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Introduction  
In RAN1#94, following agreements on support of unicast, groupcast and broadcast for NR V2X communication are made in RAN1 [1]:
	Agreements:
· RAN1 assumes that higher layer decides if a certain data has to be transmitted in a unicast, groupcast, or broadcast manner and inform the physical layer of the decision. For a transmission for unicast or groupcast, RAN1 assumes that the UE has established the session to which the transmission belongs to. Note that RAN1 has not made agreement about the difference among transmissions in unicast, groupcast, and broadcast manner.
· RAN1 assumes that the physical layer knows the following information for a certain transmission belonging to a unicast or groupcast session. Note RAN1 has not made agreement about the usage of this information.
· ID
· Groupcast: destination group ID, FFS: source ID
· Unicast: destination ID, FFS: source ID
· HARQ process ID (FFS for groupcast)
· RAN1 can continue discussion on other information

Send an LS to RAN2 and SA2 for the above agreements – Hanbyul, R1-1809834, which is approved by updating action to “provide feedback if necessary”. Final LS in R1-1809907

Agreements:
· RAN1 to study the following topics for the SL enhancement for unicast and/or groupcast. Other topics are not precluded.
· HARQ feedback
· CSI acquisition
· Open loop and/or closed-loop power control
· Link adaptation
· Multi-antenna transmission scheme


In this contribution, we seek to present our view on the general HARQ design aspects for NR V2X unicast/groupcast and broadcast transmission mechanism.
NR V2X SL HARQ operation
In LTE V2X, broadcast-based transmission has been mainly specified for sidelink communication. However, in NR V2X, unicast/groupcast on top of broadcast would be considered to meet various use cases and scenarios with the extended/higher requirements. For example, unicast/groupcast can be used in some use cases such as platooning, entertainment services and so on. In order to support the unicast/groupcast with stringent reliability requirement for various scenarios defined in [2], HARQ feedback mechanism as the SL enhancement is now considering for further study. 
For V2X SL HARQ operation, the HARQ timing indication or derivation of the corresponding physical channels should be defined. In case of network scheduling mode (i.e. mode 1), either eNB or gNB (i.e. NG-RAN) should transmit PDCCH containing NR V2X DCI format for SL resource allocation to the mode 1 Tx UE who has sent BSR information of SL data traffic to be transmitted, while in case of non-network scheduling mode (i.e. mode 2), the mode 2 Tx UE should perform the sensing to take some physical resources to be used for the SL transmission without network scheduling. In such SL resource allocation modes, SL HARQ timing can be basically categorized and/or alternatively defined. As seen following Figure 1, four SL HARQ timing defining the timing A, B, C and D are categorized with followings:
· SL HARQ Timing A: PDCCH to PSCCH and/or PSSCH Tx timing in mode 1
· SL HARQ Timing B: PSCCH and/or PSSCH to PSHICH (HARQ-ACK feedback channel) Tx timing
· SL HARQ Timing C: PSHICH to retransmission of PSCCH and/or PSSCH
· SL HARQ Timing D: PSCCH and/or PSSCH to retransmission of PSCCH and/or PSSCH
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[bookmark: _Ref525929320]Figure 1. NR V2X HARQ timeline in mode 1
[bookmark: _GoBack]The four SL HARQ timing considered in above can be signaled via slot offset, start OFDM symbol index and the length by NG-RAN or Tx UE. For example, in case of SL HARQ timing A, the Tx UE receives PDCCH in slot n from NG-RAN and transmits PSCCH and/or PSSCH after slot offset (e.g. in slot k) during the indicated start OFDM symbol and length. The other SL HARQ timing can be also similarly indicated. In this case, which NR V2X nodes can decide and signal at least the SL HARQ timing information should be also discussed. It would be firstly dependent on the resource allocation mode (i.e. either mode 1 or mode 2) and which SL HARQ timing information among timing A/B/C/D would be determined and indicated by NG-RAN node and/or Tx/Rx UEs should be discussed. In addition, some SL HARQ timing values are signaled by DCI format and/or SCI format while the other SL HARQ timing values may be determined by a Tx UE or derived by a Rx UE with a specified formula (e.g. using destination/source ID). So, it should be discussed how SL HARQ timing values are signaled, determined or derived, and what kind of detailed control information related to the SL HARQ timing are defined and so on.
Proposal 1:	It is proposed to consider the below four SL HARQ timing indication/determination at least for mode 1. FFS for mode 2.
· SL HARQ Timing A: PDCCH to PSCCH and/or PSSCH Tx timing 
· SL HARQ Timing B: PSCCH and/or PSSCH to PSHICH (HARQ-ACK feedback channel) Tx timing
· SL HARQ Timing C: PSHICH to retransmission of PSCCH and/or PSSCH
· SL HARQ Timing D: PSCCH and/or PSSCH to retransmission of PSCCH and/or PSSCH


[image: ]
[bookmark: _Ref525941556]Figure 2. Different HARQ-ACK feedback timing among UEs receiving a groupcast SL data TB
Moreover, in case of groupcast, as shown in Figure 2, when Tx UE (UE1) send a groupcast SL data TB to multiple UEs (UE 2 and UE3) associated with a groupcast session, different SL HARQ timing B (i.e. HARQ-ACK feedback timing) may be considered for both UE 2 and UE 3, in order to provide less HARQ-ACK feedback channel resource collision, increased multiplexing capacity within a slot (e.g. via TDM based PSHICH (Physical Sidelink HARQ-ACK Indication channel) across the UEs, higher configuration/signaling flexibility and so on. Assuming the PSHICH is introduced for NR V2X, in addition to time domain allocation of PSHICH, PSHICH resources based on frequency resources (e.g. start PRB index and # of PRBs) and orthogonal codes (e.g. CS, OCC) can be also considered in this case. That is, those PSHICH resources based on time/frequency and code may be differently determined across the UEs (e.g. UE 2 and UE 3 in Figure 2) by adopting at least PSHICH resource offset, group-destination-ID, source-ID and so on.
Proposal 2:	It is proposed to study how to coordinate HARQ-ACK feedback reporting across multiple UEs within a group for unicast/groupcast. 

[image: ]
[bookmark: _Ref525969593]Figure 3. Slot-aggregation for NR V2X SL HARQ
According to [2], 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 3, slot-aggregation for SL data transmission can be considered for concerned scenarios. For example, if how many slots are used 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 slot aggregation is configured.
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[bookmark: _Ref525970073]Figure 4. Example of enabling additional HARQ feedback mode (HARQ-ACK repetition (upper), HARQ-ACK multiplexing/bundling (below))
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 as in Figure 4. 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 3:	Further study is needed whether to adopt additional SL data transmission scheme and HARQ-ACK feedback transmission scheme. 

Conclusion
This contribution discusses the HARQ mechanism for NR V2X and makes the following proposal: 
Proposal 1:	Either LTE or NR cell can provide synchronization information via system information to a NR V2X UE.
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