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1 Introduction
In the last RAN1 #94bis meeting [1], it was agreed that for unicast and groupcast, sidelink HARQ feedback and HARQ combining in the physical layer are supported:

	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


In addition, in the RAN2 #104bis meeting [2], the following agreements have been made:
	Agreements

1: 
Unicast, groupcast, and broadcast should be supported for all of the in-coverage, out-of-coverage, and partial coverage scenarios.

2:
RAN2 to study the potential L2 solutions for the QoS support of unicast and groupcast in NR sidelink (including HARQ feedback, ARQ (if RLC AM is supported), PDCP packet duplication, configured grants, etc.). 

3: 
RAN2 Working Assumption: Uppler layer will give the information if it’s unicast, groupcast or broadcast (We will ask SA2 if they can provide it).

4: 
For groupcast, destination ID for a specific group and for unicast, destination ID for the target UE need to be visible in Layer 2 respectively. Source UE id should be also visible to Layer 2.

5:
For unicast/groupcast in NR sidelink, discovery procedure and related messages are up to upper layers.


In this contribution, we will discuss issues about HARQ feedback support for NR sidelink, from RAN2 perspective.
2 Discussion
In LTE, for DL transmission, asynchronous HARQ is applied, which means the HARQ retransmission may occur at any time after the initial HARQ transmission. Since there is no timing restriction between initial transmission and retransmission, asynchronous HARQ can provide high flexibility for the network to schedule retransmission resources. While for LTE UL transmission, synchronous HARQ is used. Hence, uplink retransmissions always occur at a prior known subframe. Such operation is beneficial for reducing the overhead of scheduling signalling for retransmission.  
In LTE V2X, for each sidelink transmission, the sidelink scheduling signalling, i.e., SCI, should always be transmitted. Based on the current RAN1 discussion, such principle will be reused in NR V2X. Thus there is no obvious benefit of adopting synchronous HARQ for NR sidelink. Besides, in NR Uu, only asynchronous HARQ is supported for both DL and UL transmission. To keep align with NR Uu, we think asynchronous HARQ mechanism shall be adopted for NR sidelink.

Proposal 1: Asynchronous HARQ mechanism is adopted for NR sidelink.

In LTE V2X [3], there is one sidelink HARQ entity maintained for each sidelink carrier, and each sidelink HARQ entity maintains a number of parallel sidelink processes. No HARQ process identifier (ID) is associated with each HARQ process. For a Tx UE, when a configured sidelink grant is scheduled by the network or selected by the UE itself, such grant and its associated HARQ information will be associated with a sidelink HARQ process. The initial transmission and blind HARQ retransmission will be handled by this sidelink HARQ process. For a Rx UE, when a SCI indicating new transmission is received, a sidelink HARQ process is associated with the SCI. Based on the above analysis, we can find in LTE sidelink, when a sidelink HARQ process is used, it will be associated with a configured grant (for Tx UE) or a SCI (for Rx UE).
When HARQ feedback is introduced for unicast and groupcast, such HARQ process design is not suitable for NR sidelink, especially if asynchronous HARQ mechanism is adopted, each HARQ process should be associated with a HARQ process ID. HARQ process ID should be indicated by the Tx UE for each transmission, for the purpose of Rx UE performing HARQ combining. In the last RAN1 #94bis meeting, it is agreed that additional Layer-1 ID is conveyed via PSCCH as follows [1]:

	Agreements:

· Layer-1 destination ID is conveyed via PSCCH.

· FFS how many bits are conveyed.
· FFS details for each of the unicast/groupcast/broadcast cases
· Additional Layer-1 ID(s) is conveyed via PSCCH at least for the purpose of identifying which transmissions can be combined in reception when HARQ feedback is in use. 

· FFS whether this ID can be used for other HARQ feedback related operation.

· FFS other purpose

· FFS how many bits are conveyed.

· FFS details including how to convey the ID(s), e.g., whether the ID(s) is conveyed in the SCI or used for CRC scrambling.


Thus, when Tx UE sends out a unicast transport block and receives a NACK feedback in this sidelink HARQ process, the HARQ process will be instructed to trigger the retransmission of this TB. From Tx UE perspective, each HARQ process should be associated with one destination ID which is conveyed via PSCCH as defined in RAN1. For the Rx UE, different Destination IDs may be used to receive data from different groups. We think the HARQ process of the Rx UE used to decode the received data should also be associated with the Destination ID and HARQ process ID. Besides these two IDs, we think source ID of the Tx UE should also be associated with the HARQ process.
In fact, it is not exclude that a UE may maintain multiple unicast connections with several UEs. Taking the following Fig.1 as an example, UE C maintains a unicast connection with UE A and another unicast connection with UE B. UE A transmits a unicast TB to UE C, and indicates HARQ process ID 1 is used. UE B transmits another unicast TB to UE C, and also indicates HARQ process ID 1 is used. For UE C, two different HARQ processes should be adopted to handle these two different TBs and potential retransmissions. If these two HARQ processes are differentiated only by Destination ID and HARQ process ID, when a retransmission happens (e.g. from UE A), UE C will not know which one of the two HARQ processes should be used to handle such retransmission. Hence, for UE C, Source IDs of UE A and UE B should also be associated with each of two HARQ processes.
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Fig.1 Illustration of a UE maintaining multiple connections
Proposal 2: For unicast/groupcast communication, each corresponding HARQ process at the Rx UE should be associated with Source ID, Destination ID and HARQ process ID. 
Proposal 2a: For unicast/groupcast communication, each corresponding HARQ process at the Tx UE should be associated with Destination ID and HARQ process ID.

In LTE V2X, only blind HARQ retransmission scheme is used, and the resources for initial transmission and retransmission are determined before the initial transmission, either by the eNB (mode 3) or by the UE itself (mode 4). When HARQ feedback based retransmission is adopted, how to determine the retransmission resources should be considered. There are two options: 
· Option 1: Similar with LTE, the initial transmission resource and retransmission resources should be determined before the initial transmission. In NR SL mode 1, these resources will be scheduled by gNB, and in NR SL mode 2, the resources should be reserved by the Tx UE itself. Since the actual number of retransmission is unknown to the Tx UE in advance, enough resources should be reserved for the retransmission. This option may cause resources are over scheduled or reserved, but may greatly reduce the latency to request (for mode 1) or select (for mode 2) retransmission resource.
· Option 2: The retransmission resources will be determined by the Tx UE on demand based on the HARQ feedback. In NR SL mode 1, the HARQ feedback result shall be forwarded to the gNB by the Tx UE. And the Tx UE should be able to identify that the scheduled resource is allocated for the retransmission or for a new transmission for a specific sidelink HARQ process. In NR SL mode 2, when NACK is received, the Tx UE may need to trigger a resource selection procedure to choose a retransmission resource from the resource pool. This option is useful to improve resource efficiency, but may incur high end-to-end latency.
Proposal 3: The following two options can be considered as the resource selection mechanism for unicast and groupcast with HARQ feedback based retransmission.

· Option 1: The resource for initial transmission and potential retransmission are reserved before the initial transmission, and whether each reserved retransmission resource will be used depends on the HARQ feedback.

· Option 2: The resource for retransmission will be determined on demand based on the HARQ feedback result.

For the unicast/groupcast transmission, the Tx UE should know where to monitor the HARQ feedback result. In order to have a common understanding where to send and receive HARQ feedback result between the Rx UE and the Tx UE, the principle is that the resource for HARQ feedback used by Rx UE is associated with the unicast/groupcast transmission for mode 1 and mode 2.
Proposal 4: For the HARQ feedback in unicast and groupcast transmission, the principle is that the resource for HARQ feedback used by Rx UE is associated with the unicast/groupcast transmission for mode 1 and mode 2.
3 Conclusion

In this paper, we have discussed some issues about HARQ feedback support for unicast and groupcast in NR sidelink, and have made the following proposals:
Proposal 1: Asynchronous HARQ mechanism is adopted for NR sidelink.

Proposal 2: For unicast/groupcast communication, each corresponding HARQ process at the Rx UE should be associated with Source ID, destination ID and HARQ process ID. 

Proposal 2a: For unicast/groupcast communication, each corresponding HARQ process at the Tx UE should be associated with destination ID and HARQ process ID.

Proposal 3: The following two options can be considered to be the resource selection mechanism for unicast and groupcast with HARQ feedback based retransmission.

· Option 1: The resource for initial transmission and potential retransmission are reserved before the initial transmission, and whether each reserved retransmission resource will be used depends on the HARQ feedback.

· Option 2: The resource for retransmission will be determined on demand based on the HARQ feedback result.
Proposal 4: For the HARQ feedback in unicast and groupcast transmission, the principle is that the resource for HARQ feedback used by Rx UE is associated with the unicast/groupcast transmission for mode 1 and mode 2.
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