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o Moblle Economic Power of 5G

CAN IMPACT GLOBAL ... BUT SPECTRUM CONSTRAINTS
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The Socio-Economic Benefits of Mid-band 5G csma
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@ Low-band 5G contribution @ mmWave 5G contribution @ Mid-band 5G contribution
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1. Onaglobal basis, an average of 2 GHz 3. With less spectrum, IMT-2020

of mid-band spectrum will be required requirements are under risk or 5x more
for 5G base stations are needed

2. Cities require similar amounts 4. Agendaltem 1.1, 1.2 and 1.3 will all
everywhere in the world help raise harmonised mid-band

capacity




o Moblle Mid-band Options

2 GHz
Current Shortfall
T — 2 GHz
Shortfall
T 200 190 260 of mid-band are required
for 5G by 2030.
3.8-4.2 GHz 4.8-4.99 GHz
This is challenging to
1150 up to 700 up to 400 achieve without 6 GHz.
6425-7125 MHz 3.8-4.2 GHz 4.8-4.99 GHz

#MOBILE360



o "oplfe S60 6 GHz Cost-benefit Analysis

Scenario 1 - Licensed 5G

Scenario 2 - Licence-exempt

Scenario 3 - Hybrid

5925 MHz 6425 MHz 7125 MHz

* For all countries studied the most benefit to society comes from assigning between
700-1200 MHz of 6 GHz spectrum to IMT.

* For all countries studied, there is never a scenario where the allocation of the full 6 GHz
band to unlicensed use (Scenario 2) generates the greatest benefit to society.

#MOBILE360




... MObIle360 6 GHz Ecosystem

S M © ah

Network Chipset Radio front-end Device Mobile network
vendors developers suppliers manufacturers operators



Mobile360

Asia Pacific

GSMA

g
Technical barriers

There are no technical barriers to developing, and commercialising, 6 GHz IMT solutions.

Device and infrastructure solutions can operate in the band, just like any other.
|\

Vs

Ecosystem readiness

Key players in device component and network infrastructure ecosystems are ready to
develop 6 GHz IMT products in line with customer demand.

Development triggers

The main trigger for the commencement of product development will be operator

demand, driven by WRC-23 and national regulatory decisions.
|\

p
Development timeline

From the start of development, ecosystem players expect that they could have solutions
ready in 6 to 12 months.

.
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How important is 6 GHz spectrum to
the future quality and capabilities of
your IMT networks?

@D Extremely important
@D \Very important
@D Moderately important

Operator Demand

Which use cases do you plan for 6 GHz IMT?

Fixed Wireless Access (FWA)
eMBB Services
Ultra-reliable Low Latency Communications

|oT for Enterprise

Users |oT for Consumer Users

#MOBILE360
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The Success of 6 GHz

No technical 3.5 GHz grid Demand triggers
barriers to 6 GHz reuse exist

IMT Simulations and trials 1. Operator demand is

There are no significant
technical barriers to 6 GHz
IMT solutions and services.
On-going lab and field trials
confirm this view?®

indicate that 6 GHz IMT
could effectively expand
network capacity using the
same infrastructure of

3.5 GHz IMT services,
enabling cost-effective
deployment.

a pivotal trigger for
economy of scale.

. 3GPP standardisation

momentum is a
significant milestone in
shaping up the scale of

the 6 GHz IMT ecosystem.
. Decisions taken at WRC-

23 and by individual
national regulators will
influence how operator
demand develops.

NR band 104 as part of Release 17
(6425-7125 MHz). New work item for
Release 18 (5925-6425 MHz).

Administrations in all three ITU

Regions have expressed support for all
or part of the 6 GHz band for IMT.

#MOBILE360
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Regulatory
approval
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Device and Operator
infrastructure R&D demand

72021

" 2022 ~ 2023 " 2024

3GPP Rel. 17

T 1\ 3GPP Rel. 18
specification

identification of = specification
6425-7125 MHz ~ for NR Band
at WRC-23  5925-7125 MHz

NR Band 104
6425-7125 MHz
completed

development
and first wave
of equipment

availability scale

The Timeline

|
_~2025-2030

Commercial roll-out of
6 GHz networks by MNOs

~ 2025 g

6 GHz IMT
devices and
infrastructure
available at



nload Now

The 6 GHz IMT Ecosystem

Demand Drives Scale

July 2022

Copyright @ 2022 GSM Association
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New Frequency Bands Under Discussion

5G Band

low-bands (MHz)

T71 n2 ns 1 n3n6 nl  nd

mid-bands (MHz)

5 i
1 n7 n77

1800 210 2300 2496 2690 3300 3800 4200 4400
0

WRC-23 IMT Agenda Items Overview

n7,n38, n41

600 700 850

For further consideration

| |
| |

5000 | “6GHz ! 24.25
| |
‘ ‘
| |
‘ ‘

Bands 470-960 MHz |3300-3400MHz | 3600-3800MHz |4800-4990 MHz| 6425-7025 MHz | 70257125 MHz | 10-10.5 GHz |

Region 1

| anzamn | Anzamn | Alamn |

| |

Region 2

Source: https://www.gsma.com/spectrum/wp-content/uploads/2021/04/WRC-23-IMT-Agenda-ltems.pdf

AI15 (IMT) | Al1.2 (IMT) | Al1.3 (MS) | A1 (IMT) | Al1.2 (IMT) | Al1.2 (IMT) | |

| anzavn | anz2amn |

n258,n257,n261

high-bands (GHz)

IMT FS
91c

91c

B Deployed 5G Band
[ ] Potential 5G Band
WRC 23 Agenda Item




Mid-band
spectrum needs



2 GHz of mid-bands spectrum needed for 2025-2030 *

IMT-2020 citywide 5G Economics Reduce carbon Industry 4.0
“speed coverage” footprint

5G requirements and Extending IMT from consumer

Densely populated cities ) i ) ) Additional base stations will -
need, on average, a total of 2 economics will be at risk with generate a carbon footprint to industry

GHz of mid-band less spectrum, and more 1.8-2.9x higher without
base stations would be

spectrum. sufficient spectrum. This can
neede_d, networks would be be avoided through the timely

ITU-R IMT2020: 100 Mbit/s DL 3->x higher availability of the right

and 50 Mbit/s UL experienced spectrum.

data rate across the city

Mid-band spectrum to address the spectrum needs: 3.3-4.2 GHz, 4.8 GHz and

*GSMA | 5G Mid-Band Spectrum Needs - Vision 2030 - Spectrum



https://www.gsma.com/spectrum/resources/5g-mid-band-spectrum-needs-vision-2030/

Facts to consider when allocating the 6 GHz spectrum

1. Cost-Benefit Analysis of 6 GHz Allocation
2. Wi-Fi offload is decreasing
3. Use cases to be delivered by the relevant technologies




1. Cost-Benefit Analysis of 6 GHz Allocation —

all 6 GHz band assigned to unlicensed use was found to be the least beneficial allocation

Cost-Benefit Analysis of 6 GHz band allocation

Allocation scenarios Key findings

GSMA Intelligence carried out a cost-benefit analysis of three * Scenario 2 (all 6 GHz band assigned to unlicensed use) was not
scenarios in 24 markets for three FTTP speeds (1, 5 and 10 found to be the most beneficial allocation across all markets
Gbps), with and without 60 GHz Wi-Fi. considered under any fibre speed scenario.

* Scenario 1 (all of 6 GHz assigned to licensed use)

+ Scenario 2 (all of 6 GHz for Wi-Fi / licence exempt) * For Singapore, Scenario 1 will drive the greatest benefit over

* Scenario 3 (700 MHz assigned to licensed use; 500 MHz for unlicensed use) the 2021-2035 period (at $2.9 billion or 0.47% of GDP by 2035)
—if FTTH users cannot access speeds greater than 5 Gbps, OR
ingapore
R if FTTH users have speeds of 10 Gbps AND Wi-Fi can utilise 60
g 1 Ops | — GHz spectrum to meet 30% of Wi-Fi traffic demand.
2 ]
2: (L — * Scenario 3 will drive the greatest benefit over the 2021-2035
£ 106bps period (at $3.7 billion or 0.59% of GDP in 2035), if FTTH users
£ s
— have speeds of 10Gbps AND if 60 GHz spectrum is not utilised
O for Wi-Fi.
2 sobps M
3 —
g 10Gbps ] Source: The socioeconomic benefits of the 6 GHz band (gsmaintelligence.com)

00% 01% 02% 03% 04% 05% 06% 07% 08%

Scenario 1: all to licensed [l Scenario 2: all to unlicensed [l Scenario 3: 700 MHz licensed; 500 MHz unlicensed




2. Actual WiFi usage @&

Korean MNOs’ Wi-Fi offload
6.0%
5.0%
4.0%
3.0%
—O—_ 2.0%
2.1%
1.0%

0.0%
Dec.'15 Dec.'16 Dec.'17 Dec.'18 June'l9 Dec 19 June'20

~O—-Total MNO traffic (1000s TB) —-0—% of total traffic offloaded to MNOs' Wi-Fi networks

Source: Ministry of Science and ICT, the Republic of Korea

20% 10%

On average, 20 percent of claim they have stopped

5G users claim they have using Wi-Fi on smartphones
decreased Wi-Fi usage at after upgrading to 5G in lead
home and other locations 5G markets

Source: Five Ways to a Better 5G, Ericsson ConsumerLab



3. Use cases to be delivered by the relevant technologies

5G NR use cases

Mobile Broadband Smart cities Wide Area Network Industry 4.0

ITU-R IMT2020: 100 Mb_it/S DL Key to 10T applications and High speed and high WiFi is suited to address best
and 50 Mbit/s UL experienced Smart cities/nations visions reliability 5G network effort use cases
data rate across the city required to support wide

Licensing (5G NR) is required
for QoS, high reliability, low
latency for mission critical
operations

area operations
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Singapore were leading in 4G Speed Performance

oIl Mobile

Global Performance

= Fixed Broadband

Global Performance

Download @ Upload @ Latency Download @ Upload @ Latency
L wh o BE 1
# Country Mbps # Country Mbps
1 - Norway 126.96 1 +1  Chile 213.73
2 - United Arab Emirates 120.37 I 2 -1 Singapore 203.61'
18 +3 Bahrain 66.22 18 -2 France 110.54
I 19 +1 Singapore 65.26 19 - Portugal 109.14
20 +11 New Zealand 64.10 20 +2 Kuwait 108.52




5G Spectrum Policy re-instate Singapore at the forefront of 5G

[TECHWIRE]

Ieigi G ROy Wil JN Topstories LatestNews Discover Singapors  Asia  Commentary  Sustainabilty  CNAInsider Lifestyle  Wotch  Listen  +AllSections 2 N
Bloombe Take advantage of the uncertainty _ ‘
IG Media Sfudiosrg with knowledge and the right tools. a Drnicaie Sk B
Trading CFDs may not be suitable for everyone. Losses can exceed deposits. Refer to RDS and RFS at IG.com.sg. IG Asia Pte Ltd (Co. Reg. No. 200510021K)
Singapore
Singapore is first in the Singtel says it has reached more than 95% 5G
f . . - coverage nationwide
Wo r I d o r n at I o n W I d e 5 G Singtel’s 5G network now covers more than 1,300 outdoor locations and provides signal in
—B N ESEm - FHESTRAITSTIMES TECH & LOGIN ST SUBSCRIBE
cove rage % vﬁAEg =  forums | () Pricelists | 3 Market

News Reviews

o

By Aaron Raj | 22 July, 2022 >
8%
cash back
- on groceries
and petrol’,

*TECs 3pa

Videos

Topics - Deals Gaming Lifestyle

Biz & SME Tech

HWZ Coupons ~

Google Pixel 6a review:
Google redefines mid-
range phones

worthy flagship?

Lenovo Yoga 9i review: A

d Singtel achieves 95% 5G network coverage

| three years ahead of target
- e
\‘;

o

By Liu Hongzuo - on 22 Jul 2022, 1:23pm

Image courtesy of Singtel.

EREEN

Singtel reaches 95% outdoor 5G
coverage

Deal Alert: Build A PC -
RAM *Updated*

News Categories ~

CUFOTUMS &

£ Infotech Clinic:

Macbook pro showing battery is not c...
A Digital Entertainment:

Any better Telco plans than my $28/m.

& Lifestyle:
Which Direction Wil Property Prices ..

SUGGESTED READS  »moe

singtel brings fully
underground 56
network to MRT's

© North East Line (NEL)

"\QE Ookla: Apple

Singtel's 56 network now covers more than 1,300 outdoor locations and over 400 in buildings and train tunnels.




Recommendation: Balanced approach

WRC-23 Al 1.2

5925 MHz 6425 MHz 7025 7125 MHz

Country basis (5G NR or RLAN) IMT-2020 (5G NR)

» Additional allocations will be needed in the timeframe 2025-2030 (average 2 GHz of mid-band spectrum)

* 6 GHz is key to secure future capacity needs citywide. 6425 — 7125MHz to be identified for IMT at WRC-23 and harmonized
globally. Consider the lower part of the band on a national basis, depending on needs, home broadband capabilities , etc

WRC-23 is a great opportunity to ensure spectrum harmonization for IMT across large parts of the globe and help develop the ecosystem




Singtel

Disclaimer: This material that follows is a of general ion about Singtel's activities current at the date of the presentation. The information contained in this document is intended only for use during the presentation and should not be disseminated or distributed to parties outside the presentation. It is
information given in summary form and does not purport to be complete. It is not to be relied upon as advice to investors or potential investors and does not take into account the investment objectives, financial situation or needs of any particular investor. This material should be considered with professional advice when deciding if an
investment is appropriate.
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Spectrum in 6 GHz

The future of 5G
ecosystem,
expansion and
innovation
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