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Introduction
In NR V2X, HARQ-ACK feedback is beneficial for meeting the reliability requirement and, therefore, has been agreed to be supported for unicast and groupcast. In RAN1#95, some further agreements have been achieved for this feature.
[bookmark: OLE_LINK52][bookmark: OLE_LINK53]In this contribution we continue our discussion on various aspects of HARQ-ACK feedback procedure for NR V2X, including HARQ-ACK transmitted via NR Uu, HARQ-ACK transmitted via NR sidelink, and some further details are also included in the discussion of these two main topics, respectively.
[bookmark: _Ref228947482]Discussion
HARQ-ACK transmitted via NR Uu
In RAN1 #95, the following agreement was made with respect to sending SL information to gNB for mode 1:
Agreements:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK10][bookmark: OLE_LINK16][bookmark: OLE_LINK17]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
[bookmark: OLE_LINK12]Which UE to send to gNB
Which channel to use
Which resource to use

In this section, we try to analysis the four FFSs in this agreement one by one and give our proposals respectively.
Which information to send
[bookmark: OLE_LINK56][bookmark: OLE_LINK57]For Mode 1 where resources for sidelink transmission are scheduled by the base station, SL (sidelink) HARQ-ACK can be transmitted to the base station via NR Uu to facilitate retransmission scheduling. Reporting SL HARQ-ACK to the base station can be seen as a way of requesting retransmission resources from the base station. Another conceivable approach is to request retransmission resource by reporting SR to gNB. However, this scheme may not be timely compared with reporting HARQ-ACK to gNB. This is due to the fact that a UE can directly follow SL 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. However, if the SR reporting scheme is adopted here, base station cannot adaptively schedule a retransmission.
Proposal 1: For Mode 1, SL HARQ-ACK should be available to gNB at least for the purpose of triggering retransmission resource scheduling.

Which UE to send to gNB
The HARQ-ACK report mechanism should be considered separately for unicast and groupcast due to there are different more concerned performance indicators in these two scenarios. For example, latency and reliability need to be considered more for unicast, but the resource overhead is more concerned in groupcast scenario.
· [bookmark: OLE_LINK18]Unicast
[bookmark: OLE_LINK41][bookmark: OLE_LINK42]In a unicast transmission, if the destination UE is out-of-coverage or in RRC idle state (the source UE is in-coverage and in RRC connected state, this is natural for Mode 1), there is only one option for this case: SL HARQ-ACK is sent by the source UE, the reason is that the destination UE cannot connect with the base station in this case. By the way, the ID of the destination UE can be reported to gNB by the source UE if the destination UE is out-of-coverage or in RRC idle state.
[bookmark: OLE_LINK37]If the destination UE is also in-coverage and in RRC connected state like the source UE, there are two options for this case: SL HARQ-ACK is sent to gNB by the source UE or destination UE. In our opinion, sending SL HARQ-ACK by the destination UE is preferable because the destination UE does not need to send the HARQ-ACK to the source UE firstly, as described by figure 1a and 1b. Then the latency is lower than the source UE sending option.
Proposal 2: For a Mode 1 unicast transmission, if the destination UE is in-coverage and in RRC connected state, SL HARQ-ACK is sent by the destination UE; otherwise, SL HARQ-ACK is sent by the source UE.



Figure 1a. HARQ-ACK transmitted to the gNB by destination UE for unicast  


 Figure 1b. HARQ-ACK transmitted to the gNB by source UE for unicast


· Groupcast
[bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK21][bookmark: OLE_LINK22]In groupcast scenario, if the SL HARQ-ACK is sent by the destination UEs to gNB, there are two possible options: same resource or separate resources are used for the multiple destination UEs to report SL HARQ-ACK. It is difficult to coordinate the HARQ feedback timing and resource between the multiple destination UEs if the former scheme is adopted; else if the latter one is adopted, the resource overhead may be unacceptable.  On the other hand, it is more desirable to make the source UE take responsibility for reporting SL HARQ-ACK. The details are if the source UE receives at least one “NACK” from one or more of the multiple destination UEs during the period from the end of the SL transmission to the DCI indicated timing, “NACK” is reported by the source UE to gNB; otherwise, the source UE reports“ACK”  to gNB. Moreover, the base station is required to indicate the feedback timing and resource to the source UE in both unicast and groupcast scenario.
Proposal 3: For a Mode 1 groupcast transmission, SL HARQ-ACK is sent by the source UE.



Figure 2. HARQ-ACK transmitted to the gNB by source UE for groupcast


[bookmark: OLE_LINK38]Which channel to use
[bookmark: OLE_LINK30][bookmark: OLE_LINK31]In LTE and NR Uu, HARQ-ACK is conveyed to eNB/gNB by PUCCH and can also be conveyed by PUSCH if there are UL data to be transmitted as well. Thus, the most direct way is to reuse this scheme for reporting SL HARQ-ACK via NR Uu. Some details may need to be further considered, for example, whether/how the Uu feedback information and SL HARQ-ACK can be multiplexed in a same PUCCH when a UE needs to transmit feedback on Uu and SL simultaneously, impact on the UCI drop mechanism when the UCI of SL is multiplexed with the UCI of Uu in a same PUCCH, etc.
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]Proposal 4: SL HARQ-ACK is conveyed by PUCCH, and can also be conveyed by PUSCH if there are UL data to be transmitted as well. 
· Some details may need to be further considered.

Which resource to use
[bookmark: OLE_LINK39][bookmark: OLE_LINK40]In order not to increase the amount of work on specification, PUCCH resource indication and resource set selection mechanism in Rel-15 can be regarded as a starting point here. When SL HARQ-ACK is sent by source UE, the PUCCH resource for reporting SL HARQ-ACK can also be directly indicated by the SL scheduling DCI; when SL HARQ-ACK is sent by destination UE, the indication of the PUCCH resource for reporting SL HARQ-ACK needs to be forwarded by the source UE to the destination UE, and PSCCH can be used for conveying this indication. Some fields which are used to indicate the PUCCH resource for SL HARQ-ACK feedback should be included in the corresponding format of DCI which is used for NR V2X Mode 1’s scheduling.
Proposal 5: PUCCH resource indication and resource set selection mechanism in Rel-15 can be regarded as a starting point for reporting SL HARQ-ACK.
· [bookmark: OLE_LINK54][bookmark: OLE_LINK55]When SL HARQ-ACK is sent by source UE, the PUCCH resource for reporting SL HARQ-ACK is indicated by the SL scheduling DCI.
· When SL HARQ-ACK is sent by destination UE, the indication of the PUCCH resource for reporting SL HARQ-ACK is indicated by the SL scheduling DCI and needs to be forwarded by the source UE to the destination UE.

[bookmark: OLE_LINK58][bookmark: OLE_LINK59]As mentioned before, when a UE needs to transmit SL HARQ-ACK to gNB, it may also have some feedback information to be transmitted for Uu simultaneously, such as HARQ-ACK and/or CSI. Then the issue is whether the PUCCH resource for SL is independent of the PUCCH resource for Uu. In our opinion, for an NR V2X service, if the requirement for reliability is high, or on Uu there is a URLLC type of service, a more beneficial approach is to separate the PUCCH resource for SL from the resource for Uu; otherwise, SL HARQ-ACK can be multiplexed with the Uu feedback information in a same PUCCH resource.
Proposal 6: When transmitting SL feedback information to gNB, the following can be considered.
· The SL feedback information is transmitted on a PUCCH resource determined independently from the resource for Uu feedback information.
· The SL feedback information is multiplexed with the Uu feedback information in a same PUCCH resource.

HARQ-ACK transmitted via NR sidelink
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

[bookmark: OLE_LINK43]In this section, we share some further considerations on HARQ-ACK transmitted via NR sidelink.
In NR V2X Mode 2, UEs can be out-of-coverage and thus HARQ-ACK will be transmitted to the source UE. It has been agreed to define a new physical channel PSFCH to carry HARQ-ACK. It can be feasible to also use other physical channels to convey HARQ-ACK. At least HARQ-ACK piggyback on PSSCH can be supported. Then once HARQ-ACK and data need to be transmitted to a same UE in a slot, both of them can be transmitted through PSSCH. 
Proposal 7: As for conveying HARQ-ACK via physical channels other than PSFCH, at least HARQ-ACK piggyback on PSSCH can be supported.

It has not been decided whether to support CSI feedback in NR V2X. In our view, CSI feedback could be useful at least for unicast where two UEs are not moving too fast. If CSI feedback is supported, CSI piggyback on PSSCH can also be supported.
For HARQ-ACK transmission via sidelink, it can be considered to allow a UE to autonomously select HARQ-ACK resources. In NR V2X Mode 2, a major characteristic is that a UE autonomously selects resources for sidelink transmission. More specifically, when a UE has PSCCH and/or PSSCH to transmit, sensing including SCI decoding and/or sidelink measurements can be used to avoid colliding and/or interfering with other concurrent sidelink transmissions. To achieve a similar benefit on collision/interference avoidance, if a UE needs to transmit HARQ-ACK, it should also be possible for the UE to autonomously select resources for HARQ-ACK transmission. When a HARQ-ACK-transmitting UE autonomously determines HARQ-ACK resources, the corresponding HARQ-ACK-receiving UE needs to blind detect HARQ-ACK bits. 
In LTE V2X, the autonomous resource selection for PSCCH/PSSCH transmission is only based on the sensing results of the transmitting UE even if the interference environments of the transmitting and receiving UEs could be different. This is because the transmission is broadcast and thus it is difficult or unnecessary to take the surrounding environment of each receiving UE into account. However, HARQ-ACK feedback in NR V2X is a transmission towards one UE and thus it is basically in a manner of unicast. In this case, the LTE-V2X resource selection can be improved by also taking the receiving UE into account. It can be beneficial if the resource selection is based on the sensing results of both transmitting and receiving UEs. For example, the data-transmitting UE can indicate some preferred resources to the data-receiving UE. This will provide the data-receiving UE a freedom to select HARQ-ACK resources by taking the indicated resources into consideration.
Proposal 8: It can be considered to let a UE autonomously select resources to transmit HARQ-ACK.

When conveying HARQ-ACK via PSFCH, whether to also convey source ID and/or destination ID in PSFCH can be further considered. If a UE can have multiple unicast sessions, the UE may transmit HARQ-ACK to or receive HARQ-ACK from multiple UEs. In this case, a UE may need to be able to identify which HARQ-ACK is transmitted to himself and which UE the received HARQ-ACK comes from. The ability to distinguish HARQ-ACK is required especially when overlapped HARQ-ACK resources are scheduled due to independent HARQ scheduling of different unicast UE-pairs. For data transmission, it has been agreed to include destination ID and an additional ID (e.g. source ID) in PSCCH. For HARQ-ACK transmission, it can also be considered to associate source and/or destination ID with HARQ-ACK. How to convey these IDs via PSFCH may be related to the SFCI format design and thus can be further studied.
Proposal 9: Whether/how to convey source ID and/or destination ID in PSFCH can be further studied. 



Figure 3 Examples of potential power control issues

For unicast, power control can be considered to improve efficiency and avoid excessive interference to others. When a UE has multiple unicast sessions with multiple UEs, another HARQ related issue could come from power control. Two examples are shown in Figure 3. In the left figure, a UE needs to transmit PSSCH and PSFCH towards two different UEs. Since these two UEs may have different distances with the transmitting UE, power control may yield different transmission power for PSSCH and PSFCH. This will require symbol-level power adjustments within a slot. The impact on implementations by doing such fast power control should be considered. As shown in the right figure, since HARQ timing of different UE pairs can be independently determined, a UE may need to transmit more than one PSFCH within a symbol. In this case, how to share power among these PSFCHs needs to be studied.
Proposal 10: Further study potential power control issues if a UE has PSFCH and/or PSSCH transmissions towards different UEs.

CBG-based (re)transmission and CBG-based HARQ-ACK have been introduced in NR Rel-15. One of the motivations is to support preemption where URLLC services can override eMBB services. For NR V2X, services with different requirements need to be supported and thus preemption can still be useful. To support preemption, CBG-based (re)transmission and CBG-based HARQ-ACK can also be supported in NR V2X. Additionally, the physical layer structure of PSFCH could make channel conditions vary a lot within one slot. Since the duration of PSFCH may be smaller than that of a slot, PSFCH may add additional power on only a part of a slot and make only partial code blocks within a TB not received successfully. More details can be found in our companion contribution [1]. When only a partial TB fails due to e.g. the impact of PSFCH, CBG-based (re)transmission and CBG-based HARQ-ACK can also be used to save retransmission overhead. 
In NR V2X, transmission will occur in a certain resource pool. It could be possible that there is no preemption within a resource pool or there is no aforementioned channel condition fluctuation within a resource pool. For such a resource pool, CBG-based (re)transmission and CBG-based HARQ-ACK may not need to be configured. Therefore, it can be considered to configure CBG-based (re)transmission and CBG-based HARQ-ACK on a per resource pool basis.
Proposal 11: It can be considered to introduce CBG-based (re)transmission and CBG-based HARQ-ACK.

Conclusions
In this contribution, we share some views on supporting HARQ-ACK feedback for NR V2X. Some design aspects are highlighted. The proposals are summarized as follows.
Proposal 1: For Mode 1, SL HARQ-ACK should be available to gNB at least for the purpose of triggering retransmission resource scheduling.
Proposal 2: For a Mode 1 unicast transmission, if the destination UE is in-coverage and in RRC connected state, SL HARQ-ACK is sent by the destination UE; otherwise, SL HARQ-ACK is sent by the source UE.
Proposal 3: For a Mode 1 groupcast transmission, SL HARQ-ACK is sent by the source UE.
Proposal 4: SL HARQ-ACK is conveyed by PUCCH, and can also be conveyed by PUSCH if there are UL data to be transmitted as well. 
· Some details may need to be further considered.
Proposal 5: PUCCH resource indication and resource set selection mechanism in Rel-15 can be regarded as a starting point for reporting SL HARQ-ACK.
· When SL HARQ-ACK is sent by source UE, the PUCCH resource for reporting SL HARQ-ACK is indicated by the SL scheduling DCI.
· When SL HARQ-ACK is sent by destination UE, the indication of the PUCCH resource for reporting SL HARQ-ACK is indicated by the SL scheduling DCI and needs to be forwarded by the source UE to the destination UE.
Proposal 6: When transmitting SL feedback information to gNB, the following can be considered.
· The SL feedback information is transmitted on a PUCCH resource determined independently from the resource for Uu feedback information.
· The SL feedback information is multiplexed with the Uu feedback information in a same PUCCH resource.
Proposal 7: As for conveying HARQ-ACK via physical channels other than PSFCH, at least HARQ-ACK piggyback on PSSCH can be supported.
Proposal 8: It can be considered to let a UE autonomously select resources to transmit HARQ-ACK.
Proposal 9: Whether/how to convey source ID and/or destination ID in PSFCH can be further studied. 
[bookmark: _GoBack]Proposal 10: Further study potential power control issues if a UE has PSFCH and/or PSSCH transmissions towards different UEs.
Proposal 11: It can be considered to introduce CBG-based (re)transmission and CBG-based HARQ-ACK.
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