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Technology roadmap that scales to 
empower innovation across segments
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Building on decades of research in foundational technologies
Efficient deployment, advanced safety applications, and new opportunities

Features

Applications

Scalable OFDM-based air interface

Flexible slot-based framework

Distance-based reliability

Adaptive reference signal

Reliable multicast communication

C-V2X

5G1 V2X has a rich roadmap of features in each 3GPP2 release

Flexible deployment, 
positioning enhancements

Co-channel LTE V2X and 
NR  V2X coexistence

Sidelink ranging and 
positioning

Advanced sidelink 
resource coordination

Power savings for power 
constrained devices

Pedestrian and other vulnerable 
road user safety

Enhanced network coverage via 
relaying

Greater reliability and performance 
for advanced applications

Operation without SIM 
enabled

GNSS-based timing

High reference signal density

Improved high density 
operations

Guaranteed maximum Tx  
latency

Rel-14/15 Rel-16 Rel-17 Rel-18+

Rich sensor sharing

Coordinated driving

Application dependent 
distance-based reliability

Basic safety messages 
between vehicle-to-
vehicle and vehicle-to-
infrastructure

2017/2018 2023

LTE-V2X NR-V2X

1. 5G-V2X is also named NR-V2X (New Radio)

2. Worlwide consortium (standard organizations and industrials) for development of mobile telecommunication protocols (2G / 3G / 4G / 5G….)

C-V2X is continously evolving
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C-V2X is designed to work without network assistance

Direct communication 

doesn’t require USIM

Scalable distributed scheduling, 

where vehicles selects resources 

without network assistance

GNSS used for time synchronization 

without relying on cellular networks

Direct communications
(via PC5 interface on 5.9GHz)

Common

ITS

frequency

High speed direct communication 

support add for ITS band

Defined by ISO, ETSI, SAE for 

security and transport layer
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Rel14/Rel15 C-V2X  Use Cases examples

(focused on safety) 

Queue warningForward collision warning

Do Not Pass Warning (DNPW)

Cooperative 

adaptive

cruise control & 

platooning 

Vulnerable Road 

User (VRU) alerts

Emergency 

vehicle alert 

Traffic signal priority

and optimal speed advisory

Curve speed warning

14
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Coordinated driving

HighwayRel 16 C-V2X example (1/2): 
Intention sharing allows more efficient maneuvers for coordinated driving

Urban

Target group

Originating vehicle 

Target area

Sends lane prepared or abort
message, then change lane in group

Target group responds
with confirmation or denial

1212

Originating vehicle sends a lane 
change request to target group

3

1 2 3

3
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Lane closed construction zone

Autonomous driving 
Benefits from real-time update from infrastructure 

Rel 16 example (2/2): 
RSU sends a 3D HD map update to oncoming 
vehicles with the lane reconfiguration due to construction 

RSU

I2VAutonomous vehicle

16





TMC1 backend

Shared bike user alerted 

for next train in 10 mins

Traffic 

advisory

Work 

Zone

GLOSA2

Road operators Multi-Access edge computing Mobile operators

35miles/hour

Lane-level

hazard alert

Pedestrian

alert

Collision

warning 

Cellular network communications 

C-V2X sidelink  

C-V2X sidelink complements 5G networks
Managing intersections combining C-V2X with 5G

C-V2X sidelink
(collision avoidance and safety alerts) 

Cellular networks
(TMC-based traffic monitoring and advisory)

Edge AI
(AI-based vision systems for enhanced safety)

1 TMC is Traffic Monitoring Center       2 GLOSA is Green Light Optimized Speed Advisory
18



Smart RSUs with on-device processing 
form a connected intelligent edge

Edge cloud

Neighborhood/city/highway

Compute/processing, context, control, 

storage, closer to vehicular network

Vehicular networks are highly dynamic

On-device intelligence

Smart RSUs

Sensing, processing, security, intelligence

Central cloud

Traffic management center

Big data, AI training, less delay 

sensitive content, storage,…

 

Latency as 

low as 1 ms

Latency could be

over 100s ms today

• 5G value maximizes from 

operators and services

• Deliver enhanced and new services

• Host, content, processing,.. for 3rd party

• Local analytics, management

• Immediacy—tasks on device

• Efficient use of bandwidth

• Scalability

Realize 5G’s 
low latency

New deployments, 
(private networks)

Scalability

Performance

Additional 
resources

Compute intensive, real-time data

Cooperation between road operators, MNOs1, infra vendors, cloud providers,… 

1 MNO is mobile network operator
19



TMC1-based traffic 
monitoring and advisory

(via cellular networks)

Road safety
Forward collision 
avoidance
(via V2V sidelink)

Road safety
Hazard warning

(via V2I sidelink)

         
                

    
                    

        
                  

Safer and smarter arterials and other urban roads
Combining C-V2X RSUs and cellular networks

AI/edge 
processing

1 TMC is Traffic Management Center 

Smart parking

Pedestrian
safety warning

20



Advanced traffic management

Live 3D Maps

Smart 
lighting

Truck
platooning

Roadside
units (RSUs)

Autonomous
vehicles

Smooth traffic flow delivered by C-V2X  

21



Logistics
cloud platform

Traffic 
monitoring

Monitoring sensors
Freight pressure / 

temperature/Asset tracking

Smart transportation with C-V2X can 
revolutionize logistics

22
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•

Protecting VRUs
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C-V2X use cases continue to grow
From Day One safety for vehicles and VRUs to enabling new use cases for intelligent transportation

Evolving smart RSUs
Enhanced network effect 

Optionally supplement ADAS 

Enhance VRU safety
Combining V2X with upper layer 

software enhancement

Sidelink positioning
Improve positioning accuracy 

in GNSS challenged areas

24
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Vehicle-to-Pedestrian 

(V2P)

e.g. safety alerts to 

pedestrians, bicyclists

Vehicle-to-Network 

(V2N)

e.g. real-time traffic /

routing, cloud services

Vehicle-to-Infrastructure

(V2I)

e.g. Red Light

Violation Warning

Vehicle-to-Vehicle 

(V2V)

e.g. collision avoidance

safety systems

C-V2X is a critical component of our vision
The safety component of the Digital Chassis

Enhanced range and reliability
for direct communication without
network assistance

26

Qualcomm® 9150 C-

V2X chipset 

commercialized 

starting 2018

Integration of C-V2X into the 

Snapdragon Automotive 4G 

(SA415M) and Snapdragon 5G 

(SA515M) Platforms starting 2019



« Inventer, c’est 
penser à côté. »

A. Einstein

Renaud COMTE
rcomte@qti.qualcomm.com
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