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1. OVERVIEW

1.1. What is 5G?

5G is the next generation of mobile standards being defindtedyU. IMT-2020 (5G)
is a name for the systems, components, and related elements that support enhanced
capabilities beyond those offered by IND0O (3G) and IMTAdvanced (4G) systems.

According to the ITU, 5G is an opportunity for polioyakers to empoer citizens and
businesses. 5G will play a key role in supporting governments and podikgrs in
transforming their cities into smart cities, allowing citizens and communities to realize
and participate in the soeeconomic benefits delivered by an adead, datantensive,

digital economy.

5G promises to deliver improved ender experience by offering new applications and
services through gigabit speeds, and significantly improved performance and reliability.
5G will build on the successes of 2G, 3Gda#hG mobile networks, which have
transformed societies, supporting new services and new business models. 5G provides
an opportunity for wireless operators to movgdrel providing connectivity services,

to developing rich solutions and services for cornstsnand industry across a range of
sectors and at affordable cost. 5G is an opportunity to implement wired and wireless
converged networks, and offers in particular opportunities in integrating network man

agement systems.

5G is also expected to increatsta rates dramatically and reduce latency compared to
3G and 4G. 5G is expected to significantly reduce latency to below 1ms, suited to
missioncritical services where data are tisensitive. Its higtspeed capability means

5G networks can provide a @ of highspeed broadband services and offer an

alternative to lasinile access such as FTTH or copper connectidiadle 1]

It should be noted that the above 5G networks can only be realized by introducing (1)
network slicing, (2) new wireless technojpgand (3) mobile edge computing

technology etc



Tablel. Evolution of mobile networks

1G 2G 3G 4G 5G
Approximate 1980s 1990s 2000s 2010s 2020s
deployment date
Theoretical download 2kbit/s | 384kbit/s | 56Mbit/s | 1Gbit/s | 10Gbit/s
speed
Latency N/A 629 ms | 212ms | 6098 ms | <1ms

1.2. Socio Economic Implication of 5G6]

Despitethe global pandemic and associated economic constraints, new 5G networks
continue to be launched@hose launches so far have been concentrated for the most part
in developed countrieglowever, developing markets are now entering the 5&eea

if thescale is minimal.

It is recognizedhat theras afew third party studies that have lookietb the economic
impact of investment in 5G. Nevertheless, it is possible to draw uponteoch@arty

forecasts to estimate the impact that 5G could have on economic output.

One report estimates that 5G will underwrite USD 12.3 trillion of global economic
output by 2035, with the greatest growth in sales activity coming from manufacturing
becawse of an anticipated increase in spending on 5G equipment. This is followed by
sales growth in the ICT sector driven by higher expenditure on communications services.
Investment in the value chain is expected to generate a further USD 3.5 trillion ib outpu

and provide support for 22 million jobs by 2035.

Other reports have also indicated significant economic benefits and productivity
enhancements resulting from investment in 5G networks. Such estimates set out to
provide a quantification of the benefits 6(G while assuming ideal investment
conditions. The true economic benefit for each country will vary depending upon market

structure and the availability of digital and supporting economic infrastructure.

Policy-makers may consider undertaking their ownonomic assessment of the

commercial viability and economic impact of 5G networks.
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It is also noted that any 5Ginitiatives and announcemerds 5G pilotstrials as well

as commercial deploymentffom national levels to regional and global levels are
already taken placéslobally, it forecasts operators will spend 80% of sector capex on
5G networks over the next five years, reaching 45% population cov&uatythere are
pronounced regional differences and significant pressure to improve cost effi@ency
laying and operating those networkéore importantly there is some way to go before
the investment case for operators can be made robust and before arscddege

commercial deployment can commence.

Until the investment case for 5G is demonstrablelustry and policymakers may
consider approaching 5G investment with caution and should continue to enhance the

availability and quality otheexisting 4G networks.
1.3. ASEAN 5G Ecosystem Development

Developing 5G is of significance to tkeonomicgrowth of ASEAN Member States as
5G will be the most important part of the infrastructure for the digital economy. At the
ASEAN Digital Mi ni stersé Retreat i n Mar

stressed the importance of 5G as essential plafi@rmigital Economy.

This study aims to deliver a comprehensive apprdadissisting ASEAN Member
States in the 5G introduction and implementation through a batbuntry and cross
border (regional) best practice guides for 5G ecosystem developmeessidd both

supplyside and demanside objectives.

The guided issues will focus on, but not limited to, concepts, features and technological
platforms, and potential applications of 5G technology in the context of the 4th
Industrial revolution; framewdr and action plan for 5G deployment in ASEAN;
measures and recommendations focusing on platforms for 5G deployment; &G ese
development, 5G testing, piloting and operating; resources mobilization; case studies
and best practices sharing amohR8EAN Member StatesAMS) andwith countries
outsideASEAN.



2. PROPOED GUIDELINES AND RECOMMENDATION FOR 5G
ECOSYSTEM DEVELOPMEN T IN ASEAN

2.1. Policy & Regulations

2.1.1. Spectrum allocation & releasing

The developmenibof 5G technologythat provides new services requires a large and
enough bandwidth tdeploy5G andall of its applications in whictheexisting 2G, 3G,

4G frequency bands could not meet. All three areas include high frequency, mid
frequency, and low frequency are essential and ieequisite for the deployment of

5G networks. Frequency bands below 1 GHz are suitable for the implementation of 5G
services with widespread coverage across urban, suburban and rural areas and help
support Internet of Things (IoT) services. Frequency bdraa 1 GHz to 6 GHz
harmonizes the development of coverage and capacity for 5G networks. This frequency
bands are suitable for eMBB and uRLLC applications. The frequency bands above 6
GHz are one of the important frequency bands to deploy-hilgfa broadand speeds

with a focus on mmWave range. However, this frequency band has the disadvantage

that the coverage area is limited due to the high propagation loss characteristics.

5G deploymentsn new bands such astéand or mmWave @. 3500 MHz, 26 GHz)

will use TDD technologynsteadof FDD technology like 2G, 3G and 4G networks.
Therefore, frequency coordination between 5G networks will need to take into account
not only frequency parameters but also spatial, temporal and TDD data frame parameters.
Besides differences in frequency band planning options and timing of licensing
frequency bands between countries may have significantly impact on the development
of the 5G device ecosystem and may cause interference problems in border areas in
which regulatory gencies need to solve to ensthat the5G servicesieploymeniare

smooth and meet the usage requirements of users.

By using a combination of different frequency bands, 5G networks will be able to cover
a wide rangeof areas from urban areas to suburband rural areas. Seamless 5G
connectivity anytime, anywhere for all types of services can be achieved with a dense
network of base stations. In other words, the number of 5G base stations, especially

those operating at high frequencieg/(enmWave band) iWincrease significantly. This



could create public concerns about the impact of millions to billions of 5G wireless

connections on human health and the environnmEmerefore,the regulator should

review national regulation on radio frequency exposungdtion to update the latest

guidelines of international organization such as ICNIRP (The International Commission

on Nonlonizing RadiationProtection) on this matter

Summaryof spectrunregulatory recommendatiots AMS:

T

ASEAN SpectrumManagemensub-Working Group (SSM) should discuss and
develop the workplans and specific study itedm@romotethe harmonization
planof newpotential band for 5G such as 700 MHz, 1500 M26Q0 MHz,3500
MHz, 4900 MHz, 26 GHz, 43 GHz, 71 Ghwathin ASEAN

ASEAN regulatrs should issue specific plans and/or roadmapswsate the new
frequency bands available for 5G wsesoon as possible in which focus on the
dealing with theremoval ofincumbentsystemsn the key bandicluding but

not limited to700 MHz,3.5 GHzandother band$or 5G use

The frequency planning for 5G should takéo accounthe needs of not only
public usebut also private/localse.

The border frequency coordination needs to continue to focus on minimizing the
risk of edgeinterferencebetween neighboring countries' 5G networks due to
differences in frequency band planningg(e=DD vs TDD) andhe designation

of TDD synchronization time frames of 5G networks.

Based on the standardecommendatiasof the internationabrganizatioronthe
health effects of radio radiation including 5G on the human body, ASEAN
spectrum regulators shoutidve adequate instructions anfbrmation campaign

for psychologicabssurance of the concern@8EAN citizens.

2.1.2. Network & infrastructure:

Based ortheoutcomes of studies and feedbacks of international experth@sefrom

ASEAN countries, thestudy proposs to focus onthe following issues in regards to

network and infrastructure for 5G ecosystem development in ASEAN:

(1) 5G BaseStation



In the case of 2G, 3G and 4G, base stations can cover a range of several kilometers to
tens of kilometers due to the use of low frequency bands, while 5G base stations cover
only tens to hundreds ofieters Therefore a large number of base stations rstedhe

set upin order tocoverarea of the same size

Defined, explicit and nationally consistent planning approval processes for mobile base
stations, have the potentialdgoidlengthy delays in network deployment. Mechanisms

that reducebureaucratianefficiencies, including exemptions for small installations,
colocations or C e fstt aipn ssiotped U p greancdsa Nn,g
approval can support infrastructure deployme&imilarly, improving access to

governmeniowned land and buings may also encourage deployment.

(2) Sharingof Networkinfrastructure

ASEAN ICT regulators should review and modernize the current regulations to
encourage joint investment in 5G networks and active/passive sharing of telecom

infrastructure in order to rapidly deploy 5G in their countries.

The sharing of network infrastructure Wi bring benefits to telecommunications
businesses and the sogiethereby opening up potentif@r digital society and digital
economy. Appropriate policies on network and infrastructure deployments will help

remove administrative barriers and acceletla¢erollout of 5G networks.

While it may at times be advantageous for mobile operators to share infrastructure,
networkdeploymentemains an important element of competitive advantage in mobile
markets. Any sharing should therefore be the result of commercial negotiation, not
mandated or subject to additional regulatory constraints or fees. The regulatory
framework of a country shédifacilitate all types of infrastructure shariagangements,
which can involve the sharing of various components of mobile networks, including
both passive and actiwefrastructuresharing. Infrastructure sharing agreements should
be governed under canercial law and as such, subject to assessment under general
competition law. Access to governmawned trunk assets should be available orr non

discriminatory commercial terms, at a reasonable market rate.

It is @ manifestation of these of the principlef market competition.



In parallel with the formulation of 5G infrastructure development policies, ASEAN ICT
regulatorshouldquickly come up with policies to suppddckbonaetworks to handle
5G's ultrahigh speed data traffic. The more rapid the dgmlent of optical fiber

networks, the more rapid the expansion ofri&Bvorkswill be.

(3) Getting rid of the legacy typmmponents

In consideringcG development, it is necessary to actively work on getting rid of the
legacy typecomponentshattypically becomenbstacls to development. In this sense,
the introduction of ERAN/V-RAN is an urgentlyneedednitiative which ASEAN ICT
regulators should taketmaccount. By promoting ®AN/V-RAN, network operators
will be able to configure their netwks with terminals from multiple vendors, which

will promote competition among vendors and lead to lower network prices.
In developed countries, the followimngsuesare being studied.

1 Open RAN (GRAN) leverages off the separation of hardware soithvare in
the RAN, a technology known as vRANirtualized RAN), which is also
supported by telco equipment manufacturers. The idea is that the hardware
should then become cheaper as it wil
equipment manufacturers.

1 Because Open RAN is standardized there should be interoperability between the
various hardware vendors, and hardwagadorsshould be easier to swap out.
Alternatively, multiple vendors are possible in the RAN for hardware vendor
diversification. Having sd the aboveit remains to beseenhow easy it is to
swap out a software vendor. There is a risk that if operators swap out traditional
vendors, that the replacement vendors may not have all the fea¢acksd.

1 Inthe race to 5@arketlaunch, there haaso been patent war, and the traditional
vendors hold the majority of key patents. This means a displaced vendor will hold
onto their IntellectuaProperty unless the displacing vendor has a patent license
agreement in place. For example, Dynamic Spect&maring (DSS) is a
patentable technology, while other key features stschowto manage thend

to-end QoS could also havendor specific algorithms patented



2.1.3. Cyber security:

Ensuring safety and security for telecommunications networks is always one of the
important issues for the ICiegulatorswhen considering allowing the deployment of
new mobile technologies. From making general regulations ssceafe vendor
selectionto avoid being too dependent on a manufacturer, equipment supplier, to
specific regulations on security and safety plans for businesssfructionpperation,

maintenancas well as mobile users.{j.user data privacy policies).

Based on the outcomes dfidies and feedbacks of international expertsthose from
ASEAN countries, thestudy proposs to focus onthe following issues in regards to

cyber security for 5G ecosystem development:

Strengthen collaboration with specialized Cyber security agencies
Develop a framework to address cyber security issues
Implement adequate cyber security measures

PromoteCybersecurity Capacity Building

= =2 =2 A =

EnhanceDataPrivacyprotection

In consideration of these 5 itenthe states of play in the.S.,, EU and Japan are

summarized as follows.

(1) Cyber security in LS. [4] [9]
In the United States, CISA isadingthe 5G cybersecurity strategic ef®rt

The following document and figures have been transcribed from CISA's public

documents.

The initiatives are described thefollowing figure.

10



NATIONAL STRATEGY TO SECURE 5G

I

Strategic Initiative 1  Strategic Initiative 2  Strategic Initiative 3  Strategic Initiative 4  Strategic Initiative 5
Support 5G policy Expand situational } A
and standards awareness of 5G
development by supply chain risks
emphasizing security and promote security s
and resilience measures

p
deployments

In order to realize the above initiatives, the following examples of RISKS need to be

recognized and addresseddovernment and industry in a cooperative manner.

i. Risksfrom 5G Development

CISA mentioned that the Agency is working interagency, industry, and international
partners to manage the accompanying risks and challenges to 5G implementation
appropriately,ncreasing its security and resilience at the design phase and reducing
national security risk from an untrustworthy 5G network. While the deployment of 5G
presents opportunities to enhance security and create better user experiences, there

areamong theisksthat should be considered:

1 Attempts by threat actors to influence the design and architecture of 5G
networks: 5G will utilize more ICT components than previous generations of
wireless networks. Municipalities, companies, and organizations maytbheiid
own local 5G networks, potentially increasing network vulnerabilities.
Improperly deployed, configured, or managed 5G equipment and networks may
be vulnerable to disruption and manipulation.

1 Susceptibility of the 5G supply chain due to the maliciousr inadvertent
introduction of vulnerabilities: The 5Gsupply chain is susceptible to the

11



malicious or unintentional introduction of risks such as malicious software and
hardwarecounterfeit components, and poor designs, manufacturing processes,
and mainénance procedures. 5G hardware, software, and services provided by
trusted entities could increase the vulnerabilities of network asset compromise
and affect data confidentiality, integrity, and availability.

1 Current 5G deployments leveraging legacy infrasucture and untrusted
components with known vulnerabilities:5G builds upon previous generations
of wireless networks and is currently being integrated with 4G LTE networks that
contain some legacy vulnerabilities. Some of these legacy vulnerabilities,
whether accidental or maliciously inserted by untrusted suppliers, may affect 5G
equipment and networks despite the integration of additional security
enhancements.

1 Limited competition in the 5G marketplace resulting in more proprietary
solutions from untrusted vendors:Despite the development of standards
designed to encourage interoperability, some companies, such as Huawei, build
proprietary interfaces i nto their tec
use other equipment. Lack of interoperabiliggth other technologies and
services limits the ability of trusted companies to compete in the 5G market.

1 5G technology potentially increasing the attack surface for malicious actors
by introducing new vulnerabilities: The implementation of untrusted
compaents into a 5G network could expose communications infrastructure to
malicious or poorly developed hardware and software, and could significantly
increases the risk of compromise to the confidentiality, integrity, and availability
of 5G data.

ii. Partnershignable 5G security and Resilience

CISA works with industry leaders and public sector agencies to bring awareness to
national critical infrastructure risk, as well as to educate and drive behavioral change
towards the Nationos erelitigal systems imalugding we t h

technologies.

1 Federal Departments and Agencies Through information sharing and

coordination with federal departments and agencies, CISA helps establish

12



collective risk management strategies that support the developmeatiaial
policy and strategy frameworks for future 5G deployment.

1 SLTT Government Agencies CISA engages with state, local, tribal, and
territorial (SLTT) government agencies to understand common vulnerabilities
and share assessments of potential riskegdy 5G technology. In addition,
CISA works with SLTT stakeholders to discuss the specific policy, technological,
and legal implications inhibiting secure 5G deployment.

1 Private Industry: CISA relies on its partnership with the private sector to
understad and manage risks posed to 5G technology. With the promise of
connectivity between billions of Internet of Things (IoT) devices, it is critical that
CISA and industry collaborate to identify vulnerabilities and ensure that
cybersecurity is prioritized whin the design and development of 5G technology.
By coordinating with 5G network providers, infrastructure technicians, and
telecom companies CISA is helping ensure that risk mitigation techniques are
consistently applied across the netwbiBoth for exsting 4G LTE and new 5G
deployment. Through meaningful risk dialogues, industry working groups, and
partnerships, CISA can provide extensive value to industry players looking to
shore up their security apparatus.

17 Non-Governmental Organizations The reseatt and development (R&D)
initiatives carried out by associations, academia, anepnaoiits is invaluable to
the security and resilience of 5G networks. From the analysis, design, testing, and
development of new 5G capabilities, partnerships with thedgesrgrovide both
subject matter insight and expertise that promote secure 5G deployment.

1 International Allies: As 5G connectivity becomes a reality, there is the potential
for an increase in untrusted vendors, equipment, and devices. Whether
vulnerabilities are malicious or inadvertent, there will remain a need to maintain
strong relationships with international partners to communicate risks and

safeguard the flow of information.
SourceTranscribed from CIA US

(2) Cyber security inheEU

1 Frameworl3]
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ENISA describeybersecurity framework of risks, mitigating measure and supporting

as follows. Fomoredetaikedinformation on the chart, sédtps://www.enisa.europa.eu/

RISKS

contribute to the
mitigation of

MITIGATING MEASURES

may be
mitigated by

STRATEGIC MEASURES TECHNICAL MEASURES

a) Regulatory powers a) Network security - baseline measures
b) Third party suppliers b) Network security - 5G specific measures
c) Diversification of suppliers c) Requirements related to suppliers’
d) Sustainability and diversity of 5G processes and equipment

supply and value chain d) Resilience and continuity

enable, assist or improve
effectiveness of

enabled, supported or =
made effective with v

SUPPORTING ACTIONS

Figurel. E N | S @ybessecuritframework

| R1 -Misconfiguration of networks
R2-Lack of access controls

[ R3-Low product quality

R4-Dependency on any single supplier within individual
networks or lack of diversity on nation-wide basis

| RS- State interference through 5G supply chain

at | R6- Exploitation of 5G networks by organised crime or
| organised crime group targeting end-users

R7- Significant disruption of critical infrastructures or services

R8-Massive failure of networks due to interruption of electricity
supply or other support systems

R9-Exploitation of loT (Internet of Things), handsets or smart
devices

Figure2. Risk scenari@lassifiedby ENISA

9 Cyber security Capacity building the EU

In addition, the EU is working on international collaboration for cyber security capacity

building, mainly through EU Cyber Direct, and promoting its borderless nature. The
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https://www.enisa.europa.eu/

EUOGSs c o mmi t ragivities ateas fdallow® For details, please refer to

https://eucyberdirect.eu

AThe EU wil|l step up work with i-basedr nat
global order, promote international security and stability in cyberspace, and protect
human rights and fundamental freedoms online. It will advareenational norms and
standards that reflect these EU core values, by working with its international partners in

the United Nations and other relevant fora.

fThe EU will further strengthen its EU Cyber Diplomacy Toolbox, and increase cyber
capacitybuilding efforts to third countries by developing an EU External Cyber
Capacity Building Agenda. Cyber dialogues with third countries, regional and
international organizations as well as the msiiéikeholder community will be
intensified. The EU will alsodrm an EU Cyber Diplomacy Network around the world

to promote its vision of cyberspace. o

A T hEuropean Commission also aims at reinforcing the EU's industrial and
technological capacities in cybersecurity, including through projects supported jointly
by EU and national budgets. The EU has the unique opportunity to pool its assets to
enhance its strategic autonomy and propel its leadership in cybersecurity across the
digital supply chain (including data and cloud, next generation processor technologies,

ultras ecure connectivity and 6G net wf@r ks),

1 Data and privacy protection policy in EU

The General Data Protection Regulation (GDPR) is a regulatithe iBU law on éta
protection and privacy within EUt also addresses the transfepefsonal data outside
EU.

The GDPR was adopted on 14 April 2016, aras enforced fror@5 May 2018. GDPR
regulates strictly data and privacy protectiand penaltyp to20M Euro) is defined.

At the same timagmodernized and unified rules will allow businesses to make the most
of the opportunities of the Digital Single Market (DSM) also benefiting from increased

consumer trust.
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Still, regulation alone cannot guarantee protection in the evolving big data pmgcess
landscape, if it is not properly implemented, monitored and enforced. This is where
technology can play a crucial role by offering practical privacy protection tools and

support the application of legal provisions.

To this end, EU focus especially tme concept of Privacy by design as fundamental
principle of embedding data protection safeguards at the heart of new electronic
products and services. In this context, we also study Privacy enhancing technologies

(PETSs) that can support privacy integratia systems and services.

Moreover, EU analyses and propose Security measures for the protection of personal
data, following a riskbased approach. Particular emphasis has been given to
Cryptographic protocols and tools and their possible implementatioreal life

applications.

(3) Cyber security in Japan

In Japan, the maimagencyin charge of cybersecurity is NISC. Please refer to the
following website for more information.

NISC (National center of Incident readiness and Strategy for Cybersecurity)

https://www.nisc.qo.jp/eng/index.html

NISC'scomprehensivéG security measures to strengthen 5G netweckrity in Japan

are as follows:

I. Establish method and system to verify vulnerabilities

1 Promotetechnical validation to identify software vulnerabilities in 5G
networks;andconduct research and development of technical methods to find
vulnerabilities in microchips

1 Impact analysis on 5G systems and users based on threat analysis using the
results ofthe development of vulnerability verification techniques. Reflecting
the impact analysis results into necessary security measures.

1 Formulate of a system to carry out the above verification and analysis
activities in cooperation with 5G carriers, vendors] eesearch institutions

ii. Promote sharing of vulnerability information

16
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T The A5G Security $IA€ apah facjitat€rinfoumption o f
sharing on 5G security between major 5G operators and newly entered local
5G operators
(ICT-ISAC Japan: ICTInformation Sharing and Analysis Center Japan)

lii. Security measures
Regulation

1 Requires operators to implement adequate cybersecurity measures, including
measures against supply chain risks as a condition to obtain the approval of
nationwide 5G deployment plans and the local 5G licerses

1 Follow up the implementation of security measurgdsicensed operators

Promotion
1 Facilitate the deployment of secure and trustworthy 5G system by tax break

system on operatorsdé6 5G investments
2.1.4.Enabling 5G developmentrigger thelnnovation and Technology Development:

(1) Innovation and Technologjevelopment

Governments can help by reducing bureaucratic barriers, improving access to capital,
encouraging talent development and fostering a culture of innovation whetakirsg

IS not punishedGovernmentgan also have an impact by becoming mow®lved in
supporting local tech hubs, given their potential to facilitate the creation of new jobs and
to develop solutions that tackle social challenges and positively engage young people.
Promoting investment in local starps also helps broaden the dadale range of locally
relevant content and services. This can help drive the uptake of the internet and digital
services among theroadempopulation. Multilateral and negovernment organizations

also have a role to play in the emerging tech innovaaoxscape, particularly in

providing technical support and a platform for collaboration.
(2) Develop an open development environment

Market players in 5G development should continue to invest in new technologies, to
innovate in the services they offer, anatmpete to supply them to end users in new
ways. In order to achieve this market environmgoiernments and regulators must

work to remove regulatory barriers that are not necessary for these market processes.

17



Securing an open development environmsrmne of the solutions, and to achieve that,
initiatives are needed for market players being able to actively imple®pat RAN

under the support of the government and regulators, breaking away from legacy
development issues (such as veAdok-in). Inad her words, the fac
RAN equi pment doesnot interface with Ve
become a major impediment for development. Thus, securing interface between
equipment will be very important in the future, and if not seautewill be one of the

main factors hindering the spread of 5G. Therefore, AMS should urgently work on the
development of an open development environment based on their vision while

deepening mutual understanding between the government and private sector

As one examplePpen RAN (Radio Access Network) technology is an attractive
approach to building a communications infrastructure (not just 5G) using vendor
independent software and hardware. The technology uses, rather, RAN software and
equipment usingcommercial offthe-shelf hardware (COTS) to create an "open"
network where different vendors can cooperate in an interoperable system. This model
allows mobile network operators to increase their flexibility while avoiding the risk of

relying on a particuar vendor.

The report, prepared by USEGA program, lists several advantages for mobile network

operators to migratEom legacy models to thepen RANconcept.

I.  The ability to use statef-the-art hardware and software components from
multiple vendors, réer than limited use of hardware and software from a
particular vendor.

ii. Reduce investment costs by encouraging competition among multiple
vendors in the hardware and software supply chain.

iii.  Existing IT processes and procedures can open up network mairgdnanc
more service providers to perform.

iv. Diversification of the vendors from which mobile operators can procure
network equipment will enable fair competition, leading to lower network
construction costs, stability of supply, and enhanced security. The
diversification of the ecosystem shown here is very important, and
governments and regulatory agencies need to implement various measures to

promote this diversification.
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v. Open RAN can be used to upgrade or expand existing networks, or to build
new networks

(3) Develop an open innovation culture

In recent years, technological innovations in communication infrastructure have entered
an era inwhich we cannot talk about it leaving behind a communication network that
utilizes loT to createadicalchanges in social structure. The widespread development

of 5G means development of basic infrastructure that supports the IoT era.

The connection between machines, and between machines and humans (the widespread
of 1oT) has become an indispensable elerfarthe development of global supply chain

whichinfrastructures advancing in a leafyog manner.

There are several stakeholders in the supply chain, and it is necessary to develop various
technologies and ideas that are rich in diversity. For thaioser, rather than developing
in a closed environment, it is also necessary to foster a culture in which related players

(industry, academia and government) freely discuss and share their knowledge.

If the utilization of National 5G and Local 5G is regardedone means for solving
regional issuegnatchingcommunication technology, infrastructure, human resources,
and financial resources will be a major issue. Technology and costs are evolving day by
day, so in order to work on the realization of ideasraa®tls in the field, it is necessary

to build a research system and another system capable to secure deveiapatsewo
systems in which industry, academia and government are united, not working separated

each one on their own.

In addition, since 5G neorks are not limited to a closed domestic environment, it is
necessary to share information on technological trends and use cases with developed
countries, so it ismportantto build a global development network (universities and

research institutes ihading private companies) that takes diversity into consideration.

In the case of ASEAN, the establishment of a cooperative systems within ASEAN
(ASEAN help ASEANProgram is urgently needed, and the current discussed 5G Task
Force would be one of themigtalso effective to build a virtual organization by research
institutes in ASEAN that mainly research ICT and loT technologies, and to build a place

to exchange the latelstformation.
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2.2. 5G Talent Development

While 5G mobile networks have grown, not everyone covered has adopted the digital
solutions offered by connectivit€losingt hi s Ousage gapo will
tackle issues in four key areas: affordability, usability and skills, relevance, and safety.

2.2.1.Digital Talents Skill category by 5G deployment stage

As more people connect, prioritizing digital skills in formal education and through
government supported training programs becomes paramount. Successful digital skills
development strategies focos use cases that help people meet their life goals and
needs. Such strategies should be based on a comprehensive frathatialps to map

the digital skills required for these use cases, assess existing levels of proficiency, target

specific areas alevelopment and measure progress towards these efforts.

(1) Network and infrastructure (architecture level)
U Legacy networking for harmonization of existing technology
U  While 5G network will be built up separately from existing network, we still
need to connect with existing legacy infrastructure, including people using
3G/4G networked devicesdcloud-basel networking technology
1 5G technology is usually prepared and deployed with cloud server,
especially edge computing services are key for low latency communications
1 5G Core architecture adetwork Slicing technology is required to build
environment for 5G services
1 O-RAN and +vRAN technology can enhance deployment of 5G, in terms of
easier addition/connection of network and cost efficiency
U 5G devices for commercial / private(local) deployment
1 Experts of terminal control devices, sensors which are component of 5G
systems
1 Authorizaton of devices, testing, are important role of government
authority
U Network security
1 Under 5G environment, increased routing points to be monitored to be
secure

 Massive number of 0T devices are connected at terminal, while those
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devices could be manufactd without enough security, such as connected
Smart TVs, door | ocks, speakersé, e
Some of such devices are lacking encryption capability
Coordinate with 5G security organizations in 5G developed countries, also
co-work inside AMS (leverage existing @mgizations or set up a new one)
(2) Product Development
U With the deployment of 5G infrastructure, skill sets on how to develop new

products and solutions that makes use of the features and benefits of 5G

technology will be required.

1 These include programming and system integration skills to develop
solutions that communicate with the 5G network and edge computing
resources that are residing within the network.

(3) Device controlling and usage
For achieving 5G use cases deployed in spctatents who can understand and
control 5G connected system. Three main areas are as follows:
U Big data, Al technology (machine learning)
u GPS, Smart device control
U Electrical Engineering for mass access devices and device development

(4) Talents in existingob roles such as Marketing, HR, etc. should acquire-lieeh
skills for using solutions that will leverage 5G capabilities. Examples of such
solutions are AR/VR/MR applications, Digital Twin, Virtual Immersive Interview

Portal.
2.2.2. Talent developmenfkey issues)

There are still large gag in the development status and environment of IT human
resourceamongsomeAMS. |t 61 | t a Khesaitl gapnleut ittisoampertnt mi n &
to work locally on the development of IT human resources undephi@sophy of
ASEAN help ASEAN Framework.
Below are some points to keep in mind when proceedingtaléght development under
these circumstances.

U Reskiling existing talents in AMS (Trainer, Operator, Student)

Assessing current status, how many peopgeapable and be appointed to work

by country in terms of focused area indicated at 4.3.1
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U Institutional resources (Official, Acadentic)
Organize institutions inside states, connect with other countries top 5G
institutions among AMS and outsid&EAN.

U Future requirements for each category above
Indicate future requirements to achieve 5G installation and socialization

U Trainer resources in AMS, and outsiSEAN:
Prepare hiring trainers if resources are not enavtiiin the AMS.

U Evaluaing talent development
5G deployment itself can be assessed by fact/plan comparison, while talent
development could bine KPIs for procedure.

U Partner key industry players to train professionals for frontier 5G tech skills

U Build Community of Practice:
Comprising of the academic institutions, training providers, government
agencies and industry to discuss and coordinate 5G talent development efforts

U Gender Gap:
Many women are being | eft behind 1 n
Changes to schodlurriculums and training programs for women who lack
digital skills have the potenti al t
appropriate to address harassment via mobile phones and the mobile internet

through awareness campaigns or legal and p&ieyeworks.

3. IMPLEMENTATION GUI DE FOR 5G DEPLOYMENT
3.1. Promoting trials, pre-commercial trials of 5G:

The transition to 5G technology will build on the achievements of 4G while also creating
new opportunities for innovation. However, 4G networks will still play an important
role in any digital transformatior flexible policy framework is needad ensurdull
realization of the benefits offered by 5G. Such foundations include a conducive
regulatory environment that supports a forwkaaning policy framework as technology
rapidly evolves and involves crasectors of digitalization; a fair and levyahying
environment enabling healthy and robust growth; and a predictable and rationale

investment climate to provide lofigrm certainty and sustainable investment.

(1) Development Image during the transition from 4G to 5G

22



When thinking of the transition of 5G,dte are 2 new technologies that come to mind,
NR and eLTE.

A NR: New wireless access technology (high frequency band)

A eLTE (enhanced LTE): LTE continuous evolution technology (low frequency band)

As shown in this figure, NR will not be suddenly implemenbada large scale from
2020. Although the time axis differs depending on the country, a rough development

image is shown in the figure.

CY 2018: 4G LTE base station supports 4G LTE core net(rkn insomeAMS,

urban areas have reached this level, butl lrreas may still remain with 3G)

CY 20192020: 5G deployment (Phase 1) in a way that LTE and eLTE base stations
correspond to the core network of 4G LTE. Once reaching this point, some of the high
speed, largeapacity and mukconnection characteriss of 5G can be achieved.

However, eLTE i s just an extended versic

After CY2020, 5G deployment (Phase 2) evolves and eLTE and NR correspond to the

5G core network, and finally displaying the 3 features of 5G.

It is not possible at this time to imagine when 5G deployment (phase 2) will be achieved
in ASEAN, but it should also be noted that the things that can only be done with 5G are

limited.

Even in the coexistence form of LTE and eLTE that is shown in the figure2®dash to
2020, it is possible to develop DX in eaBBEAN country.

Thecommon5G ecosysterdeployment stages in AMS are depicted below
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Deployment image of 5G

2018 2019 | 2020 Year 202X
4G LTE > 5G pre-service > SG((FiDeh;;:tS)Z;’n)ent > SG(gigggggn)ent >
LTE LTE 5G
Core network Core network Core network
LTE LTE eLTE NR eLTE NR NR

5G ultra-high speed

S . Advanced mobile broadband
data communication service

Multiple connections yjtra-mass connection service
using eLTE

Source: Study team Ultra-low latency service

(2) Strategic use of 5®ased Fixed WirelessccesyFWA)

Considering the current situation in ASEAN, it is necessary to solve the problem that
3G and 4G networks are not sufficiently developed in multiple AMS and the internal
digital divide that exists in each country. It is difficult to formulate a 5G developme
scenarioand sharing dime axisbased on arASEAN country whereoptical fiber
backbone and 4G is already widespread. Howea® described in ADM2025, there
should beno time to lose in the implementatioh5G technology iASEAN.

This section desdies FWA, an effective and leapfigigg way to disseminat&G

technology in areas where optical fiber backbones are nogdaid

Fixed wireless access, commonly referred to as FWA, is one of the most important use
cases for early 5G network deploymentniany developed countries, several mobile
operators and service providers are now using FWAs as an alternative to fixed wireless
to provide lasimile connectivity at speeds of hundreds of megabits or gigabits in areas
where fiberoptic networks are not wetleveloped. U.S. research firf&ignals and
Systems Telecom/SNS Researeslimate that 5Gbased FWA contracts will account

for $1 billion in service revenue by the end of 2019. Furthermore, the market is expected
to grow at an annual rate of approximat®84% between 2019 and 2025, eventually

becoming a $40+ billion market.
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It is estimated that 5Gased FWAs can reduce the initial cost of establishing-agest
connection by up to 40% compared to FTTP (Fioethe-Premises). Furthermore, since

5G doesnot require cable installation like FTTP and can significantly shorten the
deployment time, early field trials are required in several markets, and many vendors
have developed 28 GHz band compatible equipment and applied it to the initial
deployment of 5&ased FWAs. However, there are some issues such as the existence
of radio dead zones inside homes and premises, and it is necessary to consider solutions
such as the use of higdpeed WiFi.

Until now, many ICT analysts believed that b@sed FWAs are onlguitable for
densely populatedrbanareas. However, many rural operators, including GGpuU.S.
Cellular in the U.S., are beginning to see 5G as a way to providmilasbroadband

connectivity to underserved rural communities.
Here's one solution toridging the digital divide in ASEAN.
(3) Potential Challenge and Capabilities Local 5G

In the world after COVID19, the globalization of multinational corporations will
promote the diversification of supply chains across different economic zonetheand
spread of safer and lower cost 5G networks will be urgently needed. The speed of this
change is incomparably faster ththe speed of economic development in the past, and

in order for ASEAN's communication infrastructure development to catch up with this
change, it is essential to consider the introduction of LOCAL 5G that applies to Open

RAN in parallel with the spread of opal backbone networks.

When considering the introduction of LOCAL 5G to SEZ (the Special Economic Zone),
Industrial Parks antniversitiesas a pilot in AM countries, the following preparations

are required.

- Matching the needs of the target area witlthe characteristics of LOCAL 5G

Whether the purpose of introducing Local 5G is to foster local industries, disaster
prevention, mitigation, promotion or revitalization of primary industries, development
of high-speed broadband and so on, it is necessaryefevant parties to thoroughly
consider and identify stakeholders. Once identified, the operating entity (license holder)
of LOCAL 5G would be determined.
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- Preparation of equipment, wireless technicians, and operation management

In the case of ASEAN, ken introducing Local 5G, it is necessary to prepare (1) core
network, (2) base station, (3) terminal, (4) edge computing (MEC) equipment, (5)
optical fiber backbone, and (6) wireless engineer. The operating entity will either
procure these items on tha@wn, including engineers, use the equipment and human
resources provided by mobile phone carriers and vendors, or maintain only some
facilities such as base stations on their own. There are three main options, such as renting
the rest of the equipment. Slar options exist for operations management.

In any case, itis necessary to try using Local 5G first, starting by conducting it as a pilot.
Since there is already a&k6EAN country implementing a pilot project on Local 5G,
sharing the case study from the perspective of project management would be an effective

sharing of informationgspeciallyfor AMS where Local 5G implementation is delayed.
Table2 shows the Potential Chalige and Capabilities when introducing LOCAL 5G.

There are the possible technical issues of LOCAL 5G and the ways to address them.
LOCAL 5G has a wider communication area thanRliand it is easy to ensure
communication quality and security, although sassues still remain. It is expected to

be used as a network of missioritical control systems that deal with risks such as

interference.

In manufacturing logistics and medical sites where high reliability and stability are
required in the control of dustrial robots, there are some technical problems in
applying LOCAL 5G.There is a high possibility that the deployment spread and speed

will accelerate by responding to these issues.

In AMS, where it seems that it will take time to develop the core aré&twf trying to

apply 5G first, the construction obktal5G would be effective in that case.

Table2. Potential Challenge and Capabilities of Local Agplication
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Challenges Capabilities
"Need for_sh;ftmg frolr_rtw the best—eﬁod}:.ypr?.of * Mechanisms such as priority frame
communl'.::al_l_tlj_léqua 1ty assura.gcz,;v iehis transmission and bandwidth reservation that

Low delay common in services provided by affect the operation of industrial robots.

uarantee carriers, to guarantee type assurance s . . .

9 * Avoidance of network delays that cause *MEC™2, Wh'ch places a server in the vicinity
malfunctions of industrial robots or other of a base station and returns low-delay
trouble processing such as robot control.

* The millimeter-wave frequency band to be
allocated to 5G has a strong rectilinear and
cannot obtain a diffraction effect, so there is .
- . * Arrangement of base stations and relay
a radio wave shadow that can cut of radio
Stable - antennas that overlap the coverage area of
- connection. .
Operation . base stations and redundancy of networks.
« Stable operation when an autonomous . :

guarantee - . * Beamforming for autonomous robot tracking

robot such as an automated guided vehicle and base station handover

(AGV*1) enters a radio wave shadow zone :

or crosses a coverage area of a base

station

* Integration of protocols including the
Interopera | «Interoperability for a gradual transition to conversion of wired Ethernet frames, such as
bility local 5G from existing wired infrastructure industrial Ethernet, which is expected to be
guarantee such as optical fiber and industrial Ethernet. | standardized in the manufacturing field, and
its extension, TSN*3, to wireless 5G frames.

Source: Study Team %1 AGV:Automatic Guided Vehicle %2 MEC:Mobile Edge Computing %3 TSN : Time Sensitive Network

3.2.Phased approach:

It is difficult to come up with a standard model for a phase approach in the ASEAN
region under the circumstances where the ICT infrastructure development status,
development stage, and investment priorities in &8BAN countryis different.

In thissection, we will present an image of the plakeggproach.

(1) The first 5G deployment Babeen usually centered in cities and focused on
delivering an enhanced broadband service to consumers. Higher throughputs,
bundling of new devices, and new content services provide attractive consumer
propositions.

(2)  After the initial 5G rollout, the next géoyments will extend the reach of 5G as

operators start to cover major transit routes (highways and rail tracks) to enable
the first generation of (semiiautonomous vehicles (such as autonomous trucks).
Depending on spectrum availability, mmWave denatfan in inner cities and

hot spots (shopping centers, train stations, and sports arenas, for example) may
come to fruition. Additionally, higtbandwidth networks may start to penetrate
rural towns, although it is unlikely that the rural rollout will bergreted during

these phases.
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(3) The deployments of micredge computing centers, as well as rural deployments
and mmWave densification will be completed. In addition, strbgtstreet

coverage will expand to second tier transit roditeggional roads, in pacular.
The details of Rase approacare described in detail B Conclusion
3.3.Issues in deploying National 5G and Local 5G

AMS should carefully consider reasonable and appropriate universal service obligations
by 5G. Population coverage obligatistsuld be attached to low band spectrum only.

There may need to be a consideration beyond traditional population coverage, to
incorporate backbone routes. Obligations should be predicated on use cases, with

industry consultation on the matter.

If the utilization of National 5G and Local 5G is regarded as one means for solving
regional issues, matching communication technology, infrastructure, human resources,
and financial resources will be a major issue. Technology and costs are evolving day by
day, so inorder to work on the realization of ideas and needs in the field, it is necessary
to build a research system and another system capable to secure development funds, two
systems in which industry, academia and government are united, not working separated

each one on their own.

To efficiently implement 5G policies, it is important to avoid stpygng in
policymaking by coordinating the efforts of each ministry and agency, and for the
government as a whole to have a bird's eye view of the current situatiairicountry
and formulate optimal 5G policies. In addition, collaboration between the public and

private sectors will provide an opportunity to create new and innovative use cases.

Considering 2025, four years from now, it is not difficult to imagmett t her e o | |
several areas in AMS where the spread of national 5G networks is delayed. Waiting for
the infrastructure to be put in place takes away the opportunity to benefit from 5G

services, and the private sector runs the risk of losing bssopgortunities.

In such cases, at the same time as National 5G is spreading, it is expected to have
Local 5G implemented into limited areas (buildings, premises, factories, special

economic zones, etaunderthe cooperatiobetweerthe public and privatsectors.
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4. 5G USECASES

5G technology isonsidered essenti& the creaton of a favorable platform to help
promote innovation and development in many different industries, such as entertainment,
transportation, manufacturing, healthcare, and education, energy, agriculture, smart city,
etc. Therefore, both regulators and carriersvarg interested in identifying potential
applications along with business models on 5G network infrastructure and services for
the early and longerm stages of theG development patndsetup a roadmap for 5G

network development accordingly.

The applcations of 5G technology are based on three main use cases which will be

reviewed before going to discussion of applications in a number of industries.
- Enhanced Mobile Broadband (eMBB)

eMBB is the most welknown use case of 5G which provides enhancedilmo
broadband services. eMBB enables more users to gain benefits froramdwidth
applications, such as 4K video, virtual reality, or other multimedia applications in which
average speeds 10x faster than the previous 4G generation. Furthermorécargigni
lower target latency will allow users to make the most of advanced cloud computing

applications, where software is run on a server and accessed by users via the Internet.
- Massive malinetype communications (mMTC)

Massive machingype communications (mMTC) which provides connections to very
large numbers of devices that intermittently transmit small amounts of traffic is the
backbone of the next generation of Internet of Things (IoT). In comparison with the
current technology used inTadevices WiFi or 3G/4G) which are generally inefficient

for the type of longerm, lowpower, and lowthroughput communications, 5G mMTC
will be possible to meet these needs anct
expected to provide low poweorsumption that enables devices to operate for many
years, low cost device, improved outdoor and indoor coverage compared with existing
wide area technologies, secure connectivity and strong authentication, optimised data
transfer for small, intermittentidcks of data, simplified network topology aadd its

deployment
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With a wide range of advantages, 5G mMTC has the potential to be a pasiditing
technology that will reform how users interact with technology and boost productivity

and help spur ecamic growth also.
- Ultra-reliable lowlatency communications (URLLC)

Ultra-reliable lowlatency communication, or URLLC, is one of several different types
of use cases supported by the 5G New Radio (NR) standard, as stipulated by 3GPP (3rd
Generation Pamnership Project) Release 15. URLLC will cater to multiple advanced
services for latencgensitive connected devices, such as factory automation,

autonomous driving, the industrial internet and smart grid or robotic surgeries.

The below parfpresents someotential application scenarios of 5G that have been

deploying in a number of countries inside and outside the ASEAN region.
(1) Healthcare, remote medicine

In the medical field, many surgeries can be performed completely remotely by-doctor
controlledsurgical robots with the support of 5G technology. The operation of the robot
requires absolute precision to every millimeter and takes place immediately according
to the doctor's operation through the rerrotatrol systemAccompanied by the image
transnitted directly between the two sides must be clear and stable in realTtinse.
requires a signal transmission system with almost zero latency and fast, strong and stable
signal transmission. That is one of the applications of 5G networks that to béeelxpec

in near futureBelow slide is another application scenario of 5G in the medical field to

be deployed in Thailangil]
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5G Use Cases

Smart Hospital
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Figure3. Smart hospital use case in Thailgd@fl

(2) Agriculture

Agriculture sector has been transforming rapidly by the advances in blockchain, big
data, and massive loT technology in current economies. 5G networks were tested and
proved to povide exponentially faster download and upload speeds, as well as stable,

reaktime communications between devices over wireless networks.

A collaborative project in the Netherlands which aims to define the impact of 5G on
farming tools and methodgarticularly fighting the growth and spread of pestrying

leafy plants in between potato plants is the Kompas experimental farm. The drones
examine the field and haraff visual information records to the 5G Field lab. There,

the information is quicklghanged over into exact guides and afterward organization of

a selfpushed sprayer to scatter the specific measure of substance specialist needed for

each spot.

In Thailand, 5G technology can be applied to collect and analyze data of sensors in
agriculture and serve to monitor angredict the condition of crops. Thereby
contributing to increase production, reduce costs and resource, and improve overall farm

efficiencieg[1] .
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5G Use Cases

Smart Agriculture

Data collection Field remote monitoring Precision agriculture
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Figure4. Smart agriculture in Thailand]

(3) Energy Management

Much of the world's energy is used by buildings, and designs that incorporate 5G sensors
can significantly reduce energy use. Lighting, heating, cooling and other operations are
distributed according to need, with energy generated by the building itsedixdmple
through a solar system. In the office environment, 5G can be combined with big data
and Al (Artificial Intelligence) to create models from workers' footsteps to determine
when lighting, heating or air conditioning should be adjusted. Restimesive
buildings like hospitals can also use 5G and Al sensors to help perform critical
maintenance based on previous patterns. This is also useful in a large university or

corporate campus where there are many ppultpose buildings.

Connected thingsfdhings (IoT) devices such as in smart cars, homes, buildings and
stadiums will quickly alert the grid in use to make adjustments and respond in a timely
manner and flexibility. Decommissioning loT devices when not in use will significantly
reduce energyequirements. In fact, a recent report by O2 network carrier argues that
this could lead to a 12% reduction in household energy use, equivalently 6.4 million
tons of CO2. The use of renewable energy sources such as wind and solar is increasing
but subjecto disruption. Therefore, 5G technology will allow better management of

these resources to balance energy generation and consumption.
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In the field of power distribution grids, the cost of faults is driving the increased need
for power grid protection. Comativity, sensors and automation can allow greater
availability and protection of the power grid. Distribution system operators can better
anticipate, avoid, control and automate power grid protection through the support of ICT
and wireless connectivity ¢énology. The current distribution system operators use a
variety of wireless connectivity technologies such as private radio technology in the
frequency band VHF/UHF, Wi and 3G/4G cellular networks. The cestectiveness

and preference for a specifiechnology will ultimately depend on the type of power
grid and regulation, as well as the customer situation and density. However, for some
certain use cases which require high protection from faults such as line differential
protection, very fast connegity with ultra-low latency such as 5G will be needed to

achieve the performance requirements
(4) Education

Augmented Reality (AR) and Virtual Reality (VR) innovations have been in
improvement for quite a long time, yet AR/VR systems stay obliged by various
specialized restrictions. Beside short battery lives, overheating, and deficient figuring
capacities, twabstructions including transfer speed prerequisites and responsiveness
still are the fundamental challenges. AR/VR streaming will require not just expanded
transfer speed for both downlink and uplink information streams yet, in addition no less
than 20 Mbg. The existing networks assign fundamentally more range to downlink

information conveyance, which affect the buyer's experience.

When 5G is applied, it is expected to help ARAI&ed solutions which are relied upon

4G networks now but 4G will reach tl&bps limitation soon, enabling immersive
training experiences in the field of education. Besides, testing AR/VR systems are
already being used to provide a more ef8tctive, versatile, and compact alternative

to traditional pilot test programs for pilpreparation. Mechanical actuators simulate
object solidity, coarse surfaces, and, unexpectedly, the sensation of handling real objects

to help learners develop muscle memory.

A pilot project was recently launched in Dubai to help develop-af&bled @ud VR
delivery system that allows for continuous cloud delivery of intelligent AR/VR media
content.

33



(5) Transportation / Automotive

For any selrespecting Smart City, smarter roads and automobiles are a must. Users'
expectations and requirements must bee abl adjust and evolve a smart public
transportation system. This includes installing cameras, sensors, and other technology
in public infrastructure, such as traffic signals, stop signs, and speed bumps, to enable
the gathering of data. Vehicles play amportant part as well. They must be able to
navigate the city as efficiently, safely, and reliably as feasible, whether they are

autonomous or not.

Instrumentation systems in autonomous vehicles are expected to need to transfer 4,000
GB of data per day, ¢hequivalent of 3000 4G users today. Not only stopping at the need
for huge data transmission, sdifiving cars also require a signal delay time of ms to
execute control commands, ensuring absolute safety for participants traffic. In the case
of seltdriving cars running at a speed of 100 km/h, when detecting an obstacle ahead,
the car needs to order the braking mechanism to brake to ensure the safety of road users.
The request time is no more than 01 ms after receiving the command from the sensor.
This requirement demonstrates the importance ofde@lsly communication in the
application scenario in autonomous vehicles. Means of transport will be also able to
connect and communicate with each other, and at the same time can communicate with
traffic infrastricture (such as signal lights, warning areaaccdidents, increase safety

for traffic users.

In Korea, the Korea Transportation Safety Authority (KOTSA) has collaborated with
several private L£itme tesessablklotsitphaSb et fi
successfully served as a platform for puldied privatesector organizations to test their
5G-enabled selfiriving technology. The experimental 5G network in place uses 28 GHz
ultra-high frequency broadband and includes a 20 Gbps downlgaaciba a 5G
communications control center, and a 5G-BD map with a high precision of fewer

than 20 centimeters. It is backed up by mobile network infrastructure, such as mobile

edge computing sites near base stations located across the test city.
(6)Smartf act ory (controlling I oT sensors, s
Low-latency communication and ultragh reliability are also prerequisites for building

smart factory models, contributing to the success of the 4th industrial revolution
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(Industry 4.0/4IR)of humanity. Through devices, machines, and even machine parts

capable of radio connectivity and programming, a radio network in the factory is formed
and allows for automatic monitoring, monitoring, and control of the entire process and
production cycleln these factories, not only people but also equipment and machines

are connected to each other via networks.

A Smart Factory is not only able to cope with the challenges encountered in the past and
present, but also can respond flexibly to situations that may arise in the future. Some
technology firms in Japan such as NEC are promoting the transformation of
manufacturing plants to form smart factoriesvhich 0T, Al or 5G local technology

solutionsare the core platfornfi7]
- Test automation withigh-definitionimages and videfy] :

Previously, images were used for testing, but narrow network bandwidth and other
problems limited the ability to transmit largapacity highresolution video for post
analysis processingdowever, 5G will help with redime processing of actions based

on the alignment between the camera and the robot, namely the recording of defects in

products running on the production line with a higolution camera

Error d f/~

H
©©© @©© ©©© ©©© ©©©

Figureb. Usage scenario: Inspection procggs
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- Supporting workers using augmented regl&iR) [7]

One of the problems that the factory needs to solve is the shortage of skilled technical
experts because thewgtired or they change jobs but have not passed on all their
experience to the next generation-§he engineers have little experience so sometimes
they will take a long time to fix problems, and thus affect the production schedule. For
these cases, one of the solutions iagk a technical expert for remote assistance using
AR glasses. Thanks to the higdsolution 4K camera, the entire scene of the incident
will be reliably transmitted in real time over the 5G network to a technical expert

equipped with AR glasses.

¢NJ-Y)Ké§é7\2)/ 2F 2

Figure6. Usage scenario: Production equipment maintenpfjce

- Advancement oautomatic guided vehicle (AGMhrough Coordinated Contrfd] :

Oneof the disadvantages of automated transport equipment \@héchtroduced for
unmanned material transportation in factories and logistics warehaisask of
flexibility when there isany changem production line layoutThis issue may be solved

by adopting the trackless automatic guided vehicle (AGV) that features the capability to
change the transport path in response to changes in the surrounding co(i€idores

7).

In order toavoid traffic congestion when several AGVs run simultaneously, Multi
Robot Controller (MRC) by features of 5G, the ultralow latency and the simultaneous

multi-connections has been introduced. MRC can serve as the centralized AGV control
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system to collecteaktime information on the running conditions of AGVs and give

reattime instructions of the optimum path to be taken for each AGV.

Opti mum rout

Factory

Figure7. Usage scenario: Factory goods warehouse

(7) Finance-Banking

Greater bandwidth allows banks to create a much better experience even if they don't
need to modify digital banking products. With 5G, banks can bring service experiences
to users over the internet without requiring them to download apps to smart pl@&nes. 5
will allow mobile apps to keep less data on the device. And since-tbedeelvice data
transfers are virtually free in a 5G environment, we can create lighter, more responsive
apps. The application is more compact, using cloud also means less us¢osipaiede

the application. Banks will have to worry less about application versions, confident that
the customer experience will be more consistent, and when security updates are needed,
they will be instantly applied across the system. Bank branches Biid Apgrading

the network within the branch to 5G will help banks.

In addition, 5G could allow video exchange between a bank branch and headquarters or
even the use of virtual reality. Remote experts can help customers better understand the
complexities dthe bank's products and services. Banks can also take advantage of 5G
for mobile branches. During festivals, in places of large gatherings, banks can quickly

set up new transaction points with ATMs and service counters set up. The high speed
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and responseness of 5G can provide facial recognition (a service that needs quick

access to a cloud database in real time), which service counters use.

5G can also be used for remote support and training. For example, a bank still uses an
old ATM or POS device thdew people know how to fix. With 5G, branch staff can get
remote help from experts. Through the augmented reality glasses worn by field staff, the

experts at the center can see detailed information and guide field personigt steyp.
(8) Virtual and Augmented Reality

South Korea is one of the most advanced 5G markets and among the first places to
launch 5G AR/VR. In April 2019, 50% of the population of South Korea had access to
a 5G network built by one of the three national operators, and early veosi®s
VR/AR were already available. By June 2019, there were more than 1 million 5G users
i faster than initial uptake of 4G. Meanwhile, the first cloud VR/AR solution using 5G
(LG U+) went online. One third of 5G users were VR/AR, a very high adoptien5Gt
AR/VR business models have developed fast, inspired by mobile video models (traffic
management, prime service content and exclusive head&ssycés: Huawei press
release, LG U+, SKT, KT]

In the field of sports, virtual esite travel, with higkspeed, stable and sugdew latency
connection, users can also experience-tigsd theplacesthey want to visit, without
leaving the housee=xplorer, or watch live footbalnatchesonline like siting at the
stadium. Or playing redlme sports games such as table tennis, tennis... 5G will make

players feel like they are playing in reality, not playing through cyberspace.

5. CONCLUSION AND THE WAY FORWARDS

A holistic policy framework that reflectbe changing digital landscape while reducing
costs and barriers to network deployment will deliver the best outcomes for society and
the economy. If regulatory policies and institutions fail to adapt, markets can become
distorted in ways that harm compien, slow innovation and, ultimately, deprive
consumers of the benefits of technological progress. Efforts to encourage network
investment, modernize regulation, promote the digital economy, and demonstrate digital
leadership can help to set the promaridation and facilitate the deployment of 5G.
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In order to successfully deploy 5G and put it into commercialization soon, it is very
important forAMS to quickly issue the national plans astdategiesn particular5G
frequency allocation for carrierd.he completion and early issuance of-tskated
management documents will be an important factor in accelerating the process of 5G
network formation and development in ASEAN, especially standards related to the

management of 5G equipment and services.

It is not difficult to foresee that the spread of 5G technology will create more demand
for electricity in the next decade in the less develod8&AN countries, which have

been facing challenges in their electricity situation during tliec2htury. The spid

of the 5G ecosystem will create more demand for electricity, possibly causing electricity
shortages. In light of this situation, countries concerned should consider formulating
power supply plans. |l n this regaradalp, ba:

ASEANO, It i s nece uasweeasennd sharinguof dolutiens.l v pr or

A new policyand regulatioro f A S a appdrdachcodld be explored as an optjon

where regulations can be tested in different regulatory contexts to help a rajidt roll
across the wider regiorThis is one of the approaches suitable for Industry 4.0 and
suitable for embracing new business model and innovatidms.is an approach to
identify issues including regional characteristics, such as hitting sandboxes with various
usecaseshrough smabkscale pilot projects and demonstration experiments, and to
consider locategulatorycontexts. Itis importanttorefero devel oped cour
but when applying the Sandbox approach, it is desirable to share the knoaneaiyg

AMS.

Regarding infrastructure sharing, tA&1S government8 need to have policies to
support businesses providing 5G services as wglt@note stakeholders to apply the
new technologies, especially 5G technology with potential applications contributing to
the economic and social developmelitis also recommended to: (fprm legal
regulations for the sharing of telecommunications ift&sure between enterprises to
ensure efficient use and cost savings when deployin@d(ii)) modernizeegulations

and policies in thelirectionof supporting mobile operators to develop favorable base

station/broadcast infrastructure.
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The telecommugations businesses in ea&SEAN countryneed to cooperate in
building modern telecommunications infrastructure, using common
telecommunications infrastructure, increasing network capacity and sdkieng
invesiment in 5G networks. Telecommunications buesses coordinate to deploy
practical applications in densely populated cities such as: Smart transportation, Smart

grid, Smart lighting, Smart waste control, etc.

On the basis othe research o current status oAMS and international trend of
promoting5G developmentsome recommendations for 5G deploymemASEAN are

asfollows:
5.1. A proposedoadmap for implementing 5G in ASEAN

Subject to AM®different levelof development and available resources,piaposed

5G technology deployment roadmap for ASEANo be organized i phases.

A Phase 1: This is a preparatory phase with a focus on upgrading and completing
the current 4G network infrastructure and services, gradually preparing the

necessary infrasicture for deploying 5G technology in thext phase

In considering 5G development, it is necessary to actively work on getting rid of
the legacy typeomponentgi.e. avoiding \endr lock in) thatmight havebeen
an obstacle téhe development. In thisense, the introduction of-RAN is an

urgently needed initiative.

In existing mobilenetworks devices from a specific vendor are installed,
resulting in "vendor lockn" that makes it difficult to change the vendor of the

device.

By promoting ORAN, network operators will be able to configure their networks
with terminals from multiple vendors, which will promote competition among
vendors and lead to lower network prices. As a result, competition among
vendors will be promoted, leading to lower networkstouction costs, stability

of supply, and security.
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A Phase 2: This is a short but pivotal phase with a focus on deploying and
completing narrowscale testing of both 5G pmmmmercial technology and
services. Thereby, accumulating experience, choosingptimal solution for

the next stage of implementation

A Phase 3: This is the stage of commercializing 5G network with step by step
providing services to meet the immediate use needs of @aclas well as
specific customer segments. Depending on the conditwhen appropriate, we
will proceed to expand the service area to fully provide all 5G application

scenarios for all user segments.

It seems that there asemeAMSsthat cannot catchp on the abovenentioned
deploymentroadmap but it is necessary tibexibly change the time schedule
according to the infrastructure development status of the country concerned. In

some countriedpr examplePhase 1 may continue until 2025.

At that time, it is very important to share the knowledgegongAMS and the

case of problem solving that precetithe development of the 5G ecosystem.
5.2. 5G infrastructure development and sharing in ASEAN
a. Governmenagencies/authorities

A Having regulations on permitting the sharing of passive telecommunications

technicalinfrastructure

A Having regulations on permitting the use of public fund for telecommunications

infrastructure development

A Having regulations on permitting the installation of telecommunications works

at offices and state agenciesd

A Build an environmenivhere free competition is guaranteed
b. Telecommunicationsompanies

A Deployment of sharing and common use of infrastructure

A Exchange and agree on a number of designs of antenna masts to ensure the

requirements of construction safety, urban beauty and ealtgmeral usability;
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A Optimizing the load and capacity of the antenna masts and telecommunication

stations built so that they can be shared and used in common

A Decorating, compacting, and undergrounding telecommunications cables to
enhance aestheticgafety and optimize cable capacity and load so that they can

be shared and used together with the cable sewer system, cablepoles
A Promote the development of system that allow for free competition.
5.3. 5G servicequality management in ASEAN
Generalprinciples
A Ensuringthe benefits ofisingthe services;
A Ensuringthe benefits and development of the businasd;
A Ensuringthe sustainable development of the telecommunications service market.
Orientation for 5G servicgquality management

A Consideringhe level of 5G network deployment aiits serviceslevelopment

and
A Considering the supply and demand on 5G sericeSEAN.
5G servies that need quality management
A Fixed broadband internet access (2@221);
Local 5G (20262022)
Enhanced Mobile Broadbd (20212022);

M2M/loT applications (from 2022023);and

o Do Do P>

Ultra-low latency IoT communication applications (from 2620R5)
5.4. Proposéd cooperative activities iMSEAN
AMS should:

A Work on a common approach to tackle the barriers currently hindering the rollout

of 5G networks.

A Work to reduce the cost of 5G deployment, remove unnecessary administrative

barriers, and support crebsrder services.
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Regarding the above two points, stnecessary to considereasuresor cross
country issues in case an incident occurs in the dros$er services within
ASEAN.

It is important to discuss different matteedatedto various services provided
across national borders in advaneenong AMS and have a common
understanding based on the concept that ASEAN matters will be resolved within
the ASEAN region.

A Work to avoid or minimize any delay in the granting of access to the spectrum to

ensure timely 5G rollout.

A Work to put the most suitablmethods in spectrum auctions and commercial

licensing;

A Promote cooperation among member states to accelerate the rollout of 5G and
loosen regulations related to 5G deployment, including cutting rigid regulations,

improving spectrum access and border fregyecoordination between countries.

A Publish a guide to 5G strategy and road map deployment for member states and
enhance the cooperation to create the favorable business environment for the

deployment of 5G.

A Build a system to analyze the supply and denwitiman resources in the field
of 5G as well as related industries as a workforce with the right skills, techniques,
and qualifications will enable countries to build networks and develop new 5G

applications.

A Enhance the preparation of a solid foundatamnwell as a rich ecosystem
determines the success of 5G before, during, and after deployment. ASEAN
member states should proactively build the foundation early, the 5G ecosystem

to greatly reduce obstacles and accelerate the commercialization of 5G later.
In short:

A For 5G ecosystem development in ASEAN, the government's role is particularly
important in supporting the private sectors to deploy network infrastructure as
5G networks require a high level of investment before services and applications

in commecialization. The government algaysas enabling driver athe 5G
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deployment process anihe protection offair competition while ensuing

technology neutrality.

The current complicated pandemic situation has also accelerated the adoption of
5G technolgy in many areas, especially health care, education and training.
Along with other emerging technologies, 5G has the potential to change the way
we live and work even in ways we haven't fully envisioned. 5G is considered by
the world as one of the importasolutions contributing to the soeexonomic

recovery after the COVID pandemic.

Especially during the outbreak of the Coxil pandemic, many businesses have
had to accept digital transformation to support or enforce the remote work
policiesand regulabns The regional workforce is now heavily reliant on digital
services and new collaboration tools, which have had a major impact on the
ASEAN telecommunications infrastructurdelecom companies have been
working hard to build new infrastructure to mebistdemand of which 5G

deployment is an integral part.
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ANNEX 1: STATUS OF 5G IMPLEMENTATION IN ASEAN AND ITS
DIALOGUE PARTNERS

1. Status of 5G preparation and implementation in ASEAN

The ADM 2025 contains the 4 visions shown below in T8bla order for AMS to aim
for these visions, the promotion of 5G development would play an essential role in ICT

infrastructure development.
This section shows theurrent status of AMS as of 2021.

Table3. Vision of ADM2025

First it means a society in which everyone in ASEAN is using digital servic
enhance their daily lives to interact with friends and family they cannot meet
entertain themselves; to buy and sell things; to manage their money; to make
decisons; and in many cases to receive a better education and better heg

through digital services.

Secondly it means ASEAN Member States (AMS) economies in which busin
large and small use digital services to make themselves more productiverdot
more quickly and cost effectively with partners in their value chains, and to us
ways to sell to consumers. It also means public bodies which offer a much wide

of easyto-access and quieto-use services to ASEAN citizens.

Thirdly it mears a more prosperous ASEAN region as digital services make trad
other AMS fast and frictionless. This in turn allows the most innovative and eff
businesses in eadkSEAN countryto expand more easily across the ASEAN reg

S0 as to offer a wideange of cheaper and better products to all ASEAN consur

Finally, it means an ASEAN economy which is able to recover more quickly fro
COVID-19 pandemic over the next few years (in line with the ASE
Comprehensive Recovery Framework) and toesdan a way which is greener a

more sustainable in the loitgrm.

Source: ADM2025
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1.1. General assessment

Almostall AM S areof theview that 5G allows to meet traffic and connectivity demand,
contribute to the national digitalization transformation, solve the social problem such as
transportation, logistics, environment, education, medical, healthcare, manufacturing,
natural disastet antiterrorism, crime. Thailand also has a view that 5G network will
support applications for various vertical sectors such agricultural, energy, media and
entertainment which will contribute to T
5G is an esnomic imperative that holistically influences the quality of life, businesses
including small and mediussized enterprises, as well as the government. In Malaysia,
development of solutions are focused in nine key verticals i.e.: Agriculture, Digital
Healhcare, Education, Entertainment/Media, Manufacturing & Processing, Oil & Gas,
Smart City, Smart Transportation, Tourism. These verticals are seen directly correlated

to the country's economic growth.

Some AMSrecognized that building and issuingipglframework or action plan on 5G
deployment is extremely important, in the meanwhdeneAMS areof theview that

this issue is very important and one AMS acknowledge that it is important.
1.2. Analysis countries by countries
1.2.1. Brunei

Brunei is readyfor 5G with the establishment of a 5G Working Group (Spectral and
Policy Group, Infrastructure and Application Group, Awareness Training Group),
deployment of multiple 5G stations, and band announcement frequency 700 MHz and
3.5 GHz for 5G testing. Brunei haevelopeda pilot "sandbox" policy framework to

promote the development and testing of 5G technologies and applications.

The 5G task group consists of representatives from government agencies, vendors, Tel

Cos, academia amtivatesectors which furtheridided into 3 subgroups looking into:
(2). Policy,Regulatoryand Spectrum
(2). Uses cases, Application Development and Infrastructure

(3). Education and Awareness
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The taskforce will be responsible to provide a final report which contains proposals and
recommendations in facilitating 5G implementation in Brunei Darussalam in twelve (12)
months after its establishment.

1.2.2. Cambodia

Cambodia Government is focusing on three major issues on 5G including the national
strategy, establishment of 5G task gr@nd policy making. Cambodia is also planning

5G roadmap and policy for infrastructure sharing.
1.2.3. Indonesia

Indonesia has enacted policies and laws (Omnibus Law on Job Creation) to speed up the
transformation of the number of countries, includinglidy on sharing and sharing
network Iinfrastructur e, fees and awucti or
and collaboration (Open RAN), skill building and innovation promotion (Digital Talent,

loT Makers Creation), personal data protection, fooasPriority applications for
tourism and construction of New Capitals. According to forecasts, Indonesia will need

to add at least 1,310 MHz of spectrum to 5G by 2024 and 5G will contribute about US

$ 200 billion to GDP, creating about 4.4 million job opnities by 2030.

1.2.4. Laos

Laos Government is focusing on two major issues on 5G including the national strategy
and policy making. Laos policies prioritize on but not limited on the simplification of
infrastructure access regulation. Laos has isqnd#idies to support 5G development
such as MPTGOs s2t0r2&ébt eagnyd pGoawme ranOmeent 6 s st

frequency as well as training on to be ready for {MT20.
1.2.5. Malaysia

In preparing and buildinthe nation towards being 5G ready, MCM&uhched the 5G
Malaysia Demonstration Projects (5GDiR) October 2019wvhich aims to catalyse
industry transformation by facilitating, building and nurturing development of
promising 5G use cases in a live but controlled environment; and in a broadet,contex
grow the 5G ecosystem focusing on 9 key verticals and subsequently, drive the growth
of the 5G ecosystem in the country. It also aims to create awareness and stimulate
demand for the use of 5G technology.

a7



1.2.6. Myanmar

The Department of MPT Myanmar hbasen reviewing the Spectrum Roadmap which

was released in 2016 and in that reviewed spectrum roadmap, the tentative for the release
of 5G spectrum wi | be mentioned. My a n m:
the simplification of infrastructuraccess regulation, encouragement ofre@stment

and risk sharing models.
1.2.7. Philippines

The Philippinesecognizeshe importance of 5G technology and how it plays a pivotal
role in developing the national ICT landscape. Preparations for the 5G caeuhsnce
the approval of the National Broadband Plan (NBP) in 2017.

The NBP details strategies and initiatives to address gaps in the broadband environment,
particularly on accessibility, affordability, and quality of broadband services, and
existing poicy and regulatory issues. The plan also lays down an approach in investing
in networks as well as engaging the public and private sectors. Specifically, the NBP
provides as action points: spectrum, infrastructure policy and modernizing outdated

regulatiors.
Government Support in Driving 5G Ecosystem Development

|. The New Major Telecommunications Player Initiative
The new major telecommunications player initiative has paved the way for the release
of 5G spectrum in the 3.3 GHz band, aside fronethsting assigned frequencies of the

incumbent Telcos in the 3.5 GHz (5G Trials are ongoing in this band).

A. Technology neutral policy enshrined in Republic Act 7925

Aside from the release of 5G spectrum in 3.3 GHz and 3.5 GHz bands, all existing
frequeny assignments, from 1st Generation (1G) to 4G/LTE frequency bands may also
be used for the deployment of 5G services pursuant to the technwagwl policy
which is enshrined in Republic Act 7925 or the Public Telecommunica®olnsy Act

of the Philipineswhich allows Mobile Operators to utilize their frequency assignments

for the deployment of any available technologies, including 5G.

B. Shared Passive Telecommunications Tower Infrastructure

48



To expedite the construction of telecommunications towarghe country, the
Department of Information and Communications Technology (DICT) promulgated
Department Circular No. 008, s. 2020: Guidelines on Shared Passive

Telecommunications Tower Infrastructure (PTTI).

Under the Policy on Shared PTTIs, the DICT ameges the growth and development

of Independent Tower Companies (ITCs) as a pioneering sector for the birth and
development of a robust ICT environment SthiaredPTTIs in line with the overall
objective of enhancing wireless network coverage and qualiG/Toservices across the
entire country. It seeks to widen the base of tower providers todagtthe deployment

of Shared PTTIs across all regions of the country, especially in the unserved and

underserved areas.

In relation to this, an oversight committee for Passive Telecommunications Tower
Infrastructure was created and was composed of national government agencies such as
the Department of Information and Communications Technology (DICT),-Rel

Tape Authority(ARTA), Department of the Interior and Local Government (DILG),
Department of Human Settlements and Urban Development (DHSUD), Bureau of Fire
Protection (BFP), Department of Public Works and Highways (DPWH), Civil Aviation
Authority (CAA), National Telecommunications Commission (NTC), Department of
Health (DOH), and Food and Drug Administration (FDA). The oversight committee
issued Joint Memorandum Circular (JMC) No. 1 series of 2021 on streamlining of the

permitting process of shared Passive TelecommtiorsaTower Infrastructure (PTTIS).

Consequently, a similar oversight committee composed of the Department of
Information and Communications Technology (DICT), AReBd Tape Authority
(ARTA), Department of the Interior and Local Government (DILG), Depantrof
Human Settlements and Urban Development (DHSUD), Department of Public Works
and Highways (DPWH), Civil Aviation Authority (CAA), National
Telecommunications Commission (NTC), Energy Regulatory Commission (ERC),
National Electrification Administratio (NEA) and the Philippine Competition
Commission (PCC) issued JMC No. 1 Series of 2021 on the streamlined guidelines for
the issuance of permits and clearances for the erection of poles, construction of
underground fiber ducts and installation of aerral anderground cables and facilities

to accelerate the retiut of telecommunications and internet infrastructure
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The Challenges of 5G Technology in the Philippines
Despite the developments, the following are the challenges of 5G technology in the

Philippines:

1 Need for rules on the deployment of small cells and national roaming;

1 Need for legislative actions to spur the development of the telecommunications
industry;

T Need to review the current spectrum us
radio freqiencies;

1 Need to review spectrum policy options to ensure competition and industry
sustainability (e.g. spectrum caps); and

1 5G cybersecurity and standards development capability need to be ensured.
1.2.8. Singapore

For the first tranche of 5G spectrum comprising spectrum in the 3.5 GHz and mmWave
bands,the Infoconrm Media Development Authority (IMDA)allocated spectrum
through a Call for Proposal (CFP) process. In June 2020, IMDA selected Singtel Mobile
Singapore Ptetd and the JoinWenture Consortium formed by StarHub Mobile Pte Ltd
and M1 Limited as the winners of the 5G CFP to deploy nationwide&l&one (SA)
networks. The 5G CFP winners were allocated spectrum in both the 3.5 GHz and
mmWave bands and are eqped to achieve 50% outdoor 5G SA coverage by?e2@,
and nationwide (95%) outdoor 5G SA coverage by-20@6. TPG was assigned
spectrum in the mmWave band, which is more suited for localised deploynkeats.
January 2021, Singapostartedrolling out 5G nationwideby the end of 2022, it will
cover 50% and by 2025 it will cover 95% nationwitMDA is now in the process of
issuing the second tranche of 5G spectrum (the 2.1 GHz band). This will support the
next wave of 5G growth for all mobile operegpincluding the opportunity for the

deployment of additional nationwide 5G networks if there is market demand.

Early 5G trials and development were in strategic clusters such as Maritime Operations,
Urban Mobility, Smart Estates, Industry 4.0, Governtragplications and Consumer
applications.In Jan 2021, IMDA launcheithe 5G Innovation Programnie accelerate

the adoption and commercialisation of 5G solutions, to build on the earlier efforts to
trial 5G use cases. T h efort to addpt YGi sbldtionsta p p o
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address sector challenges or enterprise level needs. The fund will also support solution
providers and technology developers commercialising 5G solutions, to help make the

benefits of 5G more accessible to more companielsidimg SMEs.

In July 2021, IMDA and the National Research FounddaidRF) announced a close to
S$70 million fund for Singaporeds first
(AFCPO) t o -sdgecpmomubicatons ard icamrgectivity reseairatiuding

support for international partnerships and local talents pursuing research in future

communications technologies.

In October 2021, IMDA announced that business will have access to open testbeds to
develop, adopt and commercialise 5G solutions. The testbbettscated at the Maritime
Drone Estate, Singapore Science Park, PIXEL and Sentosa, for businesses of different
sizes, industries and technology readiness levels to experiment with and develop 5G
solutions in areas such as drone deliveries, maritimeatpes, smart cities solutions,

and content production.
1.2.9.Thailand

The national 5G committee has been established with Prime Minister as chairman and
involved ministers and parties as committees to set a 5G strategic direction and establish

task groug to help support its work.

The committee has approved of O6the First
Technol ogy Util i sat i orfi 2024k Ahisplan hasolsteateges 7

as follows:

(1). Strategy 1. 5G Infrastructuievelopment
(2). Strategy 2: 5G for Economic Expansion
(3). Strategy 3: 5G for Social Development

(4). Strategy 4. 5G Ecosystem Acceleration
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Since 2019, many activities have been promoted: Band auctions and licensing (low, mid,
high-band); applying a "salbox" policy model for research and testing (5G Testbed)
activities at universities; terminal equipment (CPE); management and monitoring of
interference issues. In February 2020, Thailand held an auction and licensing for carriers
to deploy 5G on the 700Mt 2.6 GHz and 26 GHz bands. From the fourth quarter of
2020, 5G applications will be commercially deployed, with priority given to key areas

such as health, agriculture and smart manufacturing.

IMT Spectrum Roadmap for Thailand 2019 - 2023
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1.2.10. Viet Nam

The Government o¥ietnamhas determined that digital infrastructure plays a decisive
role in the development of the digital economy and digital society. To meet development
needs, telecommunications infrastructure will be transformed into digital infrastructure
including telecommunications infrastructure and cloud computing. Vietham aims to
master 5G mobile technology, and master cloud power infrastructure through "Make in
Vietnam" platforms. Besides serving soeiconomic development, the mastery of
digital infrastructure and data ownership of Viethamese people is a strategic task that
should be given top priority. The orientation of the Information and Communication
industryin the coming period is to transform from outsourcing to product development.
The program "Make in Vietham", with the focus on research and manufacture of 5G,
loT, smart phones, platforms for national digital transformation. Instead of processing

and assetling, Viethamese enterprises focus on making products.
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The Vietnamese government has also issued a series of resolutions and guiding
documents related to 5G with the goal of by the 5G mobile network will cover the whole
country in the soonest time. Theiister of Information and Communications issued
Directives in whichspecifiedt h at A5G mobile communicat |
should be carried out at the same pace
that telecommunications networks as the foundation of platforms. The Ministry of
Information and Communications analle network carriers have taken specific steps

by adopting a phased approach in 5G development to move towards commercialization
by 2021. The Ministry of Information and Communications has issued Circulars on the
band planning of 2.3 GHz, 2, 6 GHz and @Bz for 5G deployment and at the same
time also issued the set of technical criteria for terminal equipment, base stations and
guality of 5G network services to guide the development of standards of 5G network,
evaluation and selectiarf 5G terminals andbase station equipment, preparing for the

commercialization 056G in Vietham

Since mid2019,Viettel, VinaPhone and MobiFone have been licensed by the Ministry
of Information andCommunicationgo test 5G technology in a number of major cities.

In Januay 2020, there was a first 5G call on network equipment manufactured by
Vietnam (Viettel Hitech Corporation) and Viettel is the 6th gNodeB equipment supplier
in the world along with Ericsson, Nokia, Huawei, Samsung and ZTE. In November 2020,
carriers werealso licensed by the Ministry of Information and Communications to
deploy commercial 5G trials to prepare for the official commercialization of 5G in the

next phase.

Because it is still in the trial operation phase, the commercial 5G network has only been

deployed in two major cities, Hanoi and Ho Chi Minh City, particularly as follows:

Viettel network operator was licensed by the Ministry of Information and
Communications to test 5G in Hanoi. Viettel's 5G test coverage includes main streets in
the thredlistricts of Hoan Kiem, Hai Ba Trung and Ba Dinh. In total, there will be 100
5G base stations deployed by Viettel in the test area in which there are 15 5G stations
made by Make in Vietham products and 85 stations of other mobile vendors. The other
mobile network operator, VNP-VinaPhone, was licensed to test commercial 5G
networks in two big cities, Hanoi and Ho Chi Minh city. VinaPhone's 5G coverage in

Hanoi covered streets in Hoan Kiem and Hai Ba Trung districts and Ho Chi Minh city
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(District 1, aroundNguyen Hue flower garden area, Bach Dang wharf, Notre Dame
Cathedral, Dong Khoi Street and District 3 along Paster Street, Turtle Lake, Thanh Nien
Cultural House... The other mobile network operator, MobiFone, was licensed to test
5G in the Ho Chi Minh citarea. Under this license, MobiFone deployed 5G commercial
trials in District 1 of Ho Chi Minh city. This operator has completed the installation of
about 50 5G stations. MobiFone users can surface the 5G services at 80 Nguyen Du
(Ben Nghe Ward, District, Ho Chi Minh City) and a few streets around Notre Dame
Cathedral.

The deployment of 5G in Vietham will be based on about 70% of the existing 4G
infrastructure, including broadcasting stations, antennas and other transmission
equipment, significantlpaving costs. The rollout of 5G will take place first in major
metropolitan areas, followed by industrial zones, research zones, and universities to
support innovation and the creation of new technology. The government is also
developing new national tecisal regulations for ground mobile communication
terminals, which require all mobile terminals to be produced, imported and selling in

Vietnam will have to support 4G and 5G technology.

2. 5G development outside ASEAN

The current status of 5&dvancedountries will be introduced as an example outside
ASEAN.

2.1 Japan

Japan's efforts to deployGouse are introducelflarket scale, Spectrumanagement
Transition from 4G to 5Qyationalstrategies for Nationwide 5G deployment, Utilizing

Local 5G and-eatures oflapaese 5Gmodel

1 Market scale

The utilization of 5G technology for Employment creation, improving regional
economic cycle, Regional revitalization and Measures against depopulated areas is

estimated to make $700 billion of econoraftectsin Japan by 2030.

1 Spectrum management
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Japan has implemented frequency allocations &z74.55Hz, and 2&Hz range in
2018, moving toward widespreadG5services in 2019, and starting locaG 5
demonstrations in 2020

Noted that4.6-4.9GHz and 28-29.1GHz bands are scheduled to be assigned for local
5G by the endbf 202Q

Since April 2019, Japan has licensed frequencies for carriers to deploy 5G stations
nationwide and by certain regions. Because 5G base stations have a seraljeavea,

if it is required for carriers to deploy "coverage rate by population”, many 5G base
stations will be needed, leading to huge investment costs, at the same tirdenkity

rural areas will find it difficult to access 5G soon. Therefore, JAparcome up with a

new plan, which will divide the country into geographical areas with an area of 10 square
kilometers and install 5G BTS in more than 50% of these 10 square kilometers over the

next five years and coverage of potential business arda¢hrnurban and rural areas.

Japan focuses on developing Local / Private 5G, which is a 5G system that can be
flexibly built according to areas such as offices, factories; Private 5G network system
can be invested and built by domestic enterprises anddogarnments. A dedicated

5G network is built to support the deployment of digital transformation projects,

promoting IoT in production.

The Japanese government has also stepped up promoting the global deployment of 5G
network virtualization models (Ope®Rl and VRAN) to meet the requirements of

network optimization, ensuring network security as well as save implementation costs.

Currently, Japanese enterprises (Rakuten, NTT Docomo) are operating very actively in
this field.
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An important prerequisite for deploying 5G is the development of fiber optic networks.
Even with 5G Mobile Network, services can only be provided when the optical fiber
network is connected to the base station and core (center) equipment that emit radio
waves. In Japan as of March 2020, the household coverage rate for optical fiber networks
is around 98%. Even under this situation, the lax@eacity optical fiber netwotfior 5G
requires further maintenance, and annual investment, about more thblinrbyen

worth. Until 2030, we plan to use tiNSA (Non StandAlone) method to gradually
replace the & network with 45 facilities.

1 National strategies for Nationwide 5Gdeployment

Dividing the Japan intd0 km square meshesmd covering a wide range of potential
business areas* in both urban and rural af@asnber of target meshes: about 4,500)

Four mobile phone operators have launched 5G commercial service sinceZiizdch

1. Expansion of 5G area coverage, mainly in major cities in japan. {2020)

2. Deploying 5G base stations for more than 50% of meshes within five years
nationwide and per regional blocksecuring the possibility of nationwide
expansion)

3. Starting servies in all prefectures within two yeaafier spectrum assignment.

4. Deploying as many specified base stations as possible across the.country

When approving additional licenses for the establishment of specific base stations, a
focused evaluation will benade regarding the plan for providing services to Mobile
Virtual Network Operator (MVNO)

1 Utilizing Local 5G

Local 5G is a 5G system that can be flexibly built on a spot basis by various entities,
such as local enterprises and municipalities, in their owildibgs and premises,

depending on the specific needs of a region or industry.

Features of local 5G systems

1. Unlike the 5G services of mobile operators, local 5G systems can be built ahead
of time in areas where mobile operators are slow to deployateas.
2. The performance required can be flexibly set according to the intended use.
3. Less susceptible to communication failures in other locations, disasters, etc.
In addition, compared to WiFi, it is characterized by stable use based on the radio station

license.
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Several demonstration project has been started in 2019 to apply ®eal & solution

to a situation where mobile operators are expected to delay the provision of 5G services.
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1 Features of the % system thatJapan is introducing (Japanese 5Gmodel)
According to the report provided by MIC Japan, the Japanese 5G model has the
following features and advantages.
(1) Open and secure
In the construction of 5G communication network, Japanese vemabdesredopenness
of radio accessetwork(O-RAN) and separation of hardware and software (VRAN) that
allows free combination of devices from various vendors.
O-RAN-compliart open interfaces are used, and the idirice interfaces are highly
transparent fronthe perspective of security.

A O-RAN
A wireless network that can be constructed in an open and smart way by combining
multiple vendors withoulependingon any particulavendor.
The ORAN Alliance, in which the world's major carriers and vendors participate, is
promoting the development of international standard specifications.

A VRAN
VRAN is a wireless network that combines software and geparpbse hardware, and
uses vrtualization technology to enable flexible functional expansion and operation.
Domestic vendors are also promoting the development of base stations that support

virtualization.

57



In considering 5G development, it is necessary to actively work on gettiroj iriel

legacy typecomponentgex. avoiding \encbr lock in) that has been an obstacle to
development. In this sense, the introduction éRAN is an urgently needed initiative.

In existing mobilenetworks devices from a specific vendor are installeduhgng in
"vendor lockin" that makes it difficult to change the vendor of the device.

By promotingO-RAN, network operators will be able to configure their networks with
terminals from multiple vendors, which will promote competition among vendors and
lead to lower network prices. As a result, competition among vendors will be promoted,
leading to lower network construction costs, stability of supply, and security.

In thetax incentives for the deployment of B@roduced in August 202@penness is

set & one of the requiremerftsr incentiveto promote multivendor in 5G

(2) High quality

Japanese vendors already have a track record of installation and operation for major
domestic carriers (having passed very strict tests).

The Japanese vendonistworkequipment is characterized by high efficiency, space
saving, energygaving, and low operating costs.

(3) Flexibility to meet diverse needs

Because of its openness, it is possible to combine a wide variety of equipment and
software required for 5@onstruction to meet diverse needs, and to build an optimal
network more quickly.

Japan is one of the advanced countries in the world to institutionalize local 5G, and at
the same timeJapanhas accumulated various use cases through development and
demorstration, and has an advantage in providing advice on fmwfor overseas
deployment.

1 International coordination with AMS

In light of future 5G development, the Government of Japan has begun to promote the
internationaldeploymentof O-RAN and VRAN and lsare information on network
openness with relevant AMS.

Japan's 5G model has the strength to meet a wide range of needs, including openness,
security, quality, and flexibility.

The Japanese government is working with the Japanese private sector tothidl 5Gt

model to the global market.
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Looking ahead to the 5G era based on the knowledge of advanced countries will greatly
contribute to the development of 5G in ASEAN.

2.2.EU

In Europe, the European Union (EU) has issued the Action Plan for 5G depldymen
(Action Plan) according to major milestones: Announcing 5G in certain areas (2018);
commercialization of 5G services in at least one city of the member countries (2020);
and 5G is covered in urban areas and major transportation routes among member
counties (2025). The EU is implementing 5G according to the roadmap and using the
existing core network (Neftandalone version of 3GPP standard). To date, 16 EU
member countries have officially announced 5G networks (more than 30 5G networks
are operating orhe 700MHz, 3.43.8GHz and 26GHz bands), the priority areas: Public
security, real virtual reality, energy, healthcare, smart cities, media and entertainment,

industry 4.0, transportation, automation and agriculture.

The key issues (EU flagship initiativdRegional ManagementRadio Spectrum
Management,5G Action Plan (2020), Issues for 5G Action Plamternational

Cooperationpf 5G development in the EU are listed below.

1 EU flagship initiative for 5G development

Recognizing the importance of 5G development early on, the European Commission
established the publigrivate partnership on 5G (5G PPP) in 2013. This is the EU's most
important initiative to accelerate research and innovation in 5G technology. The
Europea Commi ssi on has secured 0700 millio
2020 program to support this activity. In addition to this program, EU industry has plans

toinvestupto fivetimesasmueld 3 bi | | i on.

1 RegionalManagementfor 5G deployment

To ensure the rapid deployment of 5G infrastructure in Europe, the European
Commission adopted the European 5G action plan in 2016, which aims to start 5G
services in all member states by the end0@2at the latest, followed by the expansion

of 5G coverag to urban areas and major traffic route2095.
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In order to monitor the progress of the 5G action plan, the European Commission
launched the European 5G observatory in 2018, a monitoring tool on key European
market developments in a global context. koareports on preparatory actions
undertaken by member states, such as spectrum auctions and national 5G strategies. In
October 2018, a report was published on the main elements to be considered in such

national strategies from a European perspective.

1 Issue of Radio Spectrum Management

The management of the radio spectrum, which is the basis of wireless technology, is
critical to the deployment of 5G networks. As the number of connected devices and their
usage increases, there is a need to harmonize@pectsources and their use across
EU area. In particular, the interoperability of cresder infrastructures makes this

intracregional harmonization a key issue.

1 5G Action Plan (2020)

The EU 5G Action Plan is a strategic initiative involving sitikeholders, private and
public, large and small, in all Member States to meet the challenge of making 5G a
reality for all citizens and businesses by the end of 2020. On September 14, 2016, the
European Commission announced plans to boost the EU'ssettorteploy 5G
infrastructure and services across the Digital Single Market by 2020. The action plan
sets out a clear roadmap for public and private investment in 5G infrastructure in the
EU. To achieve that, the Commission has proposed proposes thariglloeasures in

the roadmap:

Coordinate the roadmap and priorities for a coordinated 5G deployment in all EU
Member States, with the goal of early network deployment by 2018rawihg
towards commercial largescale deployment by the end of 2020 at theslkat
(Ongoing in 2020)

Make available provisional spectrum bands for 5G in advance of the 2019 World
Radio Communication Conference (WH®), supplemented by additional spectrum
as quickly as possible, and work towards a recommended approach for the

authorzationof specific 5G spectrum bands above 6 GHz.

Promote early deployment in major urban areas and along major transportation
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corridors.

Promote parEuropean multstakeholder trials as a catalyst for transforming

technological innovations into compldiasiness solutions.

Facilitate the implementation of industisd venture funds to support Stased

innovation.
Unite key actors in the promotion of global standards.

1 Issues forrealizing the EU 5G action plan

Since major research efforts are underwagridwide, it is essential to avoid
incompatible 5G standards emerging in different regions. If Europe is to help shape a
global consensus as regards the choice of technologies, spectrum bands and leading 5G
applications effective, EU coordination and plang on a crosd®order basis will be
needed. The launch of commercial 5G services will also require significant investment,
the availability of the right amount of spectrum, and close collaboration between
telecom operators and key user industries. Netwpdtators are unlikely to invest in

new infrastructure without a clear prospect of reliable demand and regulatory conditions
to match their investments. Similarly, industrial sectors interested in 5G for their

digitization processes may want to wait ubt@ infrastructure is tested and ready.

In this context, a lack of coordination between national approaches to the deployment
of 5G networks poses a significant risk of fragmentation in terms of spectrum
availability, continuity of services across borddesg. connected vehicles), and

implementation of standards.

As a result, it would delay the creation of a critical mass feb&&ed innovation in the
Digital Single Market. This is particularly evidenced by the initial delay in the
deployment of 4G in Ewpe: in 2015, more than 75% of the US population had access
to 4G/LTE versus only 28% of the EU population.

Despite the fact that the gap has been steadily narrowing, there are still significant
differences between Member States. The European Commissdhdrefore proposed

this Action Plan as a means to promote proper coordination. The Action Plan aims to
increase Europe's competitiveness and bring tangible benefits to society by building

momentum for investment in 5G networks and creating new inn@vatesystems.
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This EU precedent will be very helpful for AMBatare working on the 5G action plan
and Road Map.

1 International cooperation on 5G

The EC strongly supports international cooperation towards global interoperability,

namely through common stdardization and spectrum harmonization.

The future of telecommunications and computing infrastructure connecting billions of
users and trillions of devices is requiring more efficient technology to be able to
overcome exploding traffic and properly addregcurity issues. This revolution will

rely on a common global definition of 5G and associated standards, and of its service
characteristics. Only then can we ensure seamless optical and wireless connectivity,
interoperable ways to store and access in&ion and computing poweiCloud
computing) sensing the world at largénternet of Thingsland ensuring thaighest

security and energy efficiency.

In line with the EU's strategy for international cooperation in research and innovation
(COM (2012)497), international cooperation is encouraged, especially with countries
that are advanced in certain fields (e.ca®l; China, Japan, Korea, Taiwan, and for 5G,

the US).The 5G development is also in line with this trend.

In particular, international cooperation is a critical instrument to arrive at a global
consensus on 5G vision, standards and spectrum requireimed@. To that end, the
European Commission has signed so far Joint Declarations on 5G with Brazil, China,
Japan and South Korea. Cooperation is also well established with India and the United

States, and informal targeted cooperation is ongoing witlvarai

62


https://ec.europa.eu/digital-single-market/en/cloud
https://ec.europa.eu/digital-single-market/en/cloud
https://ec.europa.eu/digital-single-market/en/internet-things

5G Roadmap

End 2015: Global consensus on the *5G vision” including the broad definition, v
key functionalities and the target time table 42y

Initial decision on main SG6 functionalities 1:’_’

i Development of the worldwide interoperability standard for 56 ":’_
L.aun(h of Large scale trials of S5G systems & technology ";ﬂ'

February 2014:

S? Launch of the 56
Public Private
Partnership "
March 2015
Announcement
of €U vision on 56 Full commercial g
(2 a9
5 56 infrastructure
July 2015 - deployment
£ Launch of phase 1 -»‘f;"‘:v::.& 4 :
aC e

¢
L N
J.»":.«i.-:if
N
f,‘;{;w o
K

of EU-funded SG projects

ﬂ Launch of phase 2 of EU-funded SG projects a ﬁ

-~

.ﬂ Launch of phase 3 of EU-funded SG projects

* £U Mlestones ":’: Warld Milestones

Figurell EU5G Roadmap (2020)

2.3.US

In the United States in March 2020, the country issued the National Strategy to ensure
5G networks, which promotes domestic 5G deployment: Focusing on releasing more
bands (highmid, low and unlicensed bands) for 5G; update policies on development of
wireless network infrastructure; reform and complete regulations to ensure freedom on
the Internet, reduce costs and speed up the deployment of 5G backbone networks,
convert new genation network protocols, data services,... 5G network security, the
United States defines the principles of ensuring core network security; encourage
standards, equipment requirements, and services to reduce risks for global supply chains;
Applying virtualzation models and solutions to the network (OpenRAN).

The 5G strategy of FCC includes three key components: (1) pushing more
spectrum into the marketplace; (2) updating infrastructure policy; and (3) modernizing

outdated regulations.
a. Pushing morespectrum into the marketplace:

The FCC is taking action to make additional spectrum available for 5G services.
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High band: The FCC has made auctioning higand, millimetetwave spectrum a

priority.

28 GHzband auction (27.5 GHz28.35 GHz; 2 x 425 MHz) ar¥4 GHzband auction
(24.251 24.45; 25.2525.75 GHz; 7 x100 MHz) has been completed since January 2019
and May 2019 respectively.

37 GHz, 39 GHz, and 47 GHare the largest auction in U.S which released 3.400
megahertz of spectrum into the commercial marketplace. This auction has been

completedsince March 2020.

The FCC has been working to free up additional 2.75 GHz of 5G spectrunfib dimel
42 GHzbands.

Mid -band:
A 2.5 GHzauction planned, potentially in 2021
A 3.5 GHzauction completed on August 25,220
A 37398GHzidBando auction begins December
A

3.451 3.55 GHz auction will provide an additional 100 MHz (5x20 to align with
the 3.7 GHzand)

Low band:
A 600 MHz transition from 2016 Broadcast Incentive Auction completed;

A Targeted changes 690 MHz 800 MHz and900 MHzbands to improve use of

low band spectrum for 5G services
Unlicensed band:

A The FCC has opened new frequency bands to create opportunities-Forirwi
the 6 GHz 61-71 GHz andabove 95 GHzbands; also taking a fresmad
comprehensive look at the 5.9 GHz (5.&8025 GHz) band that has been

reserved for use by Dedicated ShHRenge Communications (DSRC).
b. Updating infrastructure policy:

New construction of wireless communications facilities or collocation on anrexisti

structure requires state or local approval; and compliance with FCC environmental and
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historic preservation rules. Since 2017, the FCC has taken stepscéterate
deployment of wireless facilitieby removing regulatory barriers to infrastructure
depbyment. These actions included: @tyeamliningthe wireless infrastructure siting
review process; (2) Addressing the conduct of setate & local governmenthat
needlessly slowed down & increased the costs of wireless infrastructure deployments;
(3) Modernizing Federahistoric preservation & environmentedviews of wireless

deployments.
c. Modernizing outdated regulations:

The FCC is modernizing outdated regulations to promote the wired backbone of 5G

networks and digital opportunity for all American

w Restoring Internet Freedomhe FCC adopted thestoring internet freedom

order, which sets a consistent national policy for internet providers.

w Onetouch Makeready The FCC has updated its rules governing the attachment
of new network equipment to utility poles in order to reduce cost asedsyp

the process for 5G backhaul deployment.

w Speeding The IP Transitiohe FCC has revised its rules to make it easier for
companies to invest in negeneration networks and services instead of the

fading networks of the past.

w Business Data Servicds order to incentivize investment in modern fiber
networks, the FCC upaded rules for higlspeed, dedicated services by lifting rate

regulation where appropriate.

2.4. Korea

In Korea the first country in the world to officially commercialize 5G in April 2019,
ranked 1st in the world in terms of 5G smartphone market shareé 3G equipment,
with a total 0f152,000 BTSs and 9,&illion 5G subscribers.

Korea established the 5G+ Strategic Committee with the goal of leading the world in
innovation (5G ecosystem), reaching 150 billion USD by 2026, focusing on 10 leading
industries. pointed (network equipment, smartphonesARRdevices, wearables, smart

camerasilying devices, robots, vehicles to everythivig X, information security, cloud
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computing) and 5 main services (smart factory;-deifing cars; content integration;

hedthcare and smart city).

In the coming time, South Korea will continue to invest in and improve 5G infrastructure
(tax reduction, investment by mobile carriers), forecasting demand for frequency will
double by 2026 (around 5,320). MHz), developing smaricéeand cloud computing

policies, ...

2.5. China

The commercialization of 5G in China began on November 2019 with the launch of
services by three major telecamperators (China Mobile, China Unicom and China

Telecom). However, its coverage area was iiytiemited.

Since then, 5G policies have been formulated to promote nationwide penetration. In
particular, the "Notice concerning Promoting the Accelerated Development of 5G"
published by the Ministry of Industry and Informatidachnologyon March 2020 ests

out a number of directions for netwadevelopmentand application scenarios. This is

the first time in the world that a company has been able to build a base station at a
national level. In terms of application scenarios, the government has idemtéaidal

and health care, industrial internet, and connected cars as priority areas. In particular,
for the Industrial Internet, the necessary technologies will be developed and application
standards will be set by 2022. As for 5G operating licenses, Goeert ha also been
issued to cable TV operators (China Broad Band) in 2019 for the purpose of introducing

the principle of competition.
(1) Strategic Plan for 5G Development

The Chinese market for 5G is undoubtedly the largest in the world, with 1,279.33 million
4G mobile users in China as of May 2020, foendationfor 5G. The Chinese
government has reported that by the end of September 2020, the network will have
690,000 bae stations and more than 160 million 5G connections, compared to just over
400,000 base stations and 88 million connections at the end of June, indicating rapid
development even amidst the chaos of CONM In just three months, both of these

numbers hag nearly doubled.
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The GSMA predicts that China will account for 70% of the world's 5G connections by
2020.

In order to accelerate the construction of 5G networks, the Chgas¥nmenthas
supported the construction of StaAtbne (SA) networks by teleco companies. This

is where thepproachdiffers from Japan, EU, and USA. (Refer Itemntioned aboye

In addition, to support the construction of base stations, the central government
recommended that local governments incorporate base station constsitetsomto
theirnationalspatial planning, and take base station construction sites into account when
planning public transportationln addition, the government recommended the
establishment of a cooperative system between power companies and
telecommurcation companies so that power can be supplied to the constructed base

stations promptly.

As for frequency management, the rules for use of the 700MHz bandomendated
and adjustments were made so that other satellite base stations, etc. wouktfeoein

with 5G base stations.

The most advanced networks are in Shenzhen and Beijing. The city of Shenzhen
announced in August 2019 that it had installed more than 46,000 base stations, covering
the entire city of Shenzhe@n September 2019, Beijing Comamcations Regulatory
Bureau also announced that it had installed 44,000 base stations and completed coverage
of key areas inside and outside the Fifth Ring Road, which runs about 10 kilometers
from the center of the city. In both cities, the base statiame been installed in a Stand

Alone (SA) mode, which allows the best performance of 5G. On the other hand, the
Non-Stand Alone (NSA) method, which uses the existing 4G facilities being introduced
by Japan and other countries, can build the network fasteat lower cost than the SA
method, but the existing 4G network becomes a bottleneck, and the disadvantages of 5G
such as low latency cannot be fullgmonstratedror this reason, the NSA method has
been adopted. For this reason, the NSA method isigrosd as a transitional measure

for the transition to the SA method.

Under these circumstances, the government encouraged telecom operators to facilitate
the migration of users from 4G to 5G by offering set plans for usage feedanto

foster a new casumption style. The government positioned 5G as an important

67



communication infrastructure that is indispensable for the development of smart cities
and smart transportation. In addition, the 5G smart medical system will promote its use
in COVID-19 countemeasures, telemedicine, ledgtance diagnosis, and diagnostic
imaging applications. At the same time, for the industrial Internet, the government plans
to develop the necessary 5G technologies and build a public platform by &022.
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ANNEX 2: SURVEY QUESTIONNAIRES AND RESPONSES FROM ASEAN
COUNTRIES, JAPAN AND USA ON 5G

1. Introduction

Developing 5G the next generation of mobile internet connectivigyof significance

to the growth of ASEAN countries as 5G will be the most important part of the
infrastructure for theligital economy thanks to its greater bandwidth, higher speeds and
lower latency. With the aim to edevelop and shorten the development gap with
advanced countries in 5G sector, ASEAN countries need to strengtiopei@iion and
share their experiencés ensure they can lead the way on rgeteration 5G wireless

technology.

The purpose of this study aims to facilitate the introduction of 5G in ASEAN countries
through best practice guide sharing, which will in turn to support the development of
ASEAN citizens with the latest infrastructure and technology, applications and services

to enhance the quality of life for ASEAN.
2. Objective
The objective of this survey is to:

(1) understand the current status and challenges of AMS in regard to 5G
ecosystem devetonent;

(i)  exchange the ideas and initiatives to support AMS in the development of 5G
ecosystem;

(i)  getthe responses of AMS and its Dialogue Partners on the key issues of study;

(iv) design the agenda and the content for its expert meeting.

3. Summary

The responsesf AMS and its Dialogue Partners have beefectedat the end of

October 2020andsummarized in the table below
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QUESTIONS BRUNEI CAMBODIA INDONESIA LAOS MALAYSIA MYANMAR
[updated as of Jan. 2022
General issues
Question 1. X Meeting traffic | X X Meeting X Meeting traffic & | X Meeting traffic X Meeting traffic &
Could you pI_ease & connectivity Contributing to| traffic & connectiviy demand| &connectivity demand | connectivity demand
share your view | demand the national | connectivity X Contributing to | x Contributing to the X Contributing to
on what 5G X Contributing to | digitalization | demand the national national digitalization the national
might bring 10 | the pational transformation| x  Contribuing | digitalization transforméaion digitalization
your country? | gigitalization to the national | transformation X Improvethe social transformation
transformation digitalization X Solve the social | services and facilities
X  Solve the transformation | problem: x Transportation
social problem: X X Transportation | x Logistics
X Transportation Manufacturing | x | ggistics X Environment
X Logistics X Others. .| X Education X Education
X Environment S"“;afeasﬁ’ef'fy "l X Natural disasters| x Medical, healthcare
;( II\E/I(ll(Jj(i:::Ion @ Accelerating X Manufacturing |
: fixed broadband X Others. Please specify
healthcare penetration to in detail:
X Manufacturing households For Malaysia, 5G is an
X Natural @ Tourism and economic imperative that
disasters digital holistically influences the

X Anti-terorism,
crime

infrastructure at
the new capital
city

quality of life, businesses
including small and
mediumsized enterprises
as well as the
government. In Malaysia,
development of solutions
are focused in nine (9)
key verticals i.e.:
Agriculture, Digital
Healthcare, Education,
Entertainment/Media,

Manufacturing &
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MYANMAR

Processing, Oil & Gas,
Smart City,Smart
Transportation,
Tourism.These verticals
are seen directly
correlated to the country’
economic growth.

Question 2.
Could you pleass
share your view
on how
important it is for
ASEAN in
general and your
country in
specific to have &
policy
framework or
action plan on
5G
development?

X Extremely
important

X Extremely
important

X Very
important

X Extremely
important

X Extremely important

X Very important

Question 3.
Which the
following issues
you think will
benefit from
ASEANOGS
programs and/or
roadmap on 5G
development?

X Sharing the
current status of

5G development a

AMS (as of
October 2020)

X Sharing cases
of leading ASEAN
countries

X Introduction of
use cases in 5G

X Sharing the
current status
of 5G
development a
AMS (as of
October 2020)

X Introduction

of use cases in
5G developed

countries

X Sharing the
current stats of
5G development
at AMS (as of
October 2020)

X Sharing
cases of leading
ASEAN
countries

X Introduction
of use cases in

X Sharing the
current status of 5G
development at
AMS (as of October
2020)

X Sharing cases of
leading ASEAN
countries

X Introduction of
use cases in 5G
developed countries

X Sharing the current
status of 5G developmen
at AMS (as of October
2020)

X Sharing cases of leadir|
ASEAN countries

X Introduction of use
cases in 5G develoge
countries

X Basic concept of

LOCAL 5G

X Sharing the curren
status of 5G

developmenat AMS
(as of October 2020
X Introduction of use
cases in 5G

developed countries
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developed 5G developed Knowledge sharing and
countries countries development of
harmonised framework o
policies for cloud,data,
device, digital services,
privacy and security as
well as policy on specific
vertical.
Policy
framework on
5G
development:
Question 4.In | x National X National X National x National strategy| x National strategy X Policy making
which areas of | strategy strategy strategy X Policy making | x Establishment of 5G

5G your country
is focusing on?

X Establishment
of 5G task group
X Policy making
X R&D

X Others. Please
specify in detail:
5G Proof of
Concept

X
Establishment
of 5G task
group

X Policy
making

X
Establishment o
5G task group

X Policy
making

task group

X Policy making

X R&D

X Real world use cases

Question 5.Is a
5G task group
active in your
country?

X Yes. Please
specify in detail:
The taskgroup
consists of
representatives
from government

agencies, vendors
TelCos, academia
and private sector

which further

X Yes. Please
specify in
detail: we are
planning 5G
roadmapand
policy for
infrastructure
sharing

X Yes. Please
specify in
det ai | : ¢
@ The 5G Task
Force consists 0
Secretariat,
Group of
Experts, and 5
Working Groups

covering the

X Yes.The Malaysian
Communications and
Multimedia Commission
(MCMC)

established a National 5(
Task Force in November
2018 to study and
recommend a holistic
strategy for the

deployment of the 5

X No
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