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5G and beyond
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Huawei: Leading provider of ICT infrastructure and smart devices

@] 207,000 employees

&)

550/0 employees work in R&D

1 70"‘ countries and regions

% B

NO. 5 in global R&D investment

Vision & mission

1 40,000"' active patents held globally

Bring digital to every person, home and organization for

a fully connected, intelligent world
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Information distribution

Focusing on ICT to provide products, solutions, and services to three
customer groups alongside ecosystems and partners

& interaction

Pt Consumers

A

Devices

Smartphones
Wearables
Smart home devices
Telematics

All-scenario lifestyle services

Ecosystems

Information transmission

Intelligent Automotive
Solution

Intelligent driving
Intelligent vehicle control

Intelligent vehicle cloud
services

Intelligent cockpit

Intelligent automotive optics

Huawei Proprietary — Restricted Distribution

Information processing & storage

Connectivity

Wireless network
Data communications
Optical network

Cloud core network

+ Intelligence

Carriers

EE Enterprises
Partners
Computing Cloud Digital Power
Computing Public cloud Smart PV & ESS
Data storage Hybrid cloud Smart Charging Network

DriveONE

Data Center Facility & Critical Power

L &

Information learning & inference
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Heavy and sustained R&D investment

US$23.2 bn 25.1% US$140.6 bn

R&D expenses in 2022 R&D expense ratio in 2022 gsgtﬁg Eaes);%eerésaedse

R&D Expenses Over Past 10 Years
Huawei Investment & Holding Co., Ltd

25.1%

R&D Expenses —®— R&D Expense Ratio

2 bn

13.2%

2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Note: All amounts were converted into USD using the closing rate at the end of 2022 of US$1.00 = CNY6.9533

5 Huawei Proprietary — Restricted Distribution

140,000+

Active patents held by Huawei globally
(as of end 2023)

29

Enterprises signed bilateral agreements
with Huawei and paid to obtain Huawei
patent licenses (in 2022 alone)
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Revenues and R&D expenses 2016 - 2022

1000000 Despite the

decrease of

900000 .
revenues in 2021,

800000 the investment of

700000 Huawei in R&D
keeps on growing

600000 9 9
both in relative

500000 and absloute

400000 terms

300000

200000

R&D expenses CAGR
100000 2016 - 2022
0 13.3%
2016 2017 2018 2019 2020 2021 2022
EEEE Revenues I R&D expenses % R&D over Revenues ~ seeeeeee R&D expenses trend

Note: data in Million CNY. Rate at the end of 2022 of USD 1 = CNY 6.9533 - 2022 Revenues = 92,379 M$S
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Heavy R&D investment drives innovation and future development

Behind our leading products is solid basic

<

T
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Mathematics & moaras
algorithms R -

Chemistry &
materials science

20%+ revenue reinvested into R&D
for past 3 years

114,000 R&D employees (55% of workforce)

Huawei Proprietary - Restricted Distribution

research and technological innovation
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\\\\H 11,
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Standards &
\ patents

N
\
e

Physics & engineering

technology

86 foundational tech labs

1 80+ joint labs and innovation labs
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The two drivers of innovation

afic hypo
c}\e“\\ th@%

Jood ()
3 Sci 2%:’:’
& cience 53 oiness vis,
5 TS
g &tech 3%
3 §8 %
& RS om Customer. &
Qr 53 2
3 needs 8

C &2
o’e techno\Og\

%%f sxa(\é‘b
Basic oo Applied Technology Product
o=
research / research development development
Visions & @9 Academic & research cooperation @ Ecosystem partner cooperation Value
hypothSess -\C;)'- Theoretical breakthroughs @j Technological inventions Technological innovation -y
Systems engineering  Global technology planning Talent cultivation
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Driving ongoing tech innovation through extensive technical
cooperation with universities and research institutes

300+ 2,000+ 20,000+
e Universities /\/"' Cooperation }:{ Scientific researchers
. . A|I|.A| . .
/Research institutes projects per year worldwide

Models for innovation cooperation

Joint/Innovation labs

Technical cooperation Research sponsorship Challenges & Spark awards
fa?g D =
y C)
Q S

* Joint research to make e Sharing technical challenges

breakthroughs in basic research « Identifying industry challenges « Supporting quick exploration e Finding innovative talent
¢ Major inventions to drive the ¢ Resolving challenges with scholars into innovative ideas at

industry forward colleges and universities
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Huawei Italy Research Centers

Milan Research Center
HF mmWave Technologies
HF 5G Wireless Technologies
Optical RF Chip Technologies

Milan Aesthetic Research Center Pisa Research Center

Consumer experience design (Product/Service/Communication) Real-time embedded software
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15 Years of Milan Research Center

* From ERC to Milan RC

* More research and collaboration
with Universities

* New recruitment policy
(young talents)

June 2008

Joint Labs @ Naples,
Turin, Bologna

Vodafone MW Joint
Innovation Center

ﬁ ledia Univers
=T e 2 Jue Politecnico di e enter Hniversity f Siena Pavia Joint Lab @ UniMiB
15t erd Ih Milano University of Trento
modulation prototype * Joint Labs @ Pavia, Milan, Siena
v * New Aesthetic Center in Milan
, {
- 2012 v v
University of E-Band 2013 v
Cagliari -
S ZPmEES  Hisilicon Optical 2015 2016 \'% vV V
Y 5G High Frequency D-Band 2017 2020 D

15t world trial

Optical RFIC Exnand cooperation
footprint

University of
Padova

Politecnico di
11 Huawei Proprietary — Restricted Distribution Torino
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Fuelling Innovation by Collaborating with Top Italian Universities (2022)

Telecommunica High Frequcy RF

\_ POLIMI tion Algorithms Tech.

Technology Technologies

Optics
Tech.

Automotive Manufacturing
and prototyping

\\mlo4,

ST ,
/m\\

/Vv w\*‘ -

INSUBRIA Algorithms

% DEGLI STUDI

FmONVIIN I

Devices

BICOCE
Automotive Optics Antenna  Big Data
design Technologies Tech 9 UNIMIB
:_ — — UNIMORE
Analog RF RF Technology UNIPR  Algorithms | | UNIMORE

UNIFE RF Devices
Modellin

QOLA g

/
/o

3
UNIVERSITA DI 1188

chola Sant'Anna UNIPI

Antenna Tech Things

e mﬁ*

Internet of UNISI

Antenna
Tech

CPU

unlbz

UNIBZ

58

UNITS Antenna Tech

Ontology )

- J

* X =3¢

architecture

Device Reliability

Roma La Cloud Tech Roma Tor Analog RF
Sapienza Vergata Devices
12 Huawei Proprietary — Restrictpe-Rintsithution

Joint Lab

FBK

Automotlve SW

-

2
7 ledia

UNITN Antenna Te@

-

UNIPD Algorithms

|
==
>

l\l\lk\ll\llh(l\ﬂ o

ROMA TRE
Antenna Tech

Y4

* Innovation Lab

Compute
Science

A

* Cooperation

Device
Reliability) { UNIVE Nanotech
)
S5 nternet of AI“
UNIBO Things
( g
; A2 ./0 Q/
\UNIVPM Cloud Tech
nll]ll-
1;) EMC
(_ UNVAQ  EM
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What is 5G?
What is behind 5G?
Why do we need 5G?




What is 5G?

The evolution of mobile communication

Generation Device Specifications
””b%‘ Year 2020-2030
1G /"Ppl% Standards —
Year 1991 . Technology digital
Standards AMPS, TACS ‘ gf‘ds Bandwidth Ubiquitous connectivity
Technology Analog 6‘ Datarates Fiber-like experience
Bandwidth — (%) 1 hr HD movie in 6 seconds
Datarates —
9 |
EBaN
v E -
ngompan
2G
Year 1991

Standards GSM, GPRS, EDGE
Technology Digital
Bandwidth Narow Band
Datarates < 80-100Kbit/s

G

3G
Year 2001
Standards UMTS / HSPA
Technology digital
Bandwidth Broad Band
Datarates upto2Mbit's

9]1doad

”afﬁc prlonW

o
™
o

T
™
o
-
=
3

Ta)
n

“ps beytmd |m39“‘a‘

4G

Year 2010
Standards LTE, LTE Advanced
Technology digital
_Bandwidth Mobile Broad Band
Datarates xDSL-like experience
1 hr HD movie in 6 minutes

CEN

e mun\@‘

5G is about Communication, Storage, Processing...

15 Huawei Proprietary — Restricted Distribution Source: https://digital-strategy.ec.europa.eu/en/library/1g-5g-infographic S'é HUAWEI




What is behind 5G?

ITU-R 5G network capability requirements

Peak Data Rate Us%g:ap:‘mwu
(Gbit/s) {(Mbit/s)

Area Traffic
Capacity

Spectrum
Efficiency

100x
Network
Energy Efficiency

Mobility
{km/h)

Connection Density Latency
(devices/km?) (ms)
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What is behind 5G?

5G spectrum (Italian case)

5G spectrum

consultation

Spectrum in the 700 MHz (694MHz-790MHz), 3.6GHz-3.8GHz and 26.5GHz-27.5GHz bands was
auctioned in September and October 2018. The whole auction ended after 14 days of intense bidding,
far above expectations, reaching 6.55 billion EUR of which 4 billion EUR for the highly-coveted mid-

frequencies.

700 MHz

Other

3.4-3.6 GHz 3.6-3.8 GHz >24 GHz -
frequencies

Dec. 2017, Feb. 2018| 60 MHz September 200 MHz September 1,000 MHz

2018 2018 September 2018
The 700 MHz auction process ended mid-September 2018. 700 MHz frequencies raised globally 2.04 \\
billion EUR. Telecom ltalia announced it had paid 680.2 million EUR for 2x10 MHz. llliad paid 676.5 1,000 MHz of the 26.5GHz-27.5GHz spectrum (split into five lots of 200 MHz) was auctioned in
million EUR for 2x10 MHz. Vlodafone spent 683.2 million EUR for 2x10 MHz. Licenses are valid 15 September 2018. The process ended on October 2", 2018, 14 days after start. The auction for 26
years, starting on July 15t 2022. GHz frequencies have not shown a huge interest by players. The five lots were allocated, raising a

Mid-2017, the Italian NRA made spectrum in 3.4-3.8 GHz band available for 5G trials.

The mi-band auction ended on October 2", 2018, 14 days after start and 171 rounds. Telecom ltalia
and Vodafone won the largest blocks of spectrum (80 MHz each) for approx.1.7 billion EUR each.
Respectively they paid 1.694 billion EUR and 1.685 billion EUR. Wind and lliad paid 483.9 million EUR
each for 20 MHz of spectrum each (483.92 million EUR for Wind and 483.9 million EUR for llliad).

total of 167.3 million EUR. Telecom ltalia paid its slot 33 million EUR, llliad received another lot for a
little less at 32.9 million EUR, while Fastweb, Wind and Vodafone paid 32.6 million EUR each.

Licenses will be valid until 2037 with the right of use to start as of December 15t 2018.

Overall, the 3.7 GHz auction hit over 4 billion EUR reaching 4.3 billion EUR. The average price of Source: https://5gobservatorv.eu/nationaI-5g-spectrum-assignment/#1533310457982—
spectrum closed at 18 cEUR/MHz/PoP/10 years significantly higher than in the UK or in Spain. 93376798-7871

Licences start as of December 15, 2018.

17 Huawel Proprietary — Restricted Distripbution
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The overall architecture What is behind 5G?

. . ; le Man
Service E2E Service Creation ge("‘w Log,
2z ~
Level E2E Service Operations K\//
Slice Instance #1: m Assurance
Vehicular-to-X l-
Communications m m J [
— Fulfillment
Network
Level Slice Instance #2: AMF ﬂ
Smart Utilities and I S Orchestration
Connected City m

| Programmable ctrl | Programmable Ctrl | Programmable Ctrl | Management of
(SDN-C) Domain Resources & Functions
RAN Core
Resources & él%lé gl%lg Orchestration | | Orchestration
Functional \@
Level — ] Transport NFV & MEC
Orchestration Orchestration
Wireless and fixed access Edge Wide Area Core/Central
(incl. transport networks) Cloud Transport Network Cloud Infrastructure Orchestration

Source: https://5g-ppp.eu/wp-content/uploads/2020/02/5G-PPP-5G-Architecture-White-Paper final.pdf
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ITU-R 5G triangle Why do we need 567

Enhanced Mobile Broadband

Gigabytes in a second —|_.

=30 video, UHD screens

Work and play in the cloud

Augmented reality
‘ Industry automation

Smart Home/Building

e llission critical application

Voice
Smart City=—= Self Driving Car
Future IMT
Massive Machine Type Ultra-reliable and Low Latency
Communications Communications

19 Huawei Proprietary — Restricted Distribution &‘& HUAWEI



Technology push vs demand pull

Generic tech
compan

Production

« Long term orientation « Costs « Market needs
« Technical value « Efficiency « Turnover
(supremacy)

Competitors External context

20 Huawei Proprietary — Restricted Distribution SZ HUAWEI



5G PPP target Stakeholders

21

IT consulting,
IT system and network
integration, Software and
programming, IT
management of network
and software, M2M
component providers,

Other equipment provider | IT providers

System integrators

Service enablers

Digital service providers

(Mobile) Network

operators, Small cells 5G
operators, Hotspot

providers, Cloud/edge Connectivity

providers, Service Providers
providers, OTT providers,
Apps & solution
providers, Campus
networks

Complementary
Industry*

Device & SW, Chipset and | Technology

component makers, Providers

Equipment manufacturers, and
Developers, Application | o

! evelopers

Service Providers P

5G Industry

SMEs, start-ups, spin-offs,

niche players SMEs

Universities,
Research Institutions

Research

Automotive: 5GAA, ERTICO
Industry/Manufacturing: SGACIA, IIC
Health: ECHalliance, PCHAlliance
Energy: EUTC

Media: EBU, NEM

Public Safety: ECSO, PSC Europe

\ * SMEs and large companies are stakeholders of this ¢

Vertical
Associations

April 2020

Policy Makers

Financing Bodies

Policy
makers and
Financing
Bodies

S5eee  5G PPP Target Stakeholders

CEPT, EC, ECC, ECC PT1, ITU, ITU-R WPSD; national regulators e.g.
OFCOM; vertical policy makers e.g. healthcare, energy, transport agencies

EC, National, Regional and Local Public

Authorities and Agencies

\
PPP

Standards

and Open
Source
Organisations

&5 PrP

PUBLIC-PRIVATE PARTNERSHIP

5G-related
rganisations

y and in all its sub-groups

Standardisation | <o /ec i1u(-T), Multefire, , MEF, 0-RAN,
organisations

Open Source
organisations

Agriculture and Farming e g. agriculture,

3GPP, ASTM, CEN CENELEC, ETSI (OSM),
GUTMA, 1DSA, IEEE, IET, IETF/IRTF,

T™ Forum

Cloud Native Computing Foundation,
Cloudify, e.D0, OCCI, ONAP, ONF, ONOS,
OpenBaton, OpenDayLight, OpenRoadM
Multi-Source Agreement, OpenStack,
OpenvSwitch, OPNFV, OSM

food, aquaculture (fish farms), etc.
Automotive e.g. car manufacturers, car
technology providers, services (insurance,
driver assistance, security on content
delivery)...

Broadcasting & Media e.g. studios,
broadcasters, content providers, satellite and
cable providers, media service providers...
Consumers e.g. citizens...

Energy e.g. power companies, utilities, large
users (manufacturers, cities, data centres...),
smart grid operators...

Factories of the Future e.g. manufacturers,
10T technology providers, robotics...
Healthcare e.g. health companies/ industry,
emergency services, insurance companies,
medical research facilities, state health
providers, private health providers, supply
chain partners...

Public Safety e.g. police, rescue and fire
departments, emergency medical,

Telecom: ESA, ETNO,
FSAN, GSMA,
NetWorld2020, NGMN
International: 5G
Americas, 5G Brasil,
S5GForum, SGMF,
ENCQOR, IMT-2020,
TSDSI
Complementary
domains: AIOTI,
BDVA, NESSI,
Photonics21

army, hospital, ambulance,
drone industry (e.g. u-space info providers,
manufacturers, drone-based service providers,
UTM)...

Smart Cities e.g. city transport, smart ports,
street lighting, tourism, smart economy,
mobility, governance, living, people and
environment, venue and stadium owners/sites
(video production & distribution at
sports/cultural and other events), drone
industry...

Transport and Logistics (rail, maritime,

aviation, road) e.g. air carrier companies,
railway companies, road operators.. )

Huawei Proprietary — Restricted Distribution
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5G + industries: Sparking a new intelligent connectivity
revolution

L
Q
>

Dependency on 5G
network technologies

Low

22

Phase 1: Initial stage of 5G enabling industrial applicatio

2019: Exploration of 5G
2B applications

2020-2021:
Initial 5G 2B applications

Autonomous
driving Remote
control
VR/MR

@;\@ UAVs

@ Photograph
' y video

— Autonomous driving
" 1 ﬂ campuses
[==] AGVs &
Smart ports Smart VR-assisted repair
campuses Video

Smart grids  surveillance/inspection

Smart mines
Remote control

UAV-assisted patrol / Al-

£-3
assisted recognition

Smart
w policing Mobile-video-assisted law

- enforcement
mart

m education AR/VR-assisted teaching
cﬁ Smart Remote medical diagnosis

“" healthcare  Mobile ward rounds

Smart public Videos surveillance
transport Al-assisted recognition

@ Media Live streaming

Exploration of atomic
services in industries

Bandwidth-hungry
industrial applications

Phase 2: Mid-stage of 5G enabling industrial applications

2022 and beyond: Large-scale application of 5G in vertical industries

Smart logistics
UAV transportation

Smart
= transportation

L3+ autonomous driving

Smart

¢? healthcare
Nursing robots

Machine vision

Wireless industrial
cameras

Industrial sensors

Feeder automation

Smart
campuses

a Wireless AGVs

Wireless PLC

. Holographic
c9° Smart R Sy communications
healthcare Advanced telemedicine diagnosis
Ii S ; Differential Smart
mar protection t .
; o ransportation
gri ds Power dlsmlbutlon E4 L5
automation
autonomous
@ Smart Vehicle driving
. platooning
transportation

Industrial applications that require high
bandwidth and low latency

Go-to-market timeline of 5G applications

Fast

Time until commercial use (technology maturity x network maturity)

Huawei Proprietary — Restricted Distribution

Slow
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5G Applications Market Potential & Readiness Matrix
Connectivity & Value Added Services Opportunity

«
a
g
- A
Premium Cloud VR
AA
& Cloud Basad
('g Gaming A
‘: Clond VR .
' AAA
Fast Broadband / A
UHDTV 4aa 0
Hologram A meessior_ﬁl
Au_tc_:nomous S“WEY/L'DAR“‘
Driving AAA Radio AAa
a site @  Network A Remote Diagnosis /
g AAl Inspections Planning HDYUHD Al Assisted
S AAA  Advertising an @ Ogpirsa __Body Camera
AR Temporary Transportation o
~ . AA Base Stations FlEns
AAa Immersive AAA . AAK‘A ; AL ;etnote
Property Shopping Wireless Ind: S . Camera Smart Helmet/
& Interior Designs Wireless INdUStYY & rerprise/ W Thermalimage Cloud Al Vision  Surgery
AAa Aaa AdA s HLE T Ambulance
Live Sporting Video Stream & Traffic - A Communication —
@ Events 360° Live Broadcast & USTRAL ek
AAA Conference Sensors Personal Body AA Interactive
2 Video 360° Ada Camera Hospital Displays AMAA
§ Surveillance Consumer Assistant Robot Edge Computing
- AAa Drones Analytics
- AA. Tele-operated Logjistics & Inventory AAA AN
Service Robotics / aa | Ovine Monitoring Cloud = oS
Cloud Based Al /" Cloud Anatics g oL ‘:‘ i Intelligent
Operational AL A AA lacognition e
Updates (Biloud s Persgna} / Safety Remote Patient A Distribution
-§- ‘ A ased Monitoring Management @ POS & mPOS Systems
s AdAa loT Connected = .
o Home Assistant/ Devices A
t Cloud Based Al AAAA
v AdAa
Mo Collaborate Robot / DD Tmatotel
. Data/ UBI —— 8 mCommerce
AAA

Index Definitions

Toll & Auto Payments

2020 Readiness for 5G Index

1. Prototype

2. Earty Adopter- -

3. Price Reduction -
4_Feature Enhanced-
5. Mature Application

Huawei Proprietary — Restricted Distribution

2025 Market Potential Index

o
$< 5 Billion =3 $ 125+ billion

Latency Requirement Index

Low latency required (<50 ms)

Very low latency (<10 ms)

Bandwidth Requirement Index

Low: <10 Mbps:

11 to 99 Mbps

Med: 100M to 1Gbps
2 to 5Gbps
High: 6 to 10 Gbps

V2 HUAWEI




Ten challenges and research directions ahead

How do machines perceive the world, and can we build models that teach machines how to
understand the world?

Wh at About the world

Two scientific questions About ourselves

How can we better understand the physiological mechanisms of the human body, including
how the eight systems of the body work, as well as human intent and intelligence?

New sensing and control capabilities, e.g., brain-computer interfaces, muscle-computer interfaces,

el 3D displays, virtual touch, virtual smell, and virtual taste

Real-time, unobtrusive blood pressure, blood sugar, and heart monitoring, and strong Al-

New healthcare . . S . . . . .
assisted discoveries in chemical pharmaceuticals, biopharmaceuticals, and vaccines

How

Eight tech challenges

New software Application-centric, efficient, automated, and intelligent software for greater value and better experience

Reaching and circumventing Shannon's limit to enable efficient, high-performance connectivity both

N twork
(e-gl-’ Sys_tems R regionally and globally
engineering,
hardware, software) New computing Adaptive and efficient computing models, non-Von Neumann architectures, unconventional

components, and explainable and debuggable Al

New materials Inventing new molecules, catalysts, and components with intelligent computing

New processes Developing new processes that surpass CMOS, cost less, and are more efficient

POE® @O® 6 ©O

New energy Safe, efficient energy conversion and storage, as well as on-demand services
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Video Ringback Tone 5G Message

New Call 3D Video

|II New Call@1080p: 5 Mbps UL

B 5G Message
1 Billion 5G msgs/mo. for CMCC
@ 20229

m Video Ringback Tone

1.2 Million Users in S. Korea in First
3 Months

/ Interactive Video \ '

LN

4K Video

Cloud Gaming Personal Broadcasting

'll Free Viewpoint: 25 Mbps DL

B Interactive Video
70+ 5G Operators Include in 5G Plans

m Free Viewpoint Service
China, S. Korea, Japan, Greece, Canada

More Innovations: 5G Contents and Services Gaining Momentum

/ Collaborative Universe

Metaverse Store

=7) AR City: 120ms E2E Latency

® XR
HongKong 5G AR App:
> 30% 5G User Penetration

B Metaverse Store

Opeartors in UAE (22.10), Spain
(22.9) and Thailand (21.9)

40% 5G Operators Providing 5G-Enabled Contents

Source: Operator Annoucements, Omdia




5G FWA Leap Forward Growth: New Revenue, More Services, Better Experience

N
/ ('/ ((/Az) \}| 2/3 Operators gy — 10% Revenue Ratio
/ N ‘
\/ /// Vs. 4G Initial Stage 1/3 /‘/ /‘\ 47% CAGR /,/ ;,(R )| 170M Subs ‘ 4 Leading FWA Operators
\/.

\UU/ Vs. 4G ~ 18%

60% @2027

Richer Service, More Monetization

Faster Speed, Better Experience Home IoT,
Monetize Uplink

Game Acceleration,
Gbps Extended Monetize Latency
Range MmWave

Migrate 4G to

Guaranteed
Experience

Copper Upgrade

DNA Home 5G

B Smart loT Camera
B 20% Annual Growth $

B Service Acceleration

2> Ghps @7 kin, 26 Gliz B Bundle Attractive ® 60% Latency(
B Smart Home Gateway Contents

B Minimum 100 Mbps
B High Power Outdoor CPE B 50% ARPU ’ VS 4G

® Up to 300 Mbps W WiFi Mesh

B Experience Upgrade
@Suburban ’/




IT Operator A:5G FWA Upgrade Copper Users to Achieve Better Experience

=

~6.5 million Copper Users in Italy, the copper Operator A deployed 5G C-band Massive MIMO in suburban
users are decreasing to migrate copper user within 1 km

Home broadband Distribution (%)

48.2 10.6

E 8.1 :
Mar.-2021 .

7/ 7

Mar.-2020 ' '  w—

6.2

Mar.-2019 : : | w—

83

foote s Accurate online provisioning with outdoor CPE for

123 4423 5
Mar.-2017 — better experience

i Frrc i Fva ) FTTH Wireless + 5G home

E

B The users of FWA/FTTC/FTTH keep increasing,to get the space from Copper

B FWA already be one of the major tech for home broadband




IT Operator B:Gbps Experience mmWave FWA with Extended Range Coverage

Operator B offer- FWA Gbps Experience with Extended Range Coverage

HAAU 5323
70 dBm

m Highest EIRP
m +30% Coverage
m +70% Experience

B mmWave as Key B 1995 €/month
Broadband Strategy B |nternet up to 1 Gigabit/s Network Deployment

-F INTERNET BOX g
. GAP 2 symbol GAP 3 symbol GAP 6 symbol Gbps

‘ 7 0.88 km 2.21 km 5 km
e II 5 > 394 392 .
714/ il @®) 3 8 8 a 25
Wi ﬁ . g 2.4 km =
RS <] S
| | LA 1 1
E— I |

fad %
>

— 1km 25km 5km 7km

B High EIRP and power CPE B XXX Internet Box with Wi-Fi 6

B Outdoor rooftop installation B Alexa, voice control and music Optimal GP symbol to extend coverage Further extend to 7 km

Commercial Offering Extended Range Coverage and Experience




loT: Home Applications Booming, UL becomes a new Monetization Method

( 5G Home Security

Orbit Star Lite
& YiDome Guard Camera

B 1 5G Home Gateway
B 1-3 Smart IP Cameras

5G Personal Broadcast

Online Tutor, Yoga Teacher, Busker
Makeup Influencer

B 1 5G Home Gateway
B 1 4K Camera/Encoder
B Dedicated 5G Live Up Package

5G Work At Home

Work & Learn Plus
- i
u | 2
&)
iy )
B Video Conference

B Office
B Educational APPs




5GtoB Is On the Fast Lane As a New Growth Engine for Telco

2x = 3x Growth in 5G
Private Network Revenue

$1.3Bn

2022
(Estimated)

More Industries

Audi, Germany
BASF, Germany
Somboon Group, Thailand

SCG, Thailand
Garatau, South Africa

= Kuwait Oil Company
® Petronas, Malaysia

Source: Private Mobile Networks 2022

3x - 10x Enablement Effect of
5GtoB Towards DICT Revenue

i
Cloud //\
S 2N

Data Industrial 4
Center Application

3~10
DICT
Platform

Value-Added
Service

= Siriraj Hospital, Thailand W He

= Kwong Wah Hospital, Hong Kong

Gerﬁﬁ;fl\y

= EWG, Hungary
® Piraeus, Greece

= Deutsche Bahn

Thailand

Member Report GSA

© Doubling of 5G

Private Networks in 12 Months

5G Private Networks
Deployed by Operators

155
2.3X

67

]

Till Aug 2021 Till Aug 2022

More Use Cases

Medical Device Tracking with Positioning Precision
of Tm @ 90%

RTG Remote Control with Ultra-High Uplink Speed
600+ Mbps @ 70m x 1200m Railway Hub

Unmanned EV Truck Platooning with 50 ms
Latency @ 99.99% Stable Low Latency




Challenges in 5B 2B exploration

5G network capability cannot meet
the needs from enterprise!

Latency <5ms?
Uplink throughput > 1Gbps ?

Reliability > 99.9999% °?

The 2B solution is customized &
fragmented, cannot be copied!

Energy = Transportation

industry industry
Manufacture Manufacture
A B
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Business model is too complicated!

2C 2B
Company
Vendor B Vendor A Vendor A endor B
/ MNO ssert Owner
MNO Consumer

Integrator A Integrator B

Eco-system not convergent & not mature

Cloud based APP Al algorithm

Terminal — Industry <— Third party APP

1

Network

2 HUAWEI



China Market: 5G 2B Massive Commercialization in Y2020

*
30 Provinces 1 000 + commercial trials 20 0+ enterprises contracted 30+ partners

Shenyang:
Smart Factory
Xiong’an:
Smart logistics , Smart
Lanzhou: ‘ Grid
FMC, Smart City, UAV
for Speedway ‘
|

Chongging:

r ®
Chengdu:

Smart logistics
Education, Healthcare, Smart
Factory, Smart logistics

Nanning:

Smart Video, Smart Factory Nanchang:

Smart Utility, Smart

Manufacture, Transportation, Education, Logistics, Energy, Public security...
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Beijing:
4K Broadcast, Healthcare, Smart
logistics , UAV, Smart Park, Smart

g Factory
Tianjin:
‘ Smart Port, UAV
=
Zhengzhou: .
J Healthcare Shanghai:

® 56 Campus, 5G V2X, Smart Utility
Hangzhou:
Healthcare, Smart Factory, VR, Digital

Sky, 4K, 5G PMR, Smart School

Fuzhou: Suzhou:

. Smart Game, UAV, Smart Industry Camera
Smart Port

Shenzhen:4KTV, UAV, Smart School, Smart
Grid, 5G PMR, Smart BUS
—— o Guangzhou:
V2x, Smart BUS, Healthcare, Smart MMB,
Smart Port, Smart Grid

Citizen services

Operator build 5G for industry campus

Trialed 2019 & start commercialization in 2020

Partners involved

Mobile Network Operators - MNO
Railway companies

Manufacturing companies

Port authorities, operators and suppliers

Car manufacturers

Use cases
5G Factory 5G Surgery
5G Mining 5G Live broadcast
5G port 5G Railway

2 HUAWEI




5G 2B applications overview in Y2020-2021

SMEs Ports Manufacturing Energy Public Security = Transport

Atomic
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Quick Win with 5G Wide Area Private Networks

Siriraj Hospital
Onshore Oil Well German Smart Railway |

| Pattaya 5G Smart City i | Petronas Offshore Oil Well |

I Football Club Broadcasting |

o e
o o R ‘ . \.— i

Education - S
Media

Broadcasting Oil & Gas

Power Grid

Product Private Line

Service
Offering

Private Line

Pricing I

Dimensions S i bas




5G Integrated Camera
Plug & Play
Al-capable motion tracking

Live Platform

® 5G Private Line
* Best UL/DL Experience
* Absolute Priority Schedule

Telcos

*

Video Stream Storage
Live Video Streaming

Operator D’s Live Broadcast Package

Basic Basic Pro

(€69.95 net Monthly) £ 5 net Mont

5G Camera and 1&C

Basic
Private Line

to Live Platform
Selected Training

Home Match Video Transfer
Video Transfer




AR Assistant Maintenance

I}v *;‘

- -

—= A% T

fre meeoml’ + Train Status Monitoring (200 Kbps,
'(zfsﬂsmﬁrsml‘f ;kosoar:i)smures i Y < 200 ms with Packet Eoss Ratio < 0.1%)

« Backup Network for GSM-R [ LTE-M

Remote!Monitoring Center

- Simple & Agile Business Model
ToB 0w, g 5G Benefits

4 ! ’ SIM Subscription Fee (xxxx€/500 Cards, One Time) l
sserved \

2 { {{Mission Critical) e » e il 1 @ I Campus Flex Package Monthly Fee :

ToB S ¢~ P ‘ ‘ ‘ Guaranteed Performance [ Flex Priority Flex Exclusive
100 Mbps in UL, 20 ms@99.99% 1|
_______________________ / | * Prioritized Resource * Dedicated Resource

A 8 | " = Nation Wide * Specific Locations
Shared RB

Fast TTM & Lower Cost - . MR ot
Leverage Existing Infra. & Ecosystem (I

TS



Remote Qilfield Monitoring Empowered by STC 5G Public Networks

Intrusion Detection Production Monitoring PPE Compliance

mw‘.am

,,un H

@ Safer Production Process
te C.ov§ars 20+ Ojl Wells

Oil Company Campus

Busine
One Time Fee Annual Fee

"CPE & Installation " Connections

Oil Company

CReiae Self-service

Company c Reliability
A " HUAWE! Company B
k $/year Leased Fee for Each Well

Video system Network: RAN, MEC, Terminals Basic ™ Extended

AR Router etc.




5G Helps Siriraj Build World Class Smart Hospital

5G Smart Ambulance 5G Unmanned Vehicle 5G Telemedicine

i -
30 Drivers » 4 Staffs; Lower Infection Risk Remote Consultation Anytime Anywhere

I
(tx)

/rB/usih'égs Model (Unmanned Vehicle)

<«— Service Flow i s
> Revenue Flow A= One Time Fee Annual Fee

Siriraj Hospital

T + 5G Private Network and SLA Service W W

+ Unmanned Vehicles

+ Unmanned Vehicle Platform Adaption m M
Operator C v I
‘ ) "Vehicles & Platform | ["Vehicle Maintenance

Company A Company B " HUAWEI

« Unmanned Vehicles 5G CPE + 5G Base Station & MEC - -
and Software Platform + Network Deployment [ Basic P Extended [ uC Integration




5G Smart City Brings Quick Win-win to Pattaya City and Telco

Smart Transportation " Environment Monitoring Public Wi-Fi

sosonemwizados —5

T R\
N Environment Detection « - Publicifi .\ﬁ&&.
TSiart Transportationig + tuoohiomersar N

SUBMSToMSos0sIOAAUNBONTIO008E: 5G techinBiogy can‘also help monitor air quality; i 3

Remote Monitoring Station

R < v Public 5G Network
Intelligent Operation Center | / 8 QoS Assuranice

Smart Lighting (
- B sGcee

/

| Public Wi-Fi
i . Environment
monitoring __

Smart Surveillance

Digital signage
Shared MEC o
security, Lower latency
LT Public Addressing
= Emergency call
5G Smart Pole R
60 pcs for Phase 1

5G Smart Pole

Benefits for the Pattaya City “ht= Benefits for the Telco

New Growth Low Cost Better Brand

” | Premium connectivity Public 5G and Social
(5X vs. toC) shared MEC responsibility

Better Governance Better Livelihood Better Tourism
Traffic jam Polluted days ™ N Tourists _




5G Mobile VPN Enables Smart Public Service for Shenzhen Pingshan District

Large File Transmission

15M > 170M
Downloading speed

increases 10x

E-flow Processing

3D Map Viewing

3days > 1day ! = Switch free between

Direct connection inter and intranet

within Private network, Information loading

time saves 1h/day

Interhet

Access Intranet Anywhere Anytime

(@D) ¥
intra:etj @\vj A e
UP!
= Supporting 4/5G Access
» Supporting Roaming Access

A
» Campus'
Intranet

Business Model
Enterprise

Network Construction fee

/On-premise UPF




p Purchase Help SME Grow Business
Office Video gurjv;mr-w‘chcate Access + VPN + Static IP | ' Video C(;Tl?erence

e — v .
Highspeed | One stop
=3 100Mbps, Fulfill SME Office Requirement Flexible ICT Add-on Package

© LoremIPSUM
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Empower Industrial Digitalization with Campus Private Networks

Industry Selection & Engagement

FAm) s

Manufacturing

Ecosystem Incubation

Ry
o

South Africa
Garatau Mining

Land Port

Integration & Maintenance

’ Digitalization
Readiness

o

Customer )
Journey

Market A Commercial
Size = = Feasibility

5GtoB Experience Cloud

Adaption: external 5G CPE
- 5G inside

Accumulation:
partners from projects

Aliance I#SGACIA 555

5GtoB Ecosystem Catalog

k2 Industry SLA to network KPI
@® One-Stop Deployment

&8 Self Operating & Maintenance

Netlive.toB / NOE.M+

5G Smart Factory

Chemical

Business Model

Application
Integration
Network

Integration 1 W/OTSGME

Network

Leasing

!7 CT Services H CT Services

’Baéié NetworliMBa.sic ‘NetworkHB'asfc Network]

Experience from 5000+ Projects




Flexible Production Line Empowered by 5G Quickly Responds
to Customer Needs

High-Mix Low-Volume, 10000+ Type Models; Minimum 1 pcs Order
TO-BE

Y'.’ ’ Wireless
Composable J JN‘ Connection(5G
Workbench e Gateway inside)
o

Quick Electrical
Connection

ST ne. o 24/7 in Operation with 50ms @ 99.99%
Production Line Utilization: < 50% > 80%

20% 40% ) 10% # 70% )

Area of Production Line Equipment Investment Cost Equipment Utilization Congestion Time

Multi-Campus Architecture Business Model

Area-based Quotation 5GtoB Lifting up DICT by 3 times

Operator @ @

HQ Dedicated UDM O&M Engineer

- 5G Terminals
- Private Line(Branch to HQ) DICT : X M3,
- Cloud Service Fee

Unified O&M

Simplified Architecture Production Area

XXXX USD per month/10000 s
Standard Configuration: . 5G LAN

18pRRUs/10000 n? - Slicing Add-on Sérvice: X M$
- 5G Positioning

Firewall

S Company

HQ (mf =E N

Subscription Data OSS and O&M Planform LE
Management Rlatform

o s - MPN Service Fee
Logistic Area MPN O&M Basic Service: X M$
XXX USD per month/Site - SIM/Traffic Fee

Private Line(Branch to HQ) Standardized Solution
S Company Local.CP Local CP Local CP. Fast Replication to 26
Branch g L UPF L 3 URF -§ . UPF Factories

23s/yuow 1ad asn Xxx
alsiv/3ey ybiy

Factory 1 Factory 2 Factory n




5G Brings Digitalization to Port of Piraeus

Submarine Cable Backup

Crane Remote Control

@ 0 Workers Onsite @ +20% Efficiency

% 0 Additional Cabling @ AVIINEZS0SY, Vehicle‘,‘

~

= Stbmarine Cable\\\ z:’é (o

Rich Ecosystem
Company B Mobile Operator

Multi Parties Cooperation
Application Company A

Application
Suppliers « Consultancy and =
System Integration Partners Remote Control Smart Push to Talk
Renovation Surveillance

Terminal System Integrator 74°nn
LI § Y =

Suppliers
- Port of-Piréeus :
Terminal Camera CPE Robot

" HUAWEI Ui
Operator Partners -
— « 5G Private Network Company B Company C Company D

Network Supplier e




Helps EWG Boost Efficiency and Improve Working Environments

v

Crane Remote Control 5G Video Security

_"_S.BG‘EHI Al ikt Wisilitanes
Super. Uplink
@3.5G + 2.1G
200 Mbps / User

Connect over =
300 HD cameras

are moving EHEIF joysticks,

&

+20% Efficiency % o Additional Cabling for

Future Use Cases-,
I—

@ D-Workers'@nsite

5GC
Routers
Power

Value Chain Professional Network Service

et e

Use Case Modeling
v

¢ Cranes

* Remote Control Solution Mapping to \f)letwork SLA * 600 Mbps Uplink * 20 ms @99.99%

- 4 AAU Sites Covering

Tech Support Network Design
PP el L 70 m * 1200 m yard

- Dual-Tx & Selective Rx

System Ftegrator

" HUAWEI

Network.Supplier CPE Vendor Camera Vendor

Network Planning

Precise Planning &
3D Geographic Simulation

i gy,

3.5 GHz
AAU

2.1 GHz
RRU




. 5G Enables a Smart ‘and:Green timestone Mine for SCG'in lehailand

-

g
e

s =3

" 5G remote control excavator . L — ; ¥ ’
+ Safe production, avoid human injury e = ~r Autonomous Truck Platooning =~ " Control Center
= Better working environment for drivers . : : e ~* 50% power saving by introducing EV trucks B AN ooy ehicle Dispatalijte
g e = y:( E ; = ‘f;f e : s 8% increase in truckmg capacity - p * Remote Control System
= ‘ v U 80% less of truck drivers

Network Integration for Guaranteed SLA

Profiling Cross Domain Network
& Modeling Planning SLA Output

Wireless

<¥ p » 40Mbps Uplink —_— -

JoR ) \ )¢ 0 % . S 3
Jans o) \lefminal I Automation Electric Mining MPN Service Network
< \(A/“ o X \ Solution Provider Truck Vender Provider Vender
ore pplication —

) -

il e  autonomous driving
* Autonomous Driving : and smart dispatch system

e remote control system

71




5G Enable Safer and Smarter Operation for Metal Mine

Mining Cemmunication P PETAATG INSpECTiON T v i AR\ ehitle 10T Y

A\~
‘;‘). . ‘{E -
\/

..‘\

f‘ :

| .
3 ~ 5 Times » 0 Time Faulty or Down/Month s~ Avoid Vehicle Callision Accident, Reliability @99:99%,

(o

Business Model o ’ Value Chain

Garatau

,

ﬂ
(@
Mine Owner & Sl

None-Recurring Charge Monthly Recurring Charge

[}
'/E'}H'(-J

ectio
4 \SPE Video Monitoring le
o 0 MO = 1O

I Vertical Integration | | ; P \ _
- \ Al Software Integrator IT Integrator
* XXX USD/Month
Integrator sctoB ROI < 1.5 year -‘ ,

HUAWE!

M Basic P Extended Video System Terminal Network Supplier




Telecom Operator A: “5G+” plan define one 5G network step by step

Step 1 Step 2 Step 3
2019~ 2020~ 2020~
5G+4G 5G + AICDE 5G + Partner
Connectivity Integrated SRR
development development
Build Al platform to provide Build a national cloud to provide Build a edge computing system
connection and intelligent Cloud based top services for cities, counties, and campus
convergence service capabilities I I
Al I loT Cioud DIata Edge
*  Onelink (4G loT pIatfor.m) upgrade » Big data platform, 20k servers, 1100TB/Day
to support 5G connection ; » Storage, data, analysis capability openness

* Release 5G module

5G is not only connection, but one E2E network

49 Huawei Proprietary - Restricted Distribution &"A HUAWEI

- -



Telecom Operator A: 5G application pace, from eMBB to eMBB+uRLLC
4 ~2021

202x 2021-2023
tow T 2023~

2023 S Rernote .
o operation assist
3
3 Remote
a Logistics medical operation
&
<
)
c — Drone .
® ‘“"" < Inspection = Vlgt;;?sltAl

HD Video - AR assist Smart Grid
surveillance
<
Smart driving
High Live Broadcast Remote Control
I I I Technology readiness
MBB(~100Mbps)+ MBB(~300Mbps) +
eMBB(~*50Mbps) ) € ( ps) —) € ( ps)

URLLC(~30ms@99.99%) URLLC(~15ms@99.99%)

&2 HUAWEI
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5G Live Broadcast refine the video broadcast

Empowering
Cost:  ~$6,500,000 <$1000* <$250° 5 :
$ 1000 § Live Broadcast
Set-up time: Days Hours Anytime
L L L * w/o Camera
Now
Traditional 4K Live 5G 5G )
Broadcast truck in Backpack in Pocket 5G in Encoder
O
Encoder
12 months ago 8 months ago 3 months ago

« 9§

Battery 5G Module

5G Backpack

2.6kg & 6Hours

What is the MNO’s offering for 5G live broadcast in China?

Speed Vol Uplink Add-on Boost CDN / Cloud service
. P 50Mbps/2h @310k .o ume 500G @ $2k Platform 100k Users Online/2h @$5k
with SLA (Telecom Operator A) with SLA
(Telecom Operator B) (Telecom Operator C)

52 Huawei Proprietary - Restricted Distribution &"A HUAWEI
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5G Live Broadcast in a Germany

5G City in City A
>100Mbps@ everywhere

55,

TLC Sré

Operator A U AwE!

Network planning & deployment >

5G Broadcast business trial
With Camera & 5G Encoder

TV

Business discussion with Partner >

Broadcaster B

Hannover Messe

Network Now July Sep Phase2
o W —e O O >
Operator A el planning & deployment First cluster trial(20 sites) Network Launch Copy to other city
(100+ sites)
Business case Now May Aug
) e e
TLC TV Broadcaster >
Operator A A Case discussion Technical trail Trail in Leipzig Service launch National cooperation

53 Huawei Proprietary - Restricted Distribution
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Private Network: 5G Digital Railwa




5G railway in China

Chinese Government push progress of digitalization

/N

Railway coverage

Special fund Digital railway
TLC TLC TLC Enable Railway

Operitor A Operator B Operator C — Company A

15t 5G railway: Guangshen high speed railway

TLC

" [ B Sih
Operator A N — e
Launch on 10t of Jan 2020 I Mg
. ) /\78:
300+ sites for 141Km AN
* 1.1Gbps as peak I
B4

>100Mbps @300km/H

55 Huawei Proprietary - Restricted Distribution

MNO 5G enable digital entertainment in Train

“5G+ Video Cloud+ Al” enable digital station

> Robot assistant » Traffic control

» Security surveillance > Asset tracking

=

Zraik

PEBRE M

APP portal for rich service on train

GRS WEITE

New movie
5¥ per movie

Food & drink
Online order

| Train WIFI access
VIP membership

2 HUAWEI



5G help improve train data operation efficiency

Mass data, manually processing 5G + Cloud+ Al

Cab video monitoring Carriage monitoring video

\ Upload train data to IVS (DC)
automatically in station

) Analyze data manually Analyze train data
1200GB/train/day with Al automatically

56 Huawei Proprietary - Restricted Distribution &"& HUAWEI
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Bring 5G digital train in Europe

5G railway coverage enable digital Railway Company A

Huawei support MNO A to provide network & service

Maintenance

Mobile
Network

Operator A

“' 5G network
§ 'é coverage
HUAWEI
5G network solution Network O&M
Deployment Terminal

Terminal

Digital content

Cloud

Huawei Proprietary - Restricted Distribution

Application 1: Digital Station

Improve operation efficiency

Traffic control Security surveillance

Railway
Company A

Application 2: Digital Train Trip

Customer service case by APP portal

WIFI everywhere

v l‘ ¥ ENJ‘
‘k M [
0 WIFI

HOTSPOT

P ON TRAINS!

M‘ﬁ »




Proposal of 5G train : 1st 5G

15t 5G train station in an EU Country

5G indoor coverage with 5G Lampsites

station & 1st golden ICE line

1%t Golden ICE line in Germany

5G continuous coverage with Huawei unique solution

~~

C-band Massive MIMO

Train station A 2> P e e e from
Train station A i )

Train station B 5G

_
—» Enterprise CPE

100Mbps@ average e

100Mb

lbps@ average 5G+WiFi £
30~50 pRRU* each floor 200 sites i
*Pico Remote Radio Unit 260 KM
Phase 1 Phase 2 Phase 3

® ® ® ® >

Golden cluster & 1%t station Golden line planning

Existing site on air
New site planning

POC with Railway Company A
E2E capability verification

58 Huawei Proprietary - Restricted Distribution

1st Golden line Launch

5G continuous coverage

Extend to other stations & lines

&2 HUAWEI
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Smart Manufacturing: Huawei 5G Southern Factory

PD

WO

orchestratlon

-

Indoor positioning

Automatic braiding

Al quality detection

Automatic testing

Manufacturing Execution System

. Multi- network mtegratlon -

\

® Asset utilization rate increases by 20%, Material searching
rate increases by 100%
® Save xxxx meters of optical fibers/network cables.

® Detection efficiency improved by 70%.

60 Huawei Proprietary - Restricted Distribution

o w’@ AR Assist

AGV

PLC control

AR application

AR Multi-network

integration

Huawei new production line for Smartphone & AAU

Factory size: 480K mZ2 for 168 production lines

® Software loading speed increases by 20%

® Logistics, AGV and forklift cost reduction

® Quick maintenance, reducing downtime loss by
10%

V2 HUAWEI



5G Smart Manufacturing Business model

TO TO+5 months TO+8 months TO+10 months TO+12 months
Master Plan A A = A A >
Solution design 5G Network ready Production line assemble Start up produce  5G smart production line open

TLC B
Operator A §"é Huawei infrastructure
HUAWEI O
5G MPN Network ; ’
k ( b
Networ / .
N —— sré Huawei Network s
HUAWEI
5G application 5G network Technical
service equipment support
o
Network Throughput 5G Terminal Cloud
\ J

61 Huawei Proprietary - Restricted Distribution

Benefits for TLC Operator A:

Certificate series of standard 5G enterprise terminals:
CPE, 5G module, 5G meter, 5G camera...

Define a set of standard MPN portfolio:
MPN network, MPN service, MPN operation...

Establish standard MPN operating model:

Service provisioning, subscriber management,...

&2 HUAWEI
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5G Smart port: Four valuable applications powered by 5G

RTG* Remote Control AGV/ATT Video surveillance & inspection AR Assist

5G PLC remote control 5G control AGV/ATT: All-scenario surveillance & AR assist maintenance
inspection -
Video upload and PLC control of Monitoring and parallel driving, and - . . . Improve the efficiency and
) _ ) o ) - Extending to smart logistics scenarios
cranes improving service availability supporting V2X autonomous driving in the accuracy

_ in the future.
and reducing costs. future

*Rubber-tyre Gaintry Crane

63 Huawei Proprietary - Restricted Distribution &"A HUAWEI



5G smart port commercial practice in China won o Momecturing o AN

(port machinery) HUAWEI

Port A5G Port B 5G

1st Case for Remote Crane Control by 5G Remote Crane control & Automatic terminal truck

Ly

;]

Port C5G Port D 5G

Automatic terminal truck and video surveillance Remote Crane control

64 Huawei Proprietary - Restricted Distribution



Commercial value of 5G Smart Port
Take an example for RTG remote control scenario
Traditional crane control

@ Cost saving
2

’ = ‘ v" Outdoor work is shifted to indoor safe work environment,
saving 70KS/year/RTG (3 shifts @ 24h)

v The drivers required for RTG change from special

profession to normal profession

Remote RTG control = @ w0 e e e e e e e e e e e

200 @ Security

v' The operation time of personnel working at heights is

2 2 2 2
P
reduced to 0, Improve the working environment and

One worker controls four RTGs _
operation safety

65 Huawei Proprietary - Restricted Distribution &"& HUAWEI



5G smart port business model

g

5G Module Camera Vendor ]

Port D — Shipping company ]

a2

|

A

Manufacturing
Company A

[

PLEVEIET " e |

Manufacturing company A, as the

General Integrator of 5G smart port

66
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T [ enopnn | [ comsonor |

Port B ] [ Port C ] [ XXX Port
f MNO A §"é |

HUAWEI

—
-

MNO A, as the 5G connection Integrator

.. e

Offering Service Flow Money Flow &b T



Autonomous driving (B5G)

mm|||||||||||l‘||||“||“m|““““ I\[\"%

‘ . ’ T —
. = i§ - o
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Scenario - Vision

Characteristics of the "Mobility ecosystem in 2030
and beyond"

STRASE sl %\} "‘“"‘)M' | l/D'F‘ {T" i I M“mu g

Wl }1% TJ\V

- sMART 6D

smART DELIVERY \\Q i

( /‘ o
=0 S AT and” ' SN T G
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Source: Roland Berger
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SAE Levels for autonomous driving
A= SAE J3016™ LEVELS OF DRIVING AUTOMATION"

INTERNATIONAL. Learn more here: sae.org/standards/content/j3016_202104

SAE
LEVEL 4~

SAE
LEVEL 5"

SAE
LEVEL 0"

SAE
LEVELT"

SAE
LEVEL 2"

SAE
LEVEL 3"

You are driving whenever these driver support features
are engaged - even if your feet are off the pedals and

What does the
human in the
driver’s seat
have to do?

What do these
features do?

Example
Features

you are not steering

You must constantly supervise these support features;
you must steer, brake or accelerate as needed to

maintain safety

These are driver support features

These features
provide
steering

OR brake/
acceleration
support to
the driver

These features
are limited
to providing
warnings and
momentary
assistance

* automatic *|ane centering
emergency OR
braking
+ adaptive cruise

*blind spot control

warning

*|ane departure
warning

69 Huawei Proprietary - Restricted Distribution

These features
provide
steering

AND brake/
acceleration
support to
the driver

*|ane centering
AND
+adaptive cruise

control at the
same time

You are not driving when these automated driving
features are engaged - even if you are seated in
“the driver's seat”

When the feature
requests,

These automated driving features
will not require you to take

you must drive over driving

These are automated driving features

This feature
can drive the
vehicle under
all conditions

These features can drive the vehicle
under limited conditions and will
not operate unless all required
conditions are met

« traffic jam +local driverless
chauffeur taxi

*same as
level 4,
but feature

* pedals/ can drive

steering
wheel may or
may not be
installed

everywhere
in all
conditions

2.

3

4.

5.

6.

Level O..

No Driving Automation
Level 1:.

Driver Assistance

Level 2:.

Partial Driving Automation
Level 3..

Conditional Driving Automation
Level 4..

High Driving Automation
Level 5:.

Full Driving Automation

V2 HUAWEI



Use cases

* RoboTaxi («From selling cars to selling rides»)

» Autonomous freight transport

» Autonomous driving for specific sectors: mining, building, ...

* Tele-Operated Driving

* Closed networks operated by independent companies such as business parks, shopping centers, parkings
* Freight movement and handling: ports, airports, logistic parks

* Payments related to mobility (tolling, parking, different means of transport, third party services)

* Insurances (rewards/penalties)

* Advanced infotainment services

7))
<
S
[
>
®
o,
7]

* Additional services: predictive maintainance, driving suggestions, doors opening, remote temperature control, restaurants/service
reservation

* OTA car OS/SW update

* HD Map Sharing

» Cooperative Manoeuvres

» Sensor Sharing

» Dynamic Intersection Management
» Dynamic Cooperative Traffic Flow
» Complex Interactions with VRUs

* Flying cars

70 Huawei Proprietary - Restricted Distribution &"A HUAWEI

- -



Beyond 5G
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6G: From Connected People and Things to Connected Intelligence

-~

Edited By Wea‘rong ’.
and Peiying Zhu .

GEor
iiii '8
L -
q_’%

26 3G 4G 5G 6G | The Ne)&‘ .

. . ' rlzon“
S & O @ & & & Hoxiz! |

eople and Thingsto .'
Voice Data MBB eMBB mMTC Sensing Inteligence Connactad Intafigence
URLLC

* Main source used in next slides along with
1.8 GHz 2.6 GHz 3.5 GHz 100 GHz THz the corresponding white paper available at
https://www.huawei.com/en/technology-

&nsiqhts/future—techno/oqies/6q—White—papey

https://www.huawei.com/en/technology-insights/future-technologies/6g-the-next-horizon (play the video)
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6G: From Connected People and Things to Connected Intelligence (1/2)

Ubiquitous Mobile
Ultra-Broadband

Around 2010 Around 2020 2030 and Beyond

UCBC

’

mMTC

Connected Connected Connected

5.5G

People Things Intelligence
unicnnc SR A senns 2 . 66| ncs Ulro-High-Speec-
Ultra-High Data with-Low-Latency

Density Communications

autonomous driving, location)
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Source: Alraih, S.; Shayea, I.; Behjati, M.; Nordin, R.; Abdullah, N.F.; Abu-Samah, A.;
Nandi, D. Revolution or Evolution? Technical Requirements and Considerations
towards 6G Mobile Communications. Sensors 2022, 22, 762
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6G: From Connected People and Things to Connected Intelligence (2/2)

Al as a service for network OAM
Al as a service for data management
Ultimate immersive cloud VR Al as a service for distributed learning and inferencing
Haptic and multi-sensory communication
Glass-free 3D and holographic displays
Broadband wireless access for the unconnected ; mM C+

Smart buildings
Smart healthcare
Smart services enabled by UAVs

Sensing

High-accuracy localization and tracking
Simultaneous imaging, mapping and localization
Augmented human sense

Gesture and activity recognition

High precision positioning and navigation

URLLC+

- Factory of the future
URLLC+ Motion control
Collaborative robots in groups

Sensing
Level 5 autonomous vehicles
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Expectations about 6G technical capabilities

User Experienced
Data Rate (Gbps)

Peak Data Rate
(Tbps)

Area Traffic Capacity Spectrum
(Gbps/m?) Effifiency
Bt | S

100X

Network Energy
Efficiency

Connectivity Density Latency
(Devices/km?) (ms)

Source: Alraih, S.; Shayea, I.; Behjati, M.; Nordin, R.; Abdullah, N.F.; Abu-Samah, A.; Nandi, D. Revolution or Evolution? Technical Requirements and Considerations towards 6G Mobile Communications. Sensors
2022,22,762

75 Huawei Proprietary - Restricted Distribution su HUAWEI



Comparison of 5G and 6G communication techniques

Characteristic 5G 6G
Operating frequency 3 GHz-300 GHz Upto1THz Characteristic 5G 6G
Peak data rate 20 Gbps 1 Thps |Haplic communication Partial Fully
Latency 1 ms 10-100 ps Smart city components Separated Integrated
Mobility 500 km/h >1000 km/h IRS - Yes
Available spectrum 30 GHz 10-100 times higher than 5G Standards 5G/NR -
Spectral efficiency 30 bps/Hz 100 bps/Hz Core network IoT IoE
Energy efficiency High Ultra-high HetNets Flexible Ultra-flexible
Connection density 106 devices/km?2 107 devices/km?2 Usage scenarios EMBB, URLLC & mMTC uMUB, uHSLLC & uHDD
Coverage 99.99% 99.9999% mmWave, mMIMO, THz, SM-MIMO, Laser and VLC

Positioning precision

Meter precision

Centimeter precision

Main technologies

UDN, SDN

Quantum, Blockchain, AI/ML

Satellite integration

Partial

Fully

Automation integration

Partial

Fully

Network awareness

Partial intelligibility

Ubiquitous intelligence

Applications

VR/AR/360° videos,
UHD videos, V2X, 10T,

Smart city /factory /home,

telemedicine, and
wearable devices

Holographic, tactile/haptic
internet, full-sensory and reality
fully automated driving,
industrial internet, space travel,
deep-sea sightseeing, and Interne
of bio-nano-things

Reliability 1-103 1-10~°
Service level VR/AR/3D Tactile
XR Partial Fully

Flexible spectrum

Flexible duplex

Free duplex

Source: Alraih, S.; Shayea, |.; Behjati, M.; Nordin, R.; Abdullah, N.F.; Abu-Samah, A.; Nandi, D. Revolution or Evolution? Technical Requirements and Considerations towards 6G Mobile Communications. Sensors

2022, 22,762
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Comparison of 5G (mmWaves) and 6G (THz and VLC) technologies
4G, 5G, and 6G spectrum bands

5G Technology 6G Technology
mmWaves THz VLC
Frequency band 3 GHz-99 GHz 100 GHz-10 THz 430 THz-790THz
Supporting data rate Gigabits/second Terabits/second Gigabits/second
N » Low propagation loss . . N .

Propagation loss (compared to THz) High propagation loss High
Underwater communication No No Yes
Link NLOS NLOS LOS

Spectrum Licensed Licensed Unlicensed
Electromagnetic interference Yes Yes No
Penetrate thfough Yes Yes No
opaque objects
Molecular absorption, Small coverage, require RF
Circuit desi circuit design challenges, uplink, dark objects absorb
Challenges Hich a atig:\\’k)\ . higher propagation loss light waves, suffer from shot
181 Propag = (compared to mmWave), high noise caused by another
penetration loss light source
Environment communication Indoor/outdoor Indoor/outdoor Mostly indoor
Wide bandmdfh, small High bandwidth ) .
antenna size, Low-cost hardware,
(100x mmWave),

Potential

focused beams, path loss can
be compensated, and allowing
spatial multiplexing

small antenna size,
focused beams

low interference,
unlicensed spectrum

Potential applications

Small cell access, cellular
access, and wireless backhaul

Autonomous vehicles, cloud,
mobile HetNets

Li-Fi, visible light ID system,

hospital robots, underwater

communication, and traffic
communication systems
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Transmission power High High Low
24-100 100-300
GHz GHz
Bands | Bands |

Low and Sub-Bands| I

4G 5G Spectrum

I

1 3 6 24
GHz GHz GHz GHz

High Bands (mmWave) '

39 100 300
GHz GHz GHz

Visible Light
THz Bands

Source: Alraih, S.; Shayea, I.; Behjati, M.;
Nordin, R.; Abdullah, N.F.; Abu-Samah, A.;
Nandi, D. Revolution or Evolution? Technical
Requirements and Considerations towards 6G
Mobile Communications. Sensors 2022, 22,
762
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Overall vision

+ 6G will reach the ultimate level of connectivity supremacy, employing all
radio frequencies up to terahertz or even visible light

« 6G will support Al natively, connecting intelligent things and connecting
things intelligently

« 6G will be networked Al, redefining networking and computing

« 6G will function as a networked sensor, enabling the fusion of cyber,
physical, and biological worlds

« 6G with integrated terrestrial and non-terrestrial networks will deliver
complete full-earth coverage, eliminating digital divide

« 6G will support a prosumer-centric instead of operator-centric network
architecture, embracing an inclusive open ecosystem
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Key drivers

79

Native Al Support Native Data Protection

Proliferation of ‘ E

Intelligence-of-
Everything m

Native Trustworthiness Native Diversified Ecosystem

+ New Applications and New Businesses
+ Sustainability and Social Responsibility
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6G pillars

Native Al Networked Sensing

Integrated NTN Extreme Connectivity

Native Trustworthiness Sustainability

%
[\
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Typical use cases

Al Al

+ Al-enhanced network automation
- AlaasS for data management
+ AlaasS for distributed learning and inferencing

eMBB+
+ Ultimate immersive cloud VR
* Haptic and multi-sensory communication
+ Glass-free 3D and holographic displays
- Broadband wireless access for the unconnected

URLLC+

* Factory of the future

+ Maotion control

+ Collaborative robots in groups

« From intelligent cobots to cyborgs
- Level 5 autonomous vehicles

eMBB+

mMTC+

Sensing

+ High-accuracy localization and tracking mMTC+

- Simultaneous imaging, mapping, and localization - Smart buildings

+ Augmented human senses Sensing * Smart healthcare

- Gesture and activity recognition + Smart services enabled by UAVs
+ Wide-range loT services

%
[\
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Target RAN KPIs

Network Capacity:

Peak Rate: 1000X% t.5
1 Thit/s D00 w5456

Air Interface Latency:

Experienced Rate: 0.1 ms

10-100 Gbit/s

Sensing/Position Accuracy:

Energy Efficiency: 50 cm outdoor, 1 cm indoor

100X w.r.t. 5G, Total < 5G

Sensing/Imaging Resolution:

Sensing Battery Life: 1-3mm

20 years

Air Interface Jitter:

Device Density: +/-0.1ps
10 millions/km?
Network Coverage: Reliability:
10 dB+ 99.99999%

%
[\
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New Elements — 1: New Spectrum

6 GHz 10 aHz mmW  E-band THz Optical
Tz AR M

lllllllH'”llllllllll“lll;; llll“lllllll““‘llIlll||'||||||||||ll||l|||ll ;!lllllll'llll'lllll
6 8 10 = 20 60 100 140 500 3000 (GH2)

id~ : Optical
Mid-bands High bands facite

Low/mid-bands Operating bandwidth of each generation follows the "five-times more” rule
Basic Coverage Layer 2G: 200 KHz
Mid-bands A g
4G: 20 MHz
Capacity/Coverage Layer 5G: 100 MHz
Ultra-high/high bands/high end of mid-bands 6G: 500 MHz-1 GHz
Ultra Experience Layer * Low/mid-bands remain the most cost-effective way for wide coverage
(extremely high data rates, high-resolution M Dande Botome mikeie i a6

positioning/sensing...) * THz bands open new possibilities for sensing and communication
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New Elements - 2: New Materials and Antennas

Controllable Environment with RISs

RIS

UE#3

%
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84 Huawei Proprietary - Restricted Distribution

HUAWEI



New Elements - 3: New Channels

Computational complexity

6G channel model <
e | N\
¢ Stochas\tic Q \
&S cen )
S Ray-based _ 7

\\2(1__‘___-*’

3G

se S

Measurement

Physical model

Analytical model

e.g., Rayleigh model

* THz
- OWC
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New Elements - 4: New Devices

Intelligence

Ambient Sensing

Four Future Four
Capabilities Devices Trends

Multimodal Human-
Machine Interface

Energy Harvesting/ Cloudified
Battery Technologies
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Enabling Technologies and Architectures — 1: Air Interface Design

Intelligent Air Interface

Native Al

Built-in Power Saving

AR R
et ) Y-~

o
@

Active Channel Sensing/Prediction or Controlling

Terrestrial plus non-Terrestrial

Flexible Spectrum Usage

v

J

M
ion Only Communications & Sensing

X el "y

=

t

v . ] ‘I'
' ! Analogy/RF-aware
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Enabling Technologies and Architectures — 2: Network Architecture Design

1071107071101
. 11000110101
)/-«"_)—j.’g 100@101
,Rgo 010 0011
01011000011
" 0107070701

Cloud-centric Al - Native Al Information-centric - Task-centric Security-centric - Multilateral Trust

cC@®2D @ 3 i] '
b4
Generic Bit Pipe > User-centric Customized Service Operator-centric View - Prosumer-centric View

2 HUAWEI
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Summary of paradigm shifts

3/4/5G

Service Connectivity Only Connectivity and Sensing, Al as a Service
Business Networking Infrastructure

%
[\
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EU view: 6G SNS - Smart Network and Services

[SNS JU creation  [SNS JU team SNS JU becomes | SNS JU at full Futher Horizon Europe calls Last Horizon Europe call End of SNS JU Mandate
(Single Basic Act) |1st Horizon autonomous speed
Europe call 2nd Horizon 3rd Horizon
Europe call Europe call i : ;
2021 022 023 2024 025 2026 2027 2028 2029 2030 2031 }.,]
‘ g PDF

SRIA 2020

© 35 Rl Projects Evolutionary 5G | 6G detailed design, 7
-9 Key Technological Areas | 4G exploration, concepts = system optimisation § ' § PDF
+ 250M€ Investments énd deﬁnitionfs ;

SNS WPs 2023-24

SNS JU Phase 1 SNS JU Phase 2

e https://smart-networks.europa.eu/
e https://bscw.5g-ppp.eu/pub/bscw.cgi/d367342/Networld2020%20SRIA%202020%20Final%20Version%202.2%20.pdf
* https://smart-networks.europa.eu/wp-content/uploads/2022/12/sns ri wp 2023-24.pdf
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TRL

e TRL 1 — Basic principles observed

TRL 2 — Technology concept formulated

Science
[ ]

e TRL 3 — Experimental proof of concept
e TRL 4 — Technology validated mn a lab

e TRL 5 — Technology validated n arelevant environment (industrially relevant
environment in the case of key enabling technologies)

e TRL 6 — Technology demonstrated in a relevant environment (industrially relevant
environment in the case of key enabling technologies)

e TRL 7 — System prototype demonstration n an operational environment
e TRL 8 — System complete and qualified

e TRL 9 — Actual system proven in an operational environment (competitive
manufacturing in the case of key enabling technologies, or in space)

Market
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Main actors involved in defining the path towards 6G

.i‘i@ o o | (onesG) ETSI(E

: W
Horizon Europe [ RN |
A GLOBAL INITIATIVE

©5GPC ’l[/‘

|
Ministry of Science and ICT

ITU-R: https://www.itu.int/en/ITU-R/Pages/default.aspx

3GPPP: https://www.3gpp.org/

Horizon Europe: https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe _en
6GIA: https://6g-ia.eu/

SNS JU: https://digital-strategy.ec.europa.eu/en/policies/smart-networks-and-services-joint-undertaking

One6G: https://onebg.org/

ETSI: https://www.etsi.org/

IMT-2030 Promotion Group (China): http://www.caict.ac.cn/english/news/202106/P020210608349616163475.pdf

Beyond 5G Promotion Strategy (Japan): https://b5g.ip/en/about.html|

ATIS — Alliance for Telecommunications Industry Solutions (USA): https://www.atis.org/

MSIT (South Korea): https://www.msit.go.kr/eng/bbs/view.do?sCode=eng&mld=4&mPid=2&pagelndex=&bbsSegNo=42&nttSeqNo=517&searchOpt=ALL&searchTxt=
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Expected timeline for 6G standardization

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

WRC VY WRC-19 | ¥V WRC-23 5 ¥V WRC-27
~ Allocate 5G Spectrum Discuss 6G Spectrum = Allocate 6G Spectrum

|

5 36PP5G

WV RA 23: IMT-2030

Technology
ITU-R - AR £)3222 | 2320538002
5 5 m . 6G Proposals, Evaluations

) e ses 0 . @&
Study & Specifications

B 3cpPrsc

° R18 starts 5.5G standardization

€ 4G vision finished before WRC-23, vision workshop in June 2022

€ At the end of 2024, 6G workshop

o At the end of 2025 or early 2026, 3GPP starts study of 6G (Requirement, SI, WI ...)
e First specification of 6G finished in 3GPP in 2030

%
[\
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6G Timeline — ITU-R View

« 6G Commercialization will
be around 2030.

0 50 50| 5D 50 5D . ® m|m o w| o w e o e e e « ITU-R is working on Vision
b e | e e L e (S O S Recommendation for IMT

2030 and beyond, which
will be completed in June
2023, i.e. the global
definition of 6G

A unified global 6G
standard is the key to the
success of 6G

®

doysyiopn
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Outline day 2

12,30 —12,35: Introduction
12,35-12,55: Workgoup —part 1
12,55 -13,15: Plenary discussion
13,15 -13,35: Workgroup — part 2
13,35 - 13-55: Plenary discussion
13,55 - 14,00: Takeways
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Use case for discussion

Smart Transportation

Example 5.1 Summer holidays are coming, and Mark, his wife Jennifer, and three kids
are on a road trip. It will take them 12 hours to get to their destination, and, as such,
long-distance driving would have been both tiring and dangerous, but not this time.
Their new car 1s equipped with the Level 5 autonomous driving capability, which
makes the journey fun, relaxing, and enjoyable. The intelligent vehicle completely
takes over driving and Mark and Jennifer can now enjoy the beautiful scenery while
also playing games with their family.

Source: Tong, W and Zhu, P. (Eds.). (2021). "6G: The next horizon: From connected people and things to connected intelligence." Cambridge: Cambridge University Press.

96 Huawei Proprietary - Restricted Distribution su HUAWEI



Use case analysis (for discussion) 72135 - 72,55

1) According to the previous business case, let’ s define:

- The general need addressed;

- The sources of value related to autonomous driving (why should people buy an autonomous vehicle? What are the impacts on their
lives?)

- The technologies needed to turn that vision into reality;
- The business actors involved (the value chain / ecosystem)
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