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1 Introduction
In the RAN1#98 meeting, the following agreements were made for physical layer procedures for NR-V2X [1]. 

Agreements:

· For TX-RX distance-based HARQ feedback for groupcast Option 1, 
· The location information of TX UE is indicated by the 2nd stage SCI payload 
· FFS whether/how higher layer signaling is also used in signaling the location information
· FFS whether/how to handle when the location information is not available at TX and/or RX UE.
Agreements:

· For Case 1 (PSFCH TX/RX overlap),

· Select PSFCH TX or RX based on priority rule

· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.

· FFS: Other priority rule (e.g. TX/RX, cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH), up to UE implementation

· For Case 2 (PSFCH TX to multiple UEs),

· Select N PSFCH(s) transmissions based on priority rule

· Priority rule is based on at least priority indication in the associated PSCCH/PSSCH.

· FFS: Other priority rule (e.g. cast type, HARQ state, HARQ feedback option, number of (re)transmission of PSCCH/PSSCH, collision status, etc.), up to UE implementation

· For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE),

· FFS including whether to support multiple HARQ feedback bits are multiplexed on a PSFCH, whether to apply the solution of Case 2

In this contribution, we discuss the remaining issues related to HARQ feedback for sidelink groupcast communication and the FFS point about whether/how to handle the PSFCH collision.
2 HARQ feedback for sidelink groupcast  
According to the agreements in the RAN1 #97 and #98 meetings, for option 1, a Tx UE signals its location information in SCI and an Rx UE will decide whether to enable HARQ feedback after estimating the distance between the Tx UE and the Rx UE. Also it was agreed in the RAN1 #98 meeting that for option 1 the location information of the Tx UE is indicated by the 2nd stage SCI payload; and it FFS whether/how to handle when the location information is not available at Tx and/or Rx UE. We discuss the FFS point.
In the case that location information at the Tx UE is not available, since the Tx UE cannot signal the location information to the Rx UE via SCI, the Rx UE cannot estimate the distance to determine whether to report HARQ feedback. In this case, the Rx UE can report ACK or NACK depending on the PSSCH decoding status.
In the case that location information at the Rx UE is not available, it may be assumed that the Tx UE had indicated the location information, but the Rx UE failed to receive the location information. Since it was agreed the location information is signalled in the 2nd stage SCI, the Rx UE would have successfully decoded the 1st stage SCI but failed to decode the 2nd stage SCI. Therefore since also the PSSCH could not be decoded, the Rx UE can report NACK in this case.
For both cases, the Rx UE could report HARQ feedback, but the Rx UE cannot decide whether to report it or not since the Rx UE cannot estimate the distance. For the sake of simplicity, there can be a (pre) configuration of whether HARQ feedback is to be reported in the case that location information is not available.

Proposal 1: For TX-RX distance-based HARQ feedback for groupcast Option 1, there is a (pre)configuration of whether HARQ feedback is reported in the case that location information is not available.
At RAN1#98, the issue of whether to support a mixture of option 1 and option 2 for groupcast was discussed. It is better to not mix the two options firstly because these two options target different scenarios. For option 1, the motivation of transmitting only HARQ NACK is to reduce the overhead due to feedback, as there are relatively numerous group members. In comparison, group members transmit ACK or NACK in option 2 to solve the DTX issue, without increasing feedback overhead, because it is assumed for the groupcast HARQ feedback of Option 2 there are not many Rx UEs transmitting feedback. Secondly, mixture of option 1 and option 2 will lead to extra signalling overhead, because each Rx UE should be informed whether to apply option 1 or option 2.
Proposal 2: Mixture of option 1 and option 2 for groupcast HARQ feedback is not supported.

As explained above, it can be assumed that option 2 targets groupcast communication with only a few group members. In this case, the HARQ feedback overhead is not a severe issue, even if all receiver UEs send HARQ feedback. Therefore, it is not necessary to determine whether to enable/disable HARQ. 
Proposal 3: For option 2 HARQ feedback for groupcast, all the receiver UEs send HARQ feedback to the transmitter UE.
3 PSFCH multiplexing
RAN1 had an email discussion on how to determine the PSFCH resource. It was concluded that an FDM mechanism can be used to multiplex multiple PSFCHs. 
From our first perspective, a CDM mechanism should be supported as well. There are two situations where CDM can be used. Firstly, CDM between PSFCH resource can be applied among different UEs. If only FDM is supported for PSFCH multiplexing, it will be difficult to configure PSFCH resources for a large number of UEs. In this case, CDM can be applied to solve the issue of lack of resources in the frequency domain. Secondly, CDM between PSFCH resource can be applied for a single UE. Because it is possible that one Rx UE transmits multiple HARQ feedbacks to the same Tx UE, then the same time-frequency physical resource can be used by the Rx UE with multiplexing HARQ feedbacks when a CDM approach is applied.
Proposal 4: Support CDM between PSFCH resource used for different Rx UE or for a single Rx UE.
4 Handling of PSFCH collision
Regarding the potential collision between PSFCH, it remains for further study the handling of the PSFCH overlap issue. We analyse each case using an example of PSFCH transmission as shown in Figure 1.
· Case 1 (PSFCH TX/RX overlap): A UE transmitted a PSSCH and received SCI scheduling another PSSCH where PSFCH resources corresponding to the two PSSCHs appear in the same slot.
· Case 2 (PSFCH TX to multiple UEs): A UE received SCI from different UEs and the associated PSFCHs appear in the same slot.
· Case 3 (PSFCH TX with multiple HARQ feedback to the same UE): A UE received multiple SCI from the same UE and the associated PSFCHs appear in the same slot.
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Figure 1: An example of PSFCH transmission
Case 1 (PSFCH TX/RX overlap)

For this case, it was agreed to select PSFCH TX or RX based on at least priority indication in the associated PSCCH/PSSCH. And other priority rules were FFS. In this case, we can further categorise two sub-cases in terms of whether the UE transmits and receives with multiple UEs or a single UE as follows;
· Case 1-1 (PSFCH TX/RX overlap with multiple UEs)

· Case 1-2 (PSFCH TX/RX overlap with the same UE)

In Case 1-1, UE1 transmits PSSCH1 to UE2 and UE3 transmits PSSCH4 to UE1, then UE1 needs to receive a corresponding PSFCH1 and transmit a corresponding PSFCH4 in the same symbol. In this case, only UE1 recognises such PSFCH collision. UE2 will transmit PSFCH1 and UE3 will monitor PSFCH4. Though UE2 or UE3 may suffer from additional PSFCH collision with another UE, UE1 cannot recognise the additional collision. Therefore, UE1 can prioritise based on priority information for PSSCHs 1 and 4, as agreed in the previous meeting. When both PSSCHs are the same priority, other priority rules in this case are up to UE implementation.
In Case 1-2, UE1 transmits PSSCH1 to UE2 and UE2 transmits PSSCH4 to UE1, then the corresponding PSFCHs 1 and 4 are in collision for transmission and reception for both UE1 and UE2. Unlike Case 1-1, both UE1 and UE2 recognise this PSFCH collision. If both UEs transmit the corresponding PSFCHs to each other or monitor the corresponding PSFCHs from each other, information from both PSFCHs cannot be transferred. As a result, both PSSCHs will need to be retransmitted. Therefore, a priority rule needs to be specified for this case to avoid such resource waste.
If PSSCH4 has a lower priority than PSSCH1, UE2 should not transmit the PSSCH4 because UE2 recognises both the priority information for PSSCHs 1 and 4 before the slot for PSSCH4 transmission. Therefore, we should consider a priority rule when PSSCH4 (i.e. a later PSSCH) is higher priority than PSSCH1 (i.e. a former PSSCH). In that sense, the later PSSCH is prioritised by UE2 because UE2 transmitted PSSCH4 after PSSCH1 is received. In this example, UE1 transmits PSFCH4 corresponding to the prioritised PSSCH4, and UE2 receives it. As a result, a PSFCH corresponding to a later PSSCH is prioritised based on the priority information for Case 1-2. Therefore other priority rules are not necessary for this case as long as UEs correctly transmit/receive PSSCH and PSFCH based on the priority.
Observation 1: Case 1 is further categorised into two sub-cases as follows:
· Case 1-1 (PSFCH TX/RX overlap with multiple UEs)

· Case 1-2 (PSFCH TX/RX overlap with the same UE)
Proposal 5: For Case 1-1 (PSFCH TX/RX overlap with multiple UEs), other priority rules among PSFCH transmission and reception are up to UE implementation.
Proposal 6: For Case 1-2 (PSFCH TX/RX overlap with the same UE), other priority rules among PSFCH transmission and reception are not necessary.
Case 2 (PSFCH TX to multiple UEs)

For Case 2, it was agreed to select N PSFCH(s) transmissions based on at least priority indication. And other priority rules were FFS. In this case, UE2 and UE3 transmit PSSCH1 and PSSCH4 to UE1 and then UE1 needs to transmit the corresponding PSFCHs 1 and 4 in the same symbol. This case is similar to Case 1-1 where only UE1 recognises this PSFCH collision. Therefore, UE1 can prioritise based on priority information for PSSCHs 1 and 4 to select N PSFCH(s) based on the agreement. If the priority is the same among PSSCHs for the selection, the prioritisation among them in this case can be up to UE implementation. Therefore, other priority rules are up to UE implementation.
Proposal 7: For Case 2 (PSFCH TX to multiple UEs), other priority rules among PSFCH transmissions are up to UE implementation.
Case 3 (PSFCH TX with multiple HARQ feedback to the same UE)

In Case 3, UE2 transmits both PSSCHs 1 and 4 to UE1 and then UE1 needs to transmit both corresponding PSFCHs 1 and 4 in the same symbol. Unlike other cases, since UE1 transmits multiple HARQ feedbacks to the same UE, the HARQ feedbacks can be multiplexed in a single PSFCH. Because of the multiplexing, an efficient sidelink communication can be realised without PSSCH dropping especially in the power limited case. However additional SCI signalling to indicate the number of transmitted PSSCH, such as DAI, will be necessary. On the other hand, if the multiplexing of the multiple HARQ feedbacks is not supported, a priority rule can be applied, as   for Case 2.
Since these two solutions each have their own pros and cons, both of the solutions are supported for Case 3.

Proposal 8: For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE), the following solutions are supported:
· Multiplexing of multiple HARQ feedbacks in a single PSFCH
· Prioritising of N PSFCH(s) based on priority information
5 Conclusion
In this contribution, the following proposals and observations are made:
Proposal 1: For TX-RX distance-based HARQ feedback for groupcast Option 1, there is a (pre)configuration of whether HARQ feedback is reported in the case that location information is not available.
Proposal 2: Mixture of option 1 and option 2 for groupcast HARQ feedback is not supported.

Proposal 3: For option 2 HARQ feedback for groupcast, all the receiver UEs send HARQ feedback to the transmitter UE.
Proposal 4: Support CDM between PSFCH resource used for different Rx UE or for a single Rx UE.
Observation 1: Case 1 is further categorised into two sub-cases as follows:
· Case 1-1 (PSFCH TX/RX overlap with multiple UEs)

· Case 1-2 (PSFCH TX/RX overlap with the same UE)
Proposal 5: For Case 1-1 (PSFCH TX/RX overlap with multiple UEs), other priority rules among PSFCH transmission and reception are up to UE implementation.
Proposal 6: For Case 1-2 (PSFCH TX/RX overlap with the same UEs), other priority rules among PSFCH transmission and reception are not necessary.

Proposal 7: For Case 2 (PSFCH TX to multiple UEs), other priority rules among PSFCH transmissions are up to UE implementation.
Proposal 8: For Case 3 (PSFCH TX with multiple HARQ feedback to the same UE), the following solutions are supported:
· Multiplexing of multiple HARQ feedbacks in a single PSFCH

· Prioritising of N PSFCH(s) based on priority information
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