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Introduction
In RAN1#94 and #94bis meeting, lots of agreements were made [1, 2] related to SL PHY layer procedure. In this contribution, further discussion about SL PHY layer procedures, including resource scheduling procedure, HARQ-ACK feedback procedure, CSI acquisition procedure, power control procedure, will be made and our preference will be given.
Discussion
Resource scheduling procedure
	Agreements:
The following aspects are studied for Mode 2(d)
· In which use cases/scenarios this mode is applicable
· What is the overall architecture for Mode-2(d) operation
· How to decide which UE schedules which other UE(s) and how to maintain this relationship
· What is the procedure of UE(s) when the scheduling UE disappears
· What is the scheduling UE behavior and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs
· Which resources can be used to schedule other UEs 
· Inter- and intra-UE collision handling and sidelink resource allocation mechanisms across groups 
RAN1 to further study whether or not some or all of the above aspects are applicable to 2(b)


In RAN1#94b meeting, some study aspects of mode 2-d are identified, including “UE behaviour and signaling mechanism to schedule sidelink resources for transmission/reception for other UEs”. To address this issue, UL resource scheduling procedure can be baseline, and scheduling request (SR) transmission and SL resource allocation indication via SCI need to be studied.
Proposal 1: Study SR and resource allocation indication procedure in SL for resource allocation mode 2-d.
HARQ-ACK feedback
	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 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


Based on agreement of RAN1 #94b, HARQ-ACK feedback is supported in order to achieve higher transmission efficiency and reliability. For mode 1, SL HARQ-ACK feedback can be easily supported by using UCI as shown in Fig.1(a). For mode 2, SFCI can be used to convey HARQ-ACK feedback information, but it should be carefully study that to which UE the SFCI is transmitted, e.g., to source-UE or to scheduler-UE (for mode 2-d), this will impact the total procedure of HARQ-ACK feedback, therefore, detailed procedure for SFCI transmission should be studied per resource allocation (sub)mode.
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Figure 1 HARQ-ACK feedback for SL transmission
Proposal 2: Support UCI for HARQ-ACK feedback in resource allocation mode 1.
Observation 1: SFCI for HARQ-ACK feedback can be transmitted either to source-UE or to scheduler-UE in mode 2-d, which would impact HARQ-ACK feedback procedure.
Proposal 3: Study SFCI feedback procedure per resource allocation sub-modes of mode 2.
CSI feedback 
	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


In NR V2X, link adaptation can be supported for better resource efficiency and higher transmission reliability. To support link adaptation, e.g., modulation and coding scheme(MCS) and rank adaptation, CSI feedback is needed for mode 1 and mode 2-d. In a similar way with HARQ-ACK feedback, CSI report using UCI can also be supported for mode 1 operation as illustrated in Fig. 2, and CSI report using SCI can also be supported for mode 2-d. Regarding to other sub-mode 2 operation, if transmission link reciprocity is assumed, Tx UE can be aware of SL channel quality by receiving SS, RSs or packets from proximity-UEs. In such case, CSI feedback may not be necessary.

[image: ]
Figure 2 SL CSI report to assist base station scheduling
Proposal 4: Support CSI feedback on UCI for resource allocation mode 1.
Proposal 5: Support CSI feedback on SCI for resource allocation mode 2-d
· Study whether to support CSI feedback for other sub-mode(s) of resource allocation mode 2.
Power control
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 transmission. 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 6: 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 7: 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.
	
Layer-1 ID(s)
	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.


In RAN1#94b meeting, it was agreed that layer-1 destination ID is conveyed via PSCCH, and further discussion points include whether additional layer-1 ID is supported for other purpose except for HARQ-ACK combining and whether the ID(s) is conveyed in the SCI or used for CRC scrambling. 
Regarding the further discussion points, we think that at least layer-1 ID(s) to mark source-UE and/or scheduler-UE are needed in resource scheduling procedure, e.g., for SR, HARQ-ACK, CSI-feedback (discussed in section 2.1-2.3) for resource allocation mode 2-d. Furthermore, whether the layer-1 ID(s) is conveyed in SCI or used to scramble the message need to be studied case by case considering SCI overhead and RX UE blind decoding complexity. 
Proposal 8: Support additional layer-1 ID(s) to mark source-UE and/or scheduler-UE in resource scheduling procedure for SL resource allocation mode 2-d, e.g., for SR, HARQ-ACK, CSI-feedback.

Conclusion
In this contribution, SL PHY layer procedures have been discussed. Based on the discussion, the following proposals and observations were made:
Proposal 1: Study SR and resource allocation indication procedure in SL for resource allocation mode 2-d.
Proposal 2: Support UCI for HARQ-ACK feedback in resource allocation mode 1.
Observation 1: SFCI for HARQ-ACK feedback can be transmitted either to source-UE or to scheduler-UE in mode 2-d, which would impact HARQ-ACK feedback procedure.
Proposal 3: Study SFCI feedback procedure per resource allocation sub-modes of mode 2.
Proposal 4: Support CSI feedback on UCI for resource allocation mode 1.
Proposal 5: Support CSI feedback on SCI for resource allocation mode 2-d
· Study whether to support CSI feedback for other sub-mode(s) of resource allocation mode 2.
Proposal 6: 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 7: 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.
Proposal 8: Support additional layer-1 ID(s) to mark source-UE and/or scheduler-UE in resource scheduling procedure for SL resource allocation mode 2-d, e.g., for SR, HARQ-ACK, CSI-feedback.
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