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Our technology is enabling 
the connected car experience today
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V2X is a critical component to the future of connected cars

Vehicle-to-
vehicle (V2V)
e.g. collision avoidance safety systems

Vehicle-to-
infrastructure (V2I)
e.g. traffic signal 
timing / priority

Vehicle-to-network (V2N)
e.g. real-time traffic / routing, cloud services

Vehicle-to-pedestrian 
(V2P)
e.g. safety alerts to 
pedestrians, bicyclists
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Example 5.9 GHz

V2V requires regionally harmonized ITS spectrum

Dedicated to Intelligent Transportation Services30 MHz
Dedicated

+

+
20 MHz

Primary

for future intelligent transportation use cases or 
technology migration

may be shared with unlicensed spectrum 
access technologies120 MHz

Shared
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C-V2X enables a broad and growing set of use cases

Queue warning

Forward collision warning Do Not Pass Warning (DNPW)

Blind 
intersection

Cooperative 
adaptive
cruise control & 
platooning  

Vulnerable Road 
User (VRU) alerts

Emergency 
vehicle alert 

Discover parking 
and charging

Traffic signal priority
and optimal speed advisory

Curve speed warning
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C-V2X as enabler to enhanced ADAS
Vehicular communications as a non-line-of-site sensor for moving objects 

Improved active safety
Provides 360◦ non-line-of-sight 
awareness, e.g. intersections/on-
ramps, environmental conditions 

Better traffic efficiency
Allows vehicles to safely drive 
closer to each other and enables 
optimization of overall traffic flow

Increased situational awareness
Provides ability to gather data from 
further ahead to deliver a more 
predictable driving experience

V2I

V2N

V2V

V2P

LiDAR
Radar

Computer
Vision
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C-V2X defines two complementary transmission modes

Direct communications
Building upon LTE Direct device-to-device design with 
enhancements for high speeds / high Doppler, high 
density, improved synchronization and low latency

• Proximal direct communications (100s of meters)

• Operates both in- and out-of-coverage

• Periodic broadcast messaging

• Latency-sensitive use cases, e.g. V2V safety

Network communications
Using LTE Broadcast to broadcast messages from a V2X                                 
server to vehicles and beyond. Vehicles can send messages                             
to server via unicast.

• Wide area networks communications

• Leverages existing LTE networks

• Event based messaging

• More latency tolerant use cases, e.g. V2N situational awareness

PC5 interface
e.g. location, speed

Uu interface
e.g. accident 1 kilometer ahead
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Network 
communications1

(Via Uu interface)  

Direct
communications
(via PC5 interface)

C-V2X designed for both in-coverage and out-of-coverage

1 C-V2X also supports a single MNO managed network for in-coverage

Direct communications
(via PC5 interface)

Out-of-coverage In-coverage

Common V2V
frequency Common V2V

frequency

Operator A
V2N frequency 1

Operator B
V2N frequency 2

Operator C
V2N frequency 3
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Reuse established service & app layers
Already defined by automotive community, e.g. SAE

Reuse existing security and transport layers 
Defined by ISO, ETSI, and IEEE 1609 family 

Enhancements to LTE Direct PHY/MAC
To address latency-critical, reliable V2X communications

C-V2X is a transport layer alternative to 802.11p
While reusing ITS application, security, and upper layers

Applications
Safety and non-safety

IEEE / ISO / 
ETSI 

Transport

Message
Sublayer

UDP / TCP

IPv6

PDCP

RLC

MAC

PHY

LTE Direct
Protocol

3GPP reuse
other standards

3GPP 
scope

IEEE / ISO 
Security 
Services

Non-IP

Note: Also enhancements to the LTE Direct network architecture / system design to support V2X 
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3GPP freeway drop
C-V2V significantly out performs DSRC at medium/long distances

* Improves PRR from 0.01 to 0.61 at 400m vehicle distance; Improves supported vehicle distance from 126m to 280m at 0.9 PRR; note that 500kph=140m/s 
** Improves PRR from 0.02 to 0.68 at 400m vehicle distance; Improves supported vehicle distance from 158m to 312m at 0.9 PRR; note that 280kph=80m/s

Very high speed, long-distance scenario*

250 kph, 69 cars, 170m inter-vehicle distance 
High-speed, medium-distance scenario**

140 kph, 123 cars, 100m inter-vehicle distance

>100% increase in 
supported vehicle distance

100% increase in 
supported vehicle distance
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Delivering advanced services to vehicles
Opening up new opportunities and diverse business models for MNOs

1 Road Side Units

App Server
e.g. traffic management

V2I
(PC5)

V2V mostly for safety and 
ADAS services

Most use cases use a 
combination of interfaces

V2N provides over-the-top 
cloud services V2I

(Uu)
V2N 
(Uu)

RSUs can be eNodeBs or 
standalone roadside devices

RSUs1 can connect to 
network for cloud services 

V2I allows RSUs to monitor 
traffic, e.g. traffic signals, tolls

V2V
(PC5)

Uu Interface

PC5 Interface
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Can and will work out of network coverage

Outperforms 11p in all cases and provides 2x range at high speeds

Reuses all upper layers, security, and apps developed for DSRC

 Cellular and road side infrastructure will likely merge

 Combination of V2V/I/N in cellular context is very powerful

Cellular V2V 3GPP WI is now frozen; global spec a reality

 Fast evolving cellular ecosystem will deliver superior technology

Cellular V2X – take aways
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