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How C-V2X can transform U.S. transportation
Increases safety for vehicle passengers
and vulnerable road users.

Safety

Sustainability

Up to

Up to

fatalities per year avoided (i )

reduction in CO 2 emissions (ii)

Up to

Employment

injuries per year avoided (i )

120,000+

20%

10,000

Advances climate and sustainability goals.
Increases transportation equity for low income
and minority communities in urban and rural areas.

800,000

new jobs (iii)

Provides more affordable and accessible transportation
options for historically disadvantaged communities.
Creates new business models that generate
jobs to fuel the U.S. economy.

Up to

2,800,000
damaged vehicles
per year avoided (i)

20-30%
higher safety impact
in underserved communities

Saving up to

$12.6B

Equity

(IV)

(i)

(i) Qualcomm model calculations and figures (ii) Du, J.; Ahn, K.; Farag, M.; Rakha, H. “Environmental and Safety Impacts of Vehicle-to-Everything Enabled Applications: A Review of State-of-the-Art Studies.” Preprints (2022).
Confidential – Qualcomm Technologies, Inc. and/or its affiliated companies– May Contain Trade Secrets
(iii) Independent analysis based on i) Ricardo Energy & Environment, "Cost Analysis of V2I Deployment" (2020), (IV)https://bikeleague.org/sites/default/files/equity_report.pdf
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Driving intelligent
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C-V2X drives
intelligent
transportation

Vehicle-to-Vehicle

Vehicle-to-Infrastructure

e.g., collision avoidance safety systems

e.g., roadside traffic signal timing/ priority

Vehicle-to-Pedestrian

Vehicle-to-Network

e.g., safety alerts to pedestrians, bicyclists

e.g., real-time traffic/ routing, cloud services

Designed specifically for transportation,
cellular-vehicle-to-everything (C-V2X)
technology supports direct, low-latency
communication between vehicles
(V2V), roadside infrastructure (V2I),
and vulnerable road users (VRUs) such as
pedestrians (V2P) to inform safety-critical and
mobility-enhancing applications. When
complemented by cellular networks (V2N), CV2X makes transportation systems and the
entire ecosystem more efficient.
When vehicles are connected to everything
around them, road users and infrastructure
can coordinate their actions to make travel
safer — reducing crashes, injuries, and
fatalities on roadways. Because crashes and
other non-recurring incidents account for
approximately half of traffic congestion in
many parts of the world, enhancing safety
also helps to improve mobility which directly
correlates to sustainability. (i)

bringing tremendous opportunities to
improve efficiency and achieve tangible
sustainability benefits.
Connected transportation systems are
designed to support new roadside and driver
services that mitigate roadway incidents and
improve trip planning, transportation mode
choice, and traffic efficiency — enhancements
that also lower emissions and reduce fuel
consumption. Examples include real-time
route guidance to bypass congestion,
adjusting vehicle dynamics for optimal speed
with less braking and idling for lower
emissions and fuel use, and personal mobility
services for additional travel options.

Wireless technologies are poised to
transform how transportation is delivered,
(i) https://www.brookings.edu/research/traffic-why-its-getting-worse-what-government-can-do/
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Examples of
C-V2X use cases

C-V2X transforms road safety
C-V2X communication enhances safety for all U.S. road users, including vehicle
occupants, motorcyclists, pedestrians, pedal cyclists and other VRUs. The following
benefits are expected:

Intersection movement assist
Alerts driver going straight or making a right
turn when it is unsafe to proceed due to
something out of their line of sight.

Left turn assist
Alerts oncoming vehicles when an
approaching driver intends to make a left turn
across traffic.

Emergency electronic brake light

Fatalities

Injuries

Damaged Vehicles

Cost Savings

Up to 10,000
per year
avoided (i)

Up to 800,000
per year
avoided (i)

Up to 2,800,000
per year avoided (i)

Up to $12.6B
savings per year due
to fewer damaged
vehicles (ii)

[i] Independent analysis based on the following reports: ia NHTSA, “Preliminary Regulatory Impact Analysis FMVSS No. 150 Vehicle-to-Vehicle Communication Technology for Light
Vehicles,” (2016), b) Kareen El Beyrouty et al., “Support Study for Impact Assessment of Cooperative Intelligent Transport Systems” (2018), iii) U.S. DoT, “Benefit-Cost Analysis
Guidance for Discretionary Grant Programs” (2020). (ii) U.S. DoT, “Benefit-Cost Analysis Guidance for Discretionary Grant Programs” (2020 Note: the analysis for damaged
vehicles and cost savings considers Property Damage Only (PDO) crashes.

Alerts driver when the vehicle ahead is
emergency braking.

Do not pass warning
Alerts driver not to attempt a passing
maneuver when the passing zone is occupied
is by oncoming vehicles.
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Intersection movement assist
at a blind intersection

Left turn assist

Emergency brake warning

Do not pass warning

C-V2X supports direct communication without network assistance
8

Vulnerable road user (VRU) alerts at a blind intersection

Work zone protection

ROAD WORK
AHEAD

School zone protection

WORK ZONE

END
WORK ZONE

WORK ZONE

C-V2X supports direct communication without network assistance
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•

C-V2X services will advance climate and sustainability goals
by reducing emissions across multiple levels of
environmental controls.

•

Widespread deployment of C-V2X will result in the creation
of new jobs throughout the U.S. economy.

•

C-V2X supports transportation equity for underserved
communities in urban and rural areas.

Environment

Employment

Equity

Up to 20%

120,000+

20-30%

reduction
in CO2
emissions (i)

new jobs (ii)

higher safety
impact in
underserved
communities (iii)

(i) Du, J.; Ahn, K.; Farag, M.; Rakha, H. “Environmental and Safety Impacts of Vehicle-to-Everything Enabled Applications: A Review of State-of-the-Art Studies.” Preprints (2022). (ii) Independent analysis based on
i) Ricardo Energy & Environment, "Cost Analysis of V2I Deployment" (2020), ii) Economic Policy Institute, " Updated employment multipliers for the US economy “ (2019). (iii) https://bikeleague.org/sites/default/files/equity_report.pdf

Impacting society and environment
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Cooperative adaptive cruise control

Speed harmonization

Environmental and social use cases
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Environmental benefits
of C-V2X
C-V2X applications and data-driven services can reduce
emissions on multiple levels: adjusting driving dynamics,
providing inputs to active traffic management, and affecting
travel behavior and choices such as transportation mode,
destination, departure time, and whether to make a trip.

Sustainable travel use-cases
•
•
•
•
•
•
•
•

•
•

Emissions Monitoring
Eco-Traffic Signal Timing
Eco-Traffic Metering
Roadside Lighting
Electric Charging Stations
Management
HOV/HOT Lane Management
Eco-Lanes Management
Eco-Approach and Departure
at Signalized Intersections
Connected Eco-Driving
Low Emissions Zone Management

With wide-scale market penetration, the
annual environmental impact of C-V2X is
equivalent to:

10,000+
wind turbines reducing
greenhouse emissions (ii)

Up to

20%
reduction in
CO2 emissions (i)

[i] Du, J.; Ahn, K.; Farag, M.; Rakha, H. “Environmental and Safety Impacts of Vehicle-to-Everything Enabled Applications:
A Review of State-of-the-Art Studies.” Preprints (2022). (ii) https://www.epa.gov/energy/greenhouse-gas-equivalencies-calculator

46+ million
acres of U.S. forests sequestering
carbon (ii)
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120,000+
new jobs

Widespread deployment of C-V2X will create more than 120,000 jobs developing new
products, applications, services, and smart infrastructure. The effects of C-V2X will be
felt by a broad range of players across economic sectors, including infrastructure
owner-operators, service providers, vehicle manufacturers, technology providers,
mobile network operators, and chipset designers. The gradual deployment of C-V2X
will boost economic activity as various stakeholders begin investing in related projects,
increasing demand for various technical and professional roles. (i)

Industries that will drive employment growth

Infrastructure
owner-operators

Service
providers

Vehicle
manufacturers

Technology
providers

Mobile network
operators

Chipset
designers

(I The figure of the new jobs captures direct, indirect, and induced jobs. Independent analysis based on i) Ricardo Energy & Environment, "Cost Analysis of V2I Deployment" (2020),
ii) Economic Policy Institute, " Updated employment multipliers for the US economy “ (2019).

Wide deployment of C-V2X will usher in
new jobs throughout the U.S. economy
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C-V2X increases
transportation
equity for people in
underserved
communities
C-V2X applications can
significantly improve safety
and travel mode options for
VRUs such as pedestrians and
pedal cyclists, who are
disproportionately impacted
by fatalities in both urban and
rural areas.

Pedestrian and cyclist fatalities disproportionately
impact underserved communities.
Between 2009 and 2018, pedestrian deaths rose 69 percent in
urban areas, and cycling deaths increased by 48 percent.

69%
Pedestrian deaths in urban
areas 2009-2018 (i)

23%
higher fatality rate
for Latino cyclists (ii)

C-V2X technology can improve
safety in rural communities as
well.

48%
Cycling deaths in urban
areas 2009-2018 (i)

30%
higher fatality rate for
African American cyclists (ii)

Cyclist fatality rates are 23 percent higher for Latinos and
30 percent higher for African Americans. Low-income, Black, and
Latino communities also have higher vehicular traffic volumes, trucking
routes, major arterial roads, intersections that are unsafe or
impassable by foot or bike, and an overall lower level and quality of
walking and cycling infrastructure.
In addition to preventing collisions for enhanced safety, information
exchanged between road users and infrastructure also informs
mobility-on-demand to increase transportation equity in these
communities.

[i] https://www.nytimes.com/2019/10/22/us/pedestrian-cyclist-deaths-traffic.html (ii) https://bikeleague.org/sites/default/files/equity_report.pdf

2x
Higher
fatality rate

The fatality rate per 100 million vehicle
miles traveled is 2 times higher in rural
areas than in
urban areas; and the lack of
connectivity to support emergency
response is a major cause of
rural deaths.
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1

Direct communication
independent of cellular network

2

Network communication

RSU

PC5

Uu
Uu

Uu

PC5

• Low latency V2V, V2I, and V2P communications designed to operate in
5.9GHz spectrum dedicated to surface transportation
• Reliable, low latency message exchange for safety use cases, e.g.,
collision avoidance, protecting VRUs

• V2N operates in a mobile operator’s licensed spectrum
• Cloud access informs active traffic management and demand
management services, while maximizing operational efficiency

C-V2X technology
C-V2X defines two complementary transmission modes
17

C-V2X direct communication is essential
for a connected vehicle environment
As automotive technologies continue to advance and vehicles
become connected, the support and momentum surrounding the
commercial deployment of C-V2X technology continues to build
with an unprecedented level of collaboration between the
transportation, automotive, and telecommunications industries.

Assists drivers
Supports active safety use cases

Establishes foundation for V2X
communications

•

Real-time local updates

•

Coordinated driving

Enhances reliability and range
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Cellular networks
+ transportation
networks:
sharing a fabric of
common
connectivity

4G/5G network communications
Direct link C-V2X communications

Centralized transportation management

Collocated roadside unit/small cells

System-wide traffic management (e.g., traffic advisory,
route guidance, 3D HD maps) leverages 4G/5G macro
networks

Leverages cell densification by using combined
roadside units and small cells to manage urban
intersections

Neighborhood traffic management

C-V2X-based roadside unit

Leverages mobile edge computing to manage a
neighborhood or a freeway segment using 4G/5G
networks

Leverages direct communication for latency-critical, local safety,
and traffic management applications at each intersection
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Qualcomm’s leadership

C-V2X is an essential technology enabler for developing
an intelligent transportation system.
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A platform for the future of automotive
software technology, chipsets, IP and partnerships

Software and services
platforms to drive new
monetization models

In-car experiences that integrate
instrument clusters, navigation,
premium audio, cameras and multiple
displays with app ecosystems

Mul ti -domain
a dva nced Silicon

Mul ti -domain Software
AI foundation and Tools
Servi ces Oriented Architecture

End-user Ecosystem
Journey / Connected
Fleet / Energy

L2+ / L3 Driver Assistance
and Automated Driving SoC
Platforms with Arriver Vision
and Drive Policy stacks1

5G connectivity to cloud, C-V2X,
Wi-Fi and Bluetooth within and
around the vehicle, precise positioning
and PLC for EV charging
Digital Twin
in the cloud

Ecosystem
Partners
[4] Arriver expected to close in 2022, subject to regulatory approval and other closing conditions; Snapdragon digital chassi s, Snapdragon car-to-cloud, Snapdragon ride platform,
Snapdragon cockpit platform, and Snapdragon auto connectivity platform are products of Qualcomm Technologies, Inc. and/or its subsidiaries
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Call to action
C-V2X technology holds great promise to deliver significant safety,
environmental and socio-economic benefits for all Americans—but
only if the federal government creates the regulatory framework
necessary to achieve these benefits. Multiple automakers, state
departments of transportation, metropolitan planning organizations,
and local agencies are eager to deploy C-V2X. All sectors of
transportation are showing unprecedented support for deploying
connected vehicle technology. But progress towards C-V2X
deployments in the United States is stalled by regulatory
impediments, while other countries are pushing forward and
increasing their investments in this critical safety technology.
Maintaining U.S. leadership in transportation and unlocking the
benefits of C-V2X requires a cooperative and proactive approach to
policymaking.

C-V2X:
C-V2X: A new era of smart transportation
— delivering transformational benefits in
road safety, enhancing environmental
sustainability, creating new jobs, and
advancing transportation equity.

With an appropriate regulatory framework in place,
C-V2X will increase safety for vehicle passengers and
vulnerable road users, advance climate and
sustainability goals, and further transportation
equity.
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1

Use the IIJA as a catalyst for
C-V2X deployment
and adoption

The Infrastructure Investment and Jobs Act (IIJA)
provides a once-in-a-lifetime opportunity to
modernize our nation’s infrastructure with more
than $1 trillion in funding for projects that
incorporate new and innovative transportation
technologies. The IIJA funding opportunities
provide explicit and flexible guidance on
incorporating connected vehicle technologies and
necessitate the use of innovative technologies as
part of the review criteria. Therefore, state,
regional and local governments should think
creatively about how to incorporate connected
vehicle technologies to achieve their infrastructure
modernization goals.

2

Develop a national C-V2X
deployment plan

To realize the full benefits of C-V2X, the U.S.
Department of Transportation should collaborate
with public and private transportation industry
stakeholders to develop and implement a national
plan for C-V2X deployment. The plan should
identify a clear roadmap for C-V2X deployments,
including a reasonable timeline with deployment
targets and benchmarks. Working together,
government and industry can help realize the full
safety benefits of C-V2X.

3

Allow stakeholders to move
forward with C-V2X deployments

Because C-V2X technology supports safer roadways, it
is critical that the 30 MHz allocated by the Federal
Communications Commission (FCC) for C-V2X be used
as soon as possible. A group of states, automakers and
equipment manufacturers have filed requests to deploy
C-V2X immediately in the upper 20 MHz of the
allocated spectrum. These initial deployments will
allow the industry to demonstrate successful use of the
band and help to inform and develop the final C-V2X
rules. Stakeholders must be permitted to move forward
with these initial deployments and final rules must
protect C-V2X services from harmful interference. An
environment of regulatory delays will not promote the
investments necessary to make C-V2X a nationwide
reality.

Policy recommendations
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