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C-V2X: Utilizing the Cellular Network 

C-V2X =  Uu (V2N) + PC5 (V2V,V2I,V2P)

Internet ITS Platform
Cellular link
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5G C-V2X Standards

2017 2018 20212019 20202016 20222015

Rel-14 SI

Rel-15 WI

Rel-16 SI

Rel-17 WI

Rel-14 WI

Rel-16 WI

LTE V2X: Support V2X for basic services

LTE eV2X: latency reduction & 

Higher throughput

NR V2X: Support V2X for advacned services

NR eSL: Power reduction & higher 

reliability & reduced latency 

5G-V2X =  LTE V2X + NR V2X
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C-V2X Standards and Spectrum Status 
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C-V2X Latency / Data Rate Requirements

~0.1 Mbps ~1 Mbps ~10 Mbps ~100 Mbps 1 Gbps 10 Gbps

minutes

seconds

~100 ms

~10 ms

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

LTE-V2V/eV2X (Rel.14)

LTE-A Pro (Rel.13-14)

LTE/LTE-A (~Rel.12)

HD maps update
Remote Control

UL: Cam+Sensor

DL: Control

Edge Computing

UL: Sensor data (Lidar…)

DL: Control

Event Video upload

UL: DashCam clip

DashCam backup

UL: DashCam clips

In-Vehicle

Entertainment

DL: Video

Telematics

UL: Sensor data

DL: Video

V2V V2I safety

BSW, LCW, LTA, RLVW,…

UL: Vehicle info

DL: traffic info

ITS

RWW, IVS

DL: traffic info

V2V/P safety

FCW, EEBL, CLW

Day 2 and Day 3 use cases
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• 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)

Rel-16 Uses Cases, Scenarios and Operating Band 

Use Cases
End-to-End 

Latency (ms)
Reliability

(%)
Data Rate

(Mbps)

Vehicles Platooning
vehicles are formed into a group to travel together

10ms 99.99 1Mbps

Extended Sensors
vehicles exchange raw or processed sensor data or video

3ms 99.999 50Mbps

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

3ms 99.999 30Mbps

Remote Driving
vehicle is driven by a remote driver or a V2X application

5ms 99.999 UL:25Mbps
DL:1Mbps

NR 
operating 

band

Sidelink (SL) Transmission 
operating band
F_low – F_high

Sidelink (SL)  Reception operating 
band

F_low – F_high

Duplex 
Mode

Interface

n38 2570 MHz – 2620 MHz 2570 MHz – 2620 MHz TDD PC5

n47 5855 MHz – 5925 MHz 5855 MHz – 5925 MHz TDD PC5
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Cooperation among Network & Road & Vehicle to support CAD
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5G+C-V2X PC5 Network Integration Reduces Deployments Cost 
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3GPP Rels. 8-13

… – March 2016

3GPP Rel. 14

March 2017

3GPP Rel. 15

June 2018

3GPP Rel. 16

March 2020

LTE V2N Uu 

Direct Communication 

LTE V2V/V2I (PC5)

5G NR V2N Uu 

High bandwidth/low latency

5G NR Uu URLLC
Direct Communication 5G NR V2V/V2I

. . . 

Hazard warning V2V safety use case Enhanced Navigation 

& Infotainment

Cooperative 

automated 

driving

V2V/V2IV2N

C-V2X: Evolution to 5G maintains backward compatibility

5GAA_White-Paper-CV2X-Roadmap.pdf

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
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C-V2X Industry Ecosystem Status 
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C-V2X, Intelligent Vehicle and Transport Roadmap in China

~2020 2021-2025 2030-2035-2050

Large Scale Deployments

Standard & 

Spectrum

Test and Initial 

Deployments

Smart Intermodal 

Transportation

• 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.
• 5.9G spectrum available

• Chinese IoV technology

standard laid down by 3 

ministries

• By 2035, a powerful transportation

system provider, for intermodal and 

smart transportation, building on 

ubiquitous advanced transportation 

information infrastructure and B5G-

V2X

• By 2050, a leading transportation 

system provider. Industry standards 

and products for intelligent vehicles 

and transportation are expected 

being matured.

• IoV based on 5G and C-V2X

• To verify functions and 

performances of C-V2X 

platform, modules and 

equipment.

• 11 national projects and 12 

other key projects.

Standard 30+ projects Mass Production Roadmap IoT ecosystem i-Vista/C-NCAP5.9GHz
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C-V2X is Supported by Chinese Industry

Mass production:

2020H2~2021H1

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

Beijing Shanghai Shenzhen

HangzhouWuhan Zhengzhou Chengdu

Policies and Standards C-V2X IoT test accomplished by industry

Wuxi 

IoT test between Chipsets, Terminals, Vehicles, Security platforms

26
OEMs

28
Tier1s

6
Positioning 

providers

2
CA platforms

Road standard for Passenger car plan to involve V2X 

CNCAP & iVISTA introduce C-V2X into active safety on 2023
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C-V2X Use Cases of 5GAA

Traffic Efficiency

(Safety Related)

Safety

(Traffic Efficiency)

Advanced Safety

Automated

Driving(Step I)

Advanced Safety

Automated

Driving(Step I)

Market 

Take off

2020

2022

2025

2026

2016

Campus Area

+

+
+

Local Hazard and

Traffic Information
Hazard Information

Collection and Sharing

for AVs

HD Maps

Collection and

Sharing for AVs

Informative

Sensor Sharing

Emergency Electronic Brake Light

Turn Left Assist

(part of Day1/Phase1)

VRU:

Collective

Awareness
Group 

Start

Automated Valet Parking for AVs Automated Valet Parking for AVs

Tele-Operated Driving

Tele-Operated Driving

Sensor

Sharing

for AVs

HD Sensor

Sharing

for AVs

VRU+:

Complex

Interactions

Cooperative Maneuvers

Dynamic

Intersection Management

Dynamic

Cooperative Traffic Flow

Social and

Environmental
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Huawei is the Exclusive E2E C-V2X Solution Provider 

Radar

Camera

Lidar
Fusion Sensing

MEC
RSU 

V2X Server

T-Box

4/5G

Signal 

Controller

Terminal 
Module & T-Box

Network
C-V2X/wired

Cloud
V2X Server

Edge
Fusion sensing

Road
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Huawei C-V2X Solutions 

C-V2X Chipset

(Balong765)

Module & T-Box RSU V2X ServerGateway

• Follow AutoSAR

• Support Ethernet/CAN

• Modeled configuration

• Safe start and detection

PC5 + Uu concurrent

Mode3 + Mode4

3GPP Rel. 14

DL peak rate 1.6Gbps

4CC CA + 4x4 MIMO 

2CC CA + 8x8 MIMO

DL 256QAM

• First C-V2X commercial 

RSU

• GNSS (Beidou & GPS) 

supported

• Flexible deployment

• Recognized by car makers

• Follow IATF16949 vehicle 

requirements control

• RTK positioning

• Transportation monitoring

• Evolving to autonomous 

drive
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Huawei RSU Has Completed the Most Extensive IOTs in the 

Industry, Reaching the Highest Commercial Maturity Level

10+
Mainstream signal controller 

vendors in China

6
V2X operations platforms

4
Radar vendors

10+
T-box vendors

Radar/Lidar

V2X server

T-Box

Traffic light signal 

controller

Shanghai 

Songhong
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Implementation of C-V2X mass production models

Guangzhou Auto: 5G+C-V2X Car Aion

https://www.ford.com.cn/newsroom/2020/20200706/

Ford China: New Explorer with C-V2X

https://www.gacne.com.cn/vehicles/aion_v

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

5G Digital Road infrastructure must be deployed before market

penetration of 5GCAM cars in 2026

Roadmap for Connected Automated Mobility

5G Rel16 

in cars 
5GCAM 

AD for private

roads 

Roadmap for future cars complemented by 5G

Key Milestones:

2019: 5G R16 std finished end of 2019

2021: Certified 5G R16 modems in cars, development of 5G-ADAS 

system by OEMs starts

2026: First commercial L5 cars (5GCAM cars) on all public roads

European Road Transport 

Research Advisory Council

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