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Abstract of the contribution: This contribution reviewed the gap of the existing description of PC5 groupcast operation and proposed corresponding changes to cover all groupcast use cases.
Discussion
RAN1 LS R2-1905906 to RAN2 informed RAN2 of the following agreements specific to sidelink HARQ feedback, including specifying the way in which HARQ feedback resources are selected:

	RAN1 agreed to support the following two options for the sidelink HARQ feedback from the receiver UEs to the transmitter UE when HARQ feedback is enabled for groupcast: 

· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise

· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE

In addition, RAN1 made the following agreement on the operation of the two options:

· 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.


Additionally, RAN1 LS R2-1912018 to RAN2 informed RAN2 of the following agreements specific to sidelink HARQ feedback resources: 
	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.)


As there is no signaling at 3GPP layer for the groupcast, in order for Option 2 feedback to function, each of the UEs in the group needs to be able to individually derive a distinct PSFCH to use.     
Observation 1: A group member UE's AS layer needs an additional "identifier" from upper layer to support independent selection of a PSFCH from a list that is not overlapping with other group members' PSFCH.   
With the current definition of the groupcast operation in SA2 (TS 23.287 clause 5.6.1.3)  

5.6.1.3
Identifiers for groupcast mode V2X communication over PC5 reference point
For groupcast mode of V2X communication over PC5 reference point, the V2X application layer may provide group identifier information. When the group identifier information is provided by the V2X application layer, the UE converts the provided group identifier into a destination Layer-2 ID. When the group identifier information is not provided by the V2X application layer, the UE determines the destination Layer-2 ID based on configuration of the mapping between service type (e.g. PSID/ITS-AID) and Layer-2 ID, as specified in clause 5.1.2.1.
NOTE:
The mechanism for converting the V2X application layer provided group identifier to the destination Layer-2 ID is defined in Stage 3.

The UE self-selects a source Layer-2 ID.
It is clear that the identifiers available to the AS layer are the destination Layer 2 ID that is converted from the group identifier, and the source Layer-2 ID that is self-assigned. In a properly functioning group, the source Layer-2 ID of each UE should be unique within the group. 

However, for Option 2 HARQ operation, the "identifier" the AS layer needs has to be both unique and able to indicate its position in the group. The source Layer-2 ID does not fit this purpose. Due to the large size of the Layer-2 ID, i.e. 24 bits, mapping it to a small range like 5 by UEs individually would inevitably create conflicts. Additionally, as the source Layer-2 ID is self-assigned and may change frequently due to privacy reasons, it is even less suitable to derive the PSFCH resources to use.    

For the HARQ operation, especially the ACK based feedback, it is also required that the AS layer be able to determine if all members had responded so that it can determine whether to perform retransmission. Given that each of the group members may act as the transmitter, all the UEs in the group should be aware of the group size. 

Observation 2: Source Layer-2 ID does not provide the required information for the "identifier" to satisfy Option 2 HARQ feedback operation for groupcast. 

Considering the two types of groupcast operation, i.e. the connection-less group, and the managed group. The former is usually used for the cases of sensor sharing where no explicit application layer group formation is needed. The latter is more suitable for applications with membership management, e.g. platooning. Only the latter would be applicable to use the Option 2 HARQ operation based on the analysis above, because only in this case there is a definite group size. For connection-less groupcast, Option 1 HARQ can be used, and Range based control can be used for the control of the HARQ feedback.  
For the managed group case, e.g. platooning, CACC, it is expected that the application layer protocol would form the group and negotiation may happen between them. 

In the platooning application, the platoon leader is capable of knowing the size of the group, and is able to assign each of the group members a group member identifier. Also, the platoon members can know the group size. When these, i.e. group size, and group member identifier, are provided to the AS layer by the V2X layer received from the application layer, they can help the AS layer to identify the PSFCH resources to use for the feedback. 

In the CACC application, each member can know the group size. In addition, orderInString defined in ETSI TR 103 299 V2.1.1 (2019-06) "Intelligent Transport Systems (ITS); Cooperative Adaptive Cruise Control (CACC); Pre-standardization study" whose value is INTEGER (0..255) can be used as a group member identifier. That is, 0 for a lead vehicle, 1 for the vehicle that is just behind the lead vehicle, and so on.
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It is clear from the above that when the Application Layer provides the information on the group size and the group member ID (that indicates the position within the group), Option 2 operation can be supported.        

Proposal 1: The "identifier" for Option 2 HARQ feedback operation for groupcast, i.e. group information indicates the group size, and the position of the group member in the group. 
It should be noted that the Application Layer is out of scope of 3GPP, and there is no guarantee that the application layer would always have the full control of the group members. Therefore, such "identifier" provided can be only optional. In addition, as mentioned before, there are different types of groupcast communication scenarios, e.g. connection-less for sensor sharing, and managed for platooning, etc., and not all require a managed group. 
In view of this, the design needs to assume the optional availability of such information. In case of absence of the "identifier" provided from the application layer, the AS layer should avoid using Option 2. Anyhow, in this case, Option 1 can be used.
When the AS layer is provided with the information, e.g. group size and member ID, the AS layer may also depend on the group size to determine which HARQ feedback option to use. For a large group, it is inefficient to use the option 2, and the UE could determine to use Option 1 instead.  

Proposal 2: The "identifier" is optionally provided by the upper layer to the AS layer for groupcast operation. When it is not provided, Option 2 HARQ feedback operation shall not be used. 
Proposal 3: If the "identifier", i.e. group information is provided by the upper layer to the AS layer for groupcast operation, Option 2 can be supported. Anyhow, which option is used is up to the AS layer.
Proposal

Proposal 1: The "identifier" for Option 2 HARQ feedback operation for groupcast indicates the group size, and the position of the group member in the group. 
Proposal 2: The "identifier" is optionally provided by the upper layer to the AS layer for groupcast operation. When it is not provided, Option 2 HARQ feedback operation shall not be used. 
Proposal 3: If the "identifier", i.e. group information is provided by the upper layer to the AS layer for groupcast operation, Option 2 can be supported. Anyhow, which option is used is up to the AS layer.
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