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1. Introduction
This contribution proposes a solution to key issue 9 which stduies how to reduce V2X broadcast flood in UE-to-UE application layer relay scenarios. 
2. Reason for Change
The eV2X scenarios described in 3GPP TS 22.186, include V2X applications like platooning, cooperative collision avoidance, emergency trajectory alignment, cooperative lane change, sensor information sharing, video sharing etc. Furthermore, ETSI ITS has provided application requirements and mechanisms for enabling the cellular-assisted communication among vehicles in V2X communications for both safety and traffic efficiency related applications.
V2X applications which require the communication among vehicles for safety and traffic efficiency (V2V) are by nature group-based. The relation between V2X applications and V2X services can be N:M, e.g one application may comprise multiple/combination of V2X services; whereas one service may involve one or more V2X applications. 

To enable the control of V2X applications, as defined in 3GPP TS 22.186 and C-ITS, V2X messages need to be exchanged in application layer between applications running one or more services. Some characteristic messages are:

- Platooning Control Message (PCM) is transmitted by all platoon members and contains all necessary data for controlling the vehicle both longitudinally as well as laterally to enable safe platooning [ETSI TR 103 298]

- Manoeuvre Control Message (MCM) is transmitted periodically by all vehicles running the application and include the planned / expected tranjectories of the vehicles to negotiate a manoeuvre [ETSI TR 103 578]

- Collective Perception Message (CPM) is used for exchanging sensor information between vehicles to improve their perception and knowledge of the surrounding environment [ETSI TS 103 324] 
Below, a table is provided to show the relation between some V2X control messages as mentioned above and the V2X application which use these messages, as well as the relation with 3GPP defined eV2X scenarios.
	V2X message
	V2X applications (C-ITS)
	3GPP V2X scenarios (TS 22.186)

	Platooning Control Message (PCM)
	-    Platoon
	Vehicle Platooning

	Manoeuvre Control Message
(MCM)
	· Target Driving Area reservation

· Co-operative merging

· Cooperative overtaking

· Cooperative Transition of Control

· Cooperative lane change
	Advanced Driving

-Cooperative collision avoidance between UEs supporting V2X applications
-Emergency trajectory alignment between UEs supporting V2X application.
-Cooperative lane change between UEs supporting V2X applications)

	Collective Perception Message
	·     Vulnerable Road User Protection
·     Overtaking vehicle warning
·     Advanced Intersection Collision Warning

	Extended Sensor Sharing

- Sensor information sharing 

- Video sharing between UEs 



For the communication of the V2X messages, due to the fact that the communication range for reaching all vehicle in a service area may not be sufficient (due to access limitations), one or multiple application relays need to be used to extend the coverage of the V2X services so as to reach even users out of the coverage of the ego / lead vehicle. 

There are two main challenges related to the broadcast of V2X application messages (some of which were discussed above), especially in dense scenarios (e.g. urban environment); taking into account that the evolution towards fully automated vehicles will increase significantly the complexity and signalling required for inter-vehicle exchange (the higher the Level of Automation the more strict KPIs for the V2X services, as shown also in TS 22.186).

· The successful reception of a safety/efficiency related message (PCM, MCM, CPM, DENM,..) by all the vehicles in vicinity (or by a group of affected vehicles), needs to be guaranteed. For safety related application, the unsuccessful reception may be critical. To solve this, more conservative policies can be used (e.g. resource overprovisioning or UE-to-UE relaying)

· The uncoordinated broadcast of application messages, by different sources which may use the same frequencies or radio capabilities, may lead to V2X message broadcast flood. This issue is more critical in scenarios when these messages are relayed via one or multiple application relays to receiving vehicles. 
In  this direction, in TR 23.764, key issue 9 aims to study whether and how the application layer functional model and VAE layer capabilities can be enhanced to support of UE-to-UE relay functionality.
5.9
Key issue 9 – UE-to-UE application layer relay
UE-to-UE application layer relay may be used to enhance the V2V communication coverage. The V2X relay UEs applies to both LTE-V2X and NR-V2X. To enhance the V2V communication coverage one or more V2X relay UEs may be involved.

In the scenario where V2X relay UEs are used to re-transmit the V2X messages to a wider coverage area, it is possible that a V2X UE may receive multiple copies of the same message that are repeatedly re-transmitted by several V2X relay UEs causing a V2X message broadcast flood as shown in figure 5.9-1.

For example, V2X UE1 transmits a V2X message over PC5 which needs to be delivered to a coverage area which includes V2X UE4. The V2X message is received by V2X relay UE2 and V2X relay UE3 at the same time or with some time difference. Due to the relay nature, the V2X relay UE2 and V2X relay UE3 re-transmit the V2X messages over PC5 to the coverage area of V2X UE4. V2X UE4 receives multiple copies of the same V2X message transmitted by V2X UE1 and further V2X relay UE2 and V2X relay UE3 also receive the same V2X message again. It is possible that the V2X relay UEs re-transmit the newly received V2X messages from the other V2X relay UEs thus causing a V2X message broadcast flood.

Thus, how to reduce the V2X message broadcast flood when using V2X relay UEs for V2V communications is for further study.

Solutions for application layer support of UE-to-UE relay functionality will need to be studied.
To this end, this solution proposes a mechanism at the VAE client to provide configuration policies for the V2X message delivery, such that the UE-to-UE message broadcast is optimized (considering the conditions of minimizing a V2X broadcast flood, and ensuring service coverage), based on a application requirement.  The configuration policies, may include adaptation of parameters related to:

- whether to use or not V2X UEs as application relays, based on local V2X-UE information (e.g. based on CAM messages)

- the adaptation of QoS parameters to fulfil the above conditions (e.g. reducing or increasing the required communication range)

- the adaptation of the number of V2X message (re-)transmissions of V2X messages
- the bundling of V2X messages to VAE containers (e.g. a container may include CPM, DENM and MCM messages).
For some policies at the V2X-UE side (e.g. message bundling), the VAE layer may undertake the delivery of V2X messages among V2X-UEs via V5-AE interface.
4. Proposal

It is proposed to agree the following changes to 3GPP TR 23.764 v0.5.0
* * * Change * * * *

7.x
Solution #x: UE-to-UE broadcast configuration and delivery by VAE layer
7.x.1
Solution description

This solution addresses the key issue #9. VAE client configures policies for the UE-to-UE broadcast delivery, to reduce V2X broadcast flooding, while ensuring meeting the KPIs for one or more V2X services in a VAE service area. This include two procedures 1) the UE-to-UE broadcast configuration by VAE client and 2) the UE-to-UE delivery which is handled by VAE clients over V5-AE, instead of application specific clients.
7.x.1.1
UE-to-UE broadcast configuration by VAE layer
This procedure provides the UE-to-UE broadcast configuration by the VAE client.

Pre-conditions: 

· The V2X UEs have connected to the V2X application server. 
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Figure 7.x.1.1-1: UE-to-UE broadcast configuration by VAE layer
1.
The VAE server or the V2X server provides an application requirement to a VAE client (e.g. of the V2X UE which acts as ego / leading vehicle for the V2X service). This application requirement message provides a request to the VAE client to control the delivery of of UE-to-UE broadcast messages for a given application; and includes the list of V2X-UEs acting as candidate application relays.

2. The VAE client selects and stores a configuration policy per application for the UE-to-UE broadcast communications. This selection may consider criteria, such as the relative location of the vehicles (e.g. using CAM messages), service requirements / KPIs, provisioning policies for PC5. The configuration policy may be one of the following:

a. Select whether to activate or to temporarily de-activate the relaying capability for one or more applications  

b. Trigger the adaptation of the QoS parameters of the PC5 session, e.g. reduce the communication range, if relays are used, to avoid flooding 

c. Trigger the adaptation of the number of re-transmissions of the application messages. 

d. Activate the bundling of V2X messages to containers. This will enable one-time delivery to the target V2X-UEs in high load scenarios.
3, The VAE client sends a message to one or more involved V2X-UEs with the requested configuration policy for the UE-to-UE broadcast communications, 
4. The VAE client receives a response, which includes either a positive or a negative acknowledgement of the message.  
5. If the policy triggers the adaptation of QoS parameters for the group-based PC5 communication, a group-based QoS adaptation is performed as provided in TR 23.764 (clause 7.3.1, steps 5-7). 
6. The VAE client sends a notification message to the V2X application to inform that the configuration policies are set. This message may also identify that delivery will be handled over VAE layer (for some configuration policies like V2X message bundling).
7.x.2.1
UE-to-UE broadcast delivery by VAE layer
This procedure provides the UE-to-UE broadcast delivery by the VAE client, based on the configuration policies (see procedure in 7.x.1.1.).

Pre-conditions: 

· The V2X UEs have connected to the V2X application server. 

· The VAE clients of the V2X-UEs have received and stored the UE-to-UE broadcast configurations per V2X application

[image: image2.emf]V2X 

application 

specific client 

VAE client

V2X 

application 

specific client 

VAE client

V2X UE 1 

V2X UE 2

(application relay)

3. VAE session establishment among VAE clients

V2X 

application 

specific client 

VAE client

V2X UE 3

1. V2X message (s)

2. Configuration of V2X 

message transmission 

based on UE-to-UE 

broadcast config. Policies 

(7.x.1.1)

5. V2X message(s)

4. VAE Data (V2X message(s))

4. VAE Data (V2X message(s))


Figure 7.x.2.1-1: UE-to-UE broadcast configuration by VAE layer
1. The application client of the V2X UE sends to the VAE client, the V2X message to be broadcasted. This message may be for example a PCM, CPM, MCM, DENM.
2. The VAE client performs the mapping between the V2X message and the configuration policy per application as provided in 7.x.1.1. VAE client determines based on the configuration policies, what should be the customization of the message before sending to other UEs. This customization may be the message format, number of message retransmissions, whether the V2X message should be bundled to a container or not.
3. Optionally, a VAE session is established between VAE clients for the V2X message delivery via V5-AE. For the case, when a V2X-UE serves as application relay, the VAE session establishment message indicates the destination VAE client and parameters for supporting the relaying to the destination V2X-UE.
4. The customized V2X message(s) are sent from the transmitting V2X-UE to the receiving V2X-UEs over V5-AE. For the case when one or more V2X-UEs act as application relays, the message is relayed to the destination VAE client.  
5. V2X message is sent from the VAE client at the receiving V2X-UE to the corresponding V2X application specific client. In case of message bundling, the receiving VAE client first un-bundles the V2X message and then sends to the V2X application specific client.
* * * End of Change * * * *
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