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Digitization

Ubiquitous, low-power sensing and Immersive interactions take human
monitoring with near real-time actions augmentation to the next level
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<< Morning Train/subway School or Work in office, Shopping Back 25;
?’I‘Q at home station university enterprise, mall and high at home °J
commute factory street

Watching news,

Joining work and

Enjoying streaming

Participating in

Synching files

Instant access to

devices (laptops,

Video meetings

Video calls with

Using 5G PCs at

Hybrid classes: Cloud-based and AR-assisted AR-assisted
morning shows or Downloading physical + virtual virtual desktop navigation and navigation and
educational video Remote teachers applications shopping shopping

programmes

Video calls with

fudy vid I video meetings high-quality W{[h relalt_'t'me family and friends family and friends
SR Collaborating on content ransiation Sharing videos and Sharing videos and
Catchgwng]au”p with presentations Always connected 4K/322%QSCU”W photos photos

Using 5G PCs at

' ' tablets) Crisis management coffee shops and coffee shops and
Virtual t|cket_& Immersive XR using digital twins restaurants restaurants
help desks with . . . . . .
video learning W|(rje—fr_ee Digital signage Digital signage
. . tion
L Fixed wireless produc
AR navigation access for remote equipment
schools Automated guided
vehicles

5G mmWave - Unlocking the Full Potential of 5G (GSMA)




5G mmWave + mid-band = gz = ® QoE (Quality of Experience) %2 {it

Median download throughput (Mbps)  RootMetrics MFH&E T. 5G mmWaveldiE# L 1=
NWTH->TH HELI—T (A5 ZziRitTE
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M Uncongested I Congested 19325 e 5G mmwaveli\ * v kT —7 @ﬁﬁ@§%— Ly
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258.6 & Mmoo i .
Mid-band mmWave ’

Source: https://www.rootmetrics.com/en-US/content/mmwave-cutting-through-congestion
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* Subscribers able to experience mmWave daily. ** Hypothetical UK operator with 30% market share
Source: Qualcomm Technologies and Bell Labs Consulting study, April 2022
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jt b N Count and status of operator mmWave investments
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Sub-6 NW EBIAR* (qualcomm#tiBE, 20224 1 H278)

*: counted based on # of license application of gNB. If gNB is not deployed within 6 months, license application will be canceled.
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Sub-6 NW EBitkiR (BRE) (Qualcomm#£t2022%F2 /8 5H&E)
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mmWave NW,|

B BRI  (QualcommitZiz, 20224 1 A278)

*: counted based on # of license application of gNB. If gNB is not deployed within 6 months, license application will be canceled.
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(Qualcomm#t &)

Aol D (=)

(*) Rakuten’s Sub-6 models were not listed here due to limited space

; ‘ . ‘ ; . ‘ ‘ .
20 Summer 20 Winter 21 Summer 21 Winter 22 Summer 22 Winter
mmW models 4models @ 3models | OSOmodels @ 5S5models @ 9models | 8 models
Flagshin/p Global OEM JP OEM | Global OEM JP OEM | Global OEM JP OEM | Global OEM JP OEM | Global OEM JP OEM | Global OEM  JP OEM
agsni rem i i H H H
gship Samsung: Sony: : Samsung: Sony: : Samsung: Sony: : Samsung: Sony: : Samsung: Sony: : Samsung: Sony:
GS20+ Xperialll | W\oERIdViig! Xperia5SIl | GS21 Ultra Xperiallll M Z Fold Xperia Sl | | ENEEYPAVE XperialIlV H ZFold 4 Xperia 5 IV
dgcomo Samsung: Sharp: Samsung: FCNT: q Samsung: ) Sharp: Samsung: Samsung: Sharp: Samsung:
GS20 AquosRSG || | ASL || ArrowsNX9 | | Gs21 | | AquosRé |i| ZFlip3 ; GS22 AQuosr7 Jl  ZFlip4
Vo N\ A E e N E ; ; )
LG: LG V60 FCNT: ; LG: Sharp: Aquos | : . Sony: ; Sharp: ; ) Sony: ; Sony/ Sharp:
- | Velvet L-52A | | sensesG | ! ksams“”g' ASZJ [ Xperia 101Il | | | Aquos Sense6 | ! Samsung: AS3| | yoeria 101V | | TBD
Global OEM JP OEM Global OEM  JP OEM Global OEM JP OEM Global OEM JP OEM Global OEM JP OEM Global OEM JP OEM
e \ \ Y 1 | i )
Samsung: [ Sony: ] i | Samsung: Sony: ' Samsung: Sony: ll  Samsung: Sony: il Samsung: Sony: il Samsung: Sony:
Tomorrow, Together GS21 Ultra Xperia 1 1| : ZFold2 | | Xperia5Il : GS21+ | ERELERAIl : Z Fold Xperia 5 IlI : GS22 Ultra Xperia 1 IV : ZFold 4 Xperia 5 IV
i s \ i i i  EEEEEE—
VP-. Samsung: Sharp: 5 Samsung: 5 Samsung: Kyocera: 5 Google: Sharp: 5 Samsung: Sony: 5 Samsung: Sony:
1 ‘M GS20+ Aquos R5G | | ENGCPINILE] ; GS21 | TORQUE | Pixel 6 | Aquos zero6 | GS22 Xperia 101V | | ZFlip 4 TBD
———— i - - < i i i
Oppo: i . Sharp: i Oppo: Sony: i Sharp: i Google: Sharp: i Google: Sharp:
. ' |Google: Pixel 5 ! . ) 0 ! . N .
Find X2 Pro ' _Aquos Sense ] i | Find X3Pro | | Xperia101Il | | Aquos senseb | | Pixel 6a Aquos sensebs| | ENCWAHT) TBD
Global OEM  JPOEM | Global OEM JPOEM | Global OEM JP OEM | Global OEM JP OEM | Global OEM JP OEM | Global OEM  JP OEM
) i s N\ \ i e i  EEEEEE—
LG: LG V60 . Sony: . ) Sony: . Google: Sony: . Sony: . Sony:
ThinQ ;  Xperiasi | i |MotorrazroC) ISR | WIEAE | xperiasii | | xperia 11V K Xperia 5 IV
SOftBank ( ZTE Axon 10 | Sharp: | . rSharpl Aquos‘ | rGoogIe: Pixel | Sharp: | Google: Sharp: | Sharp: | Google: Sharp:
' |Google: Pixel 5 ! ! ) | | .
Pro5G | ( AquosR5G | | zero5G ' 5a(5G) ) Aquos R6 | : Pixel 6 Aquos zero6 [E AQUOSR7 M Pixel 7 Pro LEITZ PHONE
OPPO: i | Google: Pixel | | Sharp: Aquos | Sharp: ; Kyocera: | Google: Sony: : Google: Sharp:
Reno3 5G 5 4a (5G) | sense5G 5 LEICALEITZ | BALMUDA | Pixel 6a Xperia 101V | ! Pixel 7 sense 7
| Global OEM | Global OEM i JPOEM | | Global OEM
qu-(-'f—l—ten* : ZTE: Rakuten : Coolpad: : Sharp: : : Samsung:
MOb"e ( ) i BIG ZR01 B Rakuten BIG S ; Aquos zero6 ; Z Flip 4
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Source: IDC(Dec-2022), QC Japan Internal analysis
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All data and information contained in or disclosed by this document is confidential

and proprietary information of Qualcomm Technologies, Inc. and/or its affiliated

u a Com companies and all rights therein are expressly reserved. By accepting this material the
recipient agrees that this material and the information contained therein will not be used,
copied, reproduced in whole or in part, nor its contents revealed in any manner to others

.1 u without the express written permission of Qualcomm Technologies, Inc. Nothing in these
Follow us on: in y 0 materials is an offer to sell any of the components or devices referenced herein.
For more information, visit us at: ©2018-2022 Qualcomm Technologies, Inc. and/or its affiliated companies.

All Rights Reserved.
qualcomm.com & qualcomm.com/blog
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Qualcomm is a trademark or registered trademark of Qualcomm Incorporated.
Other products and brand names may be trademarks or registered trademarks
of their respective owners.

References in this presentation to “Qualcomm” may mean Qualcomm Incorporated,
Qualcomm Technologies, Inc., and/or other subsidiaries or business units within

the Qualcomm corporate structure, as applicable. Qualcomm Incorporated

includes our licensing business, QTL, and the vast majority of our patent portfolio.
Qualcomm Technologies, Inc., a subsidiary of Qualcomm Incorporated, operates,
along with its subsidiaries, substantially all of our engineering, research and
development functions, and substantially all of our products and services businesses,
including our QCT semiconductor business.
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Meet users where they are
& maximize returns and cost-efficiency

The high throughput and network capacity of mmWave can lead to near-term cost-efficiency in key environments:

Homes & SOHO Train Stations Outdoor Indoor Malls
fixed access & Transit Hubs : 7 Hot Zones and Venues
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1.3 Gbps
5G mmWave 75\ . 557 EMDT A kT, Operator AD
— = mmWaveld. sub-6 GHzDIE . LTED12
L -Ij- 1$'%ﬁ “b : 531 Mbps & . Operator BMDsub-6 GHZO;Z 55D
S = /. =E X AU 1B
szAéE% go 142 Mbps 104 Mbps T_géiﬂjh
—_ Z
x I1]E=IE ‘ S— 1:}-.[\ gE Operator A Operator A Operator A Operator B
mmWave Sub-6 GHz LTE Sub-6 GHz

KEHITTOBERANWIZLS BETNAAAD T 74 ILEEE
TJ4—ILKTX

627 Mbps
« 57 RMDT X F T, Operator AD
Operator A S 368 Mbps mmWaveld. sub-6 GHz/LTED A4S,
o @ . —_
mmWave NSA'™: %& L = [\ T65%2/85%3 %;‘3 216 Mbps 221 Mbps Operator BDsub-6 GHzD60%LL LD T—
DH Ly SOEM & sub-6 GHz NSA £ 2 E ik
(DSS)* % LTESMHHR— k <
Operator A Operator A Operator A Operator B
Operator B mmWave Sub-6 GHz LTE Sub-6 GHz
Sub-6 GHz NSA®: 98%’M 1 E X4 X A/ . . - .
Ly SOER 4 LTESDH K— k BEITNA R ADETHRN)—Z VY
20 Mbps
_ g2 Operator ADmmWave T [X4KE T4 f&E.
128 GHz band (_n261) | 800 MHz TDI_D bandwidth . o - & — O & IS
g -1?2 ggm (Iyp!ca: :EFESEO:E Ior adding Sﬁl;ll-'\’tm:\év;'\\ﬁ carriers) W . a % su b-6 G Hz/LTE _G (j: t T T oo ﬁb\i&-l:
2850 MHz bonk (05) | 10 MHiz FOD bandwidth I so 1.9 Mbps 2.1 Mbps 2.3 Mbps
5 Up to 35 MHz FDD BW in stationary location, 75 MHz FDD BW in mobility route
e Operator A Operator A Operator A Operator B
8 Up to 45 MHz FDD BW in stationary location and 90 MHz FDD BW in mobility route mmWave Sub-6 GHz LTE Sub-6 GHz

9 Additional network configuration may have led to further throttling in non-mmWave

. . 24
test cases Based on analysis by Qualcomm Technologies, Inc.




mmWave licensing around the world - selected countries rollout
commitments

Licensees

AT&T Spectrum Frontiers LLC
T-Mobile License LLC

Rollout Commitments

Verification of signal coverage and service to at least 40% of the population within the licensed

United * United States Cellular Corporation service area.
States : po Show prove of certain number of operating links (depends on population) and service provision to
* Cellco Partnership d/b/a Verizon .
: customers or for internal use.
Wireless
* Hong Kong Telecommunications Deployment of a minimum amount of radio stations depending on amount of spectrum assigned
Hong Kong < SmarTone Mobile Communications (first 5 years following spectrum assignment).
» China Mobile HongKong
. Adani Data Networks Lid Within 1 year: launch commercial services and provide coverage to one town anywhere in the LSA
. - Within 3 years: deploy 240 Category A, 150 Category B, and 80 Category C sites. Cover a certain
. » Bharti Airtel Limited
India . Reliance Jio Infocomm Limited number of towns per category.
. Within 5 years: deploy 660 sites in Category a LSAs, 560 in Category B LSAs, and 300 in Category
* Vodafone Idea Limited .
C LSAs. Cover a certain number of towns per category.
: gltggljl-ﬁlla Provision of publicly available 5G services within a year and offer publicly available 5G services
Singapore | M1 based on standalone network architecture, no later than 24 months from when the standalone
. TPG ecosystem is ready.
* Korea Telecom Target for each licensee: 100,000 28 GHz base stations within 5 years
South Korea + SK Telecom LS : ) . -
. LG Uplus Minimum for each licensee: 15,000 28 GHz base stations within 3 years

Taiwan

Chungwa Telecom
Far EasTone Telecom
Taiwan Mobile

Asia Pacific Telecom

Installation of 375 5G base stations for every 100 MHz obtained. For more than 800 MHz, the
operator must install more than 3,000 base stations.

25



mmWave licensing around the world - selected countries rollout
commitments

Licensees Rollout Commitments
Install antennas and transmitting and receiving equipment within four years.
» TDC Net : s o )
Equipment at mast positions must be connected to telecommunications infrastructure to allow the
Denmark -+ 3 Denmark . . — . :
licensee to offer at least one electronic communications service to end users using 26 GHz
* TT-Network
spectrum.
. ) E“S.a C_orporat|0|_1 Begin operations under the license within two years.
Finland » Telia Finland Oyj : : . . .
. DNA Plc Advise subscribers on matters regarding the license terms and conditions (network coverage).
+ Cosmote : , : o
Submit network development and expansion reports to the Hellenic Telecommunications and Post
Greece * Vodafone Commission every 6 months
- WindTre Y '
: \T/(e)l:;:g:;taha Install broadband or ultra-broadband radio network and use the assigned spectrum in all ltalian
. provinces within 48 months.
Italy * WindTre . .
. FastWeb Provide wholesale access to other contractors for 5G-type services and enable access to non-
. telcos (verticals).
 lliad
* A1 Slovenija Offer commercially available communications services and begin using spectrum and offering
Slovenia < Telekom Slovenije services to end-users in at least one major city within five years and eventually expand services to
+ Telemach all major cities
* Claro Install a minimum number of base stations based on the type of commune licensees applied to.
Chile + Wom Begin offering services within 12 months in type D communes and within 18 months in types A,B,

Entel

and C.
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mmWave licensing throughout the past years around the world

@ Rollout commitments 2018 2019 2020 2021 2022

- No rollout commitments
@ Vin. speed targets

United States

Brazil

Americas )
Chile

Uruguay

Croatia

allsie L Finland
& Assignments Europe

Greece

Denmark

Slovenia

Singapore

Hong Kong
Taiwan

Asia-Pacific Australia

Japan

Thailand
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Generating demand for 5G services and applications

France H.ong Kong
United Kingdom The 5G Acceleration Subsidy scheme to South Korea
The 5G Testbeds Strategy supports 5G support 5G The Giga-Korea high-
d Trial development uses for ~ deployment and speed project supports
and Irals program ind ith USD innovation and smart
¢ t industry with US _ e the development of
Supports projects in 119 milli f city applications. The e
fact million o high-speed networks.
rrllanlutfac u]:llng, investment. government has USD 300 million of
ogistics, Tiim educated the public investment to expand
production, and on potential and 5G networks and support
AR/VR. Benefits from applications. 5G devel
the program exceed evelopment.
USD 2.8 billion.
Sj Australia
Ingapore 5G Innovation
5G grant program (USD Initiative. USD 28.6
“50 solutions. Alo, the eibihbe
- ; support case studies,
Future Communications P trails and
Research and Development demonstrate the
Program supports cutting- value of 5G.
edge communications and
connectivity research (USD
50 million of investment).
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Verizon offering 5G Ultra Wideband (C-band + mmWave) to

premium users only

» Verizon is offering two types of 5G services

+ 5G Nationwide runs alongside 4G LTE (DSS) and uses low band spectrum (700/850 MHz)
+ BG Ultra Wideband (UW) is the premium services utilizing C-band and mmWave

 Driving network densification with the help of mmWave and C-band
spectrums

» Densely populated areas ( e.g., venues, airports, city centers, etc.)
» Offload capacity from congested cell sites and/or clusters
» Fixed wireless access coverage

+ 5G mmWave device penetration

» Customers adopting 5G at a rapid rate, with 47% of Consumer Postpaid base now on 5G
» 5G smartphone phone penetration will be over 60% by 2023 and 80% by 2025

* Introduced mmWave laptops (Lenovo ThinkPad X13s 5G, Lenovo Flex 5G)

» Dedicated 5G Gaming devices coming in Q1 '23 (Razer Edge 5G)

5G UW is available in 1700+ cities

135 million POPs covered with a goal to cover 250 million POPs by 2024
80+ Stadium and arenas

2 million Business internet customers

By 2025 will reach 50M Households with FWA

40K+ cell sites

© 5GEdge @ @ 5GUItraWideband () B AliCoverage (i) [[] NoCoverage
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Enterprise mmWave @ Verizon

—‘ (©)) }—
P riva te N etWO rks Private 5G Network

» Fully managed, monitored and maintained all-inclusive solution
* Custom QoS requirement-ready

Professional & Private
Managed Services infrastructure

Spectrum

= A

Remote monitoring Small cell

(o]
9 e |1l

'acket core Licensed spectrum

Enterprise Grade FWA Internet

* Massive capacity
* Enhanced security
* Over 200K units sold since introduction in Nov '20

« 5G Edge

+ Drives efficiencies, optimizes costs and improves customer
experiences

Customer portal

* Use cases include
+ Quality Assurance for Production & Warehouse,
* Crowd Analytics
» Automated Guided Vehicle Management
» Accelerated Access,
+ Cashier less Checkout
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Verizon is extensively bundling OTT video, music and gaming to
differentiate its plans and from competition.

* 5G Monetization levers » 5G plan differentiated based on pricing, total
« Unlimited UW premium access lines, features and perks
* Mobile hotspot limits - Additional perks are being offered with each plan: Disney,
 No throttling during congestion ESPN+, Arcade, Google Play Pass, Cloud storage etc.
« OTT bunding (Streaming, Gaming, Cloud etc..) « FWA (Home internet) starting from $25/month
e Number of lines « mmWave PCs plans starting from $25/month
UW only for premium users Price/Month (one line)
$100 $90

$90

Extend premium plans

B0 S
$80 $7O --------------------
$7O $65 ------------------------

) : $60

$50

. . e $40

Differentiate on g :

gles customers :
price, (corporates,

consumption, : $10

gaming :

wizard S) Welcome  5G Start (NW) 5G Do More  5G Play More  5G Get More
Unlimited (NW) (NWAUW)  (NW+UW)  (NW+UW)

tethering, perks
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Verizon- offering new wireless
Innovation for enterprise and
consumers

Lenovo ThinkPad X13s 5G mmWave launched in July ‘22
* Enterprise-ready solution
» Extended battery life
* Al-enhanced videoconferencing, noise cancellation
» Offers seamless roaming and mobility support for mobile workers

Strategic Value :
+ ACPCs offers path to diversification and growth
+ Diversify connected device offerings for enterprise and consumers
* Enhance customer acquisition and retention strategy
* Broad customer influence, reduce Churn rate and increase ARPA

Price Plan:

« Aggressive Price Plan starting from $25/month

ACPCs solving complex
connectivity challenges for remote
and hybrid workforce

Redefining mobile computing

Multi-day (2]

Prai
batiery ife’ ® L] perfamance
5Lidti\g-fa ;.Ill ® .@ Enterprise gade
Connecied standby / Al
Inshtcn.." @ ® Snapdragon ° % examhA ded
Thi : j = Modem Device Management/
e g e ® =88 ¢\ i iniegatin

Defining the Always On,

Always Connected PC
BR Windows 11 ®
€ chromebook



Verizon 5G mmW network deployment status

ISaskatchewan!

Where do you need coverage?

Legend A

® 5G Ultra Wideband
Available in parts of these cities

5G Nationwide
Includes 4G LTE coverage

I acure
S

International

No Coverage

5GEdgecities forbusiness (1)

S
b ay¥
(@ mapbox Nay

5G Nationwide and 5G Ultra Wideband coverage services apply to postpaid and prepaid.
For additional coverage details on 4G and 3G, click here

« 82 cities and 60 stadiums/arenas with mmWave UWB and 57 5G Home (FWA) cities
« 14K+ additional small cells in 21, 30K+ in total by Y/E ‘21

Latest news and articles:

* \erizon in a millimeter wave groove, CTO Malady says | FierceWireless
* Testing Verizon's 5G at the Jersey Shore | PCMag

* \erizon launches private 5G for enterprise, public sector | FierceWireless
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https://www.fiercewireless.com/operators/verizon-a-mmwave-groove-cto-malady-says
https://www.pcmag.com/news/testing-verizons-5g-at-the-jersey-shore-super-fast-but-thats-only-half
https://www.fiercewireless.com/5g/verizon-launches-private-5g-for-enterprise-public-sector

Verizon mmWave Traffic

mmWave Usage is Growing Fast

mmWave Usage Growth mmWave Usage in Deployed Footprint

Avg. daily usage (TB) Percentage usage on mmWave
800 +856% YoY 10% ~10%
600 8%

0
400 0%
4%

200 20,

0 0%

Jan 2019 Jan 2020 Jan 2021 Jan 2022 Jan 2020 Jan 2021 Jan 2022

mmWave is Vital to 5G Plan to Support and Scale Usage in Dense Areas




Verizon 5G UWB in Stadium, USA

w1 5GY =m 7:06 9

= Verizon 5G SuperStadium X = Verizon 5G SuperStadium

1ST
9 QTR

RACTLDO—FDTFICRESNT-5GE JRDRE—/ILEIL

5G Ultra WidebandD 1 —H(IXtRETE S X ) —LEARZ Y

BUF - 1ST 07:49

At Super Bowl LV, 5G Will Change the Game | PCMag

Field Goal
NYJ - 1ST 08:50

4TH
J_3 * aQm

Pass
AP | enamniz2

23

C/

5GC =

X

Turnover
LA + 4TH 13:4¢
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https://www.pcmag.com/news/at-the-super-bowl-5g-gives-you-7-ways-to-view-the-action

Stadiums

Q u a ICOM % 11 Hans Vestberg Retweeted
Cristiano R. Amon @ @cristianoamon - 18h .
e Watching the @SuperBow! here at @SoFiStadium with my dear friend and
real #5G leader @hansvestberg. The 5G UWB mmWave speed from

Verizon, AT&T and T-Mobile leveraged multi- O : :
. @Verizon is incredible! The future of wireless broadband performance in

band 5G mmWave and mid-band to offer venues is here! 1

seamless coverage and capacity to 70k fans ST iy

during Super Bowl 56 in Los Angeles

5G mmWave
powers successful
Super Bowl 56 | >
and 60 Other . ggn?engxillﬁ;etoaggkn;;dn-:and network providing
stadiums in the U.S. | * Use of Mobile Edge Computing (MEC) to

enable ultra low latency
* Merge computer-aided motion analysis, player
and ball tracking, and shot tracking

5G mmWave Solution

» Partners: ShotTracker (Verizon Ventures
portfolio company), NOAH Shooting System,
SIMI Reality Motion System

N nas— Impact

100% 5G mmWave coverage on all levels
Excellent network performance

3+ Gbps Downlink peak throughput

170+ Mbps Uplink peak throughput

10 ms average ping latency

D S D\ B 5 B A =S
e e

o aand >

Consistent 2Gbps+ DL throughput in the bowl




Case study: French network infrastructure investments

France 2030 - 5G and 6G Sovereign Solutions Acceleration Strategy is a good practice that Japan could consider

The government opened a new
call for proposals (+EUR 750
million in investment by 2025) and

During 2021-2022 the government
opened a call for proposals

On July 6, 2021, the French supporting 11 advanced research || il SUPPOTt Projects refated to goTvZ?r;jnizi? could
’ ’ projects on telecommunications . : :
accororation sty dedicated to | | and 29 projects relating to the Bl A Supoort s oS of
5G in order to r%);ke these development of 5G solutions, developments in 5G aF:ld the con?lpanies wogrkin
technologies a tool for industrial Including 22 SMEs and start-ups arrival gf 6G and future to deI\)leIo future 5%
com etiti\?eness and to reposition and 5 research centers. The enerations of networks; ang 6G
= P P government supported 9 " : ..
rance at the forefront of future technologies enabling the » The development of solutions technologies, giving
network technologies. implementation of high- for telecom networks additional focus to
P g guaranteeing a high level of the use of mmWave.

performance and secure private

corporate networks. security and reliability;

* Improving the environmental
impact of telecom networks.
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Generating demand for 5G - South Korea government connectivity

5G Government Network Pilot Project

Total project estimate: KRW 18.1 billion (USD 15 million)
Funded by: Ministry of Interior and Safety (MOIS)

The government
announced plan to

Timeline: Installation by Dec 2022. Operation from 2022 -
2027

introduce 5G
Government Network

Participating agency NUTE @rae
Users Spectrum will be both
1 Project MSIT 800 sub-6 and mmWave:
Group Korea Intellectual Property Office (KIPO) 720 MSIT, KIPO, MOFA
for both sub-6 &
2 Project Ministry of Foreign Affairs (MOFA) 900 mmWave and KIPO
Group Ministry of Personnel Management (MPM) 510 for sub-6 only.

RFPs were released for
5G Government

Expansion plan
Expansion to all four government complexes by 2025

Network Pilot Projects
in four government
agencies.

Total project estimate: KRW 157 billion for infra building,
KRW 175 billion for subscription.
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Korea’s 5G Government Network Pilot Project

*  Korean government announced to introduce 5G Government Network in ‘22.

*  RFPs were released for 5G Government Network Pilot Projects in four government agencies.
* KT won the projects.
*  Participating agencies and number of 5G users:
* 1 Project Group: MSIT - 800, Korea Intellectual Property Office (KIPO) - 720
* 2 Project Group: Ministry of Foreign Affairs (MOFA) - 900, Ministry of Personnel Management (MPM) - 510
Total 2,930 users
*  Spectrum will be both sub-6 and mmW: MSIT, KIPO, MOFA for both sub-6 & mmW and KIPO for sub-6 only.
*  Total project estimate: KRW 18.1B (S15M)
*  Project funded by Ministry of Interior and Safety (MOIS)
*  Project Timeline: Installation by Dec. ‘22. Operation from ‘22-27.
*  The mmWave products are expected to be dongles, routers, and small cells.

Expansion Plan of 5G Government Network

. By ‘25 MOIS is planning to expand 5G network to all the four government complexes 5G 272 AK 712

(Sejong, Seoul, Gwacheon and Daejeon). HeEA EAlR
*  Total project estimate: KRW 157 B for infra building, KRW 175B for subscription. 0223 |Rpugall| 20243~

IYSR,
Qmg 5074 712

oo, IRpeAredl xixis 23

AlAE
T HIE)
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https://www.mois.go.kr/synap/skin/doc.html?fn=BBS_2021121306364336301&rs=/synapFile/202207/&synapUrl=%2Fsynap%2Fskin%2Fdoc.html%3Ffn%3DBBS_2021121306364336301%26rs%3D%2FsynapFile%2F202207%2F&synapMessage=%EC%A0%95%EC%83%81

India poised for the fastest global rollout of 5G services

(Sub-6 + mmWave)

* Demos by all 3 * 26 GHz (n258) * Auctions: July'22 * Field Demos * Deployment
o FWA use case o CPE/FWA

operators o 3.25GHz
o BSNL: 400 MHz

o Mobility use case

5G mmWave band allocations

Operator High Band/mmW (n258)

RJIO (SA) 1000 MHz (1Ghz) - Pan India
Airtel (NSA) 800 MHz - Pan India

BSNL (TBD) 400 MHz - Pan India
Vodafone (NSA) 200-800 MHz - In key markets

Adani -new entrant (5G PN)

400 MHz - In key markets of
their operations

Jio ARFIBER

Fiber=like speed

delivered by TRUE 5G.

v

|

Jio plans to reach nationwide coverage with
5G Sub-6 by December 2023

Bharti Airtel aims to offer full 5G coverage
across India by March 2024

Preparing to add 5G Sub-6 5,000 to 6,000
sites per week (3500 sites per week as of
now)

Jio’s 5G network targets to connect more
than 100 million homes, tens of millions of
small businesses, and tens of thousands of
large enterprises with a fixed wireless access
(FWA) service
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Chlna mmWave Update

: % -
(5B) !‘ﬁl.."ﬂ ﬂm\g&g}?:wlﬁ: CHINA TELECOM
201‘9.04 202ﬁ_07 2021.04 2022.04 202‘.10
« Support WRC 19 RF testing - Infraand device verification * mmWave SA testing . FR2 SA only testin + URLLC basic function
« 800MHz bandwidth * EN-DC and RF performance * CBW 200MHz@n258 Y v e lat <1
ificati DDDSU - DDDSU/DSUUU * CBW 200MHz@n258 ne way latency < 1ms
on . .
. \I;Zrzlnﬁarr:anagement * NR-DC/NR-CA PODSUDSULU

 All carriers, infra-vendors and chipset vendors actively involved in IMT2020 mmWave lab and field testing
« All mmWave key features are verified with multi-vendors inter-operation combination

* First B2B mmWave license in October 2022 to COMAC, Chinese aircraft manufacturer

« mmWave specific E2ZE use scenarios demonstrated, such as 8K+DSUUU , XR split rendering...

« Reached 7.1Gbps Down Link peak rate, 2.1Gbps Up Link peak rate, 3.6 milliseconds extreme low latency
* FR2-only Stand Alone; Down Link DDDSU config, 200MHz*4, 256QAM; Up Link DSUUU config, 2*200MHz, 64QAM
* https://www.qualcomm.com/news/releases/2022/11/qualcomm-achieves-critical-5g-standalone-mmwave-milestone-in-chi
» Tests completed under guidance of China Academy of Information and Communications Technology (CAICT) and China’s IMT-2020 (5G) Promotion Group

DSUUU - Uplink oriented frame structure (Downlink, Special, Uplink, Uplink, Uplink)
DDDSU - Downlink oriented frame structure (Downlink, Downlink, Downlink, Special, Uplink)
COMAC - Commercial Aircraft Corporation of China, Ltd


https://www.qualcomm.com/news/releases/2022/11/qualcomm-achieves-critical-5g-standalone-mmwave-milestone-in-chi

Australia

Technology readiness
La]

* nbn set 5G long-range transmission
records of 1 Gbps at 7+km in Feb
2021

e Telstra is first in world to achieve
5Gbps on a single device in the
commercial network in Jan 2021

» Optus, Telstra and nbn continuing
mmWave trials

Spectrum availability

W

» Operators used experimental
licenses in 2020 to accelerate
network build

» Auction completed in April 2021

* Incumbent operators secured the
majority of n258 spectrum

TPG - 400 to 600Mhz
Optus - 800Mhz
Telstra - 1Ghz

 nbn secured 1GHz of n257
spectrum

Confidential - Qualcomm Technologies, Inc. an

Commercial rollout

5

« Telstra and Optus unveil
expanding 5G mmWave in
execution

« Telstra Netgear router, Google
Pixel 6 commercially available

» Telstra selected Casa Systems
for mmWave FWA launch

Trade Secrets
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South East Asia

ACIFIC

16 operators got mmWave spectrum

Carrier Owned
Spectrum

5 Countries/Regions with 8 operators on mmW launch L —
_____ CusnfesO = FAREASTONE >
) - i —_ —1E5
Dec’20: Singtel o WAN | e =1
) . . - Taiwan Mobile _ 9
Dec’20: CHT & APT (mmW private network) — P! “ o AT A g}xg‘gﬁet e
Feb’21: TRUE & AIS - — ' Sea
May’21: CMHK & HKT " o . %
Sep’21: Viettel . = S Seju""ﬁgg ‘. / Country /
i Cagae - pHILIPPINE: T
: ' & Hong Kong
) “III’IIID \.T"-\V'\Et"m ,' 04?‘ Smartone
(Vo / \ B \ CMHK
Als] truemove ) S ek
...‘. T 7 . Sulu 9w Taiwan CHT
,(dtac TOT J / Sea ) FET
— b Coy
Andaman ‘ ‘G':;;’o;w > 2 all
Sea . 4 - Celebes Taiwan
Thailand S Sea Mobile
¥ WW“.
: on= ™ = : Melwe Thailand AlS
Grewt Chonnel {Gb? "" ~ o 4 : : _- —o True
; ‘!r ALAY WA ooy b ,é. .j‘ 'l/ o /:.-, TOT
&—"ﬁ, OV unla L imoypra Slngtel )’EStﬂrHUD Lm ‘,| 3 ’,“ on (
Quibvr b ’ y 59 | Cefebes DTAC
A T LONGAPORE { r I )
9 \ : 2 —@ .I m ./ ¥ § ) ) "( ; ;A B¢ singapore Singtel
X = a | B pa T /fﬁp ‘“‘*’“" Sl Starhub
N A
- Java Sea INDON ES'A gv ot M1
ey ~ < e TPG
‘: ;ii&Eﬂiu?ﬁ;7h~hi§Eif’c;“i)(iﬁ‘ 1::} ‘J'”” " Vietnam Viettel

n257

n257
n257
n257
n257

n257
n257

n258
n258
n258
n258
n257

n257

n257
n257/n258
n258

400MHz

400MHz
400MHz
600MHz
400MHz

400MHz
200MHz

1200MHz
800MHz
400MHz
200MHz
800MHz

800MHz

800MHz
800MHz
800MHz


http://www.smartone.com/jsp/tchinese/index.jsp

Government can
support the
development of
mmWave 5G services
in high-impact sectors

such as industrial loT
and healthcare
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Industrial loT use case

Taiwan | ASE mmWave NR-DC SA smart
factory

» In August 2022, Advanced Semiconductor Engineering, INC (ASE)

unveiled plans for a 5G mmWave NR-DC SA smart factory.
. . e diital transformation of fact France | 5G mmWave at the
» Focus is to enable digital transformation of factory processes
including: Le Havre seaport
 Al-enabled detection of abnormalities from the standard operating process - mmWave platform at the Le Havre seaport tested 26 GHz
« Data analysis of current and newly purchased equipment in operation to applications in a port and industrial environment.

enhance productivity and yield
» Real-time inventory forecasting to reduce production cycle time
» Generating high-resolution AOI images in real-time to improve accuracy

and efficiency of quality inspection « Also focused on logistical operations such as operating
« Network stability to improve connectivity and reduce set up time for container terminals.
machine re-layout

 OT security technology to ensure reliability, security, and functionality of » Stakeholders
machines and tasks in digitized manufacturing environment « Siemens, Nokia, Electricité de France (EDF), and Grand Port
Maritime du Havre

» Explored applications in the energy field, including smart
grids and recharging electric vehicles.

» Stakeholders

« ASE, Industrial Development Bureau, Qualcomm, Institute for Information
Technology, Asia Pacific Telecom, DEVCORE Security Consulting, and the
National Cheng KU ng University Confidential - Qualcomm Technologies, Inc. and/or its affiliated companies - May Contain Trade Secrets 46




Healthcare use cases

I I France | 5G at the Rennes
University Hospital

» Experiment at the Rennes University Hospital.
 Part of the European 5G-TOURS research project

» Simulated surgical procedure in wireless operating
room.

» Surgery performed on a patient simulator and
followed remotely by a doctor in Athens, Greece.

 Ultrasound images and X-rays superimposed and
retransmitted using a 5G AR application operating
on an experimental 26 GHz network.

» Stakeholders
« AMA, b<>com, Nokia Bell Labs, Orange, and Philips

N L7
W/ 4MnN Care Testbed

UK | Liverpool 5G Health and Social

* Project established a 5G mmWave network and

supported health and social care products.

» Ex: pain distraction VR headsets for palliative care, pharmacy
video link to enable patients to take medication safely at home,
dehydration device, etc.

o Stakeholders

» 5G Testbeds and Trials Programme (5GTT) (part of the
Department of Digital, Culture, Media & Sport), and the Liverpool
5G Consortium
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Generating demand for 5G - Brazil educational connectivity

Connectivity in public schools of basic education

Carry out connectivity
projects for public
schools of basic
education.

The projects should comply with the quality and speed
necessary for the pedagogical use of ICTs in educational
activities regulated by the Connected Education
Innovation Policy.

The Monitoring Group for the Cost of School
Connectivity Projects (GAPE) will coordinate the
projects. It will include a representative from the
National Telecommunications Agency (Anatel),

Ministry of Communications, Ministry of
Education, and a representative from each of the
winning bidders for the 26 GHz band.

The projects may include
any infrastructure,
equipment and resources
associated with achieving
full connectivity in schools.
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5G deployment status in Japan (MIC, End of FY2021)

5 GODEIBIAIR (SM3FEEER (2021FER) )
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/ 5G deployment status in Japan \

(as of March 2021)
* Nationwide 5G population
coverage rate will reach 93.2%
by March 2022

*  Population coverage exceeded

70% in every prefectures /
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Trends and forecasts of capital investment amounts in operators

Capital investment planned by telecommunications operators' peaks in 2022
and gradually decline.

(B JPY) ERFrU7ICHITHIRERDHER & T
2 20083 (2019~2024 5% /MCAHER)
CERiEREESE
= 5GIRET
15,000
" Amounts of capital investments
m 5G Investment
10,000
5,000
2019 2020 2021 2022 2023 2024(x)

HEMEHASHINTTRIE. KDDI(au). Y IR 9, ERE/ L,
UQIZa=4~—3avX Wireless City Planning®&#H.

MCANSHEZRREMETERUBMISEMTISORREEETM 2019~2024 FEMR LY
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