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Introduction
In the RAN1#94bis meeting, the following agreements have been achieved for HARQ-ACK feedback in NR V2X.
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
FFS in the context of Mode 1:
whether/how to convey information for SCI on downlink
whether/how to convey information of SFCI on uplink

In this contribution, we share some further considerations on HARQ-ACK feedback for unicast.
[bookmark: _Ref228947482]Discussion
[bookmark: OLE_LINK2][bookmark: OLE_LINK3][bookmark: OLE_LINK6][bookmark: OLE_LINK7]In LTE V2X, broadcast is supported to convey safety related messages. For NR V2X, SA1 has identified enhanced use cases for V2X services which have more stringent requirements on latency, reliability and data rate [1]. In addition to broadcast, unicast is also important and necessary in terms of fulfilling the requirements of advanced services. For example, if a large amount of information, such as sensing results or video data, needs to be exchanged between two vehicles, unicast would be more favorable. HARQ-ACK feedback is beneficial for meeting the reliability requirement and has been agreed to be supported for unicast. For different modes including Mode 1 and Mode 2, HARQ-ACK can be transmitted towards different sources. For Mode 1 where resources for sidelink transmission are scheduled by the base station, HARQ-ACK can be transmitted to the base station via NR Uu to facilitate retransmission scheduling. For Mode 2 where resources for sidelink transmission are autonomously determined by the UE, HARQ-ACK can be transmitted to the UE via NR sidelink.
HARQ-ACK transmitted via NR Uu
If a base station schedules sidelink resources for unicast (Mode 1), HARQ-ACK report to the base station through NR Uu can be considered. Reporting HARQ-ACK to the base station can be seen as a way of requesting retransmission resources from the base station. By this way, a more timely resource request can be achieved compared with using SR. This is due to the fact that a UE can directly follow HARQ-ACK timing to transmit HARQ-ACK, whereas a UE may have to wait for an available SR occasion to transmit SR. Reporting HARQ-ACK to the base station can also facilitate retransmission scheduling. Since the base station has global control over resource allocation of in-coverage UEs, adaptive retransmission can be achieved with less collisions, more efficiency and higher flexibility. Some details may need to be studied for HARQ-ACK report. Assuming unicast between two in-coverage UEs, denoted as source UE and target UE as shown in Figure 1, one potential issue is which UE reports HARQ-ACK to the base station. Furthermore, if the target UE reports HARQ-ACK, how the UE acquires HARQ related information, e.g. HARQ-ACK timing and resource, also needs to be studied.


Figure 1. An example of HARQ-ACK transmitted to the gNB
Proposal 1: Reporting HARQ-ACK through NR Uu should be supported at least for Mode 1 where the base station schedules sidelink transmissions. 
HARQ-ACK transmitted via NR sidelink
If a UE determines resources for unicast transmission (mode 2), HARQ-ACK will be transmitted to the UE. To avoid collisions or interference, a UE may have a freedom to determine resources to transmit HARQ-ACK just like the way a LTE-V2X Mode-4 UE transmits PSCCH and PSSCH. In this case, another UE may need to blind decode HARQ-ACK bits. HARQ-ACK can be carried by new physical sidelink channels (e.g. NR-like PUCCH) or existing physical sidelink channels (e.g. PSCCH or PSSCH).
If defining new physical channels to carry HARQ-ACK and possible CSI if supported, the structure of NR-like PUCCH can be used as a starting point. The uniform structure may ease the coexistence between sidelink and NR Uu on a shared licensed carrier. For example, the “uplink” and/or “flexible” symbols in a self-contained NR slot may be utilized to feedback sidelink HARQ-ACK/CSI. Also NR-like PUCCH has the capability to multiplex UCI of multiple UEs. If the requirements on such multiplexing capacity are to be met, e.g., a RSU may receive HARQ-ACK/CSI from multiple UEs, NR-like PUCCH can be beneficial in terms of improving spectral efficiency. However, the impact of power imbalance among different UEs should be considered and power control may need to be further studied. As aforementioned, a UE may need to blind decode HARQ-ACK/CSI information bits, then how to guarantee false alarm and/or miss-detection performance should also be considered. Since NR-like PUCCH is a new physical channel, the coexistence with PSCCH and PSSCH, and the potential impact from AGC, guard period and DM-RS etc. should be carefully considered. For example, if the required time interval for accommodating both guard period and AGC can be shorter than one symbol, then reserving only one symbol in front of NR-like PUCCH will be sufficient. An exemplified structure of PSSCH and SFCI multiplexing is shown in Figure 2.


Figure 2. An example of conveying SFCI by a new physical channel
Proposal 2: If HARQ-ACK can be carried by new physical sidelink channels, at least the structure of NR-like PUCCH can be used as a starting point. The symbol(s) ahead of NR-like PUCCH should be reserved for guard period and AGC.
If reusing existing physical channels PSCCH/PSSCH to convey HARQ-ACK and possible CSI if supported, one issue to be considered is how to identify whether PSCCH is for scheduling data or for indicating HARQ-ACK. As shown in Figure 3 Case A, HARQ-ACK is conveyed in PSCCH. If HARQ-ACK would be transmitted together with CSI, PSSCH may be considered to accommodate possibly big feedback overhead as shown in Figure 3 Case B. Also, if the UE performing HARQ-ACK feedback happens to have data to be transmitted to the same destination UE, HARQ-ACK piggyback on PSSCH may be considered as shown in Figure 3 Case C. Therefore, PSCCH may have more than one usage as shown in Figure 1. When receiving PSCCH, a UE should be able to identify what purpose the PSCCH is used for.


Figure 3. Examples of conveying HARQ-ACK by PSCCH/PSSCH
Proposal 3: If HARQ-ACK can be carried by PSCCH/PSSCH, methods to identify whether a received SCI is for scheduling data or for indicating HARQ-ACK should be studied.
Other related issues
If the latency requirement is stringent, blind retransmission or repetition can be used where retransmission does not have to wait for HARQ-ACK feedback. Also blind retransmission or repetition can work together with HARQ-ACK based retransmission. Since high reliability and low latency may be both required, the number of blind retransmissions or repetitions needs to be increased compared with LTE V2X (the repetition number is 2 in LTE V2X), and continuous transmissions in time can also be considered. Figure 4 shows an example of using slot aggregation to achieve blind retransmission or repetition. In this case, the AGC symbol and guard period between slots can be saved and thus improving efficiency. The AGC symbol and guard period can be placed at the front and/or the end of the aggregated slots.


Figure 4. An example of slot aggregation
Proposal 4: Blind retransmission or repetition can be supported together with HARQ-ACK based retransmission, and slot aggregation can be considered to reduce the overhead of AGC symbols and guard periods.
[bookmark: _GoBack]Another issue that can be considered for HARQ operation in Mode 1 is whether the DCI with SL grant should indicate the target UE of the scheduled resource. Since the source UE may have more than one sidelink unicast or groupcast transmissions towards different target UEs or UE groups, the source UE might need to know the target UE (group) of the scheduled resource in the SL grant. Otherwise, the source UE may misunderstand the gNB’s intention, resulting in using the resource scheduled for one target UE’s retransmission to transmit an initial transmission to another target UE. This is an unintended behavior. 
Proposal 5: For Mode 1, the DCI with sidelink grant (SL grant) should indicate the target UE of the scheduled resource. 
Conclusions
In this contribution, we share some views on supporting HARQ-ACK feedback for NR-V2X unicast. Some design aspects are highlighted. The proposals are summarized as follows.
Proposal 1: Reporting HARQ-ACK through NR Uu should be supported at least for Mode 1 where the base station schedules sidelink transmissions.
Proposal 2: If HARQ-ACK can be carried by new physical sidelink channels, at least the structure of NR-like PUCCH can be used as a starting point. The symbol(s) ahead of NR-like PUCCH should be reserved for guard period and AGC.
Proposal 3: If HARQ-ACK can be carried by PSCCH/PSSCH, methods to identify whether a received SCI is for scheduling data or for indicating HARQ-ACK should be studied.
Proposal 4: Blind retransmission or repetition can be supported together with HARQ-ACK based retransmission, and slot aggregation can be considered to reduce the overhead of AGC symbols and guard periods.
Proposal 5: For Mode 1, the DCI with sidelink grant (SL grant) should indicate the target UE of the scheduled resource.
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