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Announcing: the 2021 connected car!
Engineers push state of the artésecure, high bandwidth, no interference!

Source: https://jalopnik.com/auto-engineers-in-the-70s-used-this-crazy-ass-contrapti-5798454

https://jalopnik.com/auto-engineers-in-the-70s-used-this-crazy-ass-contrapti-5798454
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First some termsé

ÅAV: Automated Vehicles

ÅCAV: Connected and Automated Vehicles

ÅADAS: Advanced Driver Assistance Systems ïSensors and control systems that sense, warn, and 

possibly control (brake, steer) a vehicle

ÅV2X: Vehicle to anything communication (vehicles, infrastructure, pedestrians, networks, etc.)

ÅDSRC: Dedicated Short Range Communication ïA communications protocol/stack based on 

802.11p radio access technology, with the ability to do V2X communication in the 5.9GHz band

ÅCellular-V2X: A communications protocol/stack based on 3GPP Release-14 PC5 Sidelink radio 

access technology, with the ability to do V2X communication in the 5.9GHz band (aka LTE-V2X)

Å5G NR: 3GPP ñNew Radioò Release-16 (and beyond) ïenhanced capabilities for AV

ÅSAE: Society of Automotive Engineers ïdevelops specifications for automated driving levels 

(J3016), V2X message types (J2735), upper layer protocols/standards/test procedures for DSRC 

and C-V2X (J2945 & J3161 families)

Every technology has its acronyms!
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ÅSafety

ƁTraffic deaths ï34,247 in the US in 2017 (NHTSA)
Åhttps://cdan.nhtsa.gov/tsftables/National%20Statistics.pdf

ÅLarge percentage is due to human error

ƁInjuries ï1,889000 in the US in 2017 (NHTSA)

ƁProperty damage ï4,530,000 crashes

ÅIn addition:

Ɓ3.1B gallons of fuel wasted due to traffic congestion

Ɓ14% of all global warming emissions from transportation

ƁCountless hours of time wasted 

ÅModern safety assistance and Automated Vehicles are expected to reduce fatalities 

and injury

ƁSensors will be in (almost) all vehicles

ƁIncreasing numbers of vehicles will be connected, either direct V2V or through 

WAN (V2N or V2N2V)

The big pictureé.
V2X ïwhether for ADAS or AV ïis addressing big issues in transportation

https://cdan.nhtsa.gov/tsftables/National%20Statistics.pdf
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Car connectivity 
in the 5G era

Heterogeneous 
connectivity

Advanced 
positioning

Secure, virtualized 
wireless links 

Multi -environment 
implementation

Lane-level accuracy 

anywhere, anytime

For high quality 

voice and audio

For in-car experiences and 

car OEM services

For driver 

and passengers

For car to infrastructure 

communication

For car to car

communication

For car OEM services

5G
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5G
NR

Connected Vehicles:

The Road Ahead
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V2X History

Originally Based on 802.11a (and 802.11j)
Uses 10 MHz channel option defined similar to

802.11j (½ clocked from 20 MHz)

Tighter spectral mask

Slightly different MAC (OCB plus 1609.x 

enhancements)

Differences in layers above PHY and MAC as well

Special FCC channel designations:
Ch. 172 is for vehicle collision avoidance 

communication
Basic Safety Message (BSM) sent using 3Mbps 

preamble (R=1/2, BPSK), 6Mbps payload (R=1/2, 

QPSK)

Ch.178 is the control channel

Ch. 184 is for long distance public safety 

communication

Europe: Similar band/channelization

Japan: Uses 11p PHY in 760 MHz,  but higher layers 

quite different.
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DSRC/WAVE Protocol Stack

FCC allocated 70MHz for DSRC in 1999 (5850-5925MHz)
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Changes in Automotive and Communication Technology

Sensors + AI + advanced wireless technology = improved safety

ÅIn the 20 years since the ITS spectrum was allocated, vehicles have significantly increased 

ADAS capabilities

ƁSensors ïradar, cameras, ultrasound/sonar, lidar

ƁProcessingïartificial intelligence

Å802.11p (based on 802.11a) is a relatively old communication technology

ƁCellular technology has advanced dramatically over the last 20 years

ƁRobustness and reliability have significantly improved ïespecially NLOS

Ɓ3GPP added the capability for device to deviceéallows vehicles to communicate without 

infrastructure: Cellular-V2X

ÅThe FCC changed the spectrum allocation in December 2020 to reflect these changes ïand 

made C-V2X the de facto standard 

Rapid evolution in sensor and cellular technology have changed the connected 
vehicle landscape
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V2X is a key technology enabler for enhanced 
ADAS & AV

V2I

V2V

V2P

LiDAR

Radar

Computer

Vision

V2N

Nearby LOS:

Sensors

Far NLOS:

Cellular network

ÅSensors: Camera, Radar. Lidar, ultrasonic, etc. ïtypically Line of Sight (LOS)

ÅDirect V2X: DSRC/C-V2X ïaugments sensors with additional information, especially 

Non-Line of Sight (NLOS)
ÅBSM ïtime critical situational awareness of vehicles around you

Å I2V/V2I ïSPaT, MAP, TIM, etc

ÅWAN (V2N and V2N2V)
ÅNow ïNon-time critical, wider area information about traffic, weather, etc.

Å 5G  - URLLCérelay information between vehicles in a few milliseconds

ÅProcessing
ÅAI/compute power fuses information together for ADAS and/or AV

Nearby LOS/NLOS:

Direct V2X
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SAE Automated Driving Levels

Connected and 
Automated Vehicles:

Automated vehicles are 
usually assumed to be 
connected, but a connected 
vehicle may not be automated



V2X Use Cases




