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Introduction  
In RAN1#96bis, there was intensive discussion on the physical layer procedure for NR V2X as seen following agreements [1]:
Agreements:
· Confirm the following working assumption:
· Working assumption:
· When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
· Note: RAN1 has not concluded the respective applicability of option 1 vs. option 2 yet
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.
Working assumption:
· Regarding the use of TX-RX geographical distance and/or RSRP in determining whether to send HARQ feedback for groupcast
· Support at least the use of TX-RX geographical distance
· FFS whether or not to additionally use L1-RSRP
· Companies are encouraged to perform additional evaulations/analysis
Agreements:
· It is supported, in a resource pool, that within the slots associated with the resource pool, PSFCH resources can be (pre)configured periodically with a period of N slot(s)
· N is configurable, with the following values
· 1
· At least one more value >1
· FFS details
· The configuration should also include the possibility of no resource for PSFCH. In this case, HARQ feedback for all transmissions in the resource pool is disabled
· HARQ feedback for transmissions in a resource pool can only be sent on PSFCH in the same resource pool
Agreements:
· Support at least Sidelink CSI-RS for CQI/RI measurement
· Sidelink CSI-RS is confined within the PSSCH transmission
In this contribution, we will further discuss about the relevant issues of physical layer procedure, and provide our proposals and views.
Layer-1 ID for NR V2X 
It was agreed to introduce both layer-1 destination ID, source layer-1 ID and HARQ process ID in NR SL physical layer, and those IDs are conveyed via PSCCH for the purpose of layer-1 packet filtering and HARQ combining. For the HARQ combining, both layer-1 source ID and HARQ process ID are conveyed via PSCCH (in SCI) since both different HARQ processes and different transmitter UEs should be identified via these layer-1 IDs, when considering HARQ combining and asynchronous HARQ operation. 
Given that there can be many unicast/groupcast connections between V2X UEs within a certain V2X communication range, there might be potential collisions of layer 1 ID where different Tx UEs select same layer-1 ID due to shorten ID pool, and it accordingly results in miss PSSCH detection, HARQ feedback and interference (e.g. sequence, scrambling, etc.). The false alarm of UE ID detection issues needs to be carefully studied. 
In higher layer, for the connection management purpose, multiple SL link connections (e.g. layer-2 links) for unicast/groupcast will be established. In LTE D2D, one-to-one layer 2 link between UE 1 and UE 2 was identified via the combination of Layer-2 IDs of UE1 and UE2. SL physical layer need to derive the layer-1 link ID, which represent the link identification between UEs, via the combination of destination/source IDs (from layer-2), HPN, zone-ID and/or time varying information (e.g. slot/symbol index) etc. to solve the false alarm of UE ID detection issues.
Therefore, RAN1 should discuss how to generate layer-1 link ID for the subsequent SL physical layer operations to address the layer-1 ID collision issue particularly in heavy traffic situations.
Proposal 1:	The false alarm issue of UE ID detection needs to be studied for avoiding the system performance degradation.
NR V2X SL HARQ feedback
Regarding PSFCH resource determination, it has been agreed that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH, which means that the time resource of PSFCH is determined via the fixed time relation after the associated PSSCH reception according to the (pre-)configuration. The time gap is also depending on the availability of SL resources for transmitting PSFCH, and if the minimum time gap is defined as a few symbols and/or ms after PSSCH reception (last OFDM symbol), depending on time domain SL resource configurations the time resource of PSFCH can be determined. 
For determining the frequency resource of PSFCH, the resources of PSFCH in frequency domain can be based on the lowest PRB index of PSSCH/PSCCH, DCI/SCI signaling, RRC parameters (e.g. offset PRBs) or the combinations. Given that the fixed time relation is supported which result in less flexibility of resource allocation for PSFCH in time domain, it would prefer to provide some flexibilities for resource allocation of PSFCH in frequency domain when considering efficient resource utilization, different use cases and scenarios including unicast/groupcast, which may require the resource coordination via signaling e.g. frequency/code multiplexing of PSFCH transmission across UEs. Considering a smaller number of PRB (e.g. 1 PRB) is likely used for PSFCH compared to that of PSSCH/PSCCH due to the different payload size (e.g. 1 or 2 HARQ-ACK bits), PSFCH frequency resources should be well scheduled/coordinated or selected to accommodate the multiple service requirements and UE capabilities by either Tx UE or Rx UE, respectively. In addition, if the indication of frequency resource for PSFCH via SCI is provided by Tx UE, the scheduling information on PSFCH frequency resource can be detected not only the intended Rx UE but also the surrounding UEs so that the surrounding UEs can avoid their SL transmission on the overlapped frequency resources scheduled for transmitting PSFCH. It could be also determined by Rx UE finally, based on the channel/sensing status, QoS, etc. 
As seen in Figure 1, there is one example for determining the time and frequency resource of PSFCH. With the assumption that PSFCH is immediately transmitted in next slot (i.e. slot n+1) from the slot (i.e. slot n) receiving the associated PSSCH/PSCCH, the frequency resource determination can be based on the lowest PRB index of PSCCH/PSSCH, PSFCH resource set configuration and SCI signaling. Specifically, similar to NR PUCCH resource determination (PUCCH resource indication via DCI signaling and PUCCH resource set configured by RRC signaling), PSFCH frequency resource set can be configured by higher layer signaling, and then one PSFCH resource is finally indicated via SCI signaling from Tx UE (i.e. PSCCH/PSSCH transmitting UE). 
Regarding code resource, it needs also to be considered if PSFCH format like NR PUCCH format 0/1 is supported. For example, in case of groupcast, if receiver UEs transmit HARQ ACK/NACK corresponding to the associated PSSCH from one Tx UE, the receiver UEs can use different code resources for the PSFCH transmission and then, the Tx UE can distinguish and identify the SL HARQ feedback from individual UE within the group UEs without blind detection. 
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[bookmark: _Ref1136634]Figure 1. Example of PSFCH resource determination
Proposal 2:	Support flexible PSFCH resource allocation in frequency/code domain, and the frequency/code resources of PSFCH can be signalled from Tx UE to Rx UE who will send the HARQ-ACK feedback.

For groupcast HARQ feedback, both HARQ-NACK only (option 1) and HARQ-ACK/NACK (option 2) have been agreed as a working assumption in last RAN1 meeting. One remaining issue is which case/application two options are used, respectively. In our view, if there are many UEs in a group, option 1 is preferred to increase the spectral efficiency/resource utilization by sharing same PSFCH resource across the UEs in the group. It is also beneficial when the communication range of the groupcast is smaller than a threshold value likely resulting in similar HARQ-feedback information across the UEs in the group. However, if there are a few UEs in a group, or it is identified that certain UEs in the group have worse channel conditions than others and likely result in NACK, option 2 can be useful than option 1 because there is no significant miss detection issue such as PSCCH missing. Moreover, if there are simultaneous unicast sessions and the groupcast session across UEs in a group, option 2 may be beneficial to use PSFCH resources allocated for groupcast data transmission on the HARQ feedback of the unicast data transmissions, in terms of resource utilization. How to use either option 1 or option 2 can be also configured via SL RRC configuration during groupcast session establishment procedure. If the groupcast V2X communication want to be more stable operation, option 2 can be configured by using more PSFCH resources for individual UE in a group, otherwise, option 1 can be configured in order to enjoy efficient resource utilization.
Proposal 3:	Confirm current working assumption. FFS details on operability and/or configurability for one of option 1 and option 2
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[bookmark: _Ref525969593]Figure 2. An example of HARQ-ACK feedback for slot-aggregation
Latency requirement is very challenge for some scenarios for which reliability requirement is also tight. Then, the individual SL HARQ feedback transmission per PSSCH having a TB may not be suitable for those case, and as shown in Figure 2, the slot-aggregation for SL data transmission can be considered for concerned scenarios. For example, if how many slots are aggregated for one transport block is provided by NG-RAN in case of mode 1, the corresponding PSCCH/PSSCHs are transmitted in the multiple scheduled slots with different redundancy version. It may lead to shorter latency than individual HARQ-ACK reporting in some cases. So, it is necessary to discuss how to support SL HARQ if the slot aggregation is configured.
Moreover, as mentioned to meet the stringent reliability and latency requirement during SL HARQ operation, additional HARQ feedback transmission schemes can be considered. Also, if CBG based SL data transmission is adopted, the number of HARQ-ACK bits to be reported by Rx UE would be increased and, in some scenario, where HARQ-ACK reporting from Rx UE may not be reliably received at Tx UE side due to lack of received energy from shorter OFDM symbol length (e.g. 1 or 2 OFDM symbol), SL HARQ-ACK repetition, multiplexing or bundling may be selectively adopted. It would provide additional scheduling/configuration flexibility for SL HARQ operation, by coping with various scenarios and performance requirements. It could be enabled by signaling DCI from network and/or SCI from Tx UE’s signaling when performing SL HARQ.
Proposal 4:	Consider SL slot aggregation for SL data transmission and corresponding HARQ feedback, and SL HARQ-ACK multiplexing, repetition and/or bundling
Conclusion
This contribution discusses the HARQ mechanism for NR V2X and makes the following proposal: 
Proposal 1:	The false alarm issue of UE ID detection needs to be studied for avoiding the system performance degradation.
Proposal 2:	Support flexible PSFCH resource allocation in frequency/code domain, and the frequency/code resources of PSFCH can be signalled from Tx UE to Rx UE who will send the HARQ-ACK feedback.
Proposal 3:	Confirm current working assumption. FFS details on operability and/or configurability for one of option 1 and option 2
Proposal 4:	Consider SL slot aggregation for SL data transmission and corresponding HARQ feedback, and SL HARQ-ACK multiplexing, repetition and/or bundling
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