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At RAN1#94bis, the following agreements were made on support of HARQ operation in sidelink unicast and groupcast communications [1]:
Agreements:
· For unicast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios
· For groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported.
· FFS details, including the possibility of disabling HARQ in some scenarios.

Further to this, during RAN1#95 the following agreements were reached:
Agreements:
· When SL HARQ feedback is enabled for unicast, the following operation is supported for the non-CBG case:
· Receiver UE generates HARQ-ACK if it successfully decodes the corresponding TB. It generates HARQ-NACK if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE.
· FFS whether to support SL HARQ feedback per CBG
Agreements:
· When SL HARQ feedback is enabled for groupcast, the following operations are further studied for the non-CBG case:
· Option 1: Receiver UE transmits HARQ-NACK on PSFCH if it fails to decode the corresponding TB after decoding the associated PSCCH. It transmits no signal on PSFCH otherwise. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-NACK transmission
· Whether/how to handle DTX issue (i.e., transmitter UE cannot recognize the case that a receiver UE misses PSCCH scheduling PSSCH)
· Issues when multiple receiver UEs transmit HARQ-NACK on the same resource
· How to determine the presence of HARQ-NACK transmissions from receiver UEs
· Whether/how to handle destructive channel sum effect of HARQ-NACK transmissions from multiple receiver UEs if the same signal is used
· Option 2: Receiver UE transmits HARQ-ACK on PSFCH if it successfully decodes the corresponding TB. It transmits HARQ-NACK on PSFCH if it does not successfully decode the corresponding TB after decoding the associated PSCCH which targets the receiver UE. Details are FFS including the following:
· Whether to introduce an additional criterion in deciding HARQ-ACK/NACK transmission
· How to determine the PSFCH resource used by each receiver UE
· FFS whether to support SL HARQ feedback per CBG
· Other options are not precluded

· It is supported to enable and disable SL HARQ feedback in unicast and groupcast.
· FFS when HARQ feedback is enabled and disabled.

· Study further whether to support UE sending to gNB information which may trigger scheduling retransmission resource in mode 1. FFS including
· Which information to send
· Which UE to send to gNB
· Which channel to use
· Which resource to use

In this paper, we address some of the points discussed during RAN1#95 towards the agreements mentioned above regarding HARQ procedure in NR mode-1 for unicast and groupcast transmissions over sidelink.
HARQ feedback procedure for mode-1
In NR SL mode-1, the gNB will be able to dynamically schedule SL transmissions. The involvement of network control in resource allocation can achieve better organization in SL transmission opportunities for different UEs. In NR SL, both unicast and groupcast are supported and some services have very high reliability requirement of 99.999%. Other services require high data rate of up to 1 Gbps. To fulfill various different transmission requirements, enhancements are necessary in gNB resource allocation for both initial transmission and retransmission to improve resource utilization efficiency and transmission reliability.   
A/N feedback to gNB
For SL retransmission, the gNB can schedule the retransmission resources at initial transmission. In this case, on reception of a NACK, the transmitter UE can perform immediate retransmission. On reception of an ACK, if ACK is not forwarded to gNB, the resources will be wasted if no more data is waiting for SL transmission at the transmitter UE as shown in Fig.1. Usually for reliability purposes, it is reasonable to allocate more resources for retransmission than for initial transmission. The resource wastage cannot be ignored when the number of retransmissions is set to 2 or more. On the other hand, if there is remaining data and the transmitter UE uses the retransmission resources allocated for the previous transmission for new data transmission, the resources can be utilized. Two problems are identified. First is frequent BSR will be triggered to report the updated buffer status. This will cause much overhead over Uu interface as each SL transmission may trigger a BSR report. Another problem is if the new transmission is a failure, how to allocate the retransmission resources as shown in Fig. 2. 


Figure 1 Retransmission resources waste 


Figure 2 Retransmission resources for new data transmission 
A second option is that the gNB can schedule the retransmission resources after reception of a NACK. Because one more hop of resource scheduling signaling is involved, this option is more suitable for non-delay sensitive services, e.g. information sharing for automated driving between UEs supporting V2X application with an E2E latency of 100 ms [2]. This option is most resource efficient as the retransmission resources and MCS can be appropriately determined. As discussed in our companion paper [3], to avoid the complications of transferring sidelink feedback from the destination UE over Uu link(s) and to make a reliable transmission, the source UE sends the feedback information to the gNB.
Proposal 1: For NR mode-1, the source UE sends the sidelink HARQ feedback information to gNB.
[bookmark: _Ref524763957] CSI feedback to gNB
In NR V2X mode 1, gNB may only allocate the time and frequency resources for SL transmission without indicating the MCS order as in LTE V2X design. The modulation order is left for transmitter UE implementation. The transmitter UE selects different MCS based on the QoS parameter of the packets.  In this case, the TB size of different transmissions may be different even with the same amount of resources allocated. One problem of this design is that the gNB has no knowledge of how many bits have been transmitted and how many are still waiting in the UE buffer. To keep the gNB updated of the waiting packets, frequent BSR is needed over Uu. Otherwise, resources are not appropriately allocated and there is a risk of SL resource wastage. Therefore, to make efficient use of SL resources and to lower the Uu overhead, CSI is preferred to send to gNB. 
Proposal 2: For NR mode-1, the source UE sends the sidelink CSI information to gNB.
Conclusions
In the following, we highlight our key proposals related to HARQ the sidelink physical layer procedure in NR V2X.
Proposal 1: For NR mode-1, the source UE sends the sidelink HARQ feedback information to gNB.
Proposal 2: For NR mode-1, the source UE sends the sidelink CSI information to gNB.
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