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Autonomous Driving is now under development
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C-V2X industry survey on use cases
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Traffic Light
in Car

(Suggested
Speed)

Collision
warning in

Intersection

Emergancy
Break

Lane
Changing
or Over-
taking

Left-Turn
Assist

Pedestian
Detect in
blind spot

Location of
Accident

Speed limit
in Car

Traffic Sign
in Car

Platooning Traffic Jam Warning of
Bursting
into Bus

Lane

Payment

Most Valuable Information

 The Information of Traffic Light

 The information of NLOS Object (Pedestrian, Vehicle, Bike)

 The Information of the operation from Neighbor Vehicles 

(Emergency Break)

The Feedback from 15 OEMs
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China: Progress and plan of C-V2X trials

• Verify the supporting capability of 

LTE-V2X network for typical 

services.

• Carry out application 

demonstration for typical services 

in Shanghai, Wuxi and other 

places.

LTE-V2X Communication Performance 

Verification 

 Uu: delay<100ms, reliability 

 PC5: satisfying the delay 

requirements of V2I services; 

network coverage in LOS/N-LOS 

scenarios.

Application Verification of Services

 Accomplish the consistency verification 

of standard protocols.

 Accomplish the interconnection of 

verification of multi-manufacturers.

 Accomplish the process verification of 

services. 

• Test LTE-V2X networking 

performance; verify the maturity of 

LTE-V2X products.

• Verify the supporting capability of 

5G NR for IoV services and 

networking requirements. 

• Carry out function and 

performance tests based on 5G-

V2X loV network.

• Explore network deployment 

schemes by taking into 

consideration L4/L5 autonomous 

driving applications. 

LTE-V2X Scale Test

 LTE-V2X air interface coverage, 

reliability, delay verification and 

optimization.

 V2X Services: Traffic light optimal 

speed advisory, traffic accident 

warning, forward collision warning, 

etc.

5G-NR Technical Test

 Verification of Air interface 

performance for 5G NR in vehicle 

scenario.

 Verification of service functions and 

performance in typical applications in 

closed scenes such as remote driving.

5G-V2X Technical Test

 Function and performance 

verification for services such as 

information sharing of sensors, 

vehicle platooning, and etc.

 Enhancement of 5G NR Uu interface 

and test of key technology of 5G NR 

PC5 interface.

Test goal

Test 

result/

Content

LTE-V2X 

Technical Test & Application 

Demonstration

LTE-V2X Scale Test 

5G-NR Technical Test
5G-V2X Technical Test

2019-2020 2021~2017-2018
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5GAA Prioritised Use Cases Support for R16

5GAA LS on Prioritised Use Cases and Requirements for 

consideration in Rel-16 NR-V2X

1. Software Update (including vehicle-to-vehicle) 

2. Real-Time Situational Awareness & High-Definition 

Map

3. Vulnerable Road User (VRU)

4. Group Start in Cities (variant of Platooning Use Case) 

5. Cooperative Manoeuvres of Autonomous Vehicles 

for Emergency Situations 

6. Remote Automated Driving Cancellation (RADC) 

7. Automated Intersection Crossing 

8. Autonomous vehicles parking by remote driving

HV

Traffic Control Center

RV

scenario application zone

RV

HVRV RV

Group 1

Group 2

Vulnerable Road User (VRU)Real-Time Situational Awareness 

& High-Definition Map

Group Start in Cities Autonomous vehicles parking by remote driving
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5G V2X with NR Sidelink (SL)

• Radio solutions that are necessary for NR to support advanced V2X services based on the study outcome captured in TR 

38.885

 Support broadcast – support LTE-V like service, such as basic safety message broadcast

 Support unicast – support advanced driving service, such as sensor sharing, see through and ETC-like service

 Support groupcast – support platooning use case 

• Considering in-network coverage, out-of-network coverage, and partial network coverage

 Support of sidelink structure/ synchronization /procedure aligned with NR Uu

 Support Resource allocation

 Mode 1 – NR sidelink scheduling by NR Uu and LTE Uu - enable licenced spectrum 

 Mode 2 – enable OOC and ITS spectrum

 Sidelink L2/L3 protocols and signalling – whole NR V2X protocol support

 Unique QoS with Uu – enable QoS comparison with NR Uu

 UE Tx and Rx RF requirement/RRM core requirement – RAN4 spec support

Groupcast Unicast
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Sidelink Groupcast Transmission

• Motivation

• High efficiency for Platooning 

• High reliability 

• Distance based sensor sharing 

• Groupcast support in NR V2X 

• When HARQ feedback is enabled for groupcast, 

support

 Option 1: Receiver UE transmits only HARQ NACK

• For at least option 1 based TX-RX distance-based HARQ 

feedback for groupcast

 Option 2: Receiver UE transmits HARQ ACK/NACK

• Higher transmission reliability

• Lower interference to other UE reception

• No DTX problem

• Feasibility to identity the failure receiver UEs 

UE2'

Tx UE Rx UE-1 Rx UE-n

1. Group management is carried out in Application Layer.

2. V2X application layer 
may provide group 

identifier information.

3. Tx UE 
determines 

source/destination 
Layer-2 IDs.

3. Rx UE 
determines 

destination Layer-2 
IDs.

3. Rx UE 
determines 

destination Layer-2 
IDs.

2. V2X application layer 
may provide group 

identifier information.

2. V2X application layer 
may provide group 

identifier information.

4. V2X Service (Groupcast)
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Sidelink Broadcast

Tx UE-1 Rx UE-1 Rx UE-n

2. V2X application layer 

provides data unit and 

optional Qos requirements 

to V2X layer.

3. Tx UE determines 

source and destination 

Layer-2 ID

1. UE-1 determines 

destination Layer-2 

ID for reception.

4. V2X Service (Broadcast)

Rx UE-2

1. UE-2 determines 

destination Layer-2 

ID for reception.

1. UE-n determines 

destination Layer-2 

ID for reception.

• Motivation

• Support the same transmission mode 

as LTE-V

• Broadcast support in NR V2X 

• Mainly re-use the LTE-V design
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Sidelink Shared Licensed Band Support

• Motivation

• ITS spectrum support

• Licensed Spectrum support

• BWP is defined for NR sidelink

• Support simultaneous transmission in 

SL BWP and UL BWP when the same 

numerology is configured in both BWPs

 Shorter delay for SL transmission

 Less performance loss to Uu, especially 

in typical DL-heavy UL-DL 

configurations

• Achieved by configuring UL BWP and SL 

BWP within UE's RF BW

• Different TAs are handled by adding 

two time-domain OFDM signals

Low latency transmission

 DL-UL:  4:1                      8:1

D D D F U

UL SL

Less UL resource
Affect the performance 

of PUSCH/PUCCH/SRS

UL

SL
Option 1

Option 2 with mini-

slot scheudling

D D D F U

Option 2 with slot 

scheduling

D D D F UL D D D F SL

D D D F U D D D F U

UL

SL

Low performance loss for Uu

D D D F UL D D D F SL

UL Tx

D D D F U D D D F U

UL and SL 

transmission

UL and SL 

transmission

5 slots delay for SL

Option 1

Option 2

X

SL TX

UL Tx

SL TX

X
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‘Cross-RAT’ control

• NR V2X defined:

1. NR Uu to control LTE mode 3/4 sidelink

2. LTE Uu to control NR mode 1/2 sidelink

• Both allow smooth evolution within 3GPP V2X as MNOs' RAT availability, and automotive 

industry choices, develop over lifetime of vehicles

 

NR

5GC

NR V2X SL

LTE V2X SL

 

E-UTRAN

5GC

NR V2X SL

LTE V2X SL

 

E-UTRAN

EPC

NR V2X SL

LTE V2X SL

…and MR-DC equivalents under 

MNO control of sidelink
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5G V2X Radio Protocol Design

PHY

MAC

RLC

PDCP

SDAP

PHY

MAC

RLC

PDCP

SDAP

IP IP
IP packet
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5G V2X Spectrum/Band Definition

• ITS spectrum

› RAN4 to define re-farmed band n47 for NR V2X Communication Service

• Licensed spectrum 

For co-existence study for licensed band with slidelink operation, the example bands will be 

• Option 1: 2GHz (Uplink part of a FDD band 1 and band 3) 

• Option 2: 3.5GHz (TDD bands) 

• Option 3: 28GHz (FR2) 

NR operating 
band

Sidelink (SL) Transmission 
operating band

F_low – F_high

Sidelink (SL)  Reception operating band

F_low – F_high

Duplex 
Mode

Interface

n47 5855 MHz – 5925 MHz 5855 MHz – 5925 MHz TDD PC5
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What is a 5GCAM Highway (Road) ?

Highway Segment 1

e.g. 100 km

HS 2 HS 3

f1

f2

MNO1 + 5GCAM

MNO2 MNO2 + 5GCAM

MNO1 MNO1 + 5GCAM

MNO2

MNO/RO costs sharing

model for fiber, power, stationary

road sensors, 5G sites

Service 

Provider-

5GCAM

ITS

5.9 GHz x km 

MNO

frequencies

Infotainment

Safety

5GCAM

(e.g. truck platooning,

teleoperated driving,

AD support)

MNO1/RO site MNO2/RO site MNO1/RO site

Safety Safety Safety

RO: Road Operator, MNO: Mobile Network Operator
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5GCAM ecosystem and business models

Road infrastructure 
operators

Standards Developing 

Organizations
3GPP, ETSI, IETF/IRTF, 
IEEE and 5G-related 

alliances

Users
Drivers
Vehicle owners

Passengers
Pedestrians 

Policy makers

Automotive industry
Car OEMs
Tier 1 suppliers

CAM service/HD map 
providers

Technology providers

5G industry
Telecom operators
Telecom vendors

Cloud providers
Technology providers

(R6)

(R2)

(R4)

(R8)

(R5) 

(R1)

(R9)

(R3)

(R7)

End Customers

Enjoys CAM and other 

services

Pays CAM service fee

CAM Service Provider

Uses high amount of data to 

provide their services

Pays communication fee

Network Operator

Invests in network 

deployment

Revenues for the network 

services

Road Operator

Makes investment in road 

infrastructure

Optionally shares its road 

infrastructure

Center focus of the cost and 

profit analysis

CAM Service fee 

Connectivity fee for CAM Service 

Passive infrastructure sharing

(e.g., masts, cabinets, fiber, etc)

Source: 5G Automotive Working Group, “A Study on 5G V2X 

Deployment”, February 2019 5G
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5GCAM Business Case for Pay-As-You-Drive

Investment Assumptions

Return-Of-Investment

Source: 5G Automotive Working Group, “A Study on 5G V2X 

Deployment”, February 2019 5G

Different ROI time lines can be expected for 

different 5GCAM cooperation models on 

highways

(Everything Somewhere)
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• Deployment 1: Passive and active network by a single actor

• Deployment 2: Passive sharing, several active NOs

• Deployment 3: Passive and active sharing, several NOs

Revenue 1 NO

Revenue 3 NOs
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