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Connected mobility for people, vehicles and transport infrastructure

5GAA bridges the automotive and telecommunication industries in order to
address society’s connected mobility needs bringing inclusive access to smarter,
safer and environmentally sustainable services and solutions, integrated into
intelligent road transportation and traffic management.
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AUTOMOTIVE INDUSTRY TELECOMMUNICATIONS

Vehicle Platform, Hardware Connectivity and Networking
and Software Solutions Systems, Devices & Technologies




5GAA: a global cross industry association

10 of the top 15 OEMs 8 of the top 10 MNOs 2 top smartphone vendors
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Today, 5GAA unites 117 members ,

from around the world working

together on all aspects of C-V2X » . /

In September 2016, 8 companies teamed to
create the 5G Automotive Association (5GAA) to
help develop, test, and promote 5G standards
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SAFER SMARTER ENVIRONMENTALLY
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Digital Digital Digital
Roads Vehicles Users

Ensure traffic managers Ensure vehicles get Ensure smart devices
and other infrastructure connected, share relevant are integrated in the
owners are integrated in data, and deliver safer, V2X ecosystem and

the V2X ecosystem and smarter and greener contribute to protect

share data, information services to the drivers. Vulnerable Road Users.
and services.

Trust

Bring trust between people, vehicles, and infrastructure as well as markets, policymakers,
and stakeholders.

Connectivity and flexible Architecture

Ensure V2X fully embraces connectivity and architecture opportunities and help the V2X
ecosystem to closely follow the evolution of radio and network technologies and standards.




C-V2X has two complementary communication modes

C-V2X Mobile Network Communications (Uu) C-V2X Direct Communications (PC5)

V2V, V2I, and V2P operating in ITS bands

V2N/I2N/P2N in licensed spectrum bands designated for
(e.g. 5.9 GHz) independent of cellular network

mobile network communication

@ Short range (<1 kilometer)
@ Implemented over “PC5 interface”

@ Longrange (>1 kilometer)
@ Implemented over “Uu interface”




C-V2X evolution roadmap towards 5G-V2X

As of 2020/2021

Since 2016

Traffic Efficiency

LTE-V2X mobile network
communications

As of 2024/2025

Advanced Driving

5G-V2X enhancing Advanced
Driver-Assistance Systems (ADAS)

«  Mobile network communications
only (V2N)

e +20 million EU connected cars*
Local Hazard Warning
Traffic Info (in some markets)

y

* Services provided depend on the OEM

C-V2X direct communications (V2V/V2l)

China first-mover: 13 OEMs (2020/2021)
US deployment announced 2022 (Ford)

Audi US initial deployment Q3/2020

p - a
Do not pass
warning (DNPW) ' . A
a o> B °
Intersection movement assist
(IMA) at a blind intersection

Direct + network communications
Backward compatible with LTE-V2X
Ultra-reliable at low latency (<1 millisecond)
Almost unlimited data exchange

\ Sudden braking
and lane change

on a freeway
; = @



5G-V2X

(direct & mobile network communications)

LTE-V2X 5G radio access technology (NR)

4G-LTE mobile network 5G-NR mobile network

communications communications
(starting with Rel-8) (starting with Rel-15)

LTE-V2X direct NR-V2X direct

communications communications
(starting with Rel-14) (starting with Rel-16)
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V2X Use Case Roadmap



Evolution of C-V2X use cases towards connected

cooperative driving

Cooperation L 3

Automation

Automated
Driving

Advanced lréf’%?r;a::gon
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Local Hazard
and Traffic
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Intersection
Safety

Connected

Driyer
Assistance

Tele-Operated

Driving for
Au?a'r:ttﬂd Automated
Vehicles

Parking

Data Collection and
Sharing for High-
Definition Maps

Non-analyzed
Sensor Signal
Sharing

Vulnerable Road
User - Collective
Awareness

Data Sharing
of Dynamic
Objects

Connected
Cooperative P
Driving

Cooperative
Adaptive

(ﬁ’:ﬁ:ﬂiﬁf ruise Control

Dynamic
Coo erative

Dynamic Traffic Flow

Intersection
Management

Vulnerable Road
Users - Complex
Interactions




HAZARD LOCATION COLLECTION AND SHARING

Transmission to
Location Platform

Data aggregation

. Location Platform
and processing

Digital Map Realtime Data

Upfront vehicle detects a
dangerous curve or a slippery
road

Affected customers receive
warning

Sensor range

Limited vehicle J

ourtesy o

*May be based on short range V2V or on mobile network V2N2V




4G/5G based deployment of safety related use cases
FORD, Porsche, Skoda, Audi, BMW, Mercedes, Volvo

SKODA vehicles (and million of other users)
receive wrong-way driver warning from

Ford cooperates with smart cities to alert
driver of traffic jams, road closures and

accidents BOSCH

source: Ford, July 2021

Source: Bosch, August 2020 & Bosch, Feb 2021

Precise data for greater safety:
Audi warns its drivers
faster about slippery roads

VOLVO warns each other of slippery roads

and hazards

Source: Volkswagen, Aug 2021

Source: VOLVO, Apr 2019

Mercedes-Benz further expands Car-to-X

communication; pothole detection Audi is introducing the V2I service “Traffic ._

Light Information” to Europe.
source: Green Car Congress, August 2021

Source: Audi, 2019 and Audi, 2020



https://www.greencarcongress.com/2021/08/20210812-mbc2x.html
https://www.volkswagenag.com/en/news/2021/08/real-time-mobile-communications-for-the-vehicle-projects-of-the-.html
https://www.volkswagenag.com/en/news/2021/03/precise-data-for-greater-safety--audi-warns-its-drivers-about-sl.html
https://www.volkswagenag.com/en/news/2021/08/real-time-mobile-communications-for-the-vehicle-projects-of-the-.html
https://media.ford.com/content/fordmedia/feu/en/news/2021/07/08/ford-pilots-connected-car-tech-for-better-journeys-in-smart-citi.html
https://blog.flitsmeister.nl/de-verkeersapp-flitsmeister-waarschuwt-gebruikers-voor-spookrijders-bffeb582a38a
https://www.bosch-presse.de/pressportal/de/en/boschs-wrong-way-driver-warning-system-now-a-feature-in-%C5%A1koda-vehicles-224448.html
https://www.media.volvocars.com/global/en-gb/media/pressreleases/251381/volvo-models-across-europe-to-warn-each-other-of-slippery-roads-and-hazards
https://www.audi-mediacenter.com/en/press-releases/audi-networks-with-traffic-lights-in-europe-11649
https://www.audi-mediacenter.com/en/press-releases/audi-networks-with-traffic-lights-in-duesseldorf-12516

Traffic
Red lig
Traffic

Light
Nt vio

nformation (incl. GLOSA)
ation Information

Light Preemption

Courtesy of AUDI

Used at specific signalized intersections, e.g.
* entrance/exit of factory grounds,

e harbor areas with large truck traffic,

through routes in dense areas,

Benefits:

* Less waiting times
* Improved flow in and around the city

* less CO2 emissions and better air quality

May be based on RSU V2| or on mobile network V2N, see e.g.
https://5gaa.org/content/uploads/2019/05/06.Virtual_RSU_Architecture.pdf



https://5gaa.org/content/uploads/2019/05/06.Virtual_RSU_Architecture.pdf

Active and passive

Vulnerable Road User Protection at intersections

Active VRU integration
e Pedestrians and cyclists using smartphones

Passive VRU integration using roadside equipment

intersections

Mid-block crossings

school zones

* etc.

Benefits:

* integration of (active) VRU’s based on consumer devices

 warnings to (all) road users attached to a service
provider operating via cellular network



Large offer of intelligent roadside perception systems

China: StrOng focus on V2X from Huawei, Baidu, Alibaba and Tencent

Intelligent Perception System of Human Horizons

roadside development

Structure of Huawei’s Smart Pole
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Driving

Automation

Cloud-based Wrong Way Driver Warning Service
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Wrong-way Driver Warning
The Bosch cloud-based system is live & field proven*

3, 000 people

1.6 billion warned of the wrong- v/
driving directions way drivers nearby
C|OU d 'base(_j wrong-way evaluated in 2021 (in 2021)
driver warning system: O
p ' wrong-way
. © ‘ :
= Reduced deploymenttime .4 driver oraches

= Faster reaction time with higher
accuracy

after our warning
was delivered to
road participants

Cost-efficient and no hardware
maintenance is necessary

7 ‘ : 300 wrong-way
Ly A% -‘:‘?{ drivers detected and
- 3 '3‘ { warned (in 2021)
44

*In the European Union

= V2N wrong way driver detection
network kactive in European
Union & North America




Automated Vehicle Marshalling (AVM)
leading to Automated Valet Parking (AVP)

AVM/AVP Type 2:
Infrastructure based sensing

=» Works in infrastructure
equipped areas only

BUT

=» Works for many vehicles / only
minor market entry barriers



Autonomous (L4) Shuttles &
Tele-operated Driving supporting Corner Cases

Y
Source: T-Systems International (h@ps://iot-aut e.news/deutsche-telekom-the-new-long-distance-drivers-in-
the-office-and-4000-kilometers-away/)

https://5gaa.org/tele-operated-driving-tod-system-requirements-analysis-and-architecture/ | 18



https://5gaa.org/tele-operated-driving-tod-system-requirements-analysis-and-architecture/

5G-V2X state of play
in different regions



Market developments - 5G enabled vehicles

Mobile communications in
Audi vehicles

Prvieiwe
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First 5G enabled car on the road T T

Audi is equipping its vehicles
with the new 5G mobile

communications standard

source, Autonews Gasgoo, December 2020

source: Audi, August 2021 e

BMW iX will be available
with 5G connectivity via two
network operators

GM to produce 5G-connected _
cars in 2023 with AT&T =

source: RCR Wireless, August 2021

source, BMW Blog, September 2021



https://www.rcrwireless.com/20210819/connected-cars-2/the-next-chapter-in-connected-driving-att-to-provide-5g-connectivity-for-gm-vehicles
https://www.audi-mediacenter.com/en/press-releases/why-we-are-now-equipping-our-vehicles-with-the-new-5g-mobile-communications-standard-14189
https://autonews.gasgoo.com/m/Detail/70017850.html
https://www.bmwblog.com/2021/09/02/bmw-ix-will-be-available-with-5g-connectivity-via-two-network-operators/

5G License obligations — Improved network coverage of
roads

™, Spectrum Tender Spectrum Auction 2019:
b 2020: Obligations for 2GHz & 3,6GHz Coverage

5G spectrum action 2021:
Anatel has approved rules

700 MHz Obligations for 5G spectrum auction
Step 1 (within 4 years): 2019 Step 1 (12/2022): Obligation:.telecoms must cover
- 100% of core corridors « All motorways 100 Mbit/s, 10 ms all federal highways
» 98% of side corridors » Main primary roads 100 Mbit/s, 10
of railway and road corridors ms
sections within the Trans- * Primary rail tracks 100 Mbit/s
Europea.m Transport Network Step 2 (12/2024)
TEN-T) in the “Core Network” and » Remaining primary roads - 100 Mbit/s, 10
“Comprehensive Network” ms
Categories. » Secondary and rural roads - 50 Mbit/s
Step 2 (within 6 years): » All rail tracks- 50 Mbit/s
* 100% of core corridors » Harbors and important inner-country

* 100% of side corridors waterways - 50 Mbit/s



https://www.reuters.com/article/us-brazil-telecoms-idUSKBN2AQ033
https://www.ctu.eu/sites/default/files/obsah/ctu/announcement-invitation-tender-granting-rights-use-radio-frequencies-provide-electronic/obrazky/invitationtotenderen.pdf
https://www.ctu.eu/sites/default/files/obsah/ctu/announcement-invitation-tender-granting-rights-use-radio-frequencies-provide-electronic/obrazky/invitationtotenderen.pdf
https://www.bundesnhttps/www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Frequenzen/OffentlicheNetze/Mobilfunk/DrahtloserNetzzugang/Projekt2018/20181126_Auktion2019Entscheidungen_III_IV.pdf;jsessionid=54483858EF4B0DF3833DE29809C6BF31?__blob=publicationFile&v=3etzagentur.de/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Breitband/MobilesBreitband/Frequenzauktion/2019/Auktion2019.html
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Frequenzen/OffentlicheNetze/Mobilfunk/DrahtloserNetzzugang/Projekt2018/20181126_Auktion2019Entscheidungen_III_IV.pdf;jsessionid=54483858EF4B0DF3833DE29809C6BF31?__blob=publicationFile&v=3
https://www.bundesnetzagentur.de/SharedDocs/Downloads/DE/Sachgebiete/Telekommunikation/Unternehmen_Institutionen/Frequenzen/OffentlicheNetze/Mobilfunk/DrahtloserNetzzugang/Projekt2018/20181126_Auktion2019Entscheidungen_III_IV.pdf;jsessionid=54483858EF4B0DF3833DE29809C6BF31?__blob=publicationFile&v=3
https://www.ctu.cz/sites/default/files/obsah/ctu/vyzva-k-uplatneni-pripominek-k-navrhu-textu-vyhlaseni-vyberoveho-rizeni-za-ucelem-udeleni-prav-k/obrazky/20200604-annex4en.pdf
https://www.ctu.cz/sites/default/files/obsah/ctu/vyzva-k-uplatneni-pripominek-k-navrhu-textu-vyhlaseni-vyberoveho-rizeni-za-ucelem-udeleni-prav-k/obrazky/20200604-annex4en.pdf
https://www.ctu.cz/sites/default/files/obsah/ctu/vyzva-k-uplatneni-pripominek-k-navrhu-textu-vyhlaseni-vyberoveho-rizeni-za-ucelem-udeleni-prav-k/obrazky/20200604-annex4en.pdf

Challenges of the ecosystem
related to vehicular
communications

1. OEMs have different views about role and benefits
of long- and short-range communications

2. Road operators have different views about role and
benefits of long- and short-range communications

3. OEMs and road operators are divided on the right
short-range technology

4. Too many small-scale technology oriented PoCs and
trials not giving insights into impact on traffic safety
and efficiency KPIs

5. Costs to digitalise “older” road infrastructure

6. Sustainable business and cooperation models for
traffic safety and automated driving related
applications




C-V2X status in Europe and US

e

USA:

 Increasing momentum behind cellular
solutions

« US FCC decided on new allocation of
5.9GHz ITS spectrum in favor of C-V2X,
but reduction of ITS spectrum from 75
MHz to 30 MHz

» Deployment of V2X Solutions across
States ongoing, C-V2X in Colorado,
Virginia, Georgia, Texas, DSRC in
Detroit among others

EU:
* 5.9 GHz Spectrum for safety related
services

» Delegated Act on C-ITS relying on ITS G5
only was rejected by EU Council (member
states)

» Major cross-OEM/operator/border
corridor projects kicked-off and further
projects in preparation

« Exchange of safety related information
between OEMSs: EU Data task force
finished - successor established: SRTI
Ecosystem - Data for Road Safety

» RSU deployments announced; e.g.:
Asfinag (ITS G5), ANAS (C-V2X)

» 5@G Spectrum auctions ongoing - some
countries with obligations on road
coverage



https://www.dataforroadsafety.eu/

C-V2X status in Japan, Korea and China
(JAPAN: .

« |ITS spectrum (760 MHz, 5.8 GHz etc.) is in use for V2V and ETC
« The 5.9 GHz spectrum is currently not for ITS, utilized by the broadcast industry J

« Study due 2026 on harmonization of ITS spectrum with other global regions
_— =5
v
\Y

4 // XY
KOREA: i/ “
« 70MHz allocated as ITS spectrum in 5.9GHz band N
« MOLIT and MIIT made final technology decision in 2023 in favor of LTE-V2X (20 MHz) J

+ Full scale national wide deployment plans are pending
d i

(&

S

p
CHINA:

« 20 MHz in 5.9GHz spectrum allocated for commercial deployment of LTE-V2X

« Up to 30 Largest C-V2X field tests in many provinces -100.000s vehicles involve
« All major Chinese OEMs committed to launch C-V2X

* 14 new models released with C-V2X since end of 2021 (FAW, GM/SAIC, Ford, ...)
« C-NCAP includes test cases related to C-V2X as of 2024




Conclusions

« 5G-V2X is the global technology of choice for connected cars

e 5G-V2X makes use of both direct and network-based
communications to connect to the road users and road
infrastructure

« 5G-V2X offers endless opportunities to create new road
safety and traffic efficiency use cases including VRUs

* Full scale adoption is still facing challenges due to frictions
between industry sectors

* 5GAA expects full scale adoption of 5G-V2X in the 2026-2029
timeframe
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Thank you!
Maxime.flament@5gaa.org
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