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Introduction
In this contribution, we discuss SL PHY layer procedures, including HARQ-ACK feedback procedure, CSI acquisition procedure and power control procedure.
Discussion

HARQ-ACK feedback procedure
At the RAN1#94b meeting, it was agreed that HARQ-ACK feedback is supported for unicast and groupcast transmission. In the following, HARQ-ACK feedback signalling flow, HARQ-ACK resource and timing, HARQ-ACK misunderstanding, HARQ-ACK for groupcast transmission in SL will be discussed. 
HARQ-ACK feedback signalling flow
HARQ-ACK feedback flow can be designed dedicated to each resource allocation mode. 
	Agreements:
It is supported that in mode 1 for unicast, the in-coverage UE sends an indication to gNB to indicate the need for retransmission 
· At least PUCCH is used to report the information
· If feasible, RAN1 reuses PUCCH defined in Rel-15
· The gNB can also schedule re-transmission resource
· FFS transmitter UE and/or receiver UE
· If receiver UE, the indication is in the form of HARQ ACK/NAK
· If transmitter UE, FFS


For mode 1, at least HARQ ACK/NACK can be reported to gNB as agreed at RAN1#1901 ad-hoc meeting, and a further study point is whether TX UE and/or RX UE performs the reporting. SL HARQ-ACK feedback from RX UE to base station can be easily supported by using PUCCH as shown in Fig.1(a), but for some case, e.g., when TX UE and RX UE are camping on different cells, RX UE cannot feedback HARQ-ACK to the base station which scheduled the SL transmission. In this case, it can be considered that HARQ-ACK feedback is firstly transmitted from RX UE to TX UE (via PSFCH) and then relayed to the scheduling base station via TX UE as shown in Fig. 1(b). Although ACK/NACK relaying procedure is always feasible, the feedback latency and feedback signalling overhead is large. Therefore, it is proposed that both above discussed approaches can be supported, and condition to trigger one of the approach can be considered.
Proposal 1: For mode 1, 1) support RX UE to feedback HARQ-ACK signalling to base station in PUCCH; 2) support RX UE to feedback HARQ-ACK signalling to TX UE in PSFCH, and then TX UE to relay the HARQ-ACK signalling in UL.
· FFS: How to switch between the above procedures, e.g., based on gNB configuration/indication.
For mode 2-a/2-c, SFCI/PSFCH can be used to convey HARQ-ACK feedback information as shown in Fig. 1(c), and the signalling can be transmitted from RX UE to TX UE.
For mode 2-d, scheduling UE in the UE group can configure resource to the member UE(s) in a UE group. The signalling flow of mode 1 HARQ-ACK can be reused in mode 2-d, if the transmission only occurs between UEs in the UE group, RX UE can directly feedback HARQ-ACK to scheduling UE; if the transmission occurs between UE in the UE group and (a)other UE(s) outside the group, then only allowing RX UE to feedback HARQ-ACK to scheduling UE is not safety, because scheduling UE may be out of transmission range of RX UE, then TX UE relay HARQ-ACK feedback from RX UE to scheduling UE needs to be supported.
Proposal 2: For mode 2-d, 1) support RX UE to feedback HARQ-ACK signalling to scheduling UE in PSFCH. 2) support RX UE to feedback HARQ-ACK signalling to TX UE in PSFCH, and then TX UE to relay the HARQ-ACK signalling to scheduling UE in SL.
· FFS: How to switch between the above procedures.
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Figure 1 SL HARQ-ACK feedback signalling flow
HARQ-ACK feedback resource/timing
At RAN1#1901 ad-hoc meeting, it was agreed that HARQ feedback timing determination w/o dynamic timing indication signalling in PSCCH can be assumed for NR V2X mode 2, and whether this is applied to mode 1 is FFS. 
	Agreements:
For determining the resource of PSFCH containing HARQ feedback, support that the time gap between PSSCH and the associated PSFCH is not signaled via PSCCH at least for modes 2(a)(c)(d) (if respectively supported) 
· FFS whether or not to additionally support other mechanism(s) for modes 2(a)(c)(d)
· FFS for mode 1


Considering unified design between mode 1 and mode 2, “the time gap between PSSCH and the associated PSFCH is not signalled via PSCCH” can be supported for mode 1 as well. However, based on NR Uu design, dynamic HARQ-ACK timing indication (e.g., via DCI) is beneficial considering scheduling flexibility, therefore, it can be further assessed whether to support dynamic HARQ-ACK timing indication at least for NR V2X mode 1. 
Proposal 3: For mode 1, time gap between PSSCH and the associated PSFCH can be, 
· Option 1: signaled via PSCCH.
· Option 2: not signaled via PSCCH.
· FFS how to use each of the above option in work item.
Regarding determination of frequency domain resource, the principle of determination of time gap between PSSCH and the associated PSFCH can be reused and following proposal can be made.
Proposal 4: For mode 2, support that the frequency domain resource of PSFCH is not signalled via PSCCH.
Proposal 5: For mode 1, frequency domain resource of PSFCH can be, 
· Option 1: signaled via PSCCH.
· Option 2: not signaled via PSCCH.
· FFS how to use each of the above option in work item.
Regarding determination of code-domain resource (if supported), the generation of the sequence should at least base on TX UE ID, the reason is described in the following discussion about HARQ-ACK misunderstanding issue. Moreover, for groupcast transmission, each RX UE may feedback HARQ-ACK/NACK to TX UE, in this case, it is reasonable that the code-domain resource is used for distinguishing different RX UEs, which means the generation of code-domain resource of PSFCH is based on RX UE ID for groupcast transmission, at least for the case where both ACK and NACK needs to be reported to TX UE. 
Proposal 6: Determination of code-domain resource of PSFCH (if supported) based on TX UE ID and/or RX UE ID.
HARQ-ACK misunderstanding issue
HARQ-ACK misunderstanding issue is shown in Fig. 2. Assuming that UE 2 feedbacks NACK to UE 1, while UE 3 (proximity UE of UE 2) feedbacks ACK to UE 4. If UE 2 and UE 3 accidently use identical resource to feedback the HARQ-ACK feedback, UE 1 may misunderstand whether NACK or ACK is received as shown in Fig. 2(ii), and UE 4 may misunderstand as well as shown in Fig. 2(iii). 
In order to resolve the misunderstanding, the HARQ-ACK signalling can convey some ID information, e.g., TX UE ID can be conveyed by HARQ-ACK signalling.
Proposal 7: Support HARQ-ACK signalling to convey TX UE ID to address HARQ-ACK misunderstanding issue.
· FFS details including how to convey the ID(s), e.g., the TX UE ID conveyed in the SFCI or used for CRC scrambling or HARQ-ACK sequence generation based on TX UE ID (if sequence based PSFCH is supported).
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Figure 2 SL HARQ-ACK misunderstanding
HARQ-ACK for groupcast transmission
Following agreement was made regarding HARQ-ACK feedback for groupcast transmission at the RAN1#1901 meeting.
	Working assumption:
When HARQ feedback is enabled for groupcast, support (options as identified in RAN1#95):
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
FFS applicability of option 1 and option 2 – this part is particularly relevant to confirm (or not) the working assumption


For option 1, single HARQ-NACK resource can be assumed for each groupcast packet transmission, while for option 2, the number of HARQ-ACK resource depends on number of RX UEs per groupcast packet transmission. Obviously, the benefit of option 1 is lower signalling overhead, but very high reliability is not guaranteed due to DTX issue in option 1. However, option 2 can solve DTX issue, but the pre-condition to enable option 2 is that PHY layer need to know each RX UE ID for a groupcast packet transmission (out of RAN1 expertise) and each RX UE should be able to derive dedicated resource for ACK/NACK feedback. Based on above discussion, both options have pro. and cons., and can be feasible from RAN1 perspective. Therefore, following proposal is made: 
[bookmark: _GoBack]Proposal 8: Confirm the working assumption, i.e., when HARQ feedback is enabled for groupcast, support 
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK

CSI feedback procedure
	Agreements:
In the context of sidelink CSI, RAN1 to study further which of the following information is useful in sidelink operation when it is available at the transmitter.
· Information representing the channel between the transmitter and receiver
· Information representing the interference at receiver
· Examples for this information are
· CQI, PMI, RI, RSRP, RSRQ, pathgain/pathloss, SRI, CRI, interference condition, vehicle motion
· FFS including
· Such information can be acquired using reciprocity or feedback
· Time scale of the information
· Which information is useful in which operation and scenario



At the RAN1#94b meeting, it was agreed to further study SL CSI. According to the agreement, the SL CSI information can a) represent the interference at receiver; b) represent the channel between the transmitter and receiver; In this section, CSI acquisition signalling flow will be discussed.
For a), when CSI information reflects the interference at receiver, reporting the CSI can assist scheduling node to perform resource allocation or assist TX UE to perform resource selection. Regarding CSI reporting signalling flow, HARQ-ACK feedback signalling flow stated in section 2.3 can be reused. Therefore, following proposals are made:
Proposal 9: CSI information which reflects interference at receiver can be reported.
· For mode 1, 1) RX UE to report CSI to base station in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report in UL.
· For mode 2-a/2-c, RX UE to report CSI to TX UE in PSFCH.
· For mode 2-d, 1) RX UE to report CSI to scheduling UE in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report to scheduling UE in in PSFCH.
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Figure 3 SL CSI report signalling flow – alt. 1
For b), when CSI information only represents the channel between the transmitter and receiver, then link adaptation can be performed, e.g., MCS adjustment. Regarding the related CSI acquisition, CSI reporting can apply as well and the above-discussed CSI reporting signalling flow can be reused. But, if channel reciprocity is assumed, Tx UE can be aware of SL channel quality by receiving SS, RSs or packets from RX-UEs. In such case, CSI feedback from RX UE to TX UE may not be necessary, then CSI acquisition procedure can be simplified, e.g., for mode 1 or mode 2-d, only CSI report from TX UE to scheduling node needs to be supported as shown in Fig. 4(a); for mode 2-a/2-c, CSI report is not necessary as shown in Fig. 4(b).
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Figure 4 SL CSI acquisition signalling flow – alt. 2 
Proposal 10: Support TX UE and/or scheduling node to acquire CSI information which presents the channel between the transmitter and receiver.
· If channel reciprocity is not assumed.
· For mode 1, 1) RX UE to report CSI to base station in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report in UL.
· For mode 2-a/2-c, RX UE to report CSI to TX UE in PSFCH.
· For mode 2-d, 1) RX UE to report CSI to scheduling UE in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report to scheduling UE in PSFCH.
· If channel reciprocity is assumed.
· For mode 1, TX UE to report CSI to base station in PUCCH.
· For mode 2-d, TX UE to report CSI to scheduling UE in PSFCH.
Moreover, whether periodic CSI report and/or aperiodic CSI report can be supported or not should be studied in NR V2X as well. We believe that periodic CSI report and aperiodic CSI report can be supported. Periodic CSI report is suitable for periodic data transmission, while aperiodic CSI report can be used for aperiodic data transmission. 
Proposal 11: Support periodic CSI report and aperiodic CSI report in NR V2X.
Power control procedure
In LTE V2X, only open-loop power control is used, because only broadcast transmission is supported in LTE V2X PHY layer. Aiming for cell capacity/efficiency and transmission range control, accurate transmission power control (TPC) with SL pathloss measurement and closed-loop power control can be considered in NR V2X, especially for unicast and groupcast transmissions. Subsequently, for the closed-loop power control, TPC command on DCI and SCI can be supported for SL transmission based on mode 1 and mode 2-d resource allocation/scheduling mechanisms respectively. On the other hand, one potential issue on SL pathloss compensation comes from vehicle blockage. When UE is in vehicle blockage, measured SL pathloss gets larger, and then UE transmission power gets lager, which causes interference to proximity UEs. Therefore, some mechanism to avoid increasing interference due to vehicle blockage is needed. A possible solution is to stop SL pathloss compensation when blockage is detected, where details on vehicle blockage detection procedure is FFS. Moreover, whether/how to support pathloss compensation for groupcast should also be studied.
Proposal 12: Support SL pathloss compensation and closed-loop power control at least for unicast SL transmission.
· FFS: UE behavior in vehicle blockage, e.g., stopping pathloss compensation when blockage detected, including details on vehicle blockage detection.
· FFS: Whether/how to support them for groupcast.
Proposal 13: Support DCI and SCI to indicate SL TPC command for SL transmission resource allocation mode 1 and mode 2-d respectively.
· FFS: Details on DCI/SCI design.	

Conclusion
In this contribution, SL PHY layer procedures have been discussed. Based on the discussion, the following proposals and observations were made:
Proposal 1: For mode 1, 1) support RX UE to feedback HARQ-ACK signalling to base station in PUCCH; 2) support RX UE to feedback HARQ-ACK signalling to TX UE in PSFCH, and then TX UE to relay the HARQ-ACK signalling in UL.
· FFS: How to switch between the above procedures, e.g., based on gNB configuration/indication.
Proposal 2: For mode 2-d, 1) support RX UE to feedback HARQ-ACK signalling to scheduling UE in PSFCH. 2) support RX UE to feedback HARQ-ACK signalling to TX UE in PSFCH, and then TX UE to relay the HARQ-ACK signalling to scheduling UE in SL.
· FFS: How to switch between the above procedures.
Proposal 3: For mode 1, time gap between PSSCH and the associated PSFCH can be, 
· Option 1: signaled via PSCCH.
· Option 2: not signaled via PSCCH.
· FFS how to use each of the above option in work item.
Proposal 4: For mode 2, support that the frequency domain resource of PSFCH is not signalled via PSCCH.
Proposal 5: For mode 1, frequency domain resource of PSFCH can be, 
· Option 1: signaled via PSCCH.
· Option 2: not signaled via PSCCH.
· FFS how to use each of the above option in work item.
Proposal 6: Determination of code-domain resource of PSFCH (if supported) based on TX UE ID and/or RX UE ID.
Proposal 7: Support HARQ-ACK signalling to convey TX UE ID to address HARQ-ACK misunderstanding issue.
· FFS details including how to convey the ID(s), e.g., the TX UE ID conveyed in the SFCI or used for CRC scrambling or HARQ-ACK sequence generation based on TX UE ID (if sequence based PSFCH is supported).
Proposal 8: Confirm the working assumption, i.e., when HARQ feedback is enabled for groupcast, support 
· Option 1: Receiver UE transmits only HARQ NACK
· Option 2: Receiver UE transmits HARQ ACK/NACK
Proposal 9: CSI information which reflects interference at receiver can be reported.
· For mode 1, 1) RX UE to report CSI to base station in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report in UL.
· For mode 2-a/2-c, RX UE to report CSI to TX UE in PSFCH.
· For mode 2-d, 1) RX UE to report CSI to scheduling UE in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report to scheduling UE in in PSFCH.
Proposal 10: Support TX UE and/or scheduling node to acquire CSI information which presents the channel between the transmitter and receiver.
· If channel reciprocity is not assumed.
· For mode 1, 1) RX UE to report CSI to base station in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report in UL.
· For mode 2-a/2-c, RX UE to report CSI to TX UE in PSFCH.
· For mode 2-d, 1) RX UE to report CSI to scheduling UE in PUCCH; 2) RX UE to report CSI to TX UE in PSFCH, and then TX UE to relay the CSI report to scheduling UE in PSFCH.
· If channel reciprocity is assumed.
· For mode 1, TX UE to report CSI to base station in PUCCH.
· For mode 2-d, TX UE to report CSI to scheduling UE in PSFCH.
Proposal 11: Support periodic CSI report and aperiodic CSI report in NR V2X.
Proposal 12: Support SL pathloss compensation and closed-loop power control at least for unicast SL transmission.
· FFS: UE behavior in vehicle blockage, e.g., stopping pathloss compensation when blockage detected, including details on vehicle blockage detection.
· FFS: Whether/how to support them for groupcast.
Proposal 13: Support DCI and SCI to indicate SL TPC command for SL transmission resource allocation mode 1 and mode 2-d respectively.
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