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C-V2X Gaining Momentum Worldwide
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C-V2X Gaining Momentum Worldwide
• “Continental successfully conducts Cellular V2X: Field Trials in Shanghai, China: initial C-V2X trials in Shanghai with Huawei have 

successfully reached an average latency of 11 ms for direct communication between vehicles” (Continental Press Release, 18 December 

2017)

• “Ford and Qualcomm Collaborate on C-V2X Global Initiative to improve vehicle safety, traffic efficiency and support for autonomous 

driving - […] technology is planned for further field validations beginning in 1H 2018” (Ford Press Release, 09 January 2018) 

• Qualcomm and Leading Automotive Companies Across the Globe Drive the Commercialization of C-V2X including Tier 1 suppliers LGE, 

Continental, Ficosa-Panasonic, Lear and Valeo, cellular module manufacturers Gemalto, LG Innotek, Quectel, Sierra Wireless, Telit, 

WNC and ZTE, V2X software application providers Cohda Wireless, Commsignia and Savari, system integrators Sasken and 

Thundersoft (Qualcomm Press Release, 22 February 2018)

• “BMW Group is working on the implementation of the LTE-based, wireless C-V2X technology offering unrivalled benefits for the 

development of the 5G ecosystem. The BMW Group already leads the way in implementing traffic safety messages based on backend-

supported mobile technology (LTE) […]. These will be complemented within the next few months by the rollout of C-V2X direct 

communication technology in the allotted frequency range, enabling time-sensitive traffic messages.” (BMW Press Release @MWC, 26 

February 2018)

• “Rohde & Schwarz demonstrates test capability of 3GPP C-V2X technology in preparation for GCF certification in preparation of 

commercialization” (Rohde & Schwarz Press Release @MWC, 27 February 2018)

https://www.continental-corporation.com/en/press/press-releases/2017-12-18-cellular-v2x-116994
https://medium.com/cityoftomorrow/why-were-working-with-qualcomm-to-ensure-everything-in-cities-speaks-the-same-language-98e0cc1bff18
https://www.qualcomm.com/news/releases/2018/02/22/qualcomm-and-leading-automotive-companies-across-globe-drive
https://www.press.bmwgroup.com/global/oneclick/download/T0278771EN/attachment
https://www.rohde-schwarz.com/nl/news-press/press-room/press-releases-detailpages/rohde-schwarz-demonstrates-test-capability-of-3gpp-c-v2x-technology-in-preparation-for-gcf-certification-toward-commercialization-press_releases_detailpage_229356-535106.html
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C-V2X Gaining Momentum Worldwide

• “Groupe PSA and Qualcomm Technologies testing vehicle-to-vehicle communication featuring C-V2X technology: France’s first C-V2X 

demonstration at In&Out Digital Mobility event in Rennes” (PSA Press Release & Demonstration video, 14 March 2018 )

• “5GAA, Audi, Ford and Qualcomm Showcase C-V2X Direct Communications Interoperability to Improve Road Safety” C-V2X 

Communications’ Superior Performance, Synergies with Telematics Units and Evolutionary Path Towards 5G Offers Greater Potential to 

Save Lives; World’s First Showcase Across Vehicle Manufacturers Shows Readiness for Industry Deployment as Early as 2020 (Qualcomm 

Press Release, 26th of April 2018)

• “Panasonic, Qualcomm and Ford Join Forces on First U.S. Deployment for C-V2X Vehicle Communications in Colorado”

(Qualcomm Press Release, 1st of June 2018)

• “Savari Adds C-V2X to Roadside Units for the U.S. V2X technology leader plans development of its first RSU equipped with both DSRC 

and Cellular-V2X radio technologies to future-proof smart city infrastructure deployments (Savari Press Release, 4th of June 2018)

• “Commsignia Announces New C-V2X Roadside and Onboard Unit Product Line, Paving the Way for 5G-enabled Self-Driving Cars” 

(Commisgnia Press Release, 5th of June 2018)

• “ConVeX Consortium Hosts Europe’s First Live C-V2X Direct Communication Interoperability Demonstration Between 

Motorcycles, Vehicles, and Infrastructure” Audi, Ducati, Ericsson, Qualcomm, SWARCO, and Technical University of Kaiserslautern 

Collaborate to Demonstrate Advanced Connected Car Capabilities for Road Safety and Traffic Efficiency (Qualcomm Press Release, 4th of 

July)

https://www.groupe-psa.com/en/newsroom/corporate-en/le-groupe-psa-accelere-dans-le-deploiement-des-vehicules-connectes/
https://youtu.be/o9dwMBEDrPQ
https://www.groupe-psa.com/en/newsroom/corporate-en/le-groupe-psa-accelere-dans-le-deploiement-des-vehicules-connectes/
https://www.qualcomm.com/news/releases/2018/04/26/5gaa-audi-ford-and-qualcomm-showcase-c-v2x-direct-communications
https://www.qualcomm.com/news/releases/2018/06/01/panasonic-qualcomm-and-ford-join-forces-first-us-deployment-c-v2x-vehicle
https://globenewswire.com/news-release/2018/06/04/1516114/0/en/Savari-Adds-C-V2X-to-Roadside-Units-for-the-U-S.html
https://www.prweb.com/releases/2018/06/prweb15537630.htm
https://www.qualcomm.com/news/releases/2018/07/04/convex-consortium-hosts-europes-first-live-c-v2x-direct-communication
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C-V2X Gaining Momentum Worldwide

• “Huawei Debuts its C-V2X Strategy and First RSU Commercial Solution at Mobile World Congress Shanghai” During Mobile World 

Congress (MWC) Shanghai 2018, Xu Wenwei, Huawei's Executive Director and President of Strategic Marketing, presented Huawei's 

strategy for cellular vehicle-to-everything (C-V2X). Additionally, Huawei also launched the world's first Road Side Unit (RSU) supporting 

concurrency of Uu and PC5 (Huawei Press Release, 6th of July 2018)

• “5GAA, BMW Group, Ford and Groupe PSA Exhibit First European Demonstration of C-V2X Direct Communication 

Interoperability Between Multiple Automakers” Companies team up with Qualcomm and Savari to showcase C-V2X’s advanced 

performance for safety, traffic efficiency, and autonomy. Exhibition includes communication between vehicles, motorcycles, and 

infrastructure, showing commercial readiness for industry deployments as early as 2020 (5GAA, 11th of July 2018)

• “24 Members of 5GAA Send CEO Letter to the European Commission on Connected Car Legislation” (5GAA, 7th of August 2018)

• “Qualcomm and Datang Demonstrate World's First Multi-Chipset Vendor C-V2X Direct Communication Interoperability” 

Successful C-V2X radio chipset interoperability represents accelerating commercial readiness for automaker and infrastructure 

deployments beginning in 2019 (Qualcomm Press Release, 22nd of August 2018)

• “Groupe PSA showcases the leading-edge V2X communication technology for connected cars in China” (Groupe PSA Press Release, 

14th of September 2018)

• “Ford Motor Company has successfully conducted tests of Cellular Vehicle-To-Everything (C-V2X) technologies for the first time 

on public roads in China, as part of an ongoing pilot project in Wuxi, Jiangsu” (Ford Press Release, 17th of September) 

https://www.huawei.com/en/press-events/news/2018/6/Huawei-v2x-strategy-RSU-launch
http://5gaa.org/news/5gaa-bmw-group-ford-and-groupe-psa-exhibit-first-european-demonstration-of-c-v2x-direct-communication-interoperability-between-multiple-automakers/
http://5gaa.org/news/5gaa-ceo-letter-to-european-commission-on-connected-car-legislation/
https://www.prnewswire.com/news-releases/qualcomm-and-datang-demonstrate-worlds-first-multi-chipset-vendor-c-v2x-direct-communication-interoperability-300701343.html
https://media.groupe-psa.com/en/groupe-psa-showcases-leading-edge-v2x-communication-technology-connected-cars-china
https://media.ford.com/content/fordmedia/fap/cn/en/news/2018/09/17/Ford_Tests_C-V2X_Technology_for_the_First_Time_on_Public_Roads_in_China.html
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5GAA CEO Letter

signed by 24 CEOs and Presidents

A1 Telekom Austria Group – Alejandro Plater, CEO 

AT&T - Chris Penrose, President of Internet of Things Solutions 

BMW Group – Harald Krüger, CEO 

Daimler AG – Dr. Dieter Zetsche, CEO 

Deutsche Telekom AG – Timotheus Höttges, CEO 

Ericsson – Börje Ekholm, CEO 

Ford Motor Company – James Hackett, CEO 

Gemalto – Philippe Vallée, CEO 

Huawei Technologies Co Ltd – Eric Xu, CEO (rotating) 

Infineon Technologies AG – Dr. Reinhard Ploss, CEO 

Intel Corporation – Greg Pearson, Global Policy Officer - Senior Vice President 

Laird CVS (Connected Vehicle Solutions) – Steve Brown, CEO 

LG Electronics – I. P. Park, President and CTO 

Nokia – Rajeev Suri, CEO 

noris network AG – Ingo Kraupa, CEO 

Groupe PSA – Carlos Tavares, Chairman of the Managing Board 

Qualcomm – Steven Mollenkopf, CEO 

SAIC Motor – Chen Zhixin, CEO 

Samsung – Young Sohn, President and CSO 

Savari Inc. – Ravi Puvvala, CEO 

Telefónica S.A – Enrique Blanco, Systems and Network Global Director 

TerraNet AB - Ola Samuelsson, CEO 

Vodafone Group Plc - Vittorio Colao, CEO 

Wistron Neweb Corporation (WNC) – Jeffrey Gau, President & CEO 

5G Automotive Association e.V. 
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So what is 5GAA
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5GAA brings together automotive, technology and telecommunications companies 

to work closely together to develop end-to-end solutions for future mobility 

and transportation services

AUTOMOTIVE INDUSTRY

Vehicle Platform, Hardware

and Software Solutions

TELECOMMUNICATIONS

Connectivity and Networking 

Systems, Devices and 

Technologies

5GAA unites 100+ members* from around the world working together on all aspects 

of C-V2X including technology, standards, spectrum, policy/regulations, testing, 

certification, business models and go-to-market

*as of Oct 2018
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7% of 5GAA members are Korean-based organizations
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5GAA Organisational Structure

WG1 WG2 WG3 WG4 WG5

Use Cases 

and Technical 

Requirements

System 

Architecture 

and Solution 

Development

Evaluation, 

Testbeds 

and Pilots

Standards 

and Spectrum

Business 

Models and 

Go-To-Market 

Strategies

BOARD

EXECUTIVE COMMITTEE

GENERAL ASSEMBLY
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Why is 3GPP 
so important for the Automotive
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599 member organizations in 41 territories 

3GPP: A Global Partnership Project
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- A journey towards 5G

3GPP is steadily building the blocks towards a family of air interfaces embedded in 5G 
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5G Vision: a swiss knife for all industries

Automotive Public safety Manufacturing
Multimedia & 

gaming
Energy

Health Smart cities Public Transport Farming & food Aerospace
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Setting the basis for 5G New Radio (NR) in Rel-15
eMBB: 10x faster

Gbps bandwidth

10 Mbps/m2 traffic density

mMTC: 100x more

1 million devices/km2

URLLC: 10x better

True ms latency 

99,999% reliability



20

LOW TO VERY HIGH 
FREQUENCY BANDS

ULTRA WIDE BANDWIDTH
ADAPTED NUMEROLOGIES

AT DIFFERENT FREQUENCIES

NATIVE FORWARD 
COMPATIBILITY MECHANISMS

NEW CHANNEL CODING

NATIVE SUPPORT FOR LOW 
LATENCY AND ULTRA RELIABILITY

FLEXIBLE AND MODULAR
RAN ARCHITECTURE

NATIVE SUPPORT FOR 
NETWORK SLICING

LEVERAGING ON 
CUTTING EDGE IMPROVEMENTS
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Ultra-reliable and Low Latency Communications 

Network slicing

Resource isolation from 
other service
→ No service impact
caused by other slices
failure

Customized NW 
functions and/or 
capacities to ensure SLA

Shared NW Function 

among slices

The Internet

Session Management 

Function dedicated 

for the slice

Slice for eMBB

Slice for Ultra-

reliable

5G-NR

Ultra-reliable service NW

U-plane Function 

dedicated for the slice

U-plane Function 

dedicated for the slice

Session Management 

Function dedicated 

for the slice
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Ultra-reliable and Low Latency Communications 

Edge Computing

Applications can be hosted at 
“Edge-side”

→ Low Latency compared with 
centralized manner

U-Plane 
Function (UPF)gNBUE

The 
Internet

Local
U-Plane 
Function

Edge Cloud

Centralized NC
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What can 3GPP do for 
Automotive
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Automotive picture today
cellular connectivity as a matter fact

LOCAL SENSOR COVERAGE

2G/3G/LTE 
/LTE-A

OEM and 3rd party -
Backend(s)

(fleet mgmt., map updates, traffic mgmt, 
remote support, secure autocloud, etc.)

OEM-Backend
(virtual extended vehicle)

CUSTOMER to Infotainment
Communications

2G/3G/LTE/ 
LTE-A 2G/3G/LTE/ 

LTE-A

Source: Deutsche Telekom
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Extended automotive cellular connectivity landscape

100

Road side 
infrastructure 
(e.g. traffic lights, 
digital street signs)

LOCAL SENSOR COVERAGE

LTE-V2P
(5GNR)

LTE-A
(5GNR)

MEC
(Broadcast)

OEM and 3rd party -Backend(s)
(fleet mgmt., map updates, traffic mgmt, 
remote support, secure autocloud, etc.)

OEM-Backend
(virtual extended vehicle)

CUSTOMER to Infotainment
Communications

LTE-A
(5GNR)

LTE-A
(5GNR)

LTE-V2V
(5GNR)LTE-V2I

(5GNR)

Base Stations as GNSS-
Reference Station

Precise 
PositioningQoS

(5G Slices)

NB-IoT/
LTE-M

Source: Deutsche Telekom
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Automotive cellular connectivity / topics

100

Road side 
infrastructure 
(e.g. traffic lights, 
digital street signs)

LOCAL SENSOR COVERAGE

LTE-V2V
(5G)

LTE-A
(5G)

NB-IoT/
LTE-M

MEC
(Broadcast)

OEM and 3rd party -Backend(s)
(fleet mgmt., map updates, traffic mgmt, 
remote support, secure autocloud, etc.)

OEM-Backend
(virtual extended vehicle)

CUSTOMER to Infotainment
Communications

LTE-A
(5G) LTE-A

(5G)

LTE-V2V
(5G)LTE-V2V

(5G)

Base Stations as GNSS-
Reference Station

Precise 
Positioning

Precise Positioning
Positioning Integrity

(Predictive) QoS / 
Network Slicing

Mobile Edge Computing / 
Broadcast

LTE-V2X / C-V2X (incl. 5G NR)

Customer 
Connectivity / 

Dual eSIM

NB-IOT
LTE-M

Source: Deutsche Telekom
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Let’s focus on C-V2X
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C-V2X is a comprehensive 

road safety and traffic 

efficiency solution that allows 

vehicles to communicate with 

• Other vehicles (V2V),

• Pedestrians and Cyclists 

via smartphones (V2P), 

• Road Infrastructure (V2I),

supported by the

• Mobile network 

(V2N, P2N, I2N)

to guarantee full coverage 

and continuity of services.
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C-V2X has two complementary communication modes

Short range (<1 kilometer), location, speed 

Implemented over “PC5 interface”

V2V
(PC5)

V2P
(PC5)

V2P
(PC5)

V2I
(PC5)

V2I
(PC5)

Direct (= Sidelink)
V2V, V2I, and V2P operating in ITS bands (e.g. 

ITS 5.9 GHz) independent of cellular network

Long range (>1 kilometers). e.g. accident ahead

Implemented over “Uu interface”

V2N 
(Uu)

V2N 
(Uu)

Network (= Up/Downlink)
V2N operates in traditional mobile 

broadband licensed spectrum

P2N 
(Uu)

I2N 
(Uu)
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3GPP time plan

❑ Current version of C-V2X is called LTE-V2X as part of 3GPP Rel-14 & 15

❑ NR-V2X as part of Rel-16 comes as an improvement to support autonomous driving 

❑ NR-V2X will complement and co-exist with LTE-V2X i.e. operation of NR-V2X alone is 

not considered.

NR-V2XLTE-V2X

Rel-15

2018/06

Rel-16

2019/12
Rel-14

2017/03

Rel-8

2008/12

LTE
PC5 improvements 

(aggregation, 64QAM, 
diversity & short TTI)

❑ NR-V2X study item started in June 2018.

❑ Subsequent NR-V2X work item by December 2019.



3131

C-V2X compared to DSRC
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• 5GAA shadowing test is more demanding than CAMP test. 
• CV2X outperforms 802.11p in shadowing scenarios. 

5GAA shadowing test, Approach CAMP shadowing test, Approach

Shadowing Test RESULTS
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Reliability

Lab Cabled Tx and Rx Tests CV2X better

Field Line-of-Sight (LOS) Range Tests CV2X better

Field Non-Line-of-Sight (NLOS) Range Tests CV2X better

Interference Lab Cabled Test with Simulated Co-channel Interference CV2X better

Lab Cabled Near-Far Test ✓

Field Co-existence with Wi-Fi 80 MHz Bandwidth in UNII-3 CV2X better

Field Co-existing of V2X with Adjacent DSRC Carrier ✓

Congestion Lab Cabled Congestion Control ✓

• Complete benchmark report will be published in October 

on 5GAA.org

testing results Summary
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ITS spectrum utilization status
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Current ITS Spectrum Allocation Worldwide
▪ ITS Spectrum is allocated in 5.9 GHz (Europe & US)

Frequency in MHz

5795 5815 5825 5835 5845 5855 5865 5875 5885 5895 5905 5915 59255805

Europe ITS Channels

ITS non - safety 

applications .

ITS - G5 B

EU wide ITS road safety related 

applications .

ITS - G5 A 

Future ITS applications 

ITS - G5 D

US DSRC Channels
5865 5875 5885 5895 5905 5915 5925

Ch 172 Ch 174 Ch 176 Ch 178 Ch 180 Ch 182 Ch 184

Control 

Channel

Dedicated 
vehicle 

crash 
avoidance 
channel

Service Channels Service Channels

Hi - Power

Long 

Range

China C-V2X
5905 5925

EU wide DSRC/tolling

5 .8 GHz

5855 5875 5905 59255795 5815

5855 5925
3GPP Band 47

5850 5855

Incl. Urban Rail

R
es

er
ve

d
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in Europe
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Basic Safety Use Cases 

as part of Rel-14 C-V2X



40

Source:Qualcomm
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Source: Qualcomm
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Rel-14 Basic Safety Use Cases: 
V2V Demonstrations in Shanghai, 
Washington and Paris (2017-2018)*

• Emergency Electronic Brake Lights

• Across Traffic Turn Collision Risk Warning

• Signal Phase and Timing

• Vulnerable Road User Protection

• Intersection Collision Warning

• Slow Vehicle Warning and Stationary Vehicle 
Warning

*(+ This week in Yokosuka)
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V2N Application: Emergency corridor – A cooperation between 
BMW and the Bavarian emergency services

Standardized 
interface

of police system

Authority transmits 
information about 

required emergency 
corridor

1
Mapping to vehicle 
navigation system

2

Delivery to 
affected vehicles

3
Display in HMI as soon as 

vehicle reaches end of jam

4

• Sovereign authorities are able to warn road users through back end systems at an early stage.

• Information is transmitted only to concerned cars; high level of reliability and low failure rate increase customer trust.

Source: BMW
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Worldwide Trials of Rel-14 C-V2X 

Towards 5G 
France

ConVeX (A9) 
Germany

RACC track MWC 2017
Spain

DT (A9) 
Germany

Car2X (A9)
Germany

Car2X Wuzhen
China

5G and cellular 

communication 

showcase trials

Korea

5G-CM (A9)
GermanyV2V C-V2X radio 

performance tests

Michigan, USA ICV pilot projects 
China

UK CITE 
UK

Mobilfunk (A9) 
Germany

MEC pilot project 
Germany

C-V2X Trials

Japan

Wuxi City-wide 

LTE-V2X Project
China

InOut C-V2X Demo 
France

C-V2X Connected Car 

Technology Trials
San Diego, USA

C-V2X Performance Test @ SIAC 
China

CDOT traffic 

management trial

Colorado, USA

NordicWay
Sweden
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Timeline for deployment of Release 14 C-V2X (V2V/V2I) products
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Path towards Rel-16 NR-V2X
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Source:Qualcomm
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Requirements for autonomous driving

Vehicle 

Platooning

Cooperative Operation,

Sensor sharing 

Remote Driving Advanced Driving

Uses cases for autonomous driving applications

(SA1 TR22.886)

NR-V2X requirements for autonomous driving

(SA1 TS22.186)

Use Cases
E2E latency 

(ms)

Reliability 

(%)

Data rate 

(Mbps)

Vehicle Platooning 10 99.99 65

Advanced 

Driving
3 99.999 53

Extended Sensors 3 99.999 1000

Remote 

Driving
5 99.999 UL:25, DL:1

Lateral (m) Longitudinal (m)

Positioning 

Accuracy
0.1 0.5

Note: 5GAA may adjust the above requirements according to inputs from car OEMs.
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Source:QualcommSource:Qualcomm

From Requs to STD : 
18 months

From: STD to Product: 
18-24 months
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Flexible selection between LTE-V2X and NR-V2X

Basic safety application by

LTE-V2X (PC5) @ 5.9 GHz

Flexible selection between 
LTE-V2X and NR-V2X

New vehicles deploy both LTE-V2X and 

NR-V2X to enable the inter-operability with 

old vehicles:

1) LTE-V2X (PC5): Basic safety

2) NR-V2X (sidelink): Autonomous Driving

Provide policies/criteria to UE to assist radio technology 

selection, according to V2X application type, QoS 

requirements, etc.

LTE-V2X
NR-V2X

LTE-V2X
NR-V2X

LTE-V2X

LTE (PC5) LTE/NR (Uu)

Old vehicle

NR (sidelink)

NR-V2XLTE-V2X

New vehicleNew vehicle

CAM Platooning

V2X Application

Auto DrivingDENM

V2X Adaptation Layer

In Japan: Basic Safety is ensured at 760MHz. So how to 
guarantee that future NR-V2X will still work? 
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Video
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Conclusions

• 5GAA became a global reference association for cooperation 
between Automotive and Telecom sectors.

• 5GAA helps to meet the interests and needs of the Automotive 
industry when 5G is being deployed.

• 5GAA works closely with 3GPP as the global leader for 
standardization of 4G/5G mobile networks

• 5GAA works on 5G enablers for automated driving: Network 
Slicing and Edge Computing

• C-V2X includes Sidelink and Up/Downlink and will evolve from 
LTE-V2X (PC5-Uu) towards 5G-V2X

• 5G-V2X will work complementary to the LTE-V2X Sidelink
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Thank you!


