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5G Progress: 257 Launches supporting 1.024Bn Subscribers

5G Growth as 4G growth de-accelerates. What underpins
m Operators m Markets 5G growth and can it accelerate faster with 5G-Advance

Percentage of connections (excluding licensed cellular loT)

5G SA
Launches

—

5G FWA

287 _ B

5G Launches
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Generational Advancements create Value...

Average annual global revenue US$Bn
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Critical 5G Advancements

Open Gateway

5G 5G

5G SA Advanced




Open Gateway: delayering, NaaS APl economy

Cloud Infrastructure et
@ 3 O e 3 S -
& o o> o e B

Enhancing virtual ‘ 8ascrvices to enable Web3.0

Northbound Common Network APIs
via CAMARA GitHub & GSMA Agreement Templates

East West Federation & Interconnection

via GSMA Operator Platform (OPG) Specifications & Business Agreement Templates via WAS

OPG Southbound Interface Specified Standardisation

GSMA CAMARA trmforum
Connect (N-E-W)

s () Expose (N) Operate
- .

Exposing network capabilities: Identity : 5G Capabilities : Al/Data : Privacy : Security
Earth Networks

Specification by Doing & Code, not documentation
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5G Advance Release 18 June 2024

. ST ph
tG-Ad nced Promises Step
Change for Exténded Reality &

ross-| Iayer collaboratlon tech could enable ﬁvefold
increase in Simultanéous XR users

ests of 5G-Advanced cross-layer collaboration technology have demonstrated
that forthcoming cellular networks will be able to deliver highly immersive
extended reality (XR) experiences. Conducted in Hangzhou, Zhejiang province,
China, the testsexplored how 5G-Advanced networks could support very high-
resolution virtual environments generated by computer technologies and wearable

devices

than 1 Gbps for a single

Huawei and China Mobile have conducted field tests that de’

Advanced can provide the uplink €apacity and throughput to Support the fast and
efficient transmission of high-resolution videos from anywhere with network
coverage:

vanced to . Support Self-
P wered-Sensors .-
” N \\\ ~
Passive loT tech promises to improve coverage
*tenfold compared with RFID. S

Huawei and China Mobile have conducted field tests'of a passive Internet of Things
(IoT) solution, which enables large numbers of Sensors to transmit data without
the need for batteries. Conducted in Chengdu, Sichuan province, China, the tests
used a prototype 5G-Advanced network.

MWC
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5G mmWave - Use Cases

Robots ' . 5G Theatre Broadcast & ; 5G Stadiums

s ! . : e
© East Asia © East Asia © North America © North America

MWC Source: GSMA Jan 2023 7

GSMA



5G mmWave - TCO

TCO mmWave 5G network

100%

3.5 GHz-only TCO Greater China
| |
5% 10%

Connected users

MWC

GSMA

25%

100%

96%
87%
78%
72%
II I !

Europe

TCO mmWave FWA network

122%
100% 106%
I 1
3.5 GHz-only TCO Urban China Suburban Europe

| | |
Low Baseline High

Data consumption growth

93% 92%
76% 79%
I I ]

$/sgm of indoor office space

$2.86 $2.99

$218

$2.18

tandard communications equipment Advanced communications equipment

L]
3.5 GHz-only 3.5 GHz-only plus mmWave

Source: GSMA Jan 2023 8



5G mmWave - Your Next Steps
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5G mmWave Deployment 56 mm_Wave Co_verage docomo QUG'CONVV\ :_: TIM
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Whitepaper
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5G mmWave Summit
Accelerating into 2023 & Beyond

Peter Jarich
Head of GSMA Intelligence

Moderator
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Intelligence

5G mmWave Summit: Accelerating into 2023 and Beyond -

5G mmWave Cll'da 023

State of the Market and Look ack at éur Accompllshments
I

P. Jarich |-
February 2023 ‘ \‘\’;/Ll
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csva Who is GSMA Intelligence?

What do we do and why should you bother listening to me?

Intelligence

G2S — &
@ 50

users data points
3“"' worldwide 15“"' updated daily

analysts & reports published
industry experts annually

Q@ O,
GSMA @ 0'0 @
- ] e —o00
Intelligence A @

[nln 17 BK+

data metrics modelled Zk + operator

5 and forecasted up to i networks
e s 2030 news items curated tracked

tracked on our platform,
updated quarterly

5G in Context, Q2 2022
Data-driven insight into'areas influential
to the development of 5G

August 2022

Copyright © 2022 GSM Associa tion



csva Who is GSMA Intelligence?

What do we do and why should you bother listening to me?

Intelligence

OO O

TR 50m

=
users data points
3“"' worldwide 15“"' updated daily

analysts & reports published

GsMA industry experts annually
Intelligence

i | ! -
Enterprise Opportunity 2022: J]_U__H_ﬂ, GK
operator strategies, plans and = +
expectations data metrics modelled Zk+ operator
35“ and forecasted up to networks

data metrics 2030 news items curated tracked
Intelligence 10T and enterprise markets: five trends to watch ey on our platform,

updated quarterly
fffffffff

Throughout 2022, we have analysed important To help navigate the year ahead, we are releasing a
developments and innovation spanning all areas of the series of reports that highlight the key trends to watch

telecoms industry and wider digital ecosystem. How will in 2023 and the implications for ecosystem players. The
the industry evolve in 2023? Which trends will continue analysis covers five key areas: 5G and network
to run their course? Which trends will take a new transformation; spectrum; IoT and the wider enterprise

direction? And which will enter the fray for the first space; the digital consumer; and fixed and pay-TV
time? markets. This Insight Spotlight addresses the IoT and

enterprise markets.



GSMA

Intelligence

Vision 2030: mmWav
"Spectrum Needs
Estimating High-Band Spectrum

Needs in the 2025-2030
Time Frame
L

30+

analysts &
industry experts

Intelligence Consumer 5G: how much users would pay for mmWave

INSIGHT SPOTLIGHT

Over the past two years, GSMA Intelligence has
investigated the value of mmWave spectrum in great
depth, with a focus on cost savings from a network
efficiency perspective (1CO, FWA, ).
However, there could also be a revenue opportunity for
operators if consumers are willing to pay more for new
or improved services. This was the main reason for
developing a series of three reports investigating how
consumers view the value of mmWave to improve 5G
services.

January 2023

Leveraging consumer survey data from Qualcomm, the
first looked at the pain points consumers face
when using mobile broadband in a scenario where
mmWave could improve experiences, and how big
those pain points are. The
what consumers want from mmWave 5G specifically,

report looked at

and how it impacts their loyalty to a given operator.
This final report quantifies the extent to which
consumers are willing to pay to obtain the experiences
they really want from mmWave 5G.

825
Q4K+

users
worldwide

data metrics modelled
and forecasted up to
2030

Who is GSMA Intelligence?

What do we do and why should you bother listening to me?

=

150+

reports published
annually

—o00

g Oo—
2k+
news items curated

on our platform,
updated quarterly

A
50m

data points
updated daily

bi+

operator
networks
tracked




intelligence 5G mmWave: a reminder
There’s a reason we think of it as a “when” not “if” technology.

eMBB* FWA** Enterprise networks
4.5 GHz 350 MHz 150 MHz
I\ J \ J \ J

( Total: 5 GHz )

* Inearly adopter countries
** In dense urban environments



Intelligence 5G mmWave: 2021 vs. 2022
It was a decent year for operator and mmWave momentum...

Operators Assigned Spectrum: Up 13% Operators Launching Services: Up 50%

2021 2022 2021 2022



osva 5G mmWave: 2021 vs. 2022
Intelllgence ...and a pretty good year for mmWave 5G device availability.

Commercially Available mmWave Devices: Up 40%

2021 2022



Intelligence 5G mmWave: 2021 vs. 2022
Let’s not forget about the network innovations and service showcases.

5G drives network capacity at
Super Bowl LVII: SRG

UK researchers develop 3D-printed mmWave antennas

PiVOtal Commware Announces commerCial Median 5G Download Speed by Spectrum Band, All Operators Combined, USA
. . Speedtest Intelligence® | Q4 2022
Launch of Pivotal Turnkey Services

2000

1500

NTT DoCoMo targets
indoor mmWave with new
multisector antenna

1000

Median Download Speed (Mbps)

o
=]
=]

Verana Networks announces field trial 600 MHz 850MHz 19GHz 21GHz 2.5GHz 3.5GHz 3.7GHz 26 GHz 28 GHz 39 GHz
agreement with Verizon for its ground-breaking mo=,.n nom o m o
5GC mmWave IAB solution



== 5G mmWave: 2023 and Beyond
Intelligence Reality Check: The mmWave fundamentals are solid, but work remains.

The Good News The Challenge
There’s a clear business case beyond capacity. mmWave remains a minor part of 5G story.

Willingness to pay (WTP) for a 5G enhanced service

$9 30%
$8 WTP extra o
$7 — monthly 25%
$6 WTP extra 20%
$5 - % of ARPU

s4 15%
$3 = 10%
$2 ‘

$1 5%
$0 0%

Total Europe China  South Korea
and Japan

The mmWave proposition is clear, and ecosystem progress is commendable, but

there is some way to go ....
This Summit will highlight the path towards full attainment of 5G mmWave




Thanks

P. Jarich
Head of GSMA Intelligence
pjarich@gsma.com




5G mmWave Summit
Accelerating into 2023 & Beyond

Zhigin Wang, Vice President

China Academy of Information and
Communications Technology (CAICT)
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CAICT iE({SidEkk

Setting Sail on a New Journy with
5G Commericalization

WANG Zhiqgin
CAICT
Mar. 2023




Policies across Ministries Contributes to Development of 5G CAICT thE{SiERE

I Multiple ministries support 5G innovations and development 5 3‘\

wm MIIT released the "Fourteenth Five-Year Plan for the w MIIT, in collaboration with other 9 central

Development of the ICT Industry government bodies released “Set Sail” Action

Plan for 5G Applications (2021-2023) in July 2021

wm MIIT released the Notice on "5G+Industrial Internet" 512
Project Promotion Plan

MIIT ,
cAC ok R £ 22
wA NDRC, NEA, CAC and MIIT jointly released the NDRC J £ I; : o
Implementation Plan for 5G Applications in the Energy Sector Ministry of Education g h . W
‘ Ministry of Finance e s

Ministry of Housing and Urban-Rural :
KT 5G M “HM” 41ghitRy

W MIIT with the NHC jointly issued the "Notice on Organizing the

(2021—2023 %) M3l
Application for 5G+ Medical Health Application Pilot Project", and Development I
MIIT with the Ministry of Education jointly issued the "Notice on Ministry of Culture and Tourism
Organizing the Application for "5G+ Smart Education” Pilot . ..
p ganizing i f National Health Commission
roject
4 SASAC
NEA



Achievement of 5G network construction in China CAICT thE{Sifkk

« By the end of December 2022, China has built approximately 2.31 million 5G base stations,
covering all prefecture-level cities and county areas in the country.

5G base stations construction in 5G network co-construction and sharing

China (ten thousand)

231.2 Co-construction and sharing
. ‘e%ﬂ@ﬁ & ) “X” ~one single 5G access network.
CHINA TELEFOM ﬁn:ggmm@ﬂjg Total 918,000 5G BSS by Aug.
154 2022.
155.9
142.5
L prap— & CBN Jointly invest in the
71 819 \Z' ChinaMobile saraeansani) " construction of 5G networks
o °0¢ @700Mhz
13.0 194 . I
m B

2019Q4 2020Q1 2020Q2 2020Q3 2020Q4 2021Q1 2021Q2 2021Q3 2021Q4 2022Q1  2022Q2 2022Q3  2022Q4 v CBN (Chlna Broadcastlng Network) has announced SG

commercial service on June 2022. 97% of China
Tower’' s 5G base stations are shared, and the
concept of sharing serves the economy and society.

Source: MIIT



CAICT thfE E]‘EB}E

The number of 5G users continues to expand

« By the end of 2022, the number of 5G mobile phone users reached 561 million, accounting for
33.3% of mobile phone users.

5G penetration rate increases with The utilization rate of 5G network

continues to increase

the number of 5G users

v" Driven by the expansion of 5G user scale combined with

v With the gradual improvement of the network H , ¢ icati h a< VR/AR). 5G
construction, the penetration of 5G users is t effpromotlon O_ NEW app |cat|c;n: (suc ash /40)(;/ :
steadily increasing. traffic wa§ proml.nent,.accour_mte or. more t an 6 O

total mobile traffic during Spring Festival holiday.

5G Users 5G Traffic

33.3% >40%

By the end of 2022 During Spring Festival holiday



Accelerating industry maturity through technology trials CAICT hE(ZiEk:

5G mmWave can supplement the coverage and enhance the network capabilities

. IMT-2020(5G) Promotion Group organizes trials to promote the development of the industrial chain, improve the
performance of mmWave products, and support commercial deployment.

. Coordinate equipment function and performance index requirements, and develop trial specifications to support
product research.

. Research on mmWave test technology, building mmWave function test system of RF, performance, to support

mmWave trial.

2019 2020 2021 2022
mmW
FR2-only test
Unified Unified Comprehensive Comprehensive
-~ specifications " environment / test ‘ connection -

Promote the industrial
chain of systems, chips,
terminals, key devices
and special
instruments

Build a complete test
environment and
develop OTA RF and
performance testing
systems

Carry out 5G function,
RF, outfield and
performance test and
verification

Guide industrial R&D
and study common
problems

e e
(T ———————
e
N e e e e e
o e
o e e e e P
e e

__________________________



Formulating 5G mmW trial specification framework CAICT hEHSifEk

5G Enhancement Technology R&D Trials

_____________________________________________________________________________________________________________________________________

mmWave key technolo | . ) ) o
y Sy 'MmW trial to support 5G network requirements in China

Key technical requirements for mmW

 Frequency : 26 GHz

Key technologies of test methods of mmW

Field performance test methods of mmwW « Carrier Band : 200 MHz
~ +  Flexible Frame Structure : DDDSU/DSUUU
Technical requirements for mmW base station equipment . Network type - SA ( DC/CA )/ FR2 only

Technical requirements for mmW terminal equipment

Test methods of mmW base station equipment

Test methods of mmW terminal equipment m Case2-1: CA , 26G NR+Sub 6G NR CA
Test methods of mmW field performance : CAorDC Case2-2 : DC . 26G NR+Sub 6G NR DC
Test methods of key RF technologies of mmW terminals ( Sub 6G NR > ’

<l LTE Band1 )
Key technical requirements for mmW C
Test methods for key technologies of mmW A s sl > SA Network

Test methods for mmW field performance




5G innovative applications are thriving CAICT hE({ZiERx

* Explorations on integration: Actively explore the deep integration of 5G with cultural and tourism, industrial,
medical, energy, and other industries to effectively address their pain points and create new industry dynamics.

v" 5G + cultural tourism: v' 5G+converged media: Free v" 5G+information consumption: v' 5G+health: Remote real-

Performance on the cloud viewpoint + AR Smart home brings new time diagnosis
experience-based consumption

More than 10,000 5G industry virtual private networks

[y —EN
1796 89 607
5G+ Grid 5G+ Factory 5G+Mines 5G+Port 5G+Hospital 7




The blooming cup promotes 5G applications growing fast

QICT aE E]‘Eﬁ

30000

25000

20000

15000

10000

5000

The "Blooming Cup" 5G Application Competition has been held for five years, with the number of
participating projects (entries) increasing from 330 in 2018 to 28,560 in 2022

The entries covered many areas, including smart city, Industrial Internet, medical and health
services, intelligent transportation, smart finance, sports and entertainment.

This is not only competition, but also a chance for suppliers and demanders to know each other

and close together.

12881

7000

4289
2388

2020

3731

1000
|

2019

189 330

2018

W participate enterprises entries

2021

others
1% smart city

16%

Intelligent mininb‘temet of Vehicles...

Si¥art Building

Convergﬁpce
(o]
media

3%
Smart power

28560

9000

Smart logistics
5% Information

2022 consumption

11%

Smart Park
Qo/s.



Summary CAICT hE(SIERR

@ Take a future-oriented approach in
network construction to meet the needs of
individual and industrial users

@® Improve the supply capacity of the 5G
industry and promote the diversification
and cost performance of devices

(® Promote the development of 5G applications
and develop a strong industrial ecosystem




CAICT iE({SidEkk

Thanks




5G mmWave Summit
Accelerating into 2023 & Beyond
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5G Customer Innovation . =
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~ Telefonica

mmWave in Spain

Customer cases, lessons learned and looking
beyond
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MWC 2023

More than 90 5G projects with customers

= £

Turlsmo (WEIEEER Segowa J) Idiomas 5G (I\/Iella) ‘ Gestamp — Edge | Opeh Golf Madrid ’ SailGP

But the most desired features are still to come...

[ 1] L.
& Telefénica
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Telefonica is the only Spanish operator that
has obtained a full 1 GHz spectrum at the 26
GHz auction



MWC 2023

Telefénica is the only Spanish F
operator that has obtained a full 1
GHz spectrum at the 26 GHz auction

 We understand this frequency
band as an essential asset in the
pursue of a sound 5G strategy

* It shows Telefonica’'s commitment
In the development and
leadership of a solid and future
proof 5G ecosystem.

» Telefonica will be the fist operator
in reaching speeds like 5 Gbps
downlink and 1 Gbps uplink.

[T L.
8 Telefonica



Why is this band so
important ?

. Bandwidth !

Uplink

Low Latency

Slicing

Massive connections




ISG TV cameras on 26 GHz + Al (7)7n Etoe Low latency record on a real deployment (1.6 ms)
Y

Welcome
tothe5G—_
mmWave s
zgne!

il

4l i o~ ig i
A AT AL l M 7 1
e &‘ 4= || i | -
4 i ‘M
il ‘

Massive traffic on a complimentary-VIP WiFi
backhauled over 26 GHz




\_ Looking Beyond

* More focus on the uplink: current
ecosystem is solely focused on the downlink

* Further development of the device

ecosystem: Not only smartphones, but we
also need CPEs, industrial routers, loT, etc.

» Stability and reliability : the occasional 1

ms is not useful. We need predictability (5G SA,
Slicing and uRLLC).

8



Where first ?

» Factories: Industry 4.0, Manufacturing
plants, seaports, refineries, logistic
hubs... (going full wireless, cloud robotics,
machinery remote control, video analytics
on Edge, etc.)

* Hot Spots: Football Stadiums,

Downtowns, Grand Prix, venues of high
concentration ...




Telefonica
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docomo

mmWave Promotion

NTT DOCOMO, Inc.
Chief Technology Architect
Takehiro Nakamura

© 2023 NTT DOCOMO, INC. All Rights Reserved. 1



Frequency Assignment for 5G in Japan docomo

NTT DOCOMO KDDI Rakuten SoftBank KDDI
[3'7GHZ band] 100MHz 100MHz | 100MHz 100MHz ‘ 100MHz ‘
3.6 3.7 3.8 3.9 4.0 4.1
NTT DOCOMO Local 5G
[4.7GHz band] 100MHz Indoor use only Indoor/Outdoor
4.5 4.6 # Coordinated public services 4.8 4.9
Rakten NTT DOCOMO |KDDI/Okinawa C. Local 5G SoftBank
[28GHz band] 400MHz 400MHz ooz I t  Indoor use only 400MEz
27.0 27.4 27.8 28.2 28.3 *Coordinated 29,1 29.5
satellite services
Indoor/Outdoor

© 2023 NTT DOCOMO, INC. All Rights Reserved. 2



High-speed 5G with mmW

docomo

=5G SA and Dual Connectivity with Sub6 + mmW was deployed from

August 2022

= UL performance was drastically improved by mmW

his1€) SA,

2 WX e
4.9Gbps*

ERRHRX ,
1.1Gbps S—

Frequency DL UL about  about
yep _ LTE+SUb6  4.2Gbps  218Mbps NN
LTE+mmW 4.1Gbps 480Mbps
SA Sub6+mmW  4.9Gbps 1.1Gbps

© 2023 NTT DOCOMO, INC. All Rights Reserved.



5G SA Throughput Measurement Results docomo

RER
RO PR 518
JRE AR W B gg’gg
FRAmAD wam 1393 mops
;zll1670 I;Abpsv ﬁ;’g'. 209 Mbps ;;Jii! 1573Mbps
3 i)
S RE igll 226 Mbps ggég bl 126Mbps
o s 160 T e
samx 1747 wops £ 113 o Gziﬁ';c_f;f -
ﬁéll 723 Mbps ;;‘mn 1587 Mbps
A waax 130 wops
JREEBRAO
R =8 ;zﬂm 1390Mbps Z25ER = =
;;’SHR 1417 Mbps ﬁ?ﬁiﬂ 11 6Mbps ﬁa.,gﬂn = ---=--‘-‘““‘
ﬁgﬂ! 109 Mbps ;zl!l 1767Mbps = --=-
soax 024 mops - ==
= === https://www.docomo.ne.jp/special_c
3 = ontents/change/5g/realization/article
= -+ s/article_37/?icid=CRP_AREA_serv
icearea_to_ CRP_SPE_change 5g
i realization_articles_article 37

© 2023 NTT DOCOMO, INC. All Rights Reserved.



5G mmW Area in Tokyo docomo

.r‘\‘ A 4 r N

- B

2 » > it B
¥ o 5 HE + BR
S i _—
ﬂ scammsxky @D

e — =

Yaps - g “
- -&,?Th S Q wRIU7 EREERERELITEL2-5
‘ -

)
vhZTOU—ER
el IR

RRAD

5006 ”‘(f‘_] o . g Y P ) X A -" ' 7R g A » ‘ )

. &S ..!. https://www.docomo.ne.jp/arealser

ABI (5G6TU7) vicearea/?rgcd=03&cmcd=5G&sca
le=2048000&Iat=35.690767 &lot=1

x; BE5G .SGIU)_’ (4.5GHz,3.7GHz) %1 BFEEG \7‘ 5GTUT (3.5GHz,3.4GHz,700MHz) %2 39.756853&icid=CRP_|PH_area-
59 _to CRP_AREA servicearea

LTETY 7 BETUF %3 SGHIFAIEE Ry b

© 2023 NTT DOCOMO, INC. All Rights Reserved.



Why mmW needed?

docomo

Guarantee enough spectrum resources for
future traffic increase

! Expected amount of mmWave spectrum needed per market by 2030

Q © 0O

4, SGHz 350 MHz 150 MHz
Total: 5 GHz

Reference: GSMA Vision 2030: mmWave Spectrum Needs, Full Report
https://www.gsma.com/spectrum/wp-content/uploads/2022/06/5G-mmWave-Spectrum.pdf

Provide high data rate and capacity for spread
of high-quality 5G services such as XR, video
transmission , robotics

Video Transmission & XR
Al

https://www.ntt.com/en/Ip/5qg/

© 2023 NTT DOCOMO, INC. All Rights Reserved.

mmW use for accurate sensing
- Joint communication & sensing -

A -_"
KAy h7—2%

\V o

\

//

An initial accomplishment that opens the way
for mmW and sub-THz development in 6G era

5G NR supporting spectrum up to ~71GHz

( 5G i
5G Sub-6 56 mmwW
= <}:>J

FR1 (FR3) FR2 (FR4) (FR5) -
1GHz IGHz 10GHz 30GHz 100GHz 300GHz Freauency
echmc I
10 be (dentitied GG
. 6G Low/Mid-band > < 6G High-band >



https://www.gsma.com/spectrum/wp-content/uploads/2022/06/5G-mmWave-Spectrum.pdf
https://www.ntt.com/en/lp/5g/

5G Frequency Deployment Scenarios docomo

= Considering various use cases, functions
and frequency bands to deploy 5G needs to
be chosen appropriately “lndoor

e Ofifii GO

mmW deployment utilizing mmW
characteristics R
* Initial phase: smaller and closed area where —
higher performance required
—Hot spot/Stadium/event venues mmWw j>
—indoor/office

—Private NW/Local 5G
—Macro street

Performance

mid-band

« mmW area to be extended according to spread of —
mmW devices and increase in needs for higher ~—_  low-band
performance >

Area/coverage

© 2023 NTT DOCOMO, INC. All Rights Reserved.



How to spread mmW? docomo

mmW
coverage = Cost reduction
extension - Price of mmW radio devices and RU
e Cost for RU installation
* New radio NW solutions, e.g. reflectors
Increase Soread of = Spread of CPE, which can improve UL
in mmW SV devi performance
use cases mm evices

= Promotion of emerging high-quality
services, e.g. XR, 8K

= Create new mmW use cases

© 2023 NTT DOCOMO, INC. All Rights Reserved. 8



Technologies for mmW coverage improvement

docomo

mmW repeater system Passive reflector

RIS reflector

. ) . )
Antenna technologies Radio x-haul s
— - O %ofoQ%
e T S
S oY
@@9 ¥
Radio on Fiber(RoF) OAM-MIMO
L Pinching antenna ) multiplexing.
& Radio repeater technologies

Meta-surface lens

© 2023 NTT DOCOMO, INC. All Rights Reserved.



Activities for mmW promotion in Japan docomo

=5G Business Design WG was established by MIC in this R e
January to explore 5G business utilizing mmW, etc. g ,‘ﬁ,ﬁ’: 5‘% 'é
« Major operators including DOCOMO and vendors were invited MG e e
and provided their presentations on mmW

 All of members expressed issues and positive opinions for mmW
deployment

=mmW Promotion Ad Hoc was established in 5G Mobile :
communications promotion Forum(5GMF) to promote G IMI IF
mmW deployment through activities to;

» develop White Paper

 develop applications/services utilizing mmW and appeal to
stakeholders and industries

e organize events on mmW

© 2023 NTT DOCOMO, INC. All Rights Reserved. 1 O



5GMF mmW Promotion AH docomo

=Objective :
« Promotion of mm Wave ﬁ IMI |F

—to provide high quality communications services for industries
—to solve social issues
—as prerequisite condition to allocate additional frequency bands

=Action plan

* Develop White Paper
—Ver. 1.0 by the end of March 2023
—Ver. 2.0 by the end of June 2023

* Organize mmW events, such as talk session, exhibition

© 2023 NTT DOCOMO, INC. All Rights Reserved. 1 1



Changing worlds with you.

docomo ko




5G mmWave Summit
Accelerating into 2023 & Beyond

Philippe Poggianti
Vice President, Business Development
Qualcomm
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QUCI'CO/WV\ Barcelona, Spain March 2023

Deploying 5G mmWave to
unleash the full 5G potential

Philippe Poggianti
Vice President, Business Development
Qualcomm France S.A.R.L

Snapdragon and Qualcomm branded products are products of Qualcomm Technologies, Inc. and/or its subsidiaries.



Denmark, Finland

Norway, Sweden T
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United States Germany 3 @ H 2
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Australia —
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Confidential - Qualcomm Technologies, Inc. and/or its affiliated companies - May Contain Trade Secrets

Australia is the 3 pillar opening up the “26GHz market”
China, India, Europe being part of 26GHz market (3GPP n258 band)




Fixed wireless  Indoor/outdoor Transportation Indoor Industrial

access venues hubs enterprises loT
—— -— ———
Urban cities, suburban Stadiums, Shopping malls, Busy Train terminals, subway Offices, auditoriums, Factories, warehouses,
towns, rural villages streets, music venues stations, airports l reducation campuses logistic hubs

Bridge digital Best Quality of Experience  Free up mobility and Unleash
divide in high-density areas power hybrid work Industry 4.0



5G smartphones Hotspots & loT

| CPEs
? + g Wil

5G mmWave devices
launched or announced

by 65+ vendors

E”’

IP camera

. K‘EIT

Expanding breadth, availability of 5G mmWave devices



3 out of 5 top connectivity pain points related to crowded areas

Limited cellular connectivity in crowds

Slow download in crowds

Poor cellular coverage

Poor indoor cellular connectivity

Slow upload speed in crowded areas

|
I

Source: Global consumer survey conducted by Qualcomm Technologies, Inc.

I
I

27%

27%

25%

25%

Pain points drive interest
in 5G mmWave Service

Connectivity

Issues
At least weekly
in crowded areas

Will pay a
premium for
5G Enhanced
Service

69%

/6%




Latency from air interface can impact user experience

J U _

é‘ﬁ@% gﬂ: | Airinterface




5G mmWave + mid-band
= best possible QoE
Wherever people are Median download throughput (Mbps)

) . 10 el ) G
5G mmWave can deliver more uniform user TR N 1932.5

experiences even in congested network
5G mmWave delivers on the promise of
extreme capacity and blazing-fast speeds
under heavy network loads

Mid-band mmWave

Stadiums Train Stations Indoor malls Outdoor hot
zones

Source: https://www.rootmetrics.com/en-US/content/mmwave-cutting-through-congestion




5G mmWave in “islands of capacity” positions the operator as a
quality leader, cost-efficiently

5G mmWave
Stadiums | oS Requires the most cost-efficient
' technology, esp. in Uplink
| Leads to up to 70% less power
=) consumption
Train 2
Stations A= 20
' B DLmidband M DL mmWave
» UL mid-band M UL mmWave
% Subs
Indoor daily reach”
malls 70%
less
energy
Outdoor

mmWave vs. mid-band number
of small cells per “hot-zone”

dense areas

* Subscribers able to experience mmWave daily. ** Hypothetical UK operator with 30% market share
Source: Qualcomm Technologies and Bell Labs Consulting study, April 2022



Intelligent 5G mmWave

network planning

Demonstration at Qualcomm Technologies booth - Hall 3

Manchester, England
Test location: 6.8 sq km

Densification with
Sub-7 GHz macro cells

Densification with
5G mmWave small cells

?u‘:—7 GHz ?u‘lzl:ﬂ GHz

macro cells macro cells

+14 +14
Sub-7 GHz 5G mmWave
macro cells pole-mounted

small cells

Downlink user throughput
Mbps

Densification with
5G mmWave small cells

o

54
Sub-7 GHz
macro cells

+77
5G mmWave

pole-mounted
small cells

@ Densified with macro cells Densified with 5G mmWave small cells
1,024
346
275
202
87
T )
|
10th %ile 50th %ile 90th %ile

_Heatmo P

Throughput

QUG'CONVV\ ntelligent 5G mmWave net planning | Delivering enhanced user experience

Downlink user throughput

Downlink user throughput
Mbp:

Station to stadium A



5G mmWave in Europe

TIM City of Tampere SNCF Rennes University of Dresden
11\ Finland France Germany

ﬁ‘.

“Fira f| Hall 3

e L
T a Uy BRI RE o HER T

Live transmissi
_— Augmented Reality in 5G on
— _the26GHZ band —

-

France Television Paris La Defense Dorset Council Telefonica, Barcelona
France France UK Spain

Detailed content available at Financial Times’ Waves of Change webpage (except Telefonica example)



A mature ecosystem

1. Commercial in all parts of the world

2.Mature device and infrastructure
ecosystem

3.Subscribers want more capacity in
crowded locations

4. 5G mmWave is the cheapest solution
. . tocopewithit

5.More to come for consumers and
businesses in Europe

6.See you on our booth!
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or devices referenced herein.
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mmVVave

Use cases

Performance

Ecosystem

Ericsson portfolio commitment

Christian Leon - Ericsson

Ericsson MWC23| 2023-03-01 | Page 10of 19




mmWave in high traffic areas secures performance

-
h d d -
4 Global Mobile Data Traffic EB/month

500
X 450 A fully coordinated
Total mobile *® Bandwidth multi-layer network for best
350 A hili
. performance and best flexibility
data traffic to jgz to secure service differentiation
grow globally .,
to 2028 0
100 e mmWave
50
0
2022 2023 2024 2025 2026 2027 2028
4G and other m5G ®FWA
_ ¢ Mid-band
10X more spectrum [ mMmWave devices
R e from all vendors, field 4 Low-band
defined and ready PHertEn > Coverage

Ericsson MWC23| 2023-03-01 | Page 2 of 19



mm\Wave deployment

\\

Enhanced Mobile Broadband

Hot capacity Spot
All Customers

- Performance +
capacity

- Indoor & outdoor

Ericsson MWC23| 2023-03-01 | Page 3 of 19

Fix Wireless Access

City macro sites Street sites Macro tower

Japan, Australia US, Australia Europe, US

—> Leverage existing sites —> Densify for best - Coverage targeting
> Spotty coverage coverage FWA customer

- Urban + Suburban




mm\Wave deployment — Superbowl 57

Hot capacity Spot Radio distribution per band Traffic distribution per band

All Customers

- Performance +
capacity

- Indoor & outdoor

. mmWave
= mid-band TDD
= low-band FDD

mmWave is built for high-capacity locations

Ericsson MWC23| 2023-03-01 | Page 4 of 19
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mmWave FWA performance @scHz)

(4I{b)

5.2 Gbps 4 Gbps 2.6 Gbps 1.7 Gbps 1Gbps 1Gbps Line of Sight

4.8 Gbps 1.3 Gbps Non-Line of Sight

3.6 Gbps 1.5 Gbps Indoor CPE

DNB Malaysia

Ericsson MWC23| 2023-03-01 | Page 5o0f 19



mmWave 5G technology for industries

disruptive Up Link

Manufacturing

Ericsson MWC23| 2023-03-01 | Page 6 of 19

Airport

FR2 4CC with
UL-Heavy TDD pattern

/

NR-DC (FR1 TDD + FR2)

FR11CC+2X2MIMO  qumm emmm
FR24CC+2X2MIMO  qummD Gam

/
‘/
-/

\\



Scaling into in new geographies

Mature ecosystem at
scale

Ericsson MWC23| 2023-03-01 | Page7 of 19

Low device
penetration

in FWA India

Scaling ecosystem
High scaling potential

\\
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cellnex

Reinventing business districts with 5G mmWave Eduardo Fichmann

5G mmWave Summit, MWC’23 Innovation & Product Strategy Global Director
Barcelona, 1st March 2023



cellnex®

Agenda for today

1. Background
2. Overview of the trial

3. Next Steps
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Cellnex, Europe’s leading operator of wireless cellnex’

telecommunications infrastructures
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cellnex®

Project background: Promoting mmWave, active neutral host
infrastructure in metropolitan areas in France

In January 2019, the French
Government and Arcep (French
telecom Regulator) issued a joint
call for the creation of 5G trial
platforms that would be open to
third parties, and using the 26
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cellnex®

Cellnex France partner with Paris La Défense, the iconic business district in
France, to deploy a 5G mmWave neutral host network

Validate neutral host as an efficient
deployment model that allows the

sharing of antennas and infrastructure in

dense urban areas mmWave
(26 GHz)

Transforming La Défense square into
a 5G mmWave sandbox to test new
use cases in smart city, mobility,
events coverage and more.

Consortium partners:

Z 2,
B o oo

Cellnex Telecom

cellnex®

driving elecou comechily

\z\N\ e
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cellnex®

Cellnex deployed a 5G NSA mmWave smalicells in Paris La Défense square
providing ultra high speed, capacity and reliable network

Cellnex Telecom



N
The project is enabling Cellnex to understand how to maximise 5G cellnex

coverage to support crowds of people on immersive 5G experience

HKORF 1GBm)

© Siradel
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cellnex®
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Cellnex is the partner of choice for most MNOs in Europe
across venues & buildings to deploy DAS & Small Cells
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cellnex®

Thank you!

www.cellnex.com
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5G mmWave Summit

Thank you

We look forward to seeing you next time
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