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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#94b meeting, the following agreements are made [2]:

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.

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
Agreements:

· Sidelink control information (SCI) is defined.

· SCI is transmitted in PSCCH.

· SCI includes at least one SCI format which includes the information necessary to decode the corresponding PSSCH.

· NDI, if defined, is a part of SCI.

· Sidelink feedback control information (SFCI) is defined.

· SFCI includes at least one SFCI format which includes HARQ-ACK for the corresponding PSSCH.

· FFS whether a solution will use only one of “ACK,” “NACK,” “DTX,” or use a combination of them.

· FFS how to include other feedback information (if supported) in SFCI.

· FFS how to convey SFCI on sidelink in PSCCH, and/or PSSCH, and/or a new physical sidelink channel

In this contribution, the design of HARQ procedures for NR sidelink unicast and groupcast communications are discussed.
2 UE procedures for reporting sidelink HARQ feedback

2.1 Sidelink HARQ-ACK report timing

The HARQ-ACK reporting time should allow enough UE processing time. On the other hand, the delay from receiving sidelink data transmission to sending HARQ-ACK feedback should be small enough so the data can be timely re-transmitted if the previous (re)transmission fails. Considering various V2x services requirements, it would be beneficial to allow flexible HARQ-ACK feedback timing for different latency requirements. On the other hand, setting a flexible HARQ-ACK feedback timing is beneficial to avoid potential collisions among HARQ-ACK feedback transmissions and with other signals. Therefore, similar as the design in NR DL/UL, dynamic HARQ-ACK timing should be supported for sidelink communications.
Proposal 1: Dynamic HARQ-ACK feedback timing should be supported.
2.2 HARQ feedback resource selection

The exact HARQ-ACK feedback timing and resource can be determined either by the data scheduling UE, or by the UE reporting the HARQ-ACK information. 
Option 1: the HARQ transmission timing & resource of a given TB is indicated by associated the PSCCH 
If the data scheduling UE makes the decision, the indication of HARQ-ACK feedback timing and resource can be included in the SCI, and transmitted in PSCCH. The data receiving UE needs to feedback the HARQ-ACK information in the given timing and resource, and the transmitting UE does not need to blindly detect the HARQ-ACK feedback. However, the payload size of SCI will be increased. Further study may be needed to avoid transmitting UE assigning a HARQ-ACK feedback timing beyond receiving UE processing capability. It also needs further study on how to mitigate potential collisions among HARQ-ACK feedback transmissions, and between HARQ-ACK feedbacks and other sidelink transmissions.
Option 2: the HARQ transmission timing & resource is determined by UE which reports the HARQ-ACK
The receiving UE can use sensing and resource selection mechanism similar as data transmission for HARQ timing and resource selection. To avoid very late HARQ feedback, the maximum feedback delay needs to be acknowledged by the receiver UE e.g. during unicast/groupcast connection initialization. As the transmitting UE does not know the exact timing and resource of HARQ feedback transmission, it needs to do blind detection to receive the HARQ-ACK feedback. To correctly associate the HARQ feedback with the data transmission, necessary additional information may need to be conveyed together with the HARQ-ACK information.

Based on the above discussion, option 1 is slightly preferred as it has less complexity on receiving HARQ-ACK feedback. Therefore, we made the following proposal:

Proposal 2: the HARQ transmission timing & resource of a given TB is indicated by the associated PSCCH 
2.3 Sidelink HARQ-ACK feedback signaling 
It has been discussed whether a new sidelink physical channel needs to be defined to convey HARQ-ACK feedback. Considering the different intention and different payload size of SCI and SFCI, a feedback control channel can be beneficial. In addition, to avoid the potential interference and collision between SCI and SFCI transmissions, different resource pools can be defined for SCI and SFCI transmission. 
To support dynamic HARQ feedback, the HARQ-ACK bits of data transmission from the same UE may need to be combined together and reported in the same slot.  Dynamic HARQ-ACK codebook design can be considered to reduce the signaling cost. Furthermore, the feedback channel design should be able to support various number of feedback bits.
For groupcast communication, multiple UEs may need to feedback for the same data transmission. If the number of receivers are large, the signalling cost of groupcast HARQ feedback can be large. Although allowing receiver to only feedback NACK can efficiently reduce the signalling cost, the reliability of groupcast communication would be broken as miss detection of PSCCH would be regarded as ACK. Further investigation would be needed on the balance between signalling cost and groupcast reliability.
3 Conclusion
In this contribution, the deisgn to support HARQ for sidelink unicast/groupcast transmission is discussed. Based on the discussion, we made the following proposals:

Proposal 1: Dynamic HARQ-ACK feedback timing should be supported.
Proposal 2: the HARQ transmission timing & resource of a given TB is indicated by the associated PSCCH 
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