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This document presents the mid-2024 progress report on the work related to the deployment of
vehicle-to-infrastructure connectivity, conducted within the framework of the national strategy for
the development of automated and connected road mobility from February 2023, and its action to
'prioritize and coordinate deployments in connectivity systems.' This document, which follows
previous documents produced in 20237, provides an initial framework for the action quoted in the
2024-2027 strategic automotive industry contract (“contrat stratégique de filiére”) : “roadmap for
the deployment of vehicle-to-infrastructure connectivity” including “several deployment scenarios
that could lead to mutual commitments in terms of priority use cases, vehicle equipment, and
roadside equipment, where relevant”.

This document does not address two related aspects of the vehicle-to-infrastructure connectivity
deployment, which are covered elsewhere: the implementation of the regulatory framework for road
data exchanges and the establishment of secure data exchange spaces.

This document summarizes discussions within the working group “connectivity and road data
exchange” led by the DGITM, without commitment from DGITM to implement actions mentioned.

This document is organized into six sections:
- Priority use cases
- Connectivity needs and areas where connectivity solutions are relevant
- Challenges of roadside deployment
- Methods for securing message exchanges
- Coexistence of short-range communication protocols (ITS G5 and 5G V2X)

- Economic issues and the relevance of “road connectivity operators”

11 Cf. https://www.ecologie.gouv.fr/en/public-policies/automated-and-connected-road-transport :
Road Connectivity: Elements for a National Strategy, January 25, 2024

Vehicle-to-Infrastructure Connectivity: "Key Entry Point" to the Definition of Use Cases, April 5, 2023
Use Cases for the Connected Vehicle: Review and Elements for Prioritization, February 3, 2023



1. Priority Use Cases
The preparatory work for this strategy identified 10 categories of use cases:

Categories of use cases Main purposes
1. Road regulations and road network status information Route planning
Compliance with regulations
2. Parking information and multimodal interfaces (EV charging | Support for intermodality and
stations, Park-and-Ride, etc.) electromobility
3. Truck parking and delivery area information Route planning

Reduction of nuisances

4. Safety event alerts

- - Road safety
5. Alerts for road manager interventions

6. Connected traffic lights (including connected toll barriers) Efficiency of public transportation
Support for automation

7. Intersection or merging alerts Road safety (e.g., vulnerable users)

8. Extended vision and cooperative maneuvers Public transportation safety
Support for automation

9. Remote intervention for automated road transport Road safety

10. Interaction of automated vehicles with first responders (law | Public safety

enforcement, priority vehicles, inspections) Support for automation

The user consultation (survey from September 2023) identified the main expected use cases in terms
of driver information:

e Events on the road or in the immediate vicinity (e.g., stopped vehicle, etc.)
e Traffic conditions (heavy traffic, slowdowns)

e Regulatory indications (maximum authorized speed, signage)

e \Weather conditions (fog, heavy rain, snow, wind)

e Vehicles and personnel in operation

e Areas of low visibility (e.g., intersections, hill crests)

e Road or route closures on the itinerary

e Directions to follow

These use cases are also expected for the operation of automated road transport systems
(supervision center information).

The European regulatory framework (regulations on real-time road information, real-time road safety
information, and secure parking), in itself, constitutes a set of priority use cases, which are
summarized in the table below:



Category of

Relevant Data

Data
- Road width, number of lanes, slopes, junctions
- Road classification (geometry, usage)
- Location of toll stations, service areas, charging points, fuel stations for all
types of fuel, delivery zones
Infrastructure - Access conditions for tunnels, bridges, weight/length/width/height

restrictions, other permanent restrictions

Speed limits

Heavy vehicle overtaking bans

One-way streets, direction of traffic on reversible lanes
Regulations on freight deliveries

Zone-based restrictions/obligations

Traffic plans (detour/relief/substitution routes)

Toll roads and charges

Regulation and
Restrictions

Road closures, lane closures

Roadworks, other temporary traffic management measures

Accidents, incidents (including vehicles or people on the road, especially
intervention vehicles or personnel)

Degraded road conditions

Weather conditions affecting road surface or visibility

Road Network
Status

Traffic volume (flow), traffic speed, location and length of traffic jams, travel
times, waiting times at border crossings

Availability of delivery zones, electric vehicle charging points, alternative
fuel refueling stations

Real-Time
Network Usage

Temporarily slippery road

Reduced visibility

Animal on the road, person on the road, obstacle/debris on the road
Intervention personnel on the road

Unsecured accident zone, short-term roadworks, stationary or slowly
moving intervention vehicle

Unmanaged road obstruction

Driver traveling in the wrong direction

Furthermore, the State, in its role as manager or concessionaire of the national road network, has
prioritized information on the presence of agents or vehicles in operation on the roads.



Beyond the priority use cases derived from the regulatory framework, as outlined above, the
prioritization work combined with the requirements presented below has led to a better
characterization of connectivity needs, particularly for automation, around four main orientations:

- The connectivity needs for the control of automated maneuvering between vehicles (automated
cooperative maneuvers) fall under levels of reliability requirement that, combined with the
anticipated rate of diffusion in the fleet of automated and connected (in short-range) vehicles,
refer to distant deployment horizons?,

- The connectivity needs related to the development of fully automated vehicles (without a driver
on board) on predefined routes appear more tangible in the short to medium term (< 2030).
These needs involve remote intervention functions defined in the regulatory framework, as well
as interactions with law enforcement, emergency services, and priority vehicles. Some of these
needs will likely be very localized, related to the deployment areas of these services.

- Public transport use cases (regardless of whether they are automated) fall into three main areas:
o Traffic signal priority
o Monitoring of the vehicle's environment for alerts, real-time incident management, or
verification
o Interactions with passengers (excluding commercial and service information), particularly
in case of incidents, medical emergencies, or suspicious packages

- Alert use cases, primarily at intersections (e.g., assistance for left turns, presence of vulnerable
users), based on roadside detection, complement data that could be made accessible through a
data space and sourced from vehicles themselves, at critical points due to the accumulation of
accidents and/or local “blind spots” of visibility and/or heavy traffic. These use cases present
significant road safety challenges if this monitoring can be made accessible to vehicles traveling
nearby (in an alert-to-driver or pre-alert-to-automated-systems logic—without automatic
maneuvering control).

The continuation of the work should:

- Specify the priorities of use cases from the perspective of road managers (particularly departmental,
metropolitan, or municipal networks), within the framework of European and national regulations on
real-time road information data;

- Ensure that the identified priorities for driver information use cases accurately reflect any specific
needs of professional drivers (freight or passenger transport);

- Clarify the use cases for extended vision at intersections;

- Detail the use cases related to automation (remote intervention and interactions with first responders
and priority vehicles), particularly from the operators' perspective.

2 A simplified model of the probability that two vehicles could communicate to adopt cooperative maneuvers shows that, in
the highest connectivity penetration scenario for the vehicle fleet, this probability would be 7% in 2050; it would be only 1.7%
in the lowest penetration scenario. If communication for adopting cooperative maneuvers between two vehicles were to go
through the infrastructure, the probability in 2050 would be reduced to 1.4% in the high scenario and 0.3% in the low scenario,
on the best-equipped network for roadside connectivity, i.e., the national road network.
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2. Connectivity Needs and Relevance of Connectivity Solutions

The analysis of connectivity needs for different use cases, considering various connectivity solutions,
revolves around the following main questions:

- Use case needs in terms of latency, data rate, geographic coverage, geographic precision, and
security (covering authentication, integrity, confidentiality, and availability).

- The availability of different networks and associated network deployments.

- Service quality and the risk of service unavailability due to network saturation.

- The concept of digital sobriety.

- Telecommunication costs and the handling of these costs.

A preliminary assessment of the functional® needs of the use cases indicates that, excluding the cases
related to the control of cooperative automated maneuvers (which are beyond reach in the medium
term due to high quality requirements and the anticipated rate of vehicle deployment), all other use
cases are satisfied with cellular connectivity. 3G and 4G coverage seem adequate for "awareness"
type information, which is not demanding in terms of data rate (a few kbps) and latency (a few
seconds).

In the expected outlook, it can be noted:

- The deployment of 5G will enable, according to operator licenses, by December 31, 2025, data
rates of 100 Mbps and latencies below 10 ms on highway-type routes covering 16,642 km, and
data rates of 100 Mbps on main route-type links covering 54,913 km by December 31, 2027.

- Experiments conducted within the 5G Openroad project show that actual latencies in long-range
cellular 5G are around a few tens of milliseconds, which supports use cases requiring very low
latency (around one second or a few hundred milliseconds).

However, the issue of "black spots" in cellular coverage remains. These areas do not allow the
dissemination or feedback of information from vehicles. The priority network (motorways and roads
connecting prefectures and sub-prefectures) is subject to coverage obligations for operators.
Nevertheless, there remains a portion of the secondary road network not covered by cellular
networks. Satellite links could address this need. The upcoming version (release 17 of 3GPP -
implemented in 2027) is expected to achieve satellite data rates of around 400 kbps; the deployment
of medium and low Earth orbit satellite constellations will allow for latencies of around 100 ms. These
performance levels would accommodate most driver information use cases. Furthermore, future
3GPP releases should eventually (by 2030) enable data rates up to 100 Mbps.

However, the deployment of complementary short-range connectivity to long-range connectivity
may still be justified by various considerations, many of which are detailed below (noting that latency
alone can no longer justify the deployment of short-range connectivity when 5G is in place).

A number of use cases may require, beyond the previously mainly mentioned criteria of latency and
datarate, a minimum level of connectivity availability. For these use cases, the risk of cellular network
saturation (e.g., during events or special occurrences) must be considered, and the relevance of

3 Detailed evaluations of functional connectivity needs by use case have led to the selection of six types of criteria:
latency; data rate; geographic coverage; geographic precision; message authentication; and message availability and
integrity. The synthesis evaluation was conducted based on the first three criteria (latency, data rate, coverage).
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short-range connectivity should be reassessed by comparing the different feasible solutions based
on the necessary data rates: short-range connectivity or 5G "slices" that guarantee a level of service.
These solutions must be evaluated in terms of costs, cost coverage by stakeholders, and digital
sobriety/energy consumption for essentially local uses.

Initially, it appears that use cases related to connected traffic lights (such as traffic light priority for
public transport and traffic light reading for automated vehicles), which are either deployed or have
a high degree of maturity, should remain available, even in the event of cellular network saturation.
The use of short-range connectivity for public transport traffic light priority is already among
established practices.

Use cases necessary for automated public transport (remote intervention, interactions with law
enforcement/priority vehicles, or even augmented perception) also seem to require connectivity
that must remain available, including during cellular network saturation.

The transmission needs related to roadside detection (monitoring and alerting) may vary depending
on the choice of where to locate the intelligence (transforming scene observation into alert
messages)—whether at the roadside, in the cloud, or within the vehicles themselves.

Finally, automation use cases will have specific reliability requirements related to achieving ASIL D
safety levels for critical use cases. The issue of achieving reliability performance is still open; one
possibility is that high reliability performance may be required from connectivity networks,
potentially leading to redundancy where short-range connectivity could play a role. However, other
approaches that avoid excessive communication requirements on communication networks and are
based on application-level security management are also being developed. These issues are
addressed by various projects, including 5G Openroad.

The continuation of the work related to the relevance of cellular connectivity could thus:

- Identify costs of cellular communications (based on data consumption of vehicles (according to
different profiles), telecom operators' pricing models, and compare these costs to those of
deploying short-range connectivity);

- Identify issues related to connectivity in non-coverage zones as well as areas at risk of cellular
network saturation;

- Evaluate relevance of satellite connectivity for driver information purposes, and potentially for TMC
information within the framework of automated public transport over a 15-20 year horizon;

- Better assess the environmental footprint of the different solutions;

- Explore the need for complementary “roadside” coverage (see below).




3. Challenges and deployment scenarios for "roadside" short range connectivity

Previous work has highlighted the need to better assess roadside connectivity needs for specific uses
cases, demanding in particular in terms of availability of connectivity. As such, the importance of
safety issues should be highlighted first and foremost, especially at intersections, which particularly
concern vulnerable users, and more particularly the urban or peri-urban environment.

Public transport could serve as a first step in deploying use cases related to crossing intersections for
several reasons (these vehicles are directly involved in intersection safety issues, especially with
vulnerable road users; public transport vehicles have long used short-range connectivity for traffic
light priority), making the equipping of these vehicles and lights a simple evolution of current
practices; and the development of connectivity for alerts (as well as information on traffic light
phases) can also benefit other vehicles through the dissemination of these alerts, and prepare for
the automation of public transport, by equipping lines or areas designated for automated road
transport services. This aspect of connectivity development could thus significantly improve
intersection safety in urban areas for all vehicles and enhance public transport safety while preparing
for its automation, and be implemented in an environment that facilitates the installation of
equipment. (A similar approach could be considered for peri-urban networks, potentially
concessioned, which include lanes reserved for public transport and could be equipped with
detection and short-range connectivity systems in the same logic).

Other deployment options might involve equipping for the detection of specific points on the
national road network (such as tunnels, tolls, level crossings) as well as particularly accident-prone

areas.

Scenarios to be developed could thus correspond to the following approaches and drivers :

Scenario and Underlying Logic Issues of Territorial Differentiation
Equipping Accident-Prone Clusters Complex Intersection (mainly in urban areas)
Simple Intersection (mainly in peri-urban and rural areas)
Equipping Intersections on “High Dedicated Lane in Urban Areas
Quality Public Transport” Routes Dedicated Lane in Peri-Urban Areas
Equipping Intersections on Bus Routes Route in Urban Areas

Route in Peri-Urban Areas

Equipping Reserved Public Transport )
Reserved Lane on Agglomeration Structural Road Network

Lanes
Equipping Specific Points on the Agglomeration Structural Road Network
National Road Network Interurban Connection Road Network

Equipping Areas Served by Automated

. Extent of service and characteristics of the areas served
Public Transport

Equipping Tunnels Tunnel Dimensions

Thus, the next steps in the work should define, quantify, and financially evalvate (investments,
maintenance, and operation) different scenarios corresponding to the above logics*.

4 Note: Quantification and monetization should address the issue of "double counting" (e.g., intersections on automated
public transport routes; tunnels as specific points on the national road network).




4. Issues in Securing Message Exchanges

The security requirements for messages can be broken down into several criteria: the authentication
of actors (particularly message senders), message integrity, confidentiality, and availability (ensuring
access to the data). Trust architectures based on key management address the authentication and
integrity of exchanged messages. The revised ITS directive provides that specifications will govern
the establishment of the EU system for managing security credentials for Cooperative Intelligent
Transport Systems (C-ITS) and define the roles of: a) the authority responsible for C-ITS certification
policy; b) the C-ITS trust list manager; c) the C-ITS contact point.

A key issue concerns the scope of C-ITS: Should a C-ITS service necessarily be a service secured by
the EU system for managing security credentials for C-ITS? Or can a C-ITS service correspond to
other security processes (e.g., data authenticated by the means of the actor providing it, data
dissemination in vehicles using security methods specific to the manufacturer)? The revised ITS
directive does not mandate the deployment of C-ITS services; the Commission proposes the
development of specifications to provide a framework for deploying these services. Additionally,
there is the question of how this European-level security architecture, complemented by a French
root authority, will interact with the security processes implemented by the actors themselves
(manufacturers, service providers).

For the reception of long-range messages by vehicles, which seems to address nearly all driver
information use cases, message security can initially be handled by the means of an actor (e.g.,
automobile manufacturer using its own key management architecture), but this requires that all
messages sent to the vehicle pass through the manufacturer's servers. An alternative is for vehicles
to recognize and accept messages from road managers (transmitted by the national node) and
authenticated by a national public key architecture, fitting into the European framework. This would
allow road managers to ensure that the information issued is received without alterations by the
vehicles.

Sending long-range messages by vehicles might be subject to authentication by key architectures
implemented by manufacturers. The use of an external root authority seems indeed more
challenging. Recognition by the EU system for managing security credentials for C-ITS of key
architectures implemented by manufacturers would provide a common trust framework for data
generated by vehicles.

Thus, the next steps in the work should:

- Identify use cases where direct information transmission is desired and examine with manufacturers
the feasibility of direct vehicle recognition of authenticated messages from road managers.

- Assess the relevance and feasibility of recognizing manufacturers' key architectures by the EU
system for managing security credentials for C-ITS.

- Identify additional security needs for certain use cases, beyond key management architectures that
address message authentication and integrity. For this purpose, the work from the 5G Openroad
project on the contributions of 5G may be utilized.




5. IT5G5-5G V2X Coexistence

Commission Decision EU 2020/1426 on the use of the 5875-5935 MHz band for intelligent transport

systems safety applications:

- calls on the Member States to allocate the 5875-5935 MHz band for intelligent transport systems
and to limit the 5925-5935 MHz band to urban rail uses;

- indicates that road applications should have priority below 5915 MHz, with urban rail having
priority above 5915 MHz;

- specifies that access by road ITS to the 5915-5925 MHz band must be limited to 2V
(infrastructure to vehicle) applications, coordinated with urban rail ITS applications.

To ensure the need for short-range connectivity (between infrastructure and vehicles or between

vehicles) of use cases requiring low latency of information transmission, two families of technologies

can be mobilized:

- one based on IEEE 802.11 wifi type standards (ITS-G5 802.11p and its successor 802.11bd which
will be backward compatible with 11p);

- the other based on so-called C-V2X technologies, derived from cellular networks, of which there
are several versions according to the different 3GPP “releases”.

Both families offer the expected latencies (in the hundreds of milliseconds). ITS-G5 is the technology
considered the most mature and is currently deployed in the C-ITS pilot projects for driver
information use cases. 5G-V2X exists under different 3GPP releases and maturity depends on these
releases. The vast majority of car manufacturers have declared themselves in favor of 5G-V2X.

The current consensus is that these two technologies cannot coexist on the same frequency band.
Indeed the ETSI report® indicates that an equal priority for both technologies on the same channel
could lead to a degradation of performance; thus one option may be to assign at least one priority
channel to each of the technologies to avoid the risk of mutual interference.

The wish of the players, whatever the technology considered, is to have the possibility of using a 20
MHz channel (instead of 10 MHz currently). This demand is particularly strong for 5G players, the
performance of the technology being linked to the implementation of 20 MHz channels. The
assessments conducted on the flow requirement show that an allocation of 10 MHz (non-automation
use cases) or 20 MHz (automation use cases) for each of the two technologies would make it possible
to absorb the vast majority of the needs in use cases (in particular those, in the long term, on
automation more demanding in terms of bandwidth).

Taking into account the demand from stakeholders to enable developments and investments, the
estimates of needs and the choices made in North America® and Asia, it is proposed to bring two
scenarios to European discussions to be explored in greater depth’.

The two scenarios to be explored further consist of allocating, within the 40 MHz band:
- Scenario 1: 20 MHz for 5G-V2X and 10 MHz for IEEE 802.11; 10 MHz kept free.
- Scenario 2: 20 MHz for 5G-V2X and 20 MHz for IEEE 802.11

S https://www.etsi.org/deliver/etsi_tr/103600 103699/103667/01.01.01_60/tr 103667v0101071p.pdf

6In 2020, the FCC ( Federal Communications Commission) reserved 20 MHz of the 30 MHz available for road ITS for C-V2X,
instead of DSRC, and the use of 30 MHz by C-V2X has been authorized since April 2024. In November 2023, NHTSA withdrew
its previous proposal to mandate DSRC equipment in all new light vehicles, because DSRC (equivalent to ITS-G5 in the United
States) will no longer be authorized in the 5.9 GHz band after a transition period to be determined.
www.federalregister.gov/documents/2023/11/20/2023-25519/federal-motor-vehicle-safety-standards-v2v-communications

7Scenario 1 appears to be best aligned with the options taken in the United States, in China and by manufacturers



https://www.etsi.org/deliver/etsi_tr/103600_103699/103667/01.01.01_60/tr_103667v010101p.pdf

6. Economic Issues: Pricing and Road Connectivity Operators

The issue of a complementary connectivity operator to cellular connectivity, along with the
associated economic model and pricing, arises in several contexts:

- Inurban centers: Use cases such as priority at traffic lights for public transport, implemented via
short-range communication, could be expanded to include alert use cases based on detection
equipment. These alerts could be transmitted via short-range communication to public transport
vehicles and might evolve into vehicle action use cases (such as emergency braking) once
reliability conditions (ASIL D) are met. These alert use cases could also be extended to other
vehicles.

- On interurban and urban networks: The deployment of short-range connectivity might be an
option for driver information, which is linked to the costs borne by manufacturers in the case of
cellular communication.

- Atsites for deploying automated road transport services: These will rely on specific connectivity
services using 5G networks with minimal quality of service (5G slice) andfor short-range
connectivity. These services might use public or private networks depending on the comparative
costs of a 5G slice versus a private network.

The following tasks could be handled by “connectivity operators”:

- Deployment and maintenance of infrastructure (sensors, roadside units, servers, C-V2X relays,
5G relays)

- Data collection via telecom operators or directly via short-range communication

- Data storage

- Redistribution of information, either free or sold

- Operation security

- Privacy and rights management

- Quality of service (data relevance and validity, trust level, real-time performance, etc.)

These tasks include both connectivity and data processing services to produce useful information
for vehicles from the collected data.

Regarding frequencies, several issues arise:
- Frequency band allocation and authorization regime
- Risk of interference between different connectivity operators
- Competitive issues related to the operator’s ability to sell connectivity services.

Next steps of the work should identify opportunities and possible functions of a connectivity operator
(e.g. for use cases involving alert systems based on roadside detection equipment, priority for public
transport signals, and automated road transport without an onboard driver) and the conditions of its
operation from both a legal (liability, especially in cases of critical safety interventions, competition,
local authority competencies, frequency band access) and economic perspective.
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