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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
Analysis
RAN1 is designing the HARQ ACK/NACK mechanism for V2X Groupcast communication. In RAN1#96Bis, the follow agreement on the usage of a separate Physical Sidelink Feedback Channel (PSFCH) was reached (see [1]): 

R1-1905892
Feature lead summary#2 for agenda item 7.2.4.5 Physical layer procedures for sidelink
LG Electronics

Decision: The document is noted.

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.
In RAN1#97, the following was agreed (see [2]):

R1-1907823
[DRAFT] Reply LS to SA2 on use of Range parameter in NR sidelink
LG Electronics

Decision: The draft LS is endorsed and final LS is approved in R1-1907908.

[…]

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.)
From the agreement in RAN1#96bis and RAN1#97 meeting, it can be understood that, since each receiver UE uses a separate PSFCH for HARQ ACK/NACK, it is required that each receiver UE knows its own identifier in the group in order to return the HARQ ACK/NACK in the corresponding PSFCH.
The second point is that the UE's physical layer also needs to know the number of the group members to determine whether or not all the group members received the Groupcast message.

Observation: the UE's physical layer needs to obtain the number of group members and needs to know its own identifier within the group.
2
Solutions
2.1
Solution 1: Identifier and number of members provided by application layer
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Figure 1: Application layer provides identifier and number of members
The solution is based on the following steps:

1. When the V2X Group is established, the Application layer provides the V2X application layer provided group identifier, Transmitting UE's Application Layer ID, UE inner identifier, number of Group members to the V2X layer. It assumed that the Application Layer can
-
determine the (reachable) group members in the Group based on, e.g., positioning information.
-
autonomously generate the UE inner identifier and make sure that each UE of the group gets a unique value.
-
generate the number of (reachable) group members.
2. V2X layer converts App Group ID into Group-L2-ID, allocates the L2-ID to App UE ID. 

3. V2X layer passes the S-L2 ID, Group-L2 ID, UE inner identifier, number of Group members to the AS layer. 

4. AS layer stores the mapping between S-L2 ID, Group-L2 ID, UE inner identifier, number of Group members for the Groupcast HARQ usage.   
Alternatively, the application layer can also provide the group member list to V2X layer. Then the V2X layer generates the number of group members and also a unique UE inner identifier for each group member, and provides them to the AS layer. 
2.2
Solution 2: identifier and number of members generated by V2X layer during group member discovery
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Figure 2: V2X layer generates identifier and number of members during group discovery
The following steps describe Solution 4:

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, App Tx UE ID to the V2X layer. 

3. UE1 triggers the Group member report, which contains Group ID and UE1 ID, to discover the actual group members all around.
NOTE: UE1 may be the Group controller of the V2X Group.

4. The Group members match the Group ID/Group-L2-ID and return the responses with a UE2 L2-ID. 

5. The Group members send the Group member report acknowledges to UE1.

6.  UE-1’s V2X layer collects all the received Group member UE L2 IDs of the Group ID, allocates UE inner identifiers, and count the number of Group members. The V2X layer shall pass the information to its AS layer.
7. Additionally, UE1 needs to send out the Group information notification (Group ID, number of Group members, Group member UE-L2-ID list, Group member inner identifier list)  to let other group members retrieve the number of Group members and its own UE inner identifier.

8. The Group members make 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 in V2X layer.
· Cons: 
· It requires some other application layer Working Groups to define such behaviour, i.e. App layer provides UE inner identifier and number of Group member 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 number of Group member 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, and also obtain a precise Group members IDs, it is proposed to apply the Solution#2.
4
Text Proposal
It is suggested to accept the following changes into TS 23.287.
******************* Beginning of Changes *******************
6.3.2
Groupcast mode V2X communication over PC5 reference point
To perform groupcast mode of V2X communication over PC5 reference point, the UE is configured with the related information as described in clause 5.1.2.1.
The HARQ ACK/NACK mechanism is designed for V2X Groupcast communication and so the number of group members and its own inner identifier in the group shall be known by each group member UE. Figure 6.3.2-1 shows the group member discovery procedure to enable the HARQ ACK/NACK mechanism which may be executed periodically.
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Figure 6.3.2-1: Group member discovery procedure for PC5 Groupcast communication
1.
A preliminary V2X group management is carried out by the V2X application layer and is out of scope of this specification.

2.
The V2X application layer may provide group identifier information (i.e. an Application-layer V2X Group identifier) as specified in clause 5.6.1.3.


The V2X application layer may provide service requirements for this communication.
3.
Transmitting UE determines a source Layer-2 ID and a destination Layer-2 ID and Receiving UE(s) determine destination Layer-2 ID, as specified in clauses 5.6.1.1 and 5.6.1.3 
4.
Transmitting UE triggers the Group member report, which contains V2X application layer provided group identifier and Transmitting UE's Application Layer ID (i.e. UE-1's Application Layer ID), to discover the currently reachable group members.
NOTE: UE-1 may be the Group controller of the V2X Group.
5.
The Receiving UE(s) match the group identifier/destination Layer-2 ID and return the responses with the Layer-2 ID of the Receiving UE(s). 
6.
The Receiving UE(s) send the Group member report acknowledges to Transmitting UE.
7.
Transmitting UE's V2X layer collects all the received Layer-2 ID of the Receiving UE(s) of the group, allocates UE inner identifiers, and count the number of group member. The V2X layer shall pass the information to AS layer.
8.
Additionally, Transmitting needs to send out the Group information notification (group identifier, number of Group members, list of the layer-2 ID of the Receiving UE(s), Group member inner identifier list) to let other group members retrieve the number of Group members and its own UE inner identifier.

9.
The Group members make the V2X Groupcast HARQ ACK/NACK based on the received information as describe in Figure 6.3.2-2. 
Figure 6.3.2-2 shows the procedure for groupcast mode of V2X communication over PC5 reference point.
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Figure 6.3.2-2: Procedure for groupcast mode of V2X communication over PC5 reference point
1.
A preliminary V2X group management is carried out by the V2X application layer and is out of scope of this specification.

2.
The V2X application layer may provide group identifier information (i.e. an Application-layer V2X Group identifier) as specified in clause 5.6.1.3.


The V2X application layer may provide service requirements for this communication.
3.
Transmitting UE determines a source Layer-2 ID and a destination Layer-2 ID and Receiving UE(s) determine destination Layer-2 ID, as specified in clauses 5.6.1.1 and 5.6.1.3.

The destination Layer-2 ID is passed down to the AS layer of Receiving UE(s) for the group communication reception.


Transmitting UE determines the PC5 QoS parameters for this groupcast as specified in clauses 5.4.1.1 and 5.4.1.3.

4.
Transmitting UE has a V2X service associated with this group communication.


Transmitting UE sends the V2X service data using the source Layer-2 ID and the destination Layer-2 ID.
NOTE:
In step 4, there is only one groupcast message from the transmitting UE
5.
If the group member receives the Groupcast message, it returns an Ack to the Transmitting UE at the resource distinguished by its UE inner identifier. The Transmitting UE determines whether all the group members received the Groupcast message by comparing the number of returned feedbacks with the number of Group members (see details in TS 38.xxx).
Editor's note:
Whether the groupcast communication require security protection at link layer will be determined based on feedback from SA WG3.
******************* End of Changes *******************
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