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In the year 2050 *) :

• Human driving is forbidden
• You see your doctor everyday
• Marilyn Monroe shoots new movies
• Computers fire and hire
• A robot commits bank robbery
• Portugal’s national football team loses against a 

Spanish robot football team
• TV news produced without humans
• We will live eternally in our bots
• …
• What can wireless contribute ? 

Prof. Toby Walsh: “2062: The World that AI Made”, published 2019
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5G & Evolution
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5G & Evolution

Latency: 

0.1 ms 
Connection density: 

10/m2

Peak data rate: 

1Tbps

eMBB

mMTC URLLC

(+/-10ns)

Position: 

D10cm
Link Budget:

+40dB

Jitter:

5+
2020-2024

5++
2024-2028

6G
2028-2030

Coverage:

99%
Guaranteed Rate: 

10-100Gbps

Network Coverage: 

167dB 

Network Capacity:

1000X w.r.t. 5G

Sensing Battery Life: 

20 Years 

Air Interface Latency: 

0.1ms

Air Interface Jitter: 

+/-0.1ns 

Reliability: 

99.99999%

Position Accuracy: 

50cm outdoor, 1cm indoor 

Device Density: 

10millions/km2

Energy Efficiency 

10X w.r.t. 5G 
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Communications complement AI and drivers in vehicles
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Today’s view on 5G-V2X for autonomous, assisted and 
safe driving

Autonomous /
Assisted

Safety

• Intention sharing

• Sensor information sharing

• NLOS operation

Map  & other information

• Using RSU, V2N or V2V

• Temporary lanes, work zone
Positioning

• More accurate positioning for GNSS using V2I/N 
ranging/positioning in heavy urban scenario

Maneuver planning

• Intention & trajectory sharing 

Functional Safety support (new)

• Vehicle / Network Status sharing 
(internal information)

Use Case Spectru

m 

Require

ment 

(MHz)

Notes

Safety

messages

20 Safety messages

Sensor sharing 

(object sharing)

50 10s visibility, up to 

40 objects of 50 

bytes each

On an average ~5X 

traffic compared to 

Safety messages.

Trajectory 

sharing

100 [2000] byte packet 

for 10s trajectory 

with 10ms 

resolution

On an average 

~10X traffic 

compared to Safety 

messages.

• Total demand: ~170 MHz

• 5.9 GHz ITS band has 70 MHz

Additional Required Spectrum = 100 MHz (w/o Functional Safety demands)

Perception

• Object identification

• Parameter estimation: position, velocity, acceleration

• Sensor sharing for NLOS & partially occluded objects
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Today and future Functional Safety design

• IEC 61508
• Functional safety of 

electrical/electronic/programmable electronic 

safety-related systems

• ISO 26262 Road vehicles - Functional safety

• SOTIF (Safety of the Intended Functionality)
• ISO 21448

• Errors not resulting from systematic errors or 

hardware failure

• Physical limits of sensors

• Upgraded IEC 61508 for Distributed Systems
• Functional safety of 

electrical/electronic/programmable electronic safety-

related systems (including V2X gateways, network)

• ISO 26262 Road vehicles - Functional safety

• SOTIF (Safety of the Intended Distributed

Functionality)
• ISO 21448

• Errors not resulting from systematic errors or 

hardware failure or network outages

• Physical limits of sensors (+ remote sensors)
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Increasing connectivity demands
For improved Functional Safety and Autonomous 
Driving:

1. Internal sensor and status information
- Car dynamics (accelerations)
- Actuators, wheel status
- Situation analysis
- ECU internal data
2. Sensor information for Environmental Model
- Video, Radar, Lidar, Ultrasonic
3. B5G’s Integrated sensing and communication
(radar and e.g. E-Band comms)

AECC: Car in use for 15 hours / month, each car produces ca. 1 TB / h
NGMN: Passenger infotainment: 2.25 TB / h for 4-5 persons
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5GAA Priority Areas and need for B5G

Connected mobility for people, vehicles and 
transport infrastructure

Trust
Implement state-of-the-art security 

and privacy by design in the V2X 

ecosystem

Interoperable Ecosystem

Satisfy business needs for interoperation 

between devices and services across ecosystem 

partners
Sustained Technology Evolution

Accelerate evolution of cellular technologies towards B5G V2X

Mobile Networks

Build upon cellular network 

deployments to fast track new 

mobility services

Precise Positioning

Foster advanced positioning 

solutions for all road users

Digital Roads
Engage with road operators to 

fully integrate the road infrastructure

Vulnerable Road Users
Enable smart devices to deliver services 

protecting pedestrians, cyclists, …  

Flexible Service Architectures
Leverage distributed cloud and edge 

computing capabilities

Low Power Radio Positioning

Integrated Sensing & Communication

Backward compatibility, old/new vehicles 

Virtual distributed UEs

Low latency security

Precise Radio Positioning
In- & Out-networks

Zero latency roaming
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C-V2X Roadmap for next decade

Convenience 
ADAS, L2+,
Passenger

Autonomous 
Driving, L3/L4/L5

Vehicle Operations
Management

Release 

15

Release 

16

Release 

17Release

3GPP

Release 

19

Release 

20
Release 

21
Release 

22

Release 

18

……. 2022 2023 2024 2025 2026 2027 2028 2029 2030
Chips and  Modules

Availability of Products

LTE  UU Rel 14

5G NR PC5 Rel 16LTE PC5 Rel 14

5G NR UU Rel 15 5G NR UU Rel 16

LTE  UU Rel 14
Or

LTE PC5 Rel 14

5G NR UU Rel 16
or

5G NR PC5 Rel 16

5G NR UU Rel
15 Or

LTE PC5 Rel 14

5G NR PC5 Rel 17

5G NR UU Rel 17
or

5G NR PC5 Rel 17

5G NR UU Rel 17

Software downloads for upgrades

FR1 FR1, FR2, FR3, VLC

• Precise radio positioning

• Distributed vehicle UE

• Advanced MIMO

• Full duplex for SL

• Massive uplink 

• Integrated sensing 
& comms

• Vehicle supported commsVehicles Platooning in Steady State

Cooperative Maneuvers of 
Autonomous Vehicles for 
Emergency Situations
Cooperative Lane Merging
Coordinated, Cooperative 
Driving Maneuver
High-Definition Maps
High definition map collecting 
& sharing

Automated intersection 
crossing

UC 
Infrastructure 
assisted
environment
perception

Vehicle collects hazard and 
Road event for AV

L4 Platooning

Vehicle collects hazard and 
road event for AV

Vehicle Descision Assist
Curbside Management

UC Awareness 
Confirmation
Cooperative Lateral 
Parking

High Definition Sensor Sharing

Automated Valet Parking 
: Wake up

Automated Valet Parking : 
Proof of Authentification and Localization

In-Vehicle Entertainment VR/AR

See Through for 
Passing
Obstructed View 
Assist
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2018 2019 2020 2021 2022 2023 20252024 2026 2027 2028 2029 2030

3GPP 5G

3GPP 6G

ITU-R

WRC-27
B5G Spectrum Allocation 

WRC-19
5G Spectrum Allocation 

WRC-23
B5G Spectrum Identification 

B5G:Vision/Usage/KPI

5G Evolution

Study Specifications

R16

3GPP, ITU Time line in next decade
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