0.047 .000*** 0.301 0.062  .000***
58-76 -0.559 0.054 .000*** -0.115  0.073 118
Gender
° Female
‘ Male -0.150 0.031 .000*** -0.104  0.041 .012*
o Living Area

Inner
Outer -0.101 0.032 .001** 0.030  0.042 475
Income <0.0001  <0.0001 .000***  |<0.0001 <0.0001 .001***
Education
Never
Less than primary  0.451 0.176 .010* 0.724 0.377 .055
Primary 0.754 0.155 .000*** 0.709  0.329 .031*
Secondary 1.195 0.157 .000*** 0.969  0.329 .003**
Undergraduate 1.415 0.162 .000*** 1.218 0.331 .000***
Graduate 1.071 0.380 .005** 1.294 0.388  .001***
Mobile expense  0.001  <0.0001 .000*** 0.0002 0.0001 .070
Mobile internet amount <0.0001 0.002 .958
Mobile broadband technology
3G
4G 0.485 0.065 .000*** -0.182  0.181 .316
5G 0.594 0.072 .000*** -0.112  0.181 .538
Data cap
Limit
FUP 0.250 0.067  .000***
Non-FUP 0.094 0.136 489

Note. *p <.05, *p <.01 , **p <0.001




5. Discussions

The primary objective of this research is to investigate the disparities
in e-government usage and non-usage across different demographic groups
and technology use. Our findings revealed that 77.28% of respondents had
utilized e-government services. For prepaid service users, factors such as age,
gender, income, education, residential location, mobile expenses, and mobile
broadband technology contribute to an individual’s e-government service usage.
Similarly, for postpaid service users, age, gender, income, education, and data
cap influence their government e-service utilization.

Regarding prepaid services, education is the factor that is most likely
to influence the use of e-government services. However, income and mobile
expenses do not exhibit a strong impact on utilization. The marginal effect
calculated at the mean showed that utilization of 5G mobile broadband
technology instead of 3G increased the likelihood of e-government service
utilization by 10.2%. Furthermore, living outside of municipal areas decreased
the likelihood of e-government service utilization by 1.91%.

In postpaid services, education is identified as the factor that has the
most influence on e-government service use. However, similar to prepaid
services, income and mobile expenses do not show a strong impact on utilization.
The marginal effect calculated at the mean revealed that being subjected to
a Fair Use Policy (FUP) rather than a limited data cap increased the likelihood
of using e-government services by 3.36%. Additionally, belonging to the 58-76
years old age group lowered the chance of using e-government services by
1.59%.

6. Implications
Our findings yield policy implications for the national government agency
and the national telecommunications regulatory authority.

Implications for National Government Agencies

The results highlight the need for targeted communication strategies
for e-government services, especially for vulnerable populations such as the
elderly, underprivileged communities, low-income individuals, those with limited
education, and rural residents. These groups may benefit from tailored
communication methods that effectively promote e-government services, such as
using simple language, clear terms, and user-friendly interfaces with pictorial
instructions. Additionally, e-government applications or websites should consider
users with slow or limited internet connections by offering a “lite version”
that consumes less data.




Implications for National Telecommunication Regulatory Agencies

The findings suggest that the availability of 5G mobile broadband
technology could increase e-government service usage. Therefore, expanding
5G infrastructure and coverage in rural areas is essential. Additionally, mobile
expenses positively impact e-government service utilization, thus the NBTC
should ensure fair and reasonable service fees for Thai citizens. This can be
achieved by monitoring the costs imposed on telecommunication operators,
which may be passed on to customers as higher prices or lower service quality.

7. Limitations

While this study yielded significant findings, certain limitations should be
acknowledged. Firstly, the use of secondary data sources may reduce accuracy.
For example, e-government usage was measured using a dichotomous yes/no
question, failing to capture the exact services used, the ways individuals
interacted with these services, or the benefits they obtained. Future research
should include more comprehensive questions to explore the degree of
engagement and the benefits users receive from e-government services.

8. Conclusion

This study examines the second-level digital divide by analyzing
factors influencing e-government service utilization. We found that having higher
education, utilizing 5G, and being subject to the Fair Usage Policy (FUP) are
importantfactors in increasing the utilization of e-government services. In contrast,
being part of the elderly population and living in rural areas decreases the
likelihood of using these services. To bridge the divide, targeted policies should
be implemented to facilitate citizen engagement with digital technology and
enhance their quality of life. Assessing digital inequality requires a multifaceted
approach, considering social resources, economic conditions, cultural context,
institutional support, education, skills, and political factors. This research aims
to contribute to a more comprehensive understanding of the problem to better
support individuals’ autonomy in using digital technology.
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Perceptions of Traditional Voice Calls and
Over-the-Top (OTT) Communication Services
among Thai Consumers

Amnist Opapun
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Pratompong Srinuan

Abstract:

The study analyzes unique panel data from NBTC to uncover Thai consumers’
preference toward Over-the-top (OTT) communication service and traditional
voice call in the post-Covid-19 period. Employing a dynamic panel model, this
study estimates the demand relationship between telecommunication services.
The study finds that Thai consumers perceive traditional voice call and OTT
communication as separate services. Moreover, they remained unchanged
from pre-pandemic time. Traditional voice call service is likely used to return
incoming traditional voice call. The study suggests regulators to not include
OTT communication service and traditional voice call service in a joint market
in defining telecommunication market.

Keywords: OTT communications, Substitution, Traditional voice calls, Dynamic
panel model, Thailand
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1. Introduction

Over the past decade, Thailand has witnessed a gradual increase in
internet consumption, driven by factors such as the availability of lower-cost
devices, advancements in connectivity through 4G and 5G technologies, and
the abundance of high-quality audiovisual content. This surge in internet usage
has paved the way for a diverse array of applications that utilize internet
connections to deliver their services, earning them the designation of
Over-the-Top (OTT). These applications have become immensely popular,
finding a place in every device and offering a wide range of services. These
services span from formal offerings, such as government services, to various
entertainment platforms and communication services.

While National Broadcasting and Telecommunication Commission
(NBTC), Thailand’s National Regulation Authority (NRA), has been monitoring
Over-the-Top (OTT) services, which have the potential to compete with traditional
telecommunication and broadcasting services, no specific actions have been
taken thus far. Jirakasem and Mitomo (2019) study revealed that the perception
of OTT services varies depending on the payment scheme, with OTT
communication seen as complementary in prepaid schemes and as a
substitute in postpaid schemes.

This study utilizes panel data from 2019, a year before the unprecedented
impact of Covid-19 on Thailand. The pandemic resulted in a substantial
increase in data consumption and a shift in digital behavior. Surprisingly, even
after the initial surge in data consumption, the habits of Thai consumers remained
unchanged, raising questions about the potential evolution in the adoption of
OTT communication services from 2019.

The primary objective of this work is to offer a nuanced understanding
of the usage patterns of OTT communication applications compared to
traditional voice calls. By doing so, it not only provides the NBTC with essential
insights into users’ perspectives on OTT voice calls but also informs regulatory
decisions concerning traditional voice calls in the current landscape. Therefore,
we raised 2 research questions:

RQ1: Do Thai consumers perceive Over-the-top (OTT) communication
as a complimentary service, a substitute, or an entirely distinct service compared
to traditional voice calls?

RQ2: Do Thai consumers change their demand for traditional voice
calls and Over-the-top (OTT) communication service post-pandemic?




2. Literature Reviews

Topic on over-the-top (OTT) services had been raised since 2000s.
Green et al. (2006) provided a meaning of OTT as followed: Over-the-top (OTT)
services is the buzz-expression for services carried over the networks, delivering
value to customers, but without any carrier service provider being involved
in planning, selling, provisioning, or servicing them — and of course without
any traditional telco booking revenue directly from them. The paper analysed
trend, cost, features, and other important aspect of OTT services. One of the
key findings is the OTT has the cost advantage over traditional telecommunication
services. Nowadays, OTT services have flourished in consumer market, ranging
from entertainment services, government services, and reaching even to
telecommunication service, service of their carriers. This sparks interests in
dynamic of telecommunication market structure due to the contrast between an
important characteristic of telecommunication service and OTT service, price.

Sujata et al. (2015) studied the impact of OTT services on
telecommunication service providers. They found that the traditional
telecommunication service was becoming obsolete. However, the relationship
between OTT service providers and telecommunication carriers are not
completely competing each other. Telecommunication carriers also benefit
from OTT services through internet connectivity services.

In broadcasting industry, OTT services depict a huge surge in usage
where traditional TV usage declines continuously. There are even consumers
who chose to “cut the cord”, or cancelled their TV subscription completely.
According to Malone et al. (2023), the behavior of consumers “cutting the cord”
(cancelling TV subscription) change. Cord-cutters increase internet usage,
reduce multiple system operators spending, and increase OTT subscription.
The findings suggested that OTT services substitute traditional TV service.

Wellmann (2019) studied the relationship between OTT messaging
service and mobile telecommunication using data of telecommunication usage
in Norway from 2006 to 2015. The paper employed the quantity of services
rather than price in estimating demand of telecommunication service.The
method used was first difference instrument variable model (FD-IV) using lag
variables as instruments. The findings suggested complimentary relationship
between OTT messaging and mobile telecommunication services.

In the context of Thailand, Jirakasem and Mitomo (2019) provided an
empirical result on the relationship between OTT communications and traditional
telecommunications services. The paper used cross sectional data from survey
collected in 2019 and analysed with probit analysis. The analysis unveiled
that perception of OTT communications services differs according to payment



scheme adopted by consumers. Flat rate payment consumers viewed OTT
communications as a complimentary service to traditional telecommunications
services while use-dependent payment consumers viewed OTT communications
as a substitute to traditional telecommunications services.

Literature covers the demand relationship between telecommunications
services employ several econometrics models. Some of the notably examples
which applied to panel data are as following. Basalisco (2012) explored demand
in traditional text messaging with two-stage least square model with fixed
effects. Barth and Heimeshoff (2014) utilized dynamic fixed effect panel model
in order to determine relationship between fixed and mobile call. Lange and
Saric (2016) studied fixed, mobile, and voice over IP telephony substitution
using difference GMM model.

There are researches conducted on the OTT services. However, most of
the researches we found are on OTT video service. Some focused on industry
conduct and performance. The closest work about the demand relationship
between OTT communications and traditional telecommunications, to the best
of our knowledge, are from Wellmann (2019) and Jirakasem and Mitomo (2019).
Wellmann (2019) was based on Norwegian consumers behavior from 2006 to
2015 and Jirakasem and Mitomo (2019) was based on a cross sectional survey
data before the pandemic. Therefore, our work would hopefully contribute as a
refinement to the precedent researches, shedding light to demand relationship
of the services in Thailand’s post-pandemic society.

3. Methodology
3.1. Data

We sourced our data from the NBTC online application data
collector, which recruited samples based on geographical demographics and
the market share of the telecommunication sector. The data spans three 3
intervals, each lasting 7 months, corresponding to the years 2019, 2021, and
2023.1n 2019, we collected data from 4550 samples, followed by 2813 samples
in 2021, and 2695 samples in 2023.

The dataset includes various metrics related to both incoming and
outgoing voice calls, messaging (SMS and MMS), and data consumption, with
units such as number of calls, minutes, number of messages, and megabytes.
The frequency of the data is daily.

OTT communication service, in the scope of this work, are
over-the-top applications which provide service equivalent to traditional
telecommunication service in terms of user experience. Specifically, they provide
voice calling and text messaging service. From the data, OTT communication
service are listed in table 1.




Table 1: List of OTT communication applications

OTT communication applications
Cisco Webex LINE Telegram
Discord Messenger The Messenger for Messages
Facebook Messenger Kids Twitter
Google Classroom Messenger Lite VK
Google Meet Microsoft Teams WhatsApp Messenger
Instagram Skype Zoom

The samples which reported no usage in both traditional voice call
and OTT communication applications are excluded from the data. The data are
then aggregated in a weekly basis by sum of daily consumption. Observations
after treatment are presented in table 2.

Table 2: Observations before and after treatment

Phase 1 Phase 2 Phase 3
LU Before After Before After Before After
Observations 821,730 59,058 598,264 85,622 421,260 51,240
Individual 3,822 3,474 2,822 2,762 2,006 1,708
Time 215 17 212 31 210 30

3.2. Empirical analysis

We used services traffic data as proxies to OTT communication
and traditional voice call quantity. We followed analysis model of Basalisco
(2012), Lange and Saric (2016), and Wellmann (2019) with a change in
independent variables, namely price, since OTT communication services are
free. Employing a dynamic panel model, we aimed to estimate the impact of
OTT communication traffic on outgoing traditional voice call and the impact of
traditional voice call incoming traffic on Over-the-Top (OTT) communication
traffic, considering other explanatory variables for instance, text messaging
or SMS service.

Econometric model specification followed Wellmann (2019).
However, we adapted the model with our characteristic of our data. Precisely,
we included Qin subs,i,t since we have the data of incoming potential substitute
service. However, we exclude day and holiday dummy since the data we have
is in weekly. We specify the demand for traditional voice call for individual i at
time t as follows:




out __
ci,t — Clt—1+ Clt+ZqubSLt+ZqubSLt+6i,t(1)

subs subs

where Qc,i,t is the quantity of interested telecommunication
channel c, in this case, traditional voice call, of individual i at time t. Qsubs,i,tis
the quantity of the potential substitute telecommunication service. Subs are a set
of potential substitute services which are all other telecommunication channel
except ¢, namely, SMS service and OTT communication service. Q represents
quantity of service. For traditional voice call and SMS service, Q is indicated
by number of calll SMS made/received while for OTT communication service,
Q is represented by upload and download traffic data of OTT communication
applications as the outgoing and incoming OTT communication respectively.
Our assumption is that incoming communication from any channel may trigger
an outgoing communication and when one outgoing communication channel is
chosen, other would not be used. This means we assume only a single outgoing
communication channel made by all individual.

Our assumption and model specification subject to endogeneity.
Since incoming and outgoing communication channel may influenced each other
simultaneously. To counter the problems, we exploit time attribute of our data to
create GMM instrument variable and normal instrument variables in which has
no correlation with the disturbance term. Thus, estimation equations become:

t
o = Qctt—1+Q t+Zqub31t+ZQgﬁbsit+Eit )

subs subs

AQat ctt—l—l_A Clt+AZqubS lt+AZqubs Lt+AEi,t

subs subs

We anticipate that in the case of substitution between traditional
voice call and OTT communication, the coefficient for Qout apps,i,t should be
negative and significant. In the case of complimentary, the coefficient of the
stated variable should be positive and significant. Finally, in the case of different
service, the coefficient should be non-significant or zero.

4. Empirical Results

Each phase of data collection has a different usage pattern across
all telecommunication services. Data from phase 1 is collected from before
Covid-19 hit Thailand. Data from phase 2 is collected from the period when
Thailand was affected by Covid-19. Lastly, data from phase 3 is collected after
the pandemic. From figure 1, we can see that during the pandemic, the amount
of both outgoing and incoming calls differ from other 2 periods.




Figure 1: Average amount of calls
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Figure 2 shows volume in SMS service. The amount of incoming SMS
depicts a sharp increase before and during the pandemic but declined heavily
after the pandemic. Outgoing SMS fluctuated across all the period however,
the level of service usage is extremely low relative to other services.

Figure 2: Average amount of SMS
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In OTT communication service, the usage pattern is similar to traditional
voice call service. The activity rose before the pandemic, plummeted and not
fluctuate much during the pandemic, then spiked and explicited a downward
trend as shown in figure 3.

Figure 3: Average OTT data traffic
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From the data, we employ the model on the data from each phase
separately, rather than analyzing all data at once as we see that the usage
pattern between each period differs. The data structure of each phase are as
table 3.




Table 3: Summary statistic of data by week

Phase Service Unit Min Mean Max Sd
1 Outgoing call times 0 9.775 465.000 21.615
1 Incoming call times 0 6.977 226.000 13.995
1 Outgoing sms messages |0 0.030 48.000 0.411
1 Incoming sms messages |0 4.482 1,333.000 11.838
1 OTT data upload Mega Bytes |0 | 27.639 | 36,842.690| 267.016
1 OTT data download | Mega Bytes |0 | 516.065 | 196,870.163 |3,093.086
2 Outgoing call times 0 4.754 1,462.000 19.172
2 Incoming call times 0 4.348 992.000 16.787
2 Outgoing sms messages |0 0.033 154.000 0.981
2 Incoming sms messages |0| 10.419 2,775.000 46.006

2 OTT data upload Mega Bytes | 0 7.457 5,853.424 61.963

2 OTT data download | Mega Bytes |0 | 216.377 | 50,599.217| 730.451

3 Outgoing call times 0 8.703 417.000 16.924
3 Incoming call times 0 8.450 177.000 12.979
3 Outgoing sms messages |0 0.020 98.000 0.601
3 Incoming sms messages |0| 10.257 235.000 15.638
3 OTT data upload Mega Bytes |0| 61.638 | 13,382.219| 243.314
3 OTT data download | Mega Bytes | 0 |1,340.814 | 202,645.249 |3,301.283

To model the demand relationship, first, we used fixed effects model to
estimate the demand relationship. However, the error shows serial correlation.
After modelling with dynamic term pooled OLS, dynamic term fixed effects,
and difference GMM model, according to Bond et al. (2001), the coefficient of
the dynamic term suggest system GMM. We employed system GMM model to
estimate the relationship between traditional voice calland OTT communication
service as in equations (2).




Table 4: Estimation results

Outgoing call
Phase 1 Phase 2 Phase 3
Outgoing call at t-1 0.316*** 0.803*** 0.381***
(0.021) (0.027) (0.023)
Incoming call 0.842** 0.038* 0.627***
(0.041) (0.020) (0.027)
Outgoing sms 0.015 0.024*** 0.001
(0.042) (0.005) (0.010)
Incoming sms 1.581** 0.172 0.150
(0.347) (0.147) (0.119)
" OTT download -0.00004 -0.00001 -0.0001**
(0.00003) (0.00004) (0.00002)
¢ OTT upload 0.0001 -0.0003 0.0003
)/ @ (0.0003) (0.001) (0.0002)
n 3,474 2,762 1,708
T 17 31 30
Robust Sargan-Hansen J 3.244e-35 8.944e-01 1.601e-10
Arellano-Bond AR(2) 0.333 0.137 0.055
Wald test-coef <2.22e-16 <2.22e-16 <2.22e-16
Wald test-time <2.22e-16 <2.22e-16 5.01e-15

Note : *p<0.1;*** p<0.05; ***p<0.01

From the estimation in table 4, the dynamic term is significant across all
phase and aligned with the theory. Our interested service, OTT communication
represented by OTT upload data, is insignificant across all the models on all data
phase. The coefficients of OTT communication in all data phase are extremely
small. The important statistical tests of the model are sargan-hansen J test for
valid instruments (p value > 0.25), Arellano-Bond test of serial correlation at
lag 2 (AR(2), p value > 0.05), and Wald test for significant of the model
(p value < 0.05). Sargan-Hansen test reported that our instrument variables
in phase 1 and 3 model are invalid. However, instrument variables in phase
2 model is valid. Arellano-Bond test reported no serial correlation across all
models. Finally, Wald test reported that the models are significant.




5. Discussion and Policy Implication

From the estimation results, we can see that the relationship between
OTT communication represented by OTT upload and the dependent variable,
traditional voice call is extremely small across all data phase and insignificant
in the firstand second phase. This results imply that there is little to no connection
between the two services in all interval. Therefore, the pandemic did not change
consumers’ distinctive perception toward OTT communication services and
traditional voice call.

Another interesting remark is that the traffic of OTT communication
applications dropped during the pandemic. After mapping the timeline of the
pandemic in Thailand and the time of data collected, we found that the timing
of data collection spanned a period slightly after the government relaxed their
first pandemic countermeasures. Therefore, the low amount of OTT
communication usage may be the result of people switching to offline gathering
after a prolonged periods of lockdown. The estimation results further reveal
that the positive impact factors prompting individual to make a traditional voice
call is incoming call of the same channel and calling habits which represented
by the lag term.

However, the validity of the specification of the models for phase 1
and 3 data is not undisputable due to the result of Sargan-Hansen test of
overidentification of the instrument variables. This matter is subjected to serious
consideration. Hence, in light of this, we are reviewing the process, especially
on the specification of the models. Other than this, the statistic tests reports
present theoretically consistent results.

NBTC (Thai regulatory authority) has been monitoring OTT services
yet still indecisive on the matter. The result of disassociation between traditional
voice call and OTT communication helps establish policy and stance of NBTC
on the subject of market definition and OTT regulation. The study suggests that
regulatory authority should not regulate OTT communication services in the
same market as traditional voice services as the substitution effect between
two services is not present.
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The Impact of Spectrum Prices
in the Telecommunication Sector on Network Investments
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Abstract:

This paper aims to examine the impact of spectrum prices on mobile operators’
industry investment using country-level data from 13 countries spanning 2013
to 2022. We employ four models to explore the quantitative evidence, with a
preference for the one-step system GMM model through hypothesis testing.
The results indicate that significant factors influencing investment include prior
CAPEX, urban population, ARPU, GDP, and HHI, while spectrum prices and
fees do not show significance. To address limitations, we suggest expanding
sample sizes and incorporating additional instruments and dependent variables
to establish evidence-based insights into the relationship between spectrum
prices and CAPEX.

Keywords: Auction, Investment, Spectrum prices

unAQga

muﬁﬂwwuummmwmmwam AnwimansgnuressInvurMsUsEane
msawﬂumﬂimﬂumﬂﬂmsisumamaivmuﬂsummwmum‘wm 13 st doud
f.A. 2013 — A.A. 2022 m%lé’lfm,mumaawwm 4 sULuy dlorunisnageu
AURFIUVBILUUTIADINUTD qumaaqgﬂwammwawqm fi® one-step system
GMM model

NaveInsAnwInUdn Jededidnatedfynisaifdunisasmulunie
Insauwnau loun HHI GDP ARPU n139e186iaveeusenstudiiiied wagn1samu
Tumalnsauauluein Tnglinundesesuvueduanudluaseuaseuazsan
yugMIUszyaiinatudAynvaifwiegala Tudewugihlumsinuaudinw fe
miLﬁmmmﬂéuﬂimﬂﬂiﬁaaﬂw mMsuiinFulsiay instrument Tulsia el
mmaamumaﬂivwwaammsuuvmwivuamaﬂﬁamu‘[,umﬂimﬂmmﬂmlmasm
Foaudetu

[

f: N3UsEYR N5 IANARUAIND

(Y]

o

AE

The opinion and analysis expressed are solely those of the authors. In no case should
they be considered as representing an official position or policy of the NBTC.



1. Introduction

Most countries allocate spectrum licenses via auctions because it is
more efficient than a beauty contest (Cramton, 2013). However, governments
sometimes have an incentive to set the price as high as possible for revenue
maximization. Although spectrum prices seem to have reached a stable state
and experienced a gradual decline over time, the matter remains significant.
Particularly, crucial bands such as the 2100 MHz for 3G, allocated around
adecade ago, are likely nearing the expiry date of spectrum allocation (Figure 1).
This implies that the preceding bands, alongside newly designated spectrum
bands, will be auctioned in the upcoming years.

Figure 1:
The winning price of 2100 MHz during 2010 — 2023
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Furthermore, the quantity and cost of spectrum acquired can significantly
impact future operations, as investment and sales strategies are likely to adapt
post-allocation. For instance, if the reserve price exceeds a telecommunication
operator’s valuation, they might need to raise prices post-allocation, considering
market competition, to ensure adequate returns and fund their investment.
Similarly, many telecommunications operators are publicly listed on stock
exchanges, which impose constraints on their access to capital. As a result, they
are obligated to fulfill shareholder demands for acceptable returns. If they fail
to achieve these returns, potentially due to exorbitant spectrum costs, it could
lead to an increase in their cost of capital in the long term, thus impacting their
investment decisions.

Meanwhile, the current economic literature has two directions regarding
the relation between spectrum prices and investment. Some economists



support the notion that spectrum prices should be considered sunk costs,
which theoretically should have no effect on decision-making going forward.
For instance, Park, Lee, and Choi (2011) found no evidence to support the
idea that high license fees from spectrum auctions affect consumer prices and
telecommunication investment. This is also similar to the results of Cambini
and Garelli (2017), Cave and Valetti (2000), Morris (2005), and Jung and Katz
(2022), who stated that spectrum prices have no impact on consumer prices
and investment.

In contrast, some have found that their investment strategies are
affected by high spectrum fees. One example is the ‘hold-up problem,” where
operators decide to reduce or delay network investments due to financial
constraints (GSMA, 2017). Marsden et al. (2017), Bahia and Castells (2022),
GSMA (2019), and Datta (2012) also found results indicating that spectrum
prices cause a negative effect on consumer welfare and industry investment.
Overall, the findings regarding spectrum fees and investment remain ambiguous.

Our contribution to the literature involves attempting to measure the impact
of spectrum fees on subsequent investment, particularly in capital expenditure
(CAPEX), utilizing country-level panel data from 13 both developing and
developed countries during 2013-2022. We also consider other factors that
may impact capital expenditure, such as market concentration, revenues per
subscriber, gross domestic product (GDP), urban population, and available
spectrum. We adopt independent variables from various literature and economic
concepts, including HHI, ARPU, GDP, urban population, spectrum fees, and
the number of spectrums. Moreover, our panel model resembles the investment
equation proposed by Jung and Katz (2022), who analyzed the effects of
previous CAPEX, prior revenues, spectrum policy, and competition on industry
CAPEX through a panel data model.

We developed four models: a pooled OLS model, a fixed effects panel
data model, a random effects panel data model, and a one-step system GMM
model. Through hypothesis testing, we favored the one-step system GMM
model over the others. Our analysis revealed significant correlations between
prior CAPEX, HHI, GDP, ARPU, and urban population with CAPEX. However,
we couldn’t establish quantitative evidence regarding the impact of spectrum
fees and spectrum availability on CAPEX. Adjustments to the model, inclusion
of more variables and instruments, and exploring new implications of CAPEX
in future studies might be necessary to uncover this quantitative evidence.

The paper covers the following sections. Section 2 presents the literature
review on the impact of high spectrum prices on industry investment. Section
3 represents the variables that may impact CAPEX in our model. Section 4



describes the panel data that we use to estimate, and section 5 provides the
empirical analysis of our work. Lastly, section 6 presents the conclusion,
limitations, and suggestions for further study.

2. Literature review

The economics literature review yields two results. On one hand, some
economists found that spectrum fees are sunk costs for telecommunication
operators and do not impact future investment.

Cave and Valetti (2000) argued that spectrum fees from auctions, when
accounting for future revenues, investments, and competition since spectrum
allocation, suggest a forward-looking approach where operators consider
spectrum prices as sunk costs, thus not impacting consumer prices or the
expansion of telecommunication infrastructure.

Similarly, Morris (2005) argued that there is a lack of empirical evidence
supporting the idea that spectrum auctions are distortionary. He presented
that revenue raised through spectrum auctions could potentially mitigate other
distortionary revenue instruments. The crucial factor determining whether
spectrum auctions are efficient or distortionary (i.e., resulting in higher prices
for spectrum-dependent services and inducing substitution away from such
services, thus reducing overall welfare) depends on whether firms are likely to
pass along additional costs to users.

Some papers have used quantitative analysis to investigate this
circumstance. Park et al. (2011) employed a simple regression analysis to
study firm-level data in mobile markets of 21 OECD countries, where there
was a mixture of beauty contests and auctions. Their analysis included three
variables: revenue per minute, indicating the price per minute used; the lag in
years until 3G services were launched after the auction, assessing whether the
company’s progress was impeded by the auction process; and the change in
the Herfindahl-Hirschman Index (HHI) before and after the spectrum auction.

Likewise, Cambini and Garelli (2017) found that spectrum fees and
spectrum availability are not significantly correlated with mobile revenues.
Their analysis involved a dataset of operators in 24 countries during 2005 to
2014. To conduct their analysis, they employed fixed effects estimation after
applying a log-log transformation to relevant determinants. Furthermore, they
addressed the potential endogeneity of license fees by using difference GMM
with lagged levels serving as instruments.

Jung and Katz (2022) investigated the impact of spectrum policies
on various indicators, including capital expenditure (CAPEX). Their empirical
study defined CAPEX as influenced by factors such as its previous value,
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previous revenue, spectrum policy, competition level, and some other control
variables. They employed a two-step generalized method of moments (GMM)
estimation technique. While they did not directly incorporate spectrum price
into the investment equation, certain controls such as spectrum allocated for
LTE and spectrum allocated for digital dividend were not significant in all model
specifications.

On the other hand, some literature found evidence supporting a negative
impact of high spectrum prices on investment and consumer prices. Marsden
et al. (2017) used country-level data from 2008 to 2016 and found an inverse
correlation between spectrum expenses and investment. They identified a
proxy for network investment called a “wireless score”, derived from 3G/4G
coverage, average speed, and 4G subscriber share, all of which should have a
positive relationship with investment. Furthermore, they employed a two-stage
regression approach to estimate a demand equation, estimating the impact on
consumer surplus from price changes induced by spectrum fees.

Bahia and Castells (2022) also found similar results. They examined
spectrum policies across 64 countries from 2010 to 2017, focusing on the 4G
era and addressing empirical limitations including omitted variable and
simultaneous causality bias. They discovered that decreased spectrum
availability or increased spectrum costs led to lower network coverage and
service quality.

GSMA (2019) used an econometric model with data on spectrum costs
of 229 operators in 64 countries from 2010 to 2017, employing an instrumental
variable model to estimate the impact of spectrum costs on consumer
outcomes. The results showed that spectrum prices can have adverse effects
on consumers in terms of reduced coverage and decreased data speeds.

Lastly, Datta (2012) employed a game-theory approach to theoretically
validate that firms that finance their payment for high spectrum fees via borrowing
from banks are motivated to decrease infrastructure investment per unit of
service, consequently reducing service quality. While this incentivizes reducing
spectrum fees, the author raised concerns about the government securing lower
funds, which might inadvertently affect regulation. Therefore, he proposed that
the government should earmark some portion of fees for support towards the
expansion of the telecom industry.




3. CAPEX and the other variables

Figure 2:
The factors that might impact CAPEX in the telecommunication sector
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We expected that several factors would impact the decision of
investment in the telecommunications sector (Figure 2). Generally, market
structure and market concentration might influence firms’ investment decisions.
The Structure-Conduct-Performance (SCP) framework suggests that market
structure and concentration can influence how firms behave and perform,
including their investment decisions. This theory emphasizes that the conduct
and performance of firms, such as their investment strategies, are shaped by
the dynamics and interactions within the market, particularly among competing
firms. Despite the existence of ambiguous evidence, we included the HHI
variable representing market concentration in our model to assess its potential
impact on investment within the telecommunications sector.

There is ample economic literature supporting the positive relationship
between output and investment at the macro-level scale. Shapiro (1986) used
a dynamic model and found that output and labor are correlated with investment,
while the price of capital and discount rate are not. Ali et al. (2015) also
constructed a single-equation model to examine the relationship between
economy output and investment. The results showed that investment has a
statistically significant positive relationship with output. Thus, we included GDP
in our model and expect a positive correlation between CAPEX and GDP.

Most telecommunication companies are listed on the stock exchange
market to raise funds for investing in infrastructure. When they increase their
revenues significantly, stakeholders might accept more rollout infrastructure
plans. For example, Razzak et al. (2024) studied 53 industrial companies listed



on The Amman Stock Exchange from 2018 to 2022 and found evidence that
profitability strongly relates to investment. Similarly, Suwanrat and Sincharoonsak
(2022) used financial data from 49 companies listed on The Stock Exchange
of Thailand between 2016 and 2020. They analyzed using multiple linear
regression and found statistically significant relationships at the 0.05 level
between revenues and CAPEX. Therefore, we expect telecommunication
revenues to be statistically significant for industry investment. However, we did
not have revenues for all companies in the country, so we used ARPU at the
country level as a proxy for telecommunication revenues.

Cambini and Garelli (2017) adopted the function proposed by Hazlett
and Munoz (2009) to construct the mobile investment function. Mobile
investments are mainly influenced by the cost of spectrum, the availability of
spectrum, and the population density in urban areas. We will follow this function
to observe the relationship between these factors and CAPEX, expecting them
to be statistically significant.

Meanwhile, the prior CAPEX value would also affect current CAPEX.
This finding is supported by Jung and Katz (2022), who found a relationship
between lagged mobile CAPEX and current mobile CAPEX in the two-step
GMM estimation. This may impact our estimation because the lagged dependent
variable as a predictor in a regression model is likely to correlate with the fixed
effects included in the residual term of the model. This is called the Nickell bias,
which means we cannot use the fixed effects model and must use dynamic
panel data to solve the problem. Therefore, we may use dynamic panel data
or static panel data depending on whether the Nickell bias is present.

4. Panel data

The panel data is selected from both developing and developed
countries among 13 countries, including Belgium, the Czech Republic, France,
Germany, Lithuania, Malta, the Netherlands, Norway, Slovenia, Sweden,
Switzerland, Turkey, and Thailand. Each country is observed for a consecutive
10 years (2013 — 2022).

Table 1 shows the dependent and independent variables in our data,
as well as their descriptions and sources. Meanwhile, Table 2 represents the
details of descriptive statistics of the variables. Note that all data are at the
country level and recorded in Euro currency at the end of the year. The panel
data is highly balanced, with the exception of one missing data point out of a
total of 130 observations. Specifically, there is a lack of data for spectrum fees
and spectrum availability for Slovenia in 2013.




Table 1:

Variables, descriptions, and sources used in our panel data

Variables Description Sources
CAPEX The total amount of money spent on mobile capital
investments during the specified period.
HHI A commonly accepted measure of market
concentration, typically depicted on a scale ranging | GSMA
from 0, indicating evenly distributed competition,
to 10,000, indicating no competition.
ARPU The weighted average of total Average Revenue
Per User (ARPU) for Mobile Network Operators
(MNOs) operating within the market.
Urban Urban population denotes people living in urban
population areas as defined by national statistical offices.
GDP GDP at purchaser’s prices equals the combined World Bank
gross value added by all domestic producers,
inclusive of any product taxes and exclusive of
any subsidies not accounted for in product values.
Spectrum fees | The prices for spectrum allocated to
telecommunication operators through auctions Cullen
divided by its duration. international
Spectrum The amount of megahertz (MHz) acquired by spectrum
available operators through auctions.
Table 2:
Descriptive statistics of our variables
Variable Obs. Mean Std. Dev Min Max
CAPEX (Euro Mil.) 130 1,169.50 1,501.94 20.14 5,5612.21
HHI 130 3380.24 558.89 2,138 4,541
ARPU (Euro/User) 130 15.52 8.03 0.51 38.69
Urban population (%) | 130 77.29 13.85 46.19 98.15
GDP (Euro Mil.) 130 755,928.7 | 943,808.2 | 7,675.88 | 3,814,659
Spectrum fees
(Euro Mil.) 129 324.49 447 .51 0.32 2207.88
Spectrum available
(MHz) 129 853.91 877.20 90 4205




5. Empirical analysis

Assuming there is no correlation between the error terms and the lagged
dependent variable, we can construct the equation in the log-log transformation
of panel data as the following equation, where i represents the country and ¢
represents the year of observation:

In(CAPEX;;) = a, + a,In(HHI;) + a,In(ARPU;;) + a;In(Urban population;;)
+ a,In(GDPy,) + a;In(Spectrum fees;;) + agln(Spectrum available;;) + e;;

We evaluated the relationship between CAPEX and several independent
variables, including concentration in HHI, ARPU, urban population, GDP,
and spectrum availability. We intend to use both fixed effects panel data model
and random effects panel data model, and then choose the appropriate model
using the Hausman test. Furthermore, we also developed a pooled OLS model
to estimate the differences between OLS and panel data models. Note that we
used the robust command in Stata to address heteroscedasticity.

Table 3:
Results of pooled OLS, fixed effects panel data and random effects panel data

Variable (1) (2) (3)
HHI -1.38 *** 0.17 -0.68
(0.26) (0.24) (0.49)
ARPU 0.63 *** 0.99 *** 0.79 ***
(0.04) (0.08) (0.08)
GDP 0.79 *** 0.08 0.80 ***
(0.05) (0.07) (0.10)
Urban population -1.43 *** 5.87 *** -1.38*
(0.20) (1.66) (0.71)
Spectrum fees 0.07 *** -0.07 *** -0.004
(0.03) (0.24) (0.04)
Spectrum available -0.10* 0.12** 0.07
(0.06) (0.58) (0.07)
F-test/Wald chi2 553.88 74.64 1044.71
Within R-square 0.57 0.37
Between R-square 0.01 0.94
Overall 0.95 0.01 0.92

Note : Standard errors are in parentheses
*** p<0.001, ** p<0.05, * p<0.1




Table 3 (Column 1) presents the results of the pooled OLS model. Most
of the independent variables are strongly significant for CAPEX, while only
spectrum availability is somewhat significant. Spectrum fees have a positive
effect on CAPEX, contradicting our assumption that they may have a negative
effect or be insignificant. Similarly, the urban population and available
spectrum also show a negative sign, which we thought should be positive
because telecommunication operators are likely to expand their infrastructure
following urbanization and seek more spectrum in their portfolio, coupled
with investments to address the demand for spectrum usage. The rest of the
correlations follow our assumption, with the negative sign of market
concentration and positives for both ARPU and GDP.

Table 3 (Column 2) represents the results of the fixed effects panel
data model. HHI and GDP are not significant factors for telecommunication
investment. However, the remaining variables show strong or moderately
significant correlations with the expected direction. ARPU and urban population
exhibit strong significance with a positive sign, followed by spectrum availability
with a moderate positive correlation. Furthermore, spectrum fees have a strong,
negative, and significant impact on CAPEX.

Table 3 (Column 3) presents the results obtained from the random
effects panel data model. HHI, spectrum fees, and spectrum availability are not
significant in this model. However, ARPU and GDP show strong significance
with a positive sign. The urban population is also significant but in a negative
direction, contradicting our assumption. Overall, ARPU shows strong
significance and positivity in all three models. GDP also exhibits a positive sign
and strong significance, while the results of spectrum fees and the rest remain
ambiguous.

Then, we tested the appropriate model using the Hausman test. The
result showed that the p-value is lower than 0.05. Thus, we reject the null
hypothesis that the error is not correlated with the explanatory variable and
prefer the fixed effects panel data model over the random effects panel data
model. However, prior CAPEX might influence current CAPEX. We therefore
need to investigate the correlation between the error term in the model and
prior CAPEX. We found that there is a correlation between them. As a result,
we employ the dynamic panel model: a one-step system GMM model.




Table 4:
The results of a one-step system GMM model

Variable (4)
Prior CAPEX 0.35**
(0.14)
HHI -0.92*
(0.45)
ARPU 0.37 ***
(0.10)
GDP 0.54 ***
(0.12)
Urban population -1.04 ***
(0.31)
spectrum fees 0.02
(0.04)
spectrum available 0.02
(0.04)
AR (1) Z=-243Pr>z=0.015
AR (2) Z=0.02Pr>z=0.987
F-test 735.4

Note : Standard errors are in parentheses
*** p<0.001, ** p<0.05, * p<0.1

Table 4 presents the results obtained from a one-step system GMM
model. We utilized the Stata command “xstrabond2” to generate unconstrained
lags for constructing the instrument matrix, and robust variance-covariance
matrix estimation was applied in the model implementation. The analysis
reveals strong significant correlations between CAPEX and variables such as
ARPU, urban population, and GDP. Despite the negative correlation with urban
population, telecom operators may still need to comply with spectrum auction
requirements to expand infrastructure into rural areas. Additionally, our
predictions regarding prior CAPEX and market concentration (HHI) were
validated, with prior CAPEX demonstrating a positive association and market
concentration exhibiting a negative one. However, the model did not yield
significant evidence regarding the impact of spectrum fees and spectrum
availability.




6. Conclusion

We conducted a thorough analysis using a dataset spanning 13
countries from 2013 to 2022, focusing on the relationship between spectrum
fees and CAPEX in the telecommunications sector. Our study also incorporated
variables such as HHI, ARPU, GDP, urban population, and spectrum availability
to explore their effects on CAPEX.

We employed four different models, including pool OLS, fixed effects
panel data, random effects panel data, and a one-step system GMM model.
Under the hypothesis tests, we preferred a one-step system GMM model to
analyze our assumptions.

Our findings revealed strong positive correlations between prior CAPEX,
ARPU, and GDP with CAPEX, while HHI and urban population showed
negative correlations. Despite most factors aligning with our assumptions,
urban population exhibited an unexpected direction, possibly due to regulatory
policies favoring rural infrastructure development. Regrettably, we couldn’t
establish quantitative evidence linking spectrum fees and availability directly
to telecommunications investment.

To enhance our model and address its limitations, several adjustments
and considerations are necessary. Firstly, the small sample size of N=13 and
T=10 calls for a larger sample size to construct a more reliable GMM system
model. Increasing the sample size would improve the robustness of our analysis.

Secondly, incorporating additional dependent variables and instruments
into our model, such as previous revenues or regulatory policies, could provide
more insight into the relationship between spectrum fees, spectrum availability,
and CAPEX. These variables could help capture the broader economic and
regulatory context within which telecommunications companies operate.

Thirdly, focusing on firm-level panel data by examining CAPEX for each
specific firm could offer a more granular understanding of investment patterns.
However, this approach may present challenges in obtaining and interpreting
CAPEX data accurately, as it can be influenced by factors such as cash flow
or depreciation of fixed assets.

Lastly, our analysis did not thoroughly explore the potential impacts of
high spectrum fees on company revenues and consumer prices. Investigating
these effects could provide a more comprehensive understanding of the
implications of spectrum fees on both industry dynamics and consumer welfare.

Overall, while our model represents an initial step in examining the
relationship between spectrum fees and CAPEX, further studies should address
these limitations to yield more conclusive results. By considering these
adjustments and limitations, future research can build upon our findings to

develop a more refined understanding of this complex relationship.



Appendix. (Diagnostics)
Performing regression analysis using all variables
included in the main equation.

Figure A1:
Kernel density plot (left) and standardized normal probability (p-P) plot (right)
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Table 1A:

White test results decomposition
Source Chi2 Df p
Heteroscedasticity 79.32 27 0.00
Skewness 16.43 6 0.01
Kurtosis 0.20 1 0.65
Total 95.96 34 0

We plot the residuals in Figure 1A and find that they do not follow a
normal distribution. Additionally, we examine the residual versus fitted values
plot in Figure 2A to observe heteroscedasticity. Consequently, we confirm
heteroscedasticity in our model, as indicated in Table 1A, where White’s test
rejects the null hypothesis of homoscedasticity. Therefore, we employ the Stata
command “robust” to address this issue.

We establish three models: pooled OLS, fixed effects panel data, and
random effects panel data, using the robust command as explained in Section 5.




Fixed effects are applied when certain individual-specific factors are assumed to
influence or bias the predictor or outcome variables, necessitating their removal
to assess the true impact of the predictor on the outcome. Conversely, random
effects are employed when entity-level variations are perceived as random and
unrelated to the predictor or independent variables in the model. To determine
which model to use, we conduct the Hausman test, as shown in Table A2.

Table A2:
Hausman test results
Coefficients
Variable (b) (B) (b-B) | sqrt(diag (V_b-V_B))
fixed random difference S.E.

InHHI 0.17 -0.68 0.85 0.2
InARPU 0.99 0.79 0.20 0.08
InGDP 0.08 0.80 -0.72 0.138
InUrbanpop 5.87 -1.38 7.25 1.71
InSpectrumfees -0.068 -0.003 -0.065
Inspectrumav 0.12 0.07 0.05 0.02

Note: Test: Ho: difference in coefficients not systematic
Chi2: 48.95
Prob > Chi2 = 0.00

The Hausman test rejects the null hypothesis, indicating that fixed
effects panel data is preferred. However, we need to test whether the lagged
dependent variable (CAPEX lagged) is correlated with the error term. If the
correlation exists, we cannot utilize static panel data and would instead prefer
dynamic panel data.

Figure A3:
Correlation error term and lagged dependent variable test

pwcorr € l.lncapex , star (0.05) sig

e L.lnca~x

e 1.0000
L.lncapex 0.1963*% 1.0000
0.0339

Considering Figure A3, there is a correlation between the error and the
lagged dependent variable. Consequently, we prefer the dynamic panel data
model over the static panel data model.
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TunisAmuauleuie (Evidence-based Policy)
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Tasnsasuloveiliteyadeszing azBuanmsnunudeya
MNUnAIe warlinseideyamandusgisseuasy MWnaluladdielunis
Anseiteyalinnduazuiugunniy Wedavhisnuuarasudeyaigndes
wavdmauidudsddy ulsuedldinandeyauazvdngrudaauaztieliesdins
finsuileusulgsnuuaznisuinisiaedafiuss@nsnm

nsfussdnsiilidoyauasvangidesedndlumsimuauleuny
sztheliesAnsianudamgulunsnevaussiensuasunlawosaniniindon
1§ty waznidunisadeiuguiiudusdiesdnslugaiimelulafuardeya

o a a

funumdrdglunisiauiuasaniiugsialudagiu

nsiludidnaudnaaunsaaduayunisidussdnsiidnisdnduls

v
[

vunaNgIuAUsEAInY tanaes fadl




1. M35IUsAAzMIIaLiudayaiiiuszansam
o nstmalulagadnadaelinissivsudeyadulusgesinga
wag fUsgdvBnimuntu wu n1slidumes svuu loT (nternet
of Things) Tumsiiudeya
o msiigrudeyarivaiamisatnfslditowazsings taeliiAa
nmeteyalaegediussdnsam
2. M3ATIvitaya
o nsldinsesilodinseiideya (Data Analytics Tools) uaz
walulad AVML anansatiglinsiendeyavuinivguasdudou
eiegnesandanaziaiugn
o MIadTIENULazn1TeTERddEndigliiuImsatunsay
mudlatlymuarnansenuldas
3. madhsdaya
o mildszuuaaiduazni1sinnisteyandviatiglvideyaaiunse
dhiislsnnyndiuazyninan
o MsldsruuuInsdnnisteya (Data Management Systems)
Frglinsuisdudoyasenitmbsnusing 9 Wulvegesieany
uazUaonsy
4. psatduayunisindula
o F¥UUTayaluy Real Time ¥igliguimsaunsarinisdndula
Ielnelidoyaiviuaiouaziinimgnsos
o Lﬂ%aﬂﬁaaﬁuawumiéfﬂﬁﬂﬂ (Decision Support Systems)
aansnTIBLULIUUININSATuN s lannadeyadidl
5. nMsAnnuuazUssiliung
o MsliszuuAIalunITRanNNaaNsYOIUlEUIBLAZIATINITAN 9
HelianunsaUssfiunansznu wazlsulssuleuneldmuenudniu
o M3a¥19 Dash Board flaninan1sALiuIULUY Real Time
el uImMsanansafnauauAuntnagiin1suiulsslaegns
TIN5
6. nMsandaRawanuaznsiinauTusdla
o mslmeluladidviadrvandefanaraiinainnisteuteya
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VBITLUUATAUNA @0IUNMYBIYAAINT Tayadaymiguassa AuABInITaY
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foana1u (SWOT Analysis) Wisludiuvestiadonieluuaznisuaniifnanseny

AONTALIUNUVBIFINNIU NENT. LB ITIAVILUINIINITRRIUIFINNGIY NENT.
lUdesAnsndvia lanadl

3aud4 (Strengths)

(1) guimslianudAgydunmsiaumiumalulagfidva wasaduayu
msUfudsudinaulindudnauaiia

(2) whenuillassadeiugumanaluladfdfaidanuiuacaendy
Tfnen nuazyiuade

(3) fimsudsdninievihmihiindnlunsduiedeussdnslugmsidunaa
9819%ALAU

@) dnsdaviuuiuleus wuUfoR uaguszniaiieliaonndasiu
ngvsnefisdeafuiuAdva wu uwlsuiedeyavesdiiney
LLmuIstsJu,azLLmUﬁﬂﬁﬁmmmﬁumUaamﬁsl&muai‘ Usgnie
namiy. 1309 MTeYW Uses Wiuveu vonseiunisdulagis
nsnsBLannseiingd (Judu
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yosyAmINToLeseLied
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muﬁd’mmqé’qﬁ
* 919 18 - 24 U (Generation Z) Seway 0.71 3031 15 AY
* 918 25 - 42 Y (Generation Y) Sogaz 64.59 #5031 1,361 Al
* 918 43 - 57 U (Generation X) $awag 30.47 %3834 642 AU
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(10) &t name. dinswenseteyaiumiieunIyuLen WU NINIRIL
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§309N19A1 NTUNITUNATEY LU

9n8aU (Weaknesses)

(1)

(2)

nsrUINUIAEISNSYL Tavengae Teuunsesnadldatiuayy
sonshauiiduidvaegraduguiuy

sruuAdiatudidnaeu nany. duninddldgnldauegiaiy
UszAvBnmm fanudrdou vemsysannsuasnadesloimnga
satanuamslunisaussuuAdvasausudiliibususssy
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sssunAuadeyadiegsenineniiunis
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Larn1sUSIMsTanIsang 4 Seflldunnwinfians
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Tan1d (Opportunities)
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(w.f. 2561 — 2580) waziwﬁ’zgmfﬁmiﬂ’wmﬁ%ﬁaLﬁalmwgﬁmaz
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(2) an1unsal COVID-19 ihliyarainssesldinalulagadvialuns
yauNTy Feaziduusglovisonsusududgnadudiin
Advia

(3) msdnunvesBuwmesilaiulilues was 56 lulsswmalnewasuuilidy
winlulagaaviallagUu (Wi Big Data, 10T, Al kag Automation) Bose
nsitmwAavaunanrlasy shlinisusuialugRavtarldeiu

(@) Uszpryuianunioulun1si uaslinnudeainisliuinishava

AsAnA1Y (Threats)

(1) winnssuauweluladfdvalimsimusgsndidmalisyuunie
gunIaldaleaE195In57

(2) fongrunsuaznginusiuisduisalisesiunianduiivaedi
ATOUAGY

(3) ms@enlsauaniUdsudeyanisufifnusiuiumissnuaieguen
o19thlugnissilmavesdoya malsifuualuuie LnUFTR uagszuy
mMsinwianuiunsaeafevesdeyadia

(@) Usgmvuudmdinanuauisalunsidmalulagnisia

(5) Avanaunslguesiudagiuiaiuiuus Fudeunneiu oy
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3. M3AsEiiuInIansiundeudineu navy. gnisilussdnsidviaiy
Junuy
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wieulda wazdonadesiunisludinnuAdadiuguuuy audesaaimun
szuuinseUeliiaiio snmga (High Availability) s8asumsuiRauniunisia
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malwiuas (Cyber Attack) Mstihsyiswasiiasehdeanaiunialaiues (Cyber
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1.2) anfiunsliyaainsdringu nany. aunsanfsuinisuassyuy
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1.4) dudunsonseiumaluladiuanusiunsasnioszuuiaietig
asaune wazgunsaluatena (Endpoint) iviuadisuazasounquuaunves
Isuasans (Cyber Space) Tiiedas anunsansivaeuInszv oy uasmeuauss
sosfognaumdlauasldiuriag naonsuannininyinagiunanudone
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foyafioinduiladviidifnlumsiuindeussdnslugnsidussdnsidiia
uazlilesnsziunsuImsiansteyanunseusssAuiadeyaniasgnisiiiy
auadoyalvisesiunislinunnandiu fusnszuiunsadiesdeya nisdauiu
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Joya msldnudeya mswmewnsdeya nisdaiudoyaniis wasnisvinane
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N1 (Quality) Uaensie (Security) uazAumsastoyaduyaaa (Privacy)
n15ALHUNIS
2.1) dmhsssniunateyaniasgresditineu nany. nunseusTInNAUIA
U83an1A33 (Data Governance Framework)

2.2) figudnaranisiauedeyaluzuiuu Dashboard NinseuAgy LAAIHA
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2.4) U3msannisdeyandn (Master Data Management) wileniminsanu
anunsaiifuarlideyasiutuld eanautdeuturestoyadifodlussuy

2.5) fiwuulevng Wl Us wasiingesuiun1sANATRIEN3Ua91v04
ToyaduyaramuiinssuydRduasestoyadiuyana w.a 2562 wagnguung
fAgrtaafivun

3) AMUNITYITUINITTZUUAINS
Mm@ Platform nanaifte@enleanszuiunisnisinanuves

e d1iinau nany wazanderiaadsinuin ddnem namy. fszuuAdasnuiuein
wailsiFoulosiu dadunssariunisysannis (ntegration) ssuuddsia Weules
nszUINUee 9 WleliynansanansaTheuruszuUlinn innan anszozm
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avn 9057 dumeluladfidvasng 4 Afanutiuasasnseuaziuadslduuy
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3.2) WwuInTEuINUkarseuuaInangluddnaulviinunssdu
gavgu nngau wazanAdadiuALAaInIsiunsTNueAaINslueARIVa
sasansadenloatunmeludiinauegsdionamuas Soulostumniaeay
meusnenasguaziontuldesamzauniuansie Weligsuuinisannsn
dhfawaziuuinsvesdriinnu nanv. Ifedsazninaune iaaseqaiden yni
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3.3) WannszuuAdviadmiunslvuinsiivszansam dawsuns
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sidseanuuuligSuusnisanunsanfaayldaussuulalaede (User-Friendly)
ilelnouaussionufBsNsveNFUUIMINAAdIY
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4) AIUNITHAINIYARINTARINE

yaansiedududfyiianlunsimundinddravesditinnu nany,
Fatumsimuyaansvesdiinnuliifauafuasdamnuaunsarisluifves
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Tun1sWaINAIUAIE Q’U'%miawfﬁ’muﬂm'ﬁﬁwmﬁﬁﬁ@ﬁﬂu Agile Project
WleuiauUszansnmnisiennazailenalunisaans Silo daduguassadiey
TumsWannAda siliynniadiuideslestu

4.2) Wauryaansvesdinau nany. Wlvinveuazinaiuaninse
Adududmiunmsuftfnulugeddva wazannsaenseiulugnindugiaiu
Fenmaanzslunstundeussdnsidvaldlusuian
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Digital Agent Liieioulaaduadaluninsiu Data Agent Lﬁaﬁaué’m%ga uag
Integration Agent tiedolassunszuaunsmsvhaiu e 3 Agent gz duguny
Tidoyauaziauennudniivludiuvemiisnunigluesdng waziiudeyaniny
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ANUNWAIRIDIANSAANE éumu (Agents) d1dinsing

'J"I\‘l‘«liilu'lilllﬂ"lwlsﬂ'lﬂﬂf T«u 3 ﬁ"lu@lla\‘m"lit"l’muisl\‘i
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walilad driinmaluladasauma Digital Agents
’}l unsunufni\saswwuﬁwﬁ'?uﬁa ) mwm‘lumw?tauim

‘l“Fl'l"Il.ll.luFNﬂﬂEllﬂt_l ﬂamsmswwmmamaiumwsqu

éﬂﬁnu?uﬂsmauanma
7\;‘3;3“ Data Agents
Fvisssunfivadioyanady mnmﬂumsﬁamsu‘iasﬂwimiawawaua
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Integration Agents

an1duIngInIs
fananslunisdoansifoulueidos workflow
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Famsosdusznavlumsduindoussdninavia waenguiunu Agent s 3 Fu
Aswiuduindeudinnu navy. gmaidudihauidtaiuguuuueiedfianms
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Wmne \Juddruieeainuagain (Facilitator) Tunishiuinisusswivuegnedl
Uszansamgs uanidudimuaiienswesfianisiidinnu nave. fduguals

(Industry designer)

5. unagy
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TuAuNSTRILILATYAIALANAINTAIUNSHUITUYRa lneNd Ay Bnnimils

6. UalauaLuL

1) mavhlesAnsidudliteyaiitenisdadula (Evidence-based policy)
Tnglddninnuadvaidueiedle deafusematvuaingUssasduayidoviemii
Fanuvesesdnslunsliteyaiienalne desnesdnsmsazaissuumsaune
wagmaluladiiviuaiouaziuszansaw leliannsaifusunudeyasn
uwnassing q Tudnuarfdussuusasinunin,

2) msﬂ’mmizwmw%mi%’mmi%’aga (data management system)
AdefolfuavJuszuuidudsddy nufsmsateanseunsifuguateyailiy
55U (data governance framework) Liteliiifustidaauieatunslidoya
nsfhwanuasasievedoya LLﬁ“%UG]@Uﬂ”IiWGMUﬁ"UU%”‘U"JHlﬁ’e)\‘]ﬁﬂiL‘f]u
fleondnlunslideyaiitensinduls ssdnsanusairfeyauazndnguiidedie
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3) msduindeudinnu navy. gnindussdnsdvaiuguuuy 1y
Feslasumnusiuiionnyanindiu ieidennszuiunsinulazdeyalidy
siluden amensiouludnune Silo fadu msasenalnlunisiuidon wu
nsuianEYiiy mssemthsnunasuisteunstuinieu niaidesleans
MuMIHIUNaUR LN UE1Ineg 9 Fududeddy

a) muilanagmssensunrmdndulunsiasuuiadlugeadnsadia
Wuguuuu idhudladeddniionsdmansznudenistuindeudiinau namv. gnis
Jussdnshdvadiusuuuy iesandiisrtosisluduronssaauuasniing
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