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1 Introduction

In the previous RAN1 & RAN2 meetings, some preliminary agreements [1]

 REF _Ref23934346 \r \h 
[2]

 REF _Ref23934347 \r \h 
[3] on HARQ operation for groupcast were made (see appendix). In this contribution, we further discuss RAN2 aspects of HARQ feedback for Groupcast based on these agreements.
2 Selection of HARQ feedback Option
RAN1 agreed to support two types of HARQ feedback for groupcast in NR: Option 1 and Option 2. In Option 1, an Rx UE only transmits HARQ NACK when it fails to decode the message and when the UE is within the minimum communication range (MCR) of the transmission. This option is designed for HARQ transmission when MCR is known. In Option 2, an Rx UE sends HARQ ACK/NACK based on whether it successfully decodes the message or not. In this option, each feedback resource for each Rx UE is configured orthogonally in the resource pool. This option requires the use of group information (i.e., group size and member IDs) from upper layers, which may be provided per destination ID. 
It may be possible that a UE has an MCR and group information (size and member ID) for a specific transmission since communication range can be used for groupcast in general (i.e. both connection-based vs. connectionless). In this case, using Option 2 when MCR information is available would consume more resources than needed since the Tx UE may need to retransmit the TB if it receives the HARQ NACK feedback from the UE outside of MCR. Therefore, when MCR is provided, Option 1 should be used regardless of whether group information is available.
Proposal 1:
For HARQ enabled groupcast, the UE uses HARQ Option 1 for a destination ID when the SLRB is configured with a minimum communication range.

In the last RAN2 meeting, it was agreed to perform LCP transparently of the MCR and that the highest MCR is indicated to L1. However, it was not specifically discussed what to do for LCHs without MCR. For LCHs without MCR, it is assumed that the QoS requirements are not limited to a specific range. If LCHs with and without MCR are multiplexed in the same TB, the MCR of the TB is set to the highest MCR of the LCHs having associated MCR. In this case, the data associated with no MCR will be limited by the range of  another LCH and may not reliably reach its intended UEs.  For this reason, a UE should avoid multiplexing from logical channels with/without range. 
Proposal 2:
The UE does not multiplex logical channels configured with and without MCR together in LCP.

When MCR is not provided but group information is available, the UE may use option 2.  For Option 2, each transmission of a TB requires HARQ feedback from all Rx UEs in the group, and each feedback resource is orthogonally configured in the resource pool. To account for all possible group sizes, the network needs to configure enough PSFCH resources to account for the largest possible group. This may be lead to significant resource waste, especially if the majority of groups that are expected to be formed have a relatively small size.  One way to avoid this is to configure a maximum group size that can be controlled by the network (i.e., in dedicated signaling/SIB/preconfiguration).
Proposal 3:
The UE receives a maximum group size allowable for Option 2 from the network (i.e. in dedicated signaling/SIB/preconfiguration).

Given configuration of group size, the UE can use option 2 if the MCR is not provided, and if the group size configured by upper layers is less than the maximum group size configured by the AS.

Proposal 4:
The UE uses Option 2 for transmissions without MCR when the UE receives a group size that is smaller than the configured maximum.

When the group information is not available for transmissions without MCR, Option 2 cannot be used since the Rx UE cannot determine the PSFCH resource associated with its member ID. Moreover, since the transmission is not associated with MCR, Option 1 cannot be used. If neither Option 1 nor Option 2 can be used, the UE should disable HARQ feedback for the transmission.  
Proposal 5:
The UE disables HARQ feedback for transmissions without MCR when group information is not provided by upper layers or the group size provided by upper layers is larger than the maximum configured group size.
3 Conclusion

In this contribution, the following observation were made one RAN2 aspects of HARQ for Groupcast in NR V2X

Proposal 1:
For HARQ enabled groupcast, the UE uses HARQ Option 1 for a destination ID when the SLRB is configured with a minimum communication range.

Proposal 2:
The UE does not multiplex logical channels configured with and without MCR together in LCP.

Proposal 3:
The UE receives a maximum group size allowable for Option 2 from the network (i.e. in dedicated signaling/SIB/preconfiguration).

Proposal 4:
The UE uses Option 2 for transmissions without MCR when the UE receives a group size that is smaller than the configured maximum.

Proposal 5:
The UE disables HARQ feedback for transmissions without MCR when group information is not provided by upper layers or the group size provided by upper layers is larger than the maximum configured group size.
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5 Appendix – Relevant RAN1 and RAN2 agreements

RAN1#95:

Agreements

· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:

· 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. Details are FFS including the following:

· Whether to introduce an additional criterion in deciding HARQ-NACK transmission

· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)

· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource

· How to determine the presence of HARQ-NACK transmissions from receiver UEs

· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used

· 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. Details are FFS including the following:

· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission

· How to determine the PSFCH resource used by each receiver UE

· FFS whether to support SL HARQ feedback per CBG

· Other options are not precluded

RAN1#99:

Agreements:

· In determining PSFCH candidate resources for a PSFCH format from the starting sub-channel index and the slot index used for the corresponding PSSCH for actual transmission,

· Notation

· S: the number of sub-channels in a slot

· N: the number of PSSCH slots associated with a single PSFCH slot

· NF: the number of PRBs in the set (pre-)configured for the actual PSFCH resources.

· Within the set of PRBs (pre-)configured for the actual PSFCH resources, the first Z PRBs are associated with the first sub-channel in the first slot associated with the PSFCH slot, the second Z PRBs are associated with the first sub-channel in the second slot associated with the PSFCH slot, and so on.

· FFS when NF is not a multiple of S*N

· For a PSSCH, the candidate PSFCH resource is the set of PRBs associated with 

· Option 1: the starting sub-channel and slot used for that PSSCH.

· Option 2: the sub-channel(s) and slot used for that PSSCH

· PSFCH TX/TX conflict case 2 and 3 will be discussed separately.

Working assumption:

· For the PSFCH candidate resource set with Z PRBs and Y cyclic shift pairs in each PRB,

· Each PSFCH resource is indexed in the manner of frequency first and cyclic shift second.

· FFS the order of cyclic shift indexing in a PRB.

· PSFCH resource with the index ((K+M) mod (Z*Y)) is used for PSFCH transmission of a RX UE.

· K is the L1 source ID of the associated PSCCH/PSSCH.

· M is 0 for unicast and groupcast feedback option 1 and M is the member ID of the RX UE for groupcast feedback option 2.

· FFS whether to have the following restriction. 

· Groupcast HARQ feedback option 2 is not used if X > Z*Y (Y denotes the number of PSFCH in a PRB).

· Note: RAN1 assumes that the member ID M is an integer between 0 and X-1.

RAN2#107b:

Agreements on LCP: 
1: 
UE in MAC may select the destination and cast type associated with the highest SL LCH priority for a new transmission. Then only the data of the SL LCHs belonging to the selected destination and cast type can be multiplexed into the MAC PDU to be transmitted.
2:
LCP will take HARQ A/N enabled/disabled into account, e.g. packet with HARQ enabled will be multiplexed only with packets with HARQ enabled.

3:
For Sidelink unicast, data of different destinations is not multiplexed into the same MAC PDU.
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