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1 Introduction
[bookmark: _Hlk505938201]In previous RAN1 meetings, the following agreements towards mode-1 resource allocation for NR sidelink were achieved:
RAN1 #97 Agreements:
· Sidelink HARQ ACK/NACK report from transmitter UE to gNB is supported with details FFS.
Note: this reverts the following agreement from RAN1#96:
· Sidelink HARQ ACK/NACK report from UE to gNB is not supported in Rel-16.
· SR/BSR report to gNB for the purpose of requesting resources for HARQ retransmission is not supported.
Send an LS to RAN2 with the agreement – R1-1907889, which is approved with final LS in R1-1907905
In this contribution, we will further discuss mode-1 resource allocation for NR sidelink and give our preference on mode-1 HARQ feedback.
2 [bookmark: _Hlk521077063]Discussion on SL HARQ-ACK feedback 
[bookmark: _Hlk16168342]Sidelink HARQ ACK/NACK report from in-coverage UE to gNB is helpful for gNB to assign retransmission resources and adjusting MCS, and thus it is more resource efficient. Generally, both transmitter and receiver can be considered for reporting sidelink HARQ-ACK. It has been agreed in RAN1 #97 that sidelink HARQ-ACK report from transmitter to gNB is supported with details FFS, therefore in this section, we will further discuss details to support sidelink HARQ-ACK report from transmitter to gNB and whether sidelink HARQ-ACK report from receiver to gNB should be additionally supported.
[bookmark: _Hlk16167968]Issue #1: whether sidelink HARQ-ACK report from receiver to gNB should be additionally supported.
As shown in Figure. 1, option (a) describes sidelink HARQ-ACK report from transmitter to gNB and option (b) illustrates sidelink HARQ-ACK report from receiver to gNB. Although option (b) has some limitations such as both transmitter and receiver should be controlled by the same gNB, it has more advantages. Compared to option (a), option (b) has only one procedure on sidelink and hence the RTT is smaller than option (a). In addition, since sidelink resources are shared by vehicles simultaneously while uplink resource is usually granted and dedicated, hence the reliability of sidelink HARQ-ACK could be widely guaranteed in option (b). Furthermore, considering half duplex limitation on sidelink, in option (a), transmitter could not send data when receiving SFCI. That means option (a) will cause sidelink spectral efficiency decreasing comparing to option (b). Taking the above aspects into consideration, we prefer that sidelink HARQ-ACK report from receiver to gNB can be additionally supported and option (a) and option (b) can be applied for different scenarios to achieve better performance. For instance, when transmitter and receiver are in coverage of the same gNB or coordinated gNBs, option (b) could be applied for lower latency, higher reliability and spectral efficiency. While in partial coverage scenario, option (a) can be used for simpler implementation.


     
Option (a)                                  Option (b)
Figure 1: Sidelink HARQ feedback via Uu
Proposal 1: Sidelink HARQ-ACK report from receiver to gNB can be additionally supported and option (a) and option (b) can be applied for different scenarios to achieve better performance.
Issue #2: details to support sidelink HARQ-ACK report from transmitter to gNB
[bookmark: _Hlk16169427]It is simple and natural to reuse PUCCH defined in Rel-15 or Rel-16 for transmitter to report sidelink HARQ-ACK to gNB. That is, a set of PUCCH resources are configured via higher layers by gNB and a specific PUCCH resource ID is indicated dynamically by the scheduling DCI of PSCCH and PSSCH. As for the timing reference point for the PUCCH resource, there are various options, i.e. the slot/sub-slot of PSCCH, the slot/sub-slot of PSSCH and the slot/sub-slot of scheduling DCI. Considering the time ambiguity between Uu and sidelink which was raised in [2] as described in Figure. 2, it is expected that the timing between the scheduling DCI and the PUCCH is defined for determining the PUCCH resource to report sidelink HARQ-ACK. For flexibility, a set of timings can be configured via higher layers and a specific timing is selected by the scheduling DCI. Particularly, considering uplink resource limitation on Uu interface in TDD, HARQ ACK/NACK multiplexing among multiple receivers and/or multiple HARQ processes should be supported.
[image: ]
[bookmark: _Ref477959567]Figure 2. Scheduling of PC5 transmission with time ambiguity
Proposal 2: Reuse PUCCH defined in Rel-15 or Rel-16 for transmitter to report sidelink HARQ-ACK to gNB. The timing between scheduling DCI and PUCCH resource is used for determining the PUCCH resource. 
[bookmark: _Hlk16171085]Another issue worth to note is that whether the downlink HARQ-ACK and sidelink HARQ-ACK can be multiplexed in one HARQ-ACK codebook and the potential impact on PUCCH resource configuration. Considering the uplink resource limitation in some semi-static UL/DL assignment, multiplex HARQ-ACK information for both PDSCH and PSSCH in one codebook is friendly to PUCCH overhead and maximize reuse of PUCCH configuration since there would be no need for separate PUCCH configuration for sidelink HARQ-ACK and downlink HARQ-ACK. So the generation procedure of Type-1 and Type-2 HARQ-ACK codebook needs to be enhanced correspondingly. 
Moreover, there are various service types for NR V2X with different latency and reliability requirements, such as URLLC and eMBB. Therefore, it would be beneficial to support at least two HARQ-ACK codebooks simultaneously constructed for different service types for a UE, which has already been agreed in Rel-16 URLLC. And how to identify the different HARQ-ACK codebook in NR V2X needs to be further discussed. In LTE V2X, the PPPP (ProSe Per-Packet Priority) information is generated in application layer and transmitted in SCI which can be used for PSSCH resource allocation. Besides, the priority information would be reported to gNB for transmission parameter configuration. In NR V2X, SA2 has agreed that PC5 QoS parameters (S2-1904448) will be provided to the AS layer but have not yet determined how this will occur. So it is natural and simple for UE to map different PC5 QoS parameters to different HARQ-ACK codebooks. However, the PC5 QoS parameters are not in the scheduling DCI and hence no consensus would be reached between UE and gNB about the service type of the packet which would be transmitted in the scheduled PC5 resources. Furthermore, UE and gNB could not reach common understanding towards which HARQ-ACK codebook the transmitted packet is related to. One possible solution is UE constructs HARQ-ACK codebook based on PPPP in related SCI, and transmits the HARQ-ACK codebook on the scheduled PUCCH. In this solution, multiple PUCCH resource could be scheduled or reserved for multiple sidelink HARQ-ACK codebook, where different sidelink HARQ-ACK codebooks are mapped to different PUCCH resources. Alternatively, gNB could select the suitable HARQ-ACK codebook for the scheduled sidelink transmission and indicate to UE dynamically via scheduling DCI.
Proposal 3: Downlink HARQ-ACK and sidelink HARQ-ACK can be multiplexed in one HARQ-ACK codebook to minimum PUCCH overhead and maximize reuse of PUCCH configuration.
Proposal 4: Support at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE in NR V2X. HARQ-ACK codebook could be constructed based on PC5 QoS parameters and/or gNB indication in scheduling DCI.
3 Conclusion
In this contribution, we further discussed mode-1 resource allocation for NR sidelink, and the following proposals are made:
Proposal 1: Sidelink HARQ-ACK report from receiver to gNB can be additionally supported and option (a) and option (b) can be applied for different scenarios to achieve better performance.
Proposal 2: Reuse PUCCH defined in Rel-15 or Rel-16 for transmitter to report sidelink HARQ-ACK to gNB. The timing between scheduling DCI and PUCCH resource is used for determining the PUCCH resource. 
Proposal 3: Downlink HARQ-ACK and sidelink HARQ-ACK can be multiplexed in one HARQ-ACK codebook to minimum PUCCH overhead and maximize reuse of PUCCH configuration.
Proposal 4: Support at least two HARQ-ACK codebooks are simultaneously constructed for supporting different service types for a UE in NR V2X. HARQ-ACK codebook could be constructed based on PC5 QoS parameters and/or gNB indication in scheduling DCI.
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