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C-V2X: Utilizing the Cellular Network /

-. ITS Platform
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5G C-V2X Standards

2015 2016 2017 2018 2019 2020 2021 2022
Rel-14 S| Rel-14 Wi
L TE V2X: Supbort V2X for dasic servicesé
Rel-15 Wi

LTE eV2X: latency reduction &
Higher thrpughput ]

Rel-16 S| Rel-16 W

NR V2X: Support V2X for advacnéd services

NR eSL:E Power reduc%tion & higheri
reliability & reduced latency '

5G-V2X = LTE V2X + NR V2X

Huawei Technologies Co,, Ltd



C-V2X Standards and Spectrum Status

R15
R14

LTE-V2X Enhancement

R16
5G eURLLC
NR Sidelink

R17
5G Uu Multicast &Broadcast
NR Sidelink Enhancement

Minister of MIIT

Europe

European Parliament

In November 2018, MIIT committee
determined that the frequency band 5905-
5925 MHz was dedicated to C-V2X

On January 15, 2020, China's relevant
ministries and commissions agreed that C-
V2X was the only loV technology option in
China.

On November 20, 2019, the FCC proposed to
withdraw the 30 MHz 5.9 GHz spectrum
originally granted to DSRC and re-allocate 20
MHz of the spectrum to C-V2X.

In November 2020, the FCC officially
finalized the above proposal.

In July 2019, the EU voted to veto the mandatory
DSRC technology as the only technology of V2X,
opening the door to C-V2X.

In 2020, the ITS spectrum from 20MHz->70MHz




C-V2X Latency / Data Rate Requirements )

5G LTE-A pro & NR (Rel. 15-)

" LTE-V2V/eV2X (Rel.14)

{{ V2Vv/P safety ‘

~10 ms
/FCW, EEBL, CLW LTE-A Pro (Rel.13-14)
/ ¥ V2V V2 safety LTE/LTE-A (~Rel.12)
~100 ms /
BSW, LCW, LTA, RLVW,...
UL: Vehicle info
DL: traffic info In-Vehicle
seconds E\A?W ve Entertainment
\ L ); DL: Video
. DL: traffic info L
Telematics
minutes UL: Sensor data DashCa'tm backup
LR DL: Vid / / /
X . oe0 UL: DashCam clips =4 Vi
~0.1 Mbps ~1 Mbps ~10 Mbps ~100 Mbps 1 Gbps 10 Gbps
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Rel-16 Uses Cases, Scenarios and Operating Band

Vehicles Platooning 1Mbps
vehicles are formed into a group to travel together

Extended Sensors 50Mbps
vehicles exchange raw or processed sensor data or video

Advanced Driving 30Mbps
vehicles share data for semi/fully-automated driving

Remote Driving UL:25Mbps
vehicle is driven by a remote driver or a V2X application DL:1Mbps

Support In-coverage, partial-coverage and out-of-coverage operating secretions
Support broadcast, groupcast and unicast communication over PC-5 interface.
Support In-device coexistence between LTE-V and NR-V

Operating band defined for NR-V2X Rel-16 (ITS spectrum & Licensee spectrum)

n38 2570 MHz - 2620 MHz 2570 MHz - 2620 MHz TDD PC5
n47 5855 MHz - 5925 MHz 5855 MHz - 5925 MHz TDD PC5



Cooperation among Network & Road & Vehicle to support CAD

[Network : ”Communications + ] - . g
Computing+Positioning” Service network 7~ Central -

platform
Reduce end-to-end delay

Support computation of high-volume
concurrent data :
Support high precision positioning :
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5G+C-V2X PC5 Network Integration Reduces Deployments Cost

5G network

i g-:]

Wired or
wireless
A connection

C-V2X PC5 network

Hybrid network
« 2 devices

C-V2X PC5 network

Cooperative network

5G network
fLigil

1 devices

-
-
Ty

p—
FeN
5G base station type RSU:
Integrating 5G network
communication capabilities and
RSU functions
« Achieve enhanced network
coverage
Improve network resource
utilization

Reduce the deployment cost of
base stations and RSUs

Enhance network coverage, through the integration of direct communication technology and 5G network, to achieve all-

road network connection for vehicles

Improve network utilization, through direct communication combined with cellular network communication, to ensure

different types of data transmission in the oV

Resource saving and sharing, through the co-site deployment and unified operation and maintenance of 5G base
stations and C-V2X RSU, to achieve resource saving and sharing and effectively reduce deployment costs.




C-V2X: Evolution to 5G maintains backward compatibility

3GPP Rel. 16

3GPP Rel. 14 ST S March 2020
. June 2018

3GPP Rels. 8-13 VN '
' 5G NR Uu URLLC
5G NR V2N Uu @ Direct Communication 5G NR V2V/V2I

...—March 2016
High bandwidth/low latency f"‘i

Direct Communication

LTE V2V/V2I (PC5)
LTE V2N Uu

automated

«p
* Cooperative
l % 2
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. driving
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Hazard Warning V2V Safety use case Enhanced Navigation

& Infotainment

5GAA White-Paper-CV2X-Roadmap.pdf EEER \pHN T \OVN2|



https://5gaa.org/wp-content/uploads/2019/01/5GAA_White-Paper-CV2X-Roadmap.pdf
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The CAD business will be gradually commercialized in stages

Assisted ® == e N =
“o™i=oh .o Traffic information Anti-collision Pedestrian warning, Vehicle status monitoring,
&6} driving

sharing, Emergency vehicle warning, left turn assist, operator warning, bicycle sub-meter high-precision positioning,
priority pass reminder, etc. IMA, emergency brake warning, etc. static map download,etc.

warning, etc

Autonomous driving in limited areas ( Closed parks, I' Completely open area
open urban test roads, highway pilots, etc. ) I

p—— »

Fnap, centimeter-level high-
precision positioning, etc. I

Real-time regional potential map (dynamic information of tific participants, road obstacles)
platooning, sensor data sharing, collision avoidance !)_etv_vegngegpl_e and vehicles,_etc.




C-V2X Industry Ecosystem Status

E2E Ecosystem is Ready China Launched 8 C-V2X Enabled Vehicles

Industry

Commercial Launch
Component

el e e B

2018 2018 2019 BYD Han 2020
ualcomm9150 C-V2X Huawei Balong765 Huawei Balong5000 <
= 8 GAC Aion 2020

Chipset

— . Ford New Explorer 2020

B <& $ | FAW Red Flag E-HS9 2020

2019.10 2017.2 2019 = 2020.3 RED SAIC GM Buick GL8 2020
Quectel AG15  Datang ZTE Huawei WNC Module

BJEC (BAIC) Arcfox 2021

T-BOX 5' ’ friadhis L8 , \ WeltMeister (WM) W6 2021

2018.10 2020.3 2017 2019.9 2020.03 RED 2020.03 RED 2020.03 RED Great Wall WEY Mocca 2021
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22 Months ago, 15 OEMs Released C-V2X Roadmap




C-V2X, Intelligent Vehicle and Transport Roadmap in China

\p,

Test and Initial
Deployments

* loV based on 5G and C-V2X
» To verify functions and

Standard &

Spectrum performances of C-V2X

platform, modules and
* 5.9G spectrum available equipment.
* Chinese loV technology. - *

standard laid-down by 3

11 national projects and 12
other key projects.

~2020

Large Scale Deployments

* LTE-V2X area coverage, 5G-V2X
gradually applied in some cities
and expressways .

* To build smart roads and a new
generation of national traffic
control network,

* To develop the interworking
between 5G-V2X and intelligent
vehicles.

2021-2025

Smart Intermodal
Transportation

« By 2035, a powerful transportation

system provider, for intermodal a
smart transportation, buildi
ubiquitous advanced tra
information infrastructur
V2X

By 2050, a leading transpo
system provider. Industry
and products for intellige
and transportation are ex
being matured.

2030-2035-2050

m 30+ projects Mass Production Roadmap i-Vista/C-NCAP
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C-V2X is Supported by Chinese Industry s

30+ C-V2X projects carried out in China 15 OEMs published C-V2X commercial roadmap

Mass production:
2020H2~2021H1

Policies and Standards C-V2X 10T test accomplished by industry

Road standard for Passenger car plan to involve V2X loT test between ChipsetS, Tel‘mina|S, VehiCIGS, Security p|atf0rmS

CNCAP & iVISTA introduce C-V2X into active safety on 2023

OEMs Tierls Positioning CA platforms

providers
Huawei Technologies Co,, Ltd. | 15



C-V2X Use Cases of 5GAA

Expected timelines for mass deployment of C-V2X use cases

2018 2019 2020 2021

v v
3GPP 3GPP
Release 15 Release 16

2022 2023 2024 2025 2026 2027 2028 2029

3GPP 3GPP
Release 17 Release 18

\ 4

v v v
. . M tocal Hazard and } Hazard Information W {DMaps ¥
Traffic Efficiency LGS Traffic Information °

Informative
Take off Collection and Sharing Collection and
(Safety Related)

Sensor Sharing
2020 for AVs

— Sharing for AVs

Emergency Electronic Brake Light ' VRU:
Safety Turn Left Assist
. .. (part of Dayl/Phasel)
(Traffic Efficiency)

Collective

Ll Group
Start

Automated Valet Parking for AVs

Advanced Safety
Automated

Automated Valet Parking for AVs

Sensor

N VRU+:
— Campus Area - jte >

Complex

Sharing
— Tele-Operated Driving for AVs
Tele-Operated Driving

7 Interactions
ﬁ Cooperative Maneuvers
Advanced Safety

Dynamic
HD Sensor h Intersection Management
Sharing 56

for AVs

Automated

Dynamic
Cooperative Traffic Flow
Social and

Environmental

In-vehicle commercial . . .
v mass deployment D Direct Network D Direct or Network b Direct and Network
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Huawel is the Exclusive E2E C-V2X Solution Provider

Cloud

V2X Server

Network
C-V2X/wired

Road

Edge

Fusion sensing

4/5G

Terminal
Module & T-Box

V2X Server

Signal
Controller

e

Fusion Sensing
MEC

Radar

Camera

Lidar
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Huawei C-V2X Solutions

C-V2X Chipset
(Balong765)

PC5 + Uu concurrent
Mode3 + Mode4
3GPP Rel. 14

DL peak rate 1.6Gbps
4CC CA + 4x4 MIMO
2CC CA + 8x8 MIMO
DL 256QAM

Gateway

Follow AutoSAR
Support Ethernet/CAN
Modeled configuration
Safe start and detection

Module & T-Box

o

Y i B,
b = o
by )
ik e
s )

Recognized by car makers
Follow IATF16949 vehicle
requirements control

RSU

* First C-V2X commercial
RSU

* GNSS (Beidou & GPS)
supported

* Flexible deployment

V2X Server

-

* RTK positioning

* Transportation monitoring

* Evolving to autonomous
drive




Huawei RSU Has Completed the Most Extensive 10Ts in the
Industry, Reaching the Highest Commercial Maturity Level

VaXserver N P || [EdZE - NEBULA I EAREE
HUAWEI TUS CLOUD CONTROL

Traffic light signal 20\ 5 ER A ) ° B =2 i Shanghai
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HET robosense

Vi=SY ;] T
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10+

6 10+ 4

T-box vendors

V2X operations platforms Mainstream signal controller Radar vendors
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Implementation of C-V2X mass production models

Guangzhou Auto: 5G+C-V2X Car Aion Ford China: New Explorer with C-V2X

TR RE IR
BEFRESXRED
5G +VvV2X
HeeBEBNRSE
ERENRFT—AERS5000 5GH
ITET—NREEE



https://www.ford.com.cn/newsroom/2020/20200706/
https://www.gacne.com.cn/vehicles/aion_v

-

ERTRAC

N/

European Road Transport

Automation Level Established 2020

2022 2024 2026 2028 2030

Lewel 5: Fully Automated

Full Autamation AD for pnvate 5G Rell6 Passenger Cars

roads In cars Research Advisory Council

Urban and Sub-Urban Pilet

Lewvel 4:

High Automation Highway Autgpilat including
R Comioy Roadmap for future cars complemented by 5G
Lewvel 3: Highway Chauffeur
Conditional
Automation Traffic Jam Chauffeur CO n C I u S i O n .
5G Digital Road infrastructure must be deployed before market
Level 2: Traffic Jam Assist . .
Partial Automation Parking Assist penetration of 5SGCAM cars in 2026
Adagtive Crujss ontrl Key Milestones:

Lane Keesping Assist

Lane Change Assist 2019: 5G R16 std finished end of 2019
2021: Certified 5G R16 modems in cars, development of 5G-ADAS

Driver Assistance

Ll:m:ll D Lﬂl‘lﬂ-‘_D-{: parture Wa_rn ing
I".l|ll.'|':J|::'.:::I|I|l_l.ll.‘::.ﬁr_lurl Fur:i::lzid;I::::JE:::':’:rgl1lrlg System by OEMS StartS
beyond human ABS, ESC
capabiity to act Emergency Brake 2026: First commercial L5 cars (6GCAM cars) on all public roads

AD: Autonomous Driving, CAM: Connected Automated Mobility, ADAS: Autonomous Driver Assistance Systems... ;.
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