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Vehicular Networks

❑ Vehicle to Everything (V2X) 

communications

❑ Elements:

◼ On Board Unit (OBU)

◼ Road Side Unit (RSU)

◼ Central ITS station

❑ Cooperative Intelligent 

Transport Systems (C-ITS)

◼ Collision warning

◼ Platooning

◼ Lane-merging assistance

◼ Green Light Optimal Speed 

Advisory

◼ Maneouver indications

Source: Qualcom
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Architecture for C-ITS

C-ITS Station (OBU / RSU)

Application

Facilities

Networking and 

Transport

Access 
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Cooperative Awareness Basic Service

Collision Avoidance

Lane merging

ETSI

Cooperative Awareness Message (CAM)

Many more ...

IEEE

802.11p, 802.11bd

3GPP

LTE-V2X (used in basic services)

NR-V2X (used in advanced services)

Cellular Networks

4G, 5G

OBU

RSU

ETSI

Geonetworking and Basic Trans. Prot
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Cooperative Awareness Basic Service

❑ CAM: Cooperative Awareness Message

❑ Periodic messages sent by all stations giving information about 

status and attribute information of the originating device

◼ Status: Time, position, motion state, activated systems, …

◼ Station ID

◼ ...

❑ Transmission rules

◼ 0.1 s ≤ T_GenCam ≤ 1 s

◼ Decentralized Congestion Control (DCC)

ITS PDU

header

Basic 

Container

HF 

Container

LF 

Container

Other optional 

Containers

Time 

Stamp
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Problems

❑ Different radio technologies

◼ Vehicles operationg different technologies in the same area

◼ Not interoperable

❑ Vehicles without OBU but with cellular communications

◼ Possibility to use this radio for V2X message transmission

❑ High attenuation in NLoS situations

◼ Transmission frequency at 

5,9 GHz (ITS G5 band)
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Solution based in a MEC infraestructure

❑ V2X Radio Interoperability System Architecture
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Problems of using cellular networks for V2X comm

Use GN and BTP?

Useful for security

Overhead

Cellular operators do 

not provide 

broadcast/multicast

Many unicast

connections 
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Channel saturation problems

❑ IEEE 802.11p transmission time calculation
◼ MAC = 28 Bytes

◼ LLC = 8 Bytes

◼ GN (Single Hop Broadcast) = 28 Bytes

◼ BTP = 4 Bytes

◼ CAM: different sizes (30; 45; 57; 66; 161; 169; 230) Bytes
• Lets use 161 Bytes

◼ Bits to send = 16 bits + 229 Bytes * 8 bits/Byte + 6 bits = 1854 bits

◼ Symbols to send = 1854 bits / 48 bits/symbol = 38,63 symbols → 39 

symbols

◼ Transmission time of one CAM = 559,5 s

◼ Ideal (no collisions considered) maximum number of vehicles sending 

at 10 Hz:

100 ms / 559,5 s = 178,7 vehicles transmitting 10 CAM per second
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Channel saturation problems

❑ Collisions of V2X messages

❑ Hidden terminal situations

◼ MAC algorithms based in channel sensing

❑ Simulations based on SUMO + OMNeT++
AB
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178 * 0,3 = 53 vehicles transmitting 10 CAM / s
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Simulation results: CAM forwarding

❑ Urban scenario (6 x 6 streets of 4 lanes each)

❑ RSU deployed in every street

❑ No intelligence test: All RSU retransmit all received CAMs

◼ High congestion

❑ Metric: Neigbourg Awareness Ratio: NAR(r) 

◼ (Number of perceived vehicles / Total vehicles)t a distance ≤ r
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Lets add some optimization / intelligence

❑ Collective Perception Service (CPS)

◼ Sharing the perceived environment of a station based on 

perception sensors

◼ It may require high volume of bandwidth

❑ Use cases:

◼ Detection of Non-Connected Road Users

◼ Detection of Safety-Critical Objects: obstacles on the road

◼ CAM aggregation
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Collective Perception Message (CPM)

❑ Containers to store objects detected by sensors

❑ One detected or known object can be a vehicle

❑ Our infrastructure system

◼ Receives CAM

◼ Stores in the LDM

◼ Transmits CPM
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Problems of using CPMs as they are nowadays

❑ Coordinates conversion (precision error + CPU usage)

◼ CAMs and LDM use UTM coordinates (latitude / longitude)

◼ CPM:
• Vehicle/RSU transmitting the information uses UTM for its possition

• Objects are referred as angle + distance from the vehicle

❑ Identifiers

◼ In CAMs, vehicles 

transmit their Station_ID

◼ In CPMs, every object has an

ID only valid inside the CPM
• Station_ID is lost

❑ CPM can be very large

◼ Packet Error Ratio Increases

◼ PER ≈ BER * longitude_message
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Results: Neighbourgh Awareness Ratio

❑ Urban scenario, 6 x 6 streets of 4 lanes, 12 vehicles per street

❑ NAR(r): No forwarding versus forwarding using CPM

◼ Forwarding of information of 

adjacent streets

124 m
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Results: Position Error

❑ Position error: Distance between the real position of the 

vehicle and the position stored in the LDM of the other vehicles

❑ Not much difference because non-perceived vehicles do not 

have this statistic

Boxes: Between Q1 and Q3

Whiskers: 1.5 * (Q3 - Q1)

Circles: Outliers
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Conclusions

❑ ITS services based on vehicle awareness

❑ Problems to distribute this awareness

◼ Different radio technologies + cellular networks

◼ NLoS propagation

❑ Solution: Infrastructure based on RSUs deployment and MEC

◼ Forwarding of messages over different radio technologies

◼ We have developed real testbeds and simulation framework

❑ Challenges:

◼ Message distribution over cellular networks: Currently, only unicast

◼ Channel saturation
• Usage of CPM

– When transmit new CPMs

– How much information on each CPM

• Filtering / personalization of information

– Regions of interest

– Types of vehicles

– Direction of the vehicles


	Slide 1: Awareness Information Dissemination using Aggregation into Collective Perception Messages for Connected Vehicles   Universitat Politècnica de Catalunya i2CAT Foundation   Jordi Casademont jordi.casademont@upc.edu
	Slide 2: Vehicular Networks
	Slide 3: Architecture for C-ITS
	Slide 4: Cooperative Awareness Basic Service
	Slide 5: Problems
	Slide 6: Solution based in a MEC infraestructure
	Slide 7: Problems of using cellular networks for V2X comm
	Slide 8: Channel saturation problems
	Slide 9: Channel saturation problems
	Slide 10: Simulation results: CAM forwarding
	Slide 11: Lets add some optimization / intelligence
	Slide 12: Collective Perception Message (CPM)
	Slide 13: Problems of using CPMs as they are nowadays
	Slide 14: Results: Neighbourgh Awareness Ratio
	Slide 15: Results: Position Error
	Slide 16: Conclusions

