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* 5G projection for GDP - RM122 billion; for jobs - 148,000 by 2030; and varying impacts

5 G W| e | ess across sectors

* PETRONAS's is first 5G private network pioneer at Regasification Terminal in Sungai Udang,

EVOlUtion & Private Melaka in 2022.

* DNB 5G Malaysia coverage is now 81.7 per cent, with 7,114 5G BTS

N etWO r kS * Second operator in tender process - 5G policy shift from Single Wholesale Network to Dual
Network mode

- Malaysia Refining
Enhanced Mobile Broadband /(" Company Sdn

\ i\ Bhd (MRCSB)
m ’ MRCSB, Mal A
o \ . , IVlalacca  gaBat
ot Gigabytes in a second
E 3D video, UHD screens
Smart Home/Buildin ;
: / € Work and play in the cloud f
w 5G Backbone
u \ Connectivity
(7)] Augmented reality : Between JRU
5G Wireless and MRCSB
w Coverage
Industry automation Within JRU g W Kndor
m Area . /
m Self Driving Car e
172 Smart City Mission critical \"é L
: application o
e.g. e-health WA
m Massive Machine Type Ultra-reliable and Low Latency "““"’“‘“”E“‘“‘”““f‘\an
Communications Communications \ U4

Location of RGTSU platform which is 4km away from MRCSB Sg. Udang, Melaka
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Research Objectives (RO) and

A DSRG

Research Questions (RQ)

1. To establish the relationship between 5G
adoption and digitisation

3 main sector verticals:

smart cities (government) and smart agriculture

How foreign countries adopted 5G technologies
within their smart cities (government), and smart
agriculture verticals?

2. To provide an international benchmarking of
countries with high 5G deployment on different
opportunities and challenges faced and approaches
adopted

3. To recommend a generic technology adoption
framework contextualised to the Malaysian context
and best practices for the 3 verticals

How does the TOE framework apply to evaluating
5G adoption within these verticals in the selected
countries?

What specific lessons and insights from this
research can be applied to the context of countries
in the early stages of 5G adoption, such as Malaysia?

NCNAC—  DIGITAL SOCIETY RESEARCH GRANT
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External task environment

Industry characteristics and
market structure

Technology support
infrastructure

Government regulation

A DSRG

The TOE Framework for 5G G T
benchmarking

Technological

—— P Innovation

decision making

<7

|

Organization

Formal and informal
linking structures

Communication
Processes

Size

Slack

Technology
Availability

Characteristics

* Developed by Tornatzky & Fleischer (1990) and
consistent with the Diffusion of Innovations Theory
(Rogers, 1983)

* Useful for studying the adoption and assimilation of
different types of information technology innovation
(Oliveira & Martins, 2010)

* 3 aspects of an organization's context that influence
the process of adopting and implementing a
technological innovation

1. Technology enabler;

2. Organizational (Internal) aspects; and

3. External environment (government policy &
industry ecosystem)

Compared to Diffusion of Innovations Theory, Technology Acceptance Model (TAM), Unified
Theory of Acceptance and Use of Technology (UTAUT)
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-

UTM Overall Research Flow

3

BENCHMARK

Benchmark the current
5G digitalization by other
countries — obtaining a
landscape view of the
best practices of 5G
network
implementations for the
smart verticals.

A DSRG
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. ®

\ 4
CC<C

MAPPING

The data gathered is
mapped to technology
adoption frameworks -

identifying the
fundamental elements
required to ensure
success of 5G industrial
deployments.

SYNTHESIS

The synthesis from the
comparative
benchmarking exercise
is translated to
recommendations - for
further deliberation by
MCMC.



Semi-structured interview to A DSRG
understand the 5G landscape

! celcomdigi
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QB ADAY
QQ/

T
j/

P
Urpayat®

REDtONEIOT

0
\

agree

A\ Digital
13<-) Nasional
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Mr Ashokan Nair and Mr Low Kien Yap - CELCOM
5G service provider insights on Malaysia’s 5G vertical deployment.

Mr Mohd Musabri Shaharom - Perbadanan Putrajaya

Local Authority insights on Malaysia’s 5G Smart City and Smart Government
deployment.
Mr Redza Imran - REDTONE loT
Technology developers' and adopters' insights on Malaysia’s 5G Smart Agriculture
deployment.

Dr Hadi Hariyanto - AGREE Smart Farming of TELKOM Indonesia
For Smart Agriculture initiatives under Telkom Indonesia.

Dr Helmy Azhar - Digital Nasional Berhad
DNB 5G strategic initiatives as the 5G infrastructure provider.

6



Systematic Literature Review
Benchmarking Process
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Workflow follows the specific benchmarking theme based on the research objectives.

— — %

SEARCHING

Journals, conferences, |EEE,
ACM, and SCOPUS -
Boolean search: 5G
AND “Smart City” OR “Smart
Government” OR “Smart
Agriculture”

Specific keyword for 5G - “5G
Deployment”
within the "TOE” framework

@ — -

SCREENING

Three stages:

1. Title screening,

2. Abstract screening; and
3. Full-text screening.

SELECTING

Select the most relevant
papers that reports 5G
deployment in the three
mentioned verticals.

EXTRACTING

The relevant parts of the
papers are extracted to be
further processed and
grouped into thematic
elements. Mapping to TOE.



®GUTM

UNIVERSITI TEKNOLOGI MALAYSIA NCCNCS  DIGITAL SOCIETY RESEARCH GRENT
v
Remaining: 25

7 2

Database Search in

Google Scholar/IEEE, 2

ACM, and SCOPUS ache:
\. 4 1. 5G in Malaysia.

2. Reports on Vertical: Smart Agriculture,
v City and Government.
Initiial Do Total = 17 articles
160 Unique Hits

Exclude: )

]
I Total Papers: 42

1. Not cited

2. Published before 2015.

3. The title or abstract does not mention
or relate to “5G deployment.”

4. The title or abstract does not mention

or relate to “Technology, Organization,

Environment (TOE)."

Total = 64 articles

Title/Abstract

——l——

Author discussion on
coding and lterative

Article Coding

category
Remaining: 96
=
o
w
o / Exclude: \ © h 4
L] w
=] 1. Conceptual (Proof-of-Concept) and § Decision on
E Ke.':h"'fa' IS'm”'tattng - = TOE Construct(s)
= is not relevant to 5G opportunities
= - and challenges. i 3 and Contents
2. ltis not relevant to 5 G's advantages g
and disadvantages.
\ Total = 71 articles /
17 articles - 5G (General Topic);
Remaining: 25 . .
9 articles - 5G and Smart Agriculture;

11 articles - 5G and Smart City; and
5 articles - 5G and Smart Government.

UHIVERSIT TEKNCLOGI NALLYEIA
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Ecosystem Explaining 5G Digitalization

— e, i

— —_—

p T~
TOE Framework] -~ e
-
2 BN
Va AN
/ N
Local Government (LG) 1
/" (smart City/Government Implementer) Farmer & Plantations (F&P)
| e.g. Perbadanan Putrajaya (Smart Agriculture Implementer) |
owner the Smart City e.g. Sime Darby, |
\ /
\ /

Organisations (O) that are %
N ---1 custodian and owners of the
Doy : Smart Vertical
R N :\ _
i Technology (T) is the
et Findings/ Implications/ digital ecosystem of the
Organisational G s
= Digital smart verticals empowered
Factors (0) Outcomes Recommendations Ecosystem specifically by 5G - 56
Private
i Lo Networks (PN)
- — —; 2 pe? e —_—
— | (External (E) Institutions and
s i | Companies that provide ~
P policy, technology and R
R services i.e. 5G N <
/ 3 &
\
/ Tendors the 5G network |
|
\ P Deployment Obligations Vendor Services /
\Regulatory Institution (RI) Service Provider (SP) Technology Provider (TP) /
e‘@ MCMC, or Ministries e.g. DNB, CelcomDigi e.g. Ericson, Huawei, RedtonetoT
N &
~ g
D ~
~ -

~ —
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212 D 1: Mangra et al. - 2023 - 5G 213D 2: Tang et al. - 2021 - A 113 D 4: Wu - 2022 - New page of
Enabled Agriculture Ecosystem survey on the 5G network agriculture on the view of 5G
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2022 - 5G roll-out
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{252 D 38: Gupta - 2023 -
Understanding the challenges of
5G deployment in |
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2023 - Challenges
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2023 - Introduction to DNB
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211 D 4: Li and Li - 2020 - Prospects (213 D 7: Tang et al. - 2021 - A survey
for the Application of 5G on the 5G network and its impact
Technology in on agric
231 D 1: Arrubla-Hoyos et al. - 2022 - 211 D 6: Naqui et al. - 2022 - Role of 22 D 9: Wu - 2022 - New page of
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&3 D 38: Gupta - 2023 - - % .
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Findings for Q1

Rapid urbanization & population
growth - food production,
opportunity with 5G — UAV, real-
time monitoring, Al-powered
robots and data analytics

4

An ecosystem is critical to support
agri-digitalization:
Transdisciplinary framework for
the agriculture ecosystem: Food
supply chain, networks, and
governance (IEEE, 2022)

Urban and
Non-Urban
Areas, e.g.,
demand for
food products

Reach of Agricultural Services (Access)

“Practical implementation of 5Gin
smart agriculture, particularly in H
developing countries requires .

further development and
refinement”

I

Smart Agriculture Digital Ecosystem

Aerial / Satellite
Standards under |Networks

development

Technology
i Convergence

|
Food Supply Chain

Rural Development, @

Hood Prrods oo B w oo = ki) das rmtionl Envlronmer‘ﬁlal CopServation
resources and cther inputs necessary for food I Satellite
G ateway

production, e g land, water, seed, climate |
|

Food Production — includes farming, ranching, Mobi'e

fisheries, and cther food sources Terrestrial ,  Geoarapnic information systems (GIS
Networks
Processing and Packaging — ncludes the |
processing and packaging of foods that are PRI, T
generally produced n several geographical areas = :
1
Food Distribution —ncludes the dignbution of | Mobile Data Network,
food towards the sales channels, e.g retailers, or Cedlutar | ©.0. Celular, P25 LMR Al
end users This activity may extend beyond & local : £ er‘v'r;n
or national border. Dy ¥4 Network
Connectivity'and Feod o
(" ~
Conswnp tion and Recycling — includes consumer & Supply o N
4 Chain {
access, food prepanation, consumption, and post h .
consumnption recycling activities p— g §
* Public Safety, e.g. EMS *  Food Production

response o Processing & Packaging
Food

Wireless Connectivity & Utilities Interoperability

eg. .
Tractors | 8 ¢ Consumption and Recycling
* SmartGnd, eg. EV
Charging | H
g - Agriculture
* E Deployables Additional Ecosystems inc:
* Water & Wastewater e
D20 Sensors } i ;;:"a";: FaC||ItIES
Wireless Mobility - Radio Access Network (RAN)

Agriculture Ecosystem — Food Supply Chain

Agriculture IT

A DSRG
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AGRICULTURE ECOSYSTEM, NETWORKS, GOVERNANCE

Global
Coordination
| e.g., import /
exports

Internet

ﬁ Climate Resiliency
TR

Land Use
¥ Land Cover
Whale Systems Approach
& N
~
~
Local
¢ LR Coordination,
Development
e.g. rural
Coanectivity and Accessibilly development,

sustainable
policies

healthcare, finance, global markets
Economic Development
Infrastructure developments

Remote Services

Physical Facilities and Services ]

Depth of Agricultural Services (Production, Processing, Distribution, Consumption, Recycling)

Source: IEEE FNI INGR Applications and Services


https://www.zotero.org/google-docs/?CJVmyO

‘UTM Smart City Digital Ecosystem ADSRG

Findings for Q1

* Smart city tackle population growth,

resource management, and ”’b"“"laa';‘;'r“am"
environmental concerns with 5G - Scenarios

smart city infrastructures, intelligent
buildings, Al, AR, and VR
Platform service
layer
* Ecosystem is critical to support the Storage &
digitalization: The overall i

architecture of Chinese smart city
(Deloitte China & China Unicom Smart City

Research Institute, 2020) Communication B Y Yy .
network layer
Data
* Paradigm shift “improved service transmission . w4 | _ __ __wW_
delivery and changes in business S ’
logic” requires triple-helix model: Sensor terminal e Wear-
municipal administration, research layer A S
. . . Data collection device
organisations, and ICTs providers _ . W N

* Overlap of Smart City and Smart Government - most Smart Government services existing in city environment


https://www.zotero.org/google-docs/?CAscoW
https://www.zotero.org/google-docs/?CAscoW

UTM A DSRG

UNIVERSITI TEKNOLOGI MALAYSIA NCNAC—  DIGITAL SOCIETY RESEARCH GRANT

Digital Ecosystem: Countries in Literatures
Findings for Q1

» Finland a global leader in 5G technology focuses healthcare,
industry, media, education, and transport sectors

» Germany a leader in 5G, focuses on automotive manufacturing

o China a global leader in 5G deployment and smart
environment: leader in smart city initiatives

o South Korea despite facing market challenges: resilience
and progress in 5G deployment focusing on
telecommunications infrastructure

U Colombia envisions an
agricultural sector with 5G
especially in remote areas

with precision farming. o Singapore a leading smart city with 5G investments, with

strategic initiatives across the healthcare, manufacturing, and
° maritime sectors - “people-oriented smart Singapore’

o Indonesia developing 5G deployment and is planning to
integrate Nusantara new capital city
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Findings for Q2

Smart City

New traffic management scheme and C-V2X

1. HW- processing, and dissemination

Device Ease National University of Singapore (NUS) smart
of Use education system

Construct

. Create integrated security system, enhances
healthcare networks, and facilitates smart
transportation,

2. Perceived More responsive, efficient, and transparent
Usefulness governance
Construct

Enhancing safety, efficiency, and sustainability

UTM TOE Construct: Technolo

Smart urban platform for real-time data collection,

ay A DSRG
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Smart Agriculture

Robotisation aid sensor - retrieve data on vield,
soil, and fertilisation,
Soil maps guide precision agriculture (digitally
generated)

Improves farm-to-market efficiency, reducing
waste, and fostering innovation (Mangra et al.,

2023)



https://www.zotero.org/google-docs/?Zyj8OQ
https://www.zotero.org/google-docs/?Zyj8OQ

© UIM0e construct Technology - 5G Hardware PSRC

Findings for Q2 : Special note

struggle to commercialize anticipated innovative
services like AR, VR, and autonomous driving.

The initial 5G specs were rushed,
performance that was not significantly better than LTE (Waring, 2023)

South Korea, KT, Lee Jong-sik

robust ecosystem was challenging,
immature device technologies, or technology readiness.

(AlRaeesi AlBalooshi & Habibur Rahman, 2019; Albalooshia et al., 2021; Tang et al., 2021; Damsgaard et al., 2022; Naqvi et al., 2022; Shim et al., 2022; Waring, 2023)



https://www.zotero.org/google-docs/?3HZrsN
https://www.zotero.org/google-docs/?OZd2ou
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Findings for Q2

Organization Finance

(5G systems are costly (Forge & Vu, 2020b)
compared to previous 4G deployments)
8 obstacles for 5G deployment:
Cost, return on investment (ROI), business model,
the average return per user (ARPU), regulatory
policies, spectrum, transport, and security

>

3. Financial
Capacity

Construct Singapore and China:

Dynamic investment — the crucial factor for
governments seeking FDI

“real financial barriers to procuring basic smart
sensor systems for small producers”
- A Malaysian agriculture manufacturer

UTM TOE Construct: Organizational

A DSRG

NCNAC—  DIGITAL SOCIETY RESEARCH GRANT

Mergers and partnerships

Sprint + T-Mobile:
Accelerate the deployment of a ubiquitous,
nationwide 5G network (inc. rural locations)
Reduce expenditures for telecom operators

Larger farm equipment manufacturers & industry
associations partners to solve the solutions
deadlock for smart farming e.g. Cooperatives like
CEMA and the European Agricultural Machinery
Association
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Return on Investment
Findings for Q2: Special note
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high uncertainty surrounding 5G technology investment by

and R&D activities affect their firm value negatively
(Jeon et al., 2022)

top high-tech firms from South Korea experienced several market setbacks
4G LTE-enabled device applications
(Gillispie, 2023) even though South Korea regularly ranks as one of the world’s
most innovative economies

hidden cost is related to cybersecurity issues
cheapest vendors Huawei
cyber espionage and cyberattack concerns (Panza et al., 2020)
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UTM TOE Construct: Organizational
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8.

Findings for Q2

5G Awareness

Workforce Impact

Organisational awareness and consideration of the
specific technological needs play a pivotal role in
determining the adoption of 5G
(Bieser et al., 2020)

Workforce culture transformation: technology
know-how adaptation is required but a larger
cultural shift in digital workplace

4. Skilled
Workforce Among them are lack of awareness, resistance to
Construct
change, and lack of government plan and
strategy
p— (Zeebaree et al., 2023)
o
r“ Training and capability building is crucial, as To address the lack of awareness in China, the
? many employees lack the necessary skills and Smart City - Top Level Design Guide published in
2018 unifies the requirements of top-level design,

experience for these advanced electronic systems

Awareness

of 5G (Zeebaree et al., 2023) with the design concepts and realisation process
Technology clearly explained.
Construct (Deloitte China & China Unicom Smart City

Research Institute, 2020)
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s TOE Construct: Organizatioﬂa| — Workforce

Creation& Transformation
Findings for Q2: Special note

2030-2035 Workforce Workforce
Creation Transformation
Malaysia 737,000 544 000

(Digital Nasional Berhad, 2023)

US (Hill, 2021) 2.8 = 4.6 million 11.5 million

China (Hill, 2021) Not stated 50 million



https://www.zotero.org/google-docs/?cj8dXm
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Findings for Q2

Spectrum Allocation for 5G Private Network Rural 5G Deployment Issue
United States - the Citizens Broadband Radio The economic viability of 5G in rural areas is a
Service (CBRS) spectrum in the 3.5GHz to 3.7GHz concern (van der Waaij et al., 2021)
- potential market not large enough for
0 Japan and Germany - have allocated specific bands multinational agricultural manufacturers to invest
in the 3.7GHz to 3.8GHz heavily in 5G development
’ (Reeb, 2021)
6. Regulatory policies - European Electronic Extending 5G coverage to rural regions depends
Eisﬁt:)l:::;zt Communications Code (EECC) promote spectrum  on national strategies, regional development
Construct sharing, trading, and licensing - encouraging risk-  plans, and public policies to increase connectivity

sharing in critical network deployments (Arrubla-Hoyos et al., 2022)
(Pujol et al., 2020; Blind & Niebel, 2022)



https://www.zotero.org/google-docs/?05Ft8a
https://www.zotero.org/google-docs/?qdipnu
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Findings for Q2

Evolving Roles Collaborative Ecosystem
Primary: Infrastructure builders involve setting up, Standardising equipment, automated service
expand network facilities and increasing offerings, integration with other “ecosystems”
bandwidth and speed such as finance, transport, retail, or storage, and
servicing and maintaining 5G

;n)) (Mangra et al., 2023)
Ua
le New: Offer comprehensive services i.e. Telkom Indonesia - AGREE Smart Farming:

7. 5G Service communication networks with advanced a specific agriculture technology subsidiary to
Providers technologies develop solutions for digital transformation R&D
Construct . .. . . .

in smart farming innovations in agriculture
Finally: Pivot to be “platform service operators” practices
in smart city ecosystems Partnership model with Indonesian start-ups,
(Deloitte China & China Unicom Smart City universities and research institutions

Research Institute, 2020)
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Recommendations for Institutions, Service
Providers and Smart Operators

Findings for Q3

LA n s N
I Maxis.

mobile

Regul Poli .
FerglrjnaeE/(v)cr)Xrik c;:]c(;/, Enhanced Service
C Y Offerings and Service 5G-Enhanced Agricultural
onsortiums . :
| ) Evolution and City Hubs
Smart Verti H . L L
mart verticals Tiibs Collaboration Initiatives Infra Accessibility for All
Establishments : .
for 5G Innovation and Agriculture Players
Spectrum Allocation for Research : . :
5G Private Networks Smart City Digital Blueprint
Framework
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Conclusion to Overcome Deployment and
Adoption Challenges to Improve the Quality of Life

Strategic measures and supportive environment for 5G
adoption for successful 5G integration esp. China and
Singapore

1. Stakeholders (governments, service providers, and
solution providers) embracing technology collaboration

2. Investing in necessary infrastructure (not only 5G but
ecosystem)

3. Clear private network spectrum allocation, and 5G
infrastructure deployment



