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Abstract of the contribution: the paper discusses how to discover the V2X group member so as to make the HARQ feedback for Groupcast communication. 
1
Introduction
RAN1 is designing the HARQ ACK/NACK mechanism for V2X Groupcast communication. In RAN1#98, an LS (S2-1908675/R1-1909879 [1]) was sent to SA2 indicating the following agreement on the usage of a separate Physical Sidelink Feedback Channel (PSFCH): 
RAN1 would like to inform the following agreements on the sidelink HARQ feedback resources:

	Agreements:

· In HARQ feedback for groupcast,

· When Option 1 is used for a groupcast transmission, it is supported 

· All the receiver UEs share a PSFCH

· FFS: a subset of the receiver UEs share a PSFCH

· FFS: all or a subset of receiver UEs share a pool of PSFCH.

· When Option 2 is used for a groupcast transmission, it is supported 

· Each receiver UE uses a separate PSFCH for HARQ ACK/NACK.

· FFS: all or a subset of receiver UEs share a PSFCH for ACK transmission and another PSFCH for NACK transmission

· FFS on which entity and how to allocate PSFCH resource to the receiver UE(s)

· FFS whether or not to additionally support a mixture of option 1 and option 2 for a groupcast transmission

· Note: Each PSFCH is mapped to a time, frequency, and code resource.

Agreements:

· For a PSSCH transmission with its last symbol in slot n, when the corresponding HARQ feedback is due for transmission, it is expected to be in slot n+a where a is the smallest integer larger than or equal to K with the condition that slot n+a contains PSFCH resources.

· FFS details of K

Agreements:

· At least for the case when the PSFCH in a slot is in response to a single PSSCH:

· Implicit mechanism is used to determine at least frequency and/or code domain resource of PSFCH, within a configured resource pool. At least the following parameters are used in the implicit mechanism:

· Slot index (FFS details) associated with PSCCH/PSSCH/PSFCH

· Sub-channel(s) (FFS details) associated with PSCCH/PSSCH

· Identifier (FFS details) to distinguish each RX UE in a group for Option 2 groupcast HARQ feedback

· FFS detailed applicability of the above parameters 

· FFS: Other parameters (e.g. SL-RSRP/SINR, Layer-1 source ID, location information, etc.)


For groupcast Option 1, RAN1 agreed that the HARQ feedback resource is derived from the resource location of PSCCH/PSSCH. This means no other signalling is necessary, and RAN1 confirms RAN2 assumption that no additional AS layer co-ordination or signalling for HARQ feedback resource allocation within the group is required for Option 1. 
For groupcast Option 2, RAN1 agreed that an additional “Identifier” parameter is used in order to distinguish HARQ feedback resource used by each RX UE in a group. So regarding the following RAN2 question,

Question: Does RAN1 assume the UE needs to be aware of each of the other UEs in the group for support of Option 2?
RAN1 assumes that upper layers provide unique identifier for each RX UE in a group. 

As the group establishment is performed in upper layers, RAN1 would like to request SA2 to provide necessary support for delivery of group information to AS layers.
2. Actions:

To RAN2: RAN1 respectfully requests RAN2 to take the above into account in the related work. 
To SA2: RAN1 respectfully requests SA2 to provide necessary support for delivery of group information to AS layers.
From the agreement in meetings RAN1#96bis and RAN1#97, it can be understood that, since each Rx UE uses a separate PSFCH for HARQ ACK/NACK, it is required that each Rx UE knows its own identifier in the group so as to calculate the corresponding PSFCH resources for returning the HARQ ACK/NACK.
The second point is that the Tx UE's physical layer also needs to know the number of group members to determine whether or not all group members have received the Groupcast message. Similarly, when the Tx UE is initiating the Groupcast transmission, in order to correctly detect the HARQ feedback results from all Rx UEs, it also needs to know all the PSFCH resources that are calculated by the identifiers of all member UEs. The identifiers of all member UEs can be known from the number of group members by the AS layer, e.g., if the number of group members is 10, then the identifiers of all member UEs are from 0 to 9.
Observation: the UE's physical layer needs to obtain the number of group members and needs to know its own identifier within the group.
In this contribution, we will discuss V2X layer based and AS layer based solutions to support identifier assignment for Option 2 Groupcast HARQ.
2
Discussion
2.1
Solution 1: Identifier and number of group members determined based on the App Group member IDs
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Figure 2-1: V2X layer generate ID and number of members based on App Group member IDs
The solution is based on the following steps:

1.
When the V2X Group is established, the V2X application layer provides group identifier and App Group member IDs to the V2X layer. It is assumed that the Application Layer can determine the (reachable) group members in the Group.
2.
The V2X layer converts App Group ID into Group-L2-ID, allocates the S-L2-ID for the UE. Additionally, the V2X layer determines the UE internal ID of the group and the number of group members based on the App Group member IDs.
3.
The V2X layer passes the S-L2 ID, Group-L2 ID, UE internal ID of the group, number of Group members to the AS layer. 
4.
The AS layer stores the mapping between S-L2 ID, Group-L2 ID, UE internal ID of the group, and number of Group members for the Groupcast HARQ usage.   
2.2
Solution 2: identifier and number of group members generated by V2X layer during group member discovery
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Figure 2-2: V2X layer generates ID and number of members during group discovery
The solution is based on the following steps:
1.
UEs that belong to a certain V2X Group determine the destination Layer-2 ID for signalling reception.
2.
When the V2X Group is established, the Application layer provides the App Group ID to the V2X layer. 

3.
UE-1 triggers the Group member report, which contains Group ID and UE-1 ID, to discover the actual group members all around.
NOTE:
UE-1 could be the Group controller of the V2X Group.

4.
The Group members that match the Group ID/Group-L2-ID return the responses with a UE-2 L2-ID. 

5.
The Group members send the Group member report acknowledgments to UE-1.

6.
UE-1's V2X layer collects the received L2 ID(s) of the UEs belong to the Group ID, allocates UE internal ID(s) of the group for each UE, and counts the number of Group members. UE-1's V2X layer shall pass the information to the AS layer.
7.
Additionally, UE-1 needs to send out the Group information notification (Group ID, number of Group members, Group member UE-L2-ID list, and associating UE internal ID list) to let other group members retrieve the number of Group members and its own UE internal ID.

8.
Each Group member obtains the corresponding Group member in-group identifier and number of Group members from the Group information notification message and then makes the V2X Groupcast HARQ ACK/NACK based on the received information. 
3
Comparison and proposal
Solution#1:
Pros: 
· Does not need to introduce Group member discovery procedure in V2X layer.
Cons: 
· It requires some other application layer Working Groups to define such behaviour, i.e. App layer provides App Group member IDs to the V2X layer, which is hard to manage. 
· The application layer may not know the precise Group members all around and provide a wrong Group member list to V2X layer and AS layer, which cause the failure of AS HARQ.
Solution#2:
Pros: 
· V2X layer can get the precise Group member IDs. 
· No impact to the application layer, as the Group ID is sufficient for Group member discovery.
Cons:
· Introduce a new procedure for Group member discovery in V2X layer.
Proposal: In order to avoid the impact to the application layer and AS layer, it is proposed to agree Solution#2.
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