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1 Introduction
In RAN#80 meeting, a new study item on NR V2x was approved [1], including the objective to study the support of sidelink unicast, sidelink groupcast and sidelink broadcast. In RAN1 Ad hoc 1901 meeting, the following agreements are made on HARQ operation [2]:

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

· FFS applicability of option 1 and option 2 – this part is particulary relevant to confirm (or not) the working assumption

Agreements:

· It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 

· At least PUCCH is used to report the information

· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource

· FFS transmitter UE and/or receiver UE

· If receiver UE, the indication is in the form of HARQ ACK/NAK

· If transmitter UE, FFS

Agreements:

· For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 

· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)

· FFS for mode 1

In this contribution, the design of HARQ operation for NR V2x communications are discussed.
2 HARQ operation for unicast and groupcast
2.1 HARQ procedure for groupcast
When HARQ feedback of groupcast is enabled, it is agreed as working assumption that both options that UE only feedbacks NACK (option 1) and UE feedbacks ACK/NAK (option 2) are supported. However, the applicability of each option still needs to be clarified. 
The receiver UEs in option 2 cannot transmit ACK/NACK in a shared resource and thus the resource consumption for feedback will be proportional to the number of receiver UEs. Comparing with option 2, option 1 allows multiple receiver UEs to share the same feedback resource, and thus can achieve higher resource efficiency. However, for option 1, the transmitter UE cannot distinguish DTX and ACK from the feedback information. The reliability of the groupcast could be degraded.
A potential combination of option 1 and option 2 is to select only a limited number of receiver UEs to feedback ACK/NACK and all other receiver UEs feedback NACK only. If the number of receiver UEs in the groupcast is small enough all the receiver UEs can be selected to feedback ACK/NACK. On the other hand, if the number of UEs in the groupcast is large, the resource consumption of feedback signaling can be limited due to limited number of UEs which feedback ACK/NACK; and the reliability of groupcast can still be improved by selecting only receiver UEs with relatively bad channel condition to use option 2. For a given receiver UE in the groupcast, which HARQ feedback option should be applied can be semi-statically determined.
Proposal 1: When HARQ feedback is enabled for groupcast, a subset of receiver UEs can be selected to transmit HARQ ACK/NACK, and all other receiver UEs transmit only HARQ NACK.
· The number of UEs in the subset can be limited
· Which UE feedbacks HARQ ACK/NACK in the groupcast can be semi-statically determined

One potential issue of option 2 is how to determine the feedback resource of each receiver UE in the groupcast so that different receiver UE uses orthogonal feedback resource to feedback ACK/NACK. Signaling cost would be high if each feedback resource is individually signaled. Therefore, a set of predefined feedback resources offset (in time, frequency or cyclic shift) can be defined.  A mapping between the set of receiver UEs using option 2 and the offsets can be semi-statically configured, and thus each receiver UE using feedback option 2 will select a resource with different offset value (e.g. from the resource used by UEs using feedback option 1). 
Proposal 2: A mapping between receiver UEs using feedback option 2 and predefined feedback resource offsets is used to determine the feedback resource.  
2.2 Mode 1 HARQ feedback in UL 

In Mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission. At least PUCCH is used to report the information. In Mode 1 resource allocation, the transmitter UE receives sidelink scheduling from gNB, therefore, the transmitter UE will be in the cell coverage of the scheduling gNB. However, the receiver UE may or may not be in the cell coverage of the scheduling gNB. If the receiver UE is out of cell coverage, it cannot report the indication to the scheduling gNB; and if the receiver UE is in the cell of the other gNB, additional latency and singling cost will be spent for communication between gNBs, which would be much higher than the sidelink feedback between receiver UE and transmitter UE. Therefore, we propose:
Proposal 3: In sidelink mode 1 for unicast, transmitter UE reports the retransmission indication to the scheduling gNB.

Either PUCCH transmission of SR or HARQ-ACK can be re-used as the indication signaling for retransmission. However, if SR is used as the indication, gNB would schedule a new sidelink TB transmission which cannot be combined with the previous transmission. In addition, as a MAC layer signaling, BSR may have higher signaling cost than PHY singling HARQ-ACK. Therefore, we propose:

Proposal 4: In sidelink mode 1 for unicast, the indication is in the form of HARQ ACK/NACK.
Vehicle UE may have Uu UL/DL data communication and Mode 1 sidelink communication simultaneously. Therefore, UCI multiplexing among the sidelink retransmission indication and existing UL control signaling should be supported. 
Proposal 5: Support multiplexing of the indication and UL PUSCH/PUCCH transmissions in the same slot.
2.3 HARQ feedback resource selection

To avoid collision between PSFCH and PSCCH/PSSCH, a separate resource pool can be assigned for PSFCH. In a single slot, PSFCH resource pool can be FDM or TDM with PSCCH/PSSCH resource pool, as shown in Figure 1 (a), (b) and (c). Guard period for Tx/Rx switching timing would be needed for TDM options. Furthermore, for option (c), if a transport block spans over different symbols FDMed with and without PSFCH, there would be different receiving powers on different symbols, which may cause AGC problem at the receiver side.  
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Figure 1: PSFCH multiplexing options

It has been agreed that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH for Mode 2 resource allocation. The benefit is on the reduced SCI size and simpler interference management. For the same reason, the frequency domain position of PSFCH can also be mapped from the frequency position of associated PSCCH and PSSCH. 
3 Conclusion
In this contribution, the physical layer procedures to support NR V2x sidelink is discussed. Based on the discussion, we made the following proposals:

Proposal 1: When HARQ feedback is enabled for groupcast, a subset of receiver UEs can be selected to transmit HARQ ACK/NACK, and all other receiver UEs transmit only HARQ NACK.

· The number of UEs in the subset can be limited
· Which UE feedbacks HARQ ACK/NACK in the groupcast can be semi-statically determined

Proposal 2: A mapping between receiver UEs using feedback option 2 and predefined feedback resource offsets is used to determine the feedback resource.  
Proposal 3: In sidelink mode 1 for unicast, transmitter UE reports the retransmission indication to the scheduling gNB.

Proposal 4: In sidelink mode 1 for unicast, the indication is in the form of HARQ ACK/NACK.
Proposal 5: Support multiplexing of the indication and UL PUSCH/PUCCH transmissions in the same slot.
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