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1. Introduction
[bookmark: _GoBack]From RAN1#94 meeting to RAN1#95, a lot of agreements on sidelink (SL) physical layer structure for NR V2X were made [1]-[3] and further studies and discussions are necessary. In this contribution, we share our views on SL physical layer structure for NR V2X.

2. Discussions
2.1. PSFCH content(s) and format(s)
PSFCH contents and formats will be discussed in this section.
	RAN1#94bis
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

RAN1#95
Agreements:
· Physical sidelink feedback channel (PSFCH) is defined and it is supported to convey SFCI for unicast and groupcast via PSFCH.



Regarding PSFCH contents, HARQ-ACK feedback can be included in PSFCH as above agreements. Moreover, SL channel state information (SL-CSI) and SL scheduling request (SL-SR) can be considered and we believe that SL-CSI and SL-SR as well as HARQ-ACK can be included in SFCI and transmitted on at least PSFCH.
- SL-CSI
SL-CSI has been agreed for further study in RAN1#94b meeting, CSI can represent the channel between transmitter and receiver and/or represent interference at receiver. As discussed in companion contribution [4], CSI may need to be reported via SL and one of the candidate channels for the report is PSFCH. SL-CSI can be assumed to be reported on a PSSCH with/without SL-data. However, PSCCH is necessary to decode the PSSCH even if SL-data is not transmitted and only SL-CSI is reported on the PSSCH. It means that PSCCH overhead is increased. If PSFCH can be transmitted without another channel like PSCCH, SL-CSI report on PSFCH is beneficial to reduce such wasted channel transmission.
- SL-SR
For resource allocation mode 2-d, SL-SR needs to be supported as signaling to request SL resource from scheduling UE as discussed in companion contribution [5] and it is feasible that SL-SR is transmitted on PSFCH. Because, if the UE has PSCCH/PSSCH resource to transmit, SL-SR is not needed.
Proposal 1:
· Support SFCI to include SL-CSI, SL-SR and HARQ-ACK, if SL-CSI report and SL-SR are supported, where the SFCI can be conveyed on PSFCH.

Regarding PSFCH formats, if SL-CSI, SL-SR and SL-HARQ-ACK are transmitted on PSFCH, or even if PSFCH coveys only HARQ-ACK, the payload of SCI will be different. Furthermore, performance requirement of HARQ-ACK/SL-CSI/SL-SR is different. Especially, for HARQ-ACK/SL-SR, much higher reliability is desirable. Only one format is not suitable to convey such different information. Therefore, multiple PSFCH formats should be introduced and which format to use depends on payload size and/or performance requirement. It is noted that PUCCH in NR Uu have already supported multiple formats that is selected depending on the payload size, then the PUCCH formats could be the starting point for designing PSFCH formats.
It is also noted that PSFCH resource selection procedure for HARQ-ACK will be discussed in resource allocation mechanism AI. PSFCH formats will be related to the resource selection procedure; hence the related discussions should consider PSFCH formats carefully. For example, the following mechanisms can be considered:
A) PSFCH resource for HARQ-ACK feedback is determined based on sensing result,
B) PSFCH resource for HARQ-ACK feedback is associated with PSCCH/PSSCH resource,
C) PSFCH resource for HARQ-ACK feedback is assigned by scheduling nodes and indicated by DCI/SCI .
In A and C, it is assumed that PSFCH resource can be selected flexibly while in B, a specific PSFCH resource shall be used. It means that B may not be able to use multiple PSFCH formats according to some parameters.
Proposal 2:
· Multiple PSFCH formats should be introduced and one format is dynamically selected depending on payload size and/or reliability.
· PUCCH formats in NR Uu are considered as starting point for PSFCH formats.

2.2. Multiplexing of physical channels
· PSCCH vs. PSSCH
	Working assumption:
· Regarding PSCCH / PSSCH multiplexing, at least option 3 is supported for CP-OFDM.
· RAN1 assumes that transient period is not needed between symbols containing PSCCH and symbols not containing PSCCH in the supported design of option 3.
· FFS how to determine the starting symbol of PSCCH and the associated PSSCH
· FFS for other options. e.g. whether some of them are supported to increase PSCCH coverage.


At the RAN1 #95 meeting, the above working assumption was reached [3], where option 3 is assumed to be supported for CP-OFDM. We think when PSCCH bandwidth becomes wider in option 3, the situation becomes closer to option 1A and when PSCCH bandwidth becomes the same as PSSCH in option 3, the multiplexing structure is the same as option 1A. Therefore, when option 3 is supported, it clearly means that option 1A need to be supported; otherwise, i.e. option 1A is not supported, PSCCH always needs to be FDMed with part of PSSCH. Such scheduling restriction is not desirable.
	Option 1: PSCCH and the associated PSSCH are transmitted using non-overlapping time resources.
-	Option 1A: The frequency resources used by the two channels are the same.
-	Option 1B: The frequency resources used by the two channels can be different.
Option 2: PSCCH and the associated PSSCH are transmitted using non-overlapping frequency resources in the all the time resources used for transmission. The time resources used by the two channels are the same.
Option 3: Part of PSCCH and the associated PSSCH are transmitted using overlapping time resources in non-overlapping frequency resources, but another part of the associated PSSCH and/or another part of the PSCCH are transmitted using non-overlapping time resources.



Therefore, the working assumption of the above should be confirmed with option 1A. It seems that option 3 can include option 1A since option 1A is a special case of current option 3. Option 3 in TR 38.885 [6] should be updated to include option 1A, and option 1A should be removed from TR 38.885.
Proposal 3:
· Option 3 of PSCCH and PSSCH multiplexing in TR 38.885 should be updated as follows. Option 1A is removed. Then, working assumption can be confirmed that at least PSCCH/PSSCH multiplexing structure option 3 is supported for CP-OFDM.
· Option 3: Part of PSCCH and the associated PSSCH can be transmitted using overlapping time resources in non-overlapping frequency resources, and all/another part of the associated PSSCH and/or all/another part of the PSCCH are transmitted using non-overlapping time resources.

· PSFCH vs. PSCCH/PSSCH/PSFCH
As captured in the above agreements, PSFCH is supported as one of NR V2X SL channels. Then, PSFCH and PSCCH/PSSCH/PSFCH multiplexing needs to be studied. In this contribution, 1) PSFCH and PSCCH/PSSCH multiplexing, 2) PSFCH and PSFCH multiplexing are discussed separately.
- PSFCH and PSCCH/PSSCH multiplexing
In the case of PSFCH transmission for HARQ-ACK feedback, time-gap between PSCCH/PSSCH receive and PSFCH transmission. Therefore, PSCCH/PSSCH and corresponding PSFCH multiplexing does not need to be considered. This part discusses PSFCH and PSCCH/PSSCH multiplexing where the PSFCH is not associated with PSCCH and PSSCH. Following option can be considered:
a) PSFCH shall be TDMed with PSCCH/PSSCH,
	Pros: Sufficient transmit power is provided for each channel
	Cons: Scheduling flexibility is reduced, i.e. latency becomes larger
b) PSFCH can be TDMed and/or FDMed with any pattern with PSCCH/PSSCH,
	Pros: Scheduling flexibility is high, i.e. latency can be small
	Cons: Transmit power control becomes complicated in consideration of performance, QoS, etc.
c) SFCI in PSFCH is piggybacked on PSCCH/PSSCH if colliding in time
	Pros: Scheduling flexibility is high, i.e. latency can be small
	Cons: New mapping rule of piggyback needs to be introduced
Fig. X describes several multiplexing cases between PSFCH and PSCCH/PSSCH as examples. According to the above analysis, b is feasible since the above cons. in b seems to be solved most easily.
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Fig. X:	Examples of PSFCH and PSCCH/PSSCH multiplexing.

- PSFCH and PSFCH multiplexing
If SL-CSI/SL-SR are transmitted on PSFCH, and/or if multiple HARQ-ACKs that are reported in a slot are not accommodated in a HARQ-ACK codebook, PSFCH and PSFCH multiplexing need to be considered. Note that we discuss the case that the PSFCHs are transmitted to a UE. Similar analysis to the case of PSFCH and PSCCH/PSSCH multiplexing can be provided, then TDMed and/or FDMed with any pattern may be one selectable solution. However, many PSFCH parallel transmissions consume a lot of physical resources. Therefore, we prefer that SFCIs in PSFCHs colliding each other in time are multiplexed on a single PSFCH.
Proposal 4:
· The following should be supported for PSFCH and PSCCH/PSSCH/PSFCH multiplexing:
· PSFCH can be TDMed and/or FDMed with PSCCH/PSSCH.
· If multiple PSFCHs are overlapped in time, SFCIs in the PSFCHs are multiplexed on a PSFCH.

2.3. Slot structure
	Agreements:
· NR Uu can assign NR sidelink resources for the following:
· Shared licensed carrier between Uu and NR sidelink
· Dedicated NR sidelink carrier



According to the above agreement made in RAN1#94 [1], NR Uu licensed band can be shared with NR SL. Subsequently, SL transmission or reception part per slot should be defined or configured in order to avoid interference to Uu irrespective of resource allocation modes, i.e., NR Mode 1 or Mode 2. For NR Uu, TDD slot consisting of ‘DL’, ‘UL’ and ‘F’ parts are supported. Similar structure can be supported for multiplexing of Uu and SL. We consider introduction of ‘SL’ part needs to be studied and expanding the existing slot structure for Uu would be baseline, e.g., to override ‘F’ and/or ‘UL’ by ‘SL’. Examples are shown in Fig. X. For NR Mode 1, SL scheduling information is signaled on DCI. Therefore, ‘DL’ part is supported and meanwhile ‘UL’ part can be contained for feedback signaling transmission. For NR Mode 2, SL resource allocation information is signaled on SCI, hence DL part is not needed. Whether guard period is needed at the beginning/end of SL part should also be studied, e.g., for AGC training or transient period.
[image: ]
Fig. X:	TDD slot structures.
Proposal 5:
· Support TDD slot structure consisting of SL and Uu, by sharing some part of resources(s), so that SL can be accommodated for Uu licensed band operation.

2.4. Waveforms
	Agreements:
· At least CP-OFDM is supported.
· Continue study on whether to support DFT-S-OFDM including the potential issues and the following potential benefit:
· Synchronization coverage enhancement
· PSCCH coverage enhancement, e.g., with Option 2 of PSCCH/PSSCH multiplexing with the restriction that PSCCH and PSSCH use adjacent frequency resources
· Feedback channel coverage enhancement
· A single waveform is used in all the sidelink channels in a carrier.
· Note: A sequence based channel can be supported in any waveform.
· (Pre-)configuration will be used to determine the used waveform if the specification supports multiple waveforms.



At the RAN1 #95 meeting, the above agreements were reached [3]. As proposed above, for NR SL TDD slot structure, we believe that slot structure consisting of SL and Uu should be supported. When SL transmission is accommodated with UL, using the same waveform would simplify UE implementation. For NR UL, although both CP-OFDM and DFT-s-OFDM are supported, it should be noted that DFT-s-OFDM was supported for supplementary purpose aiming for coverage extension, and mainly CP-OFDM is used. We doubt that coverage extension is needed for SL transmission. Motivation to use DFT-s-OFDM should be clarified. Furthermore, for NR UL, there was a lot of discussion on waveform switching mechanism, e.g., waveform configuration, separate codebooks for MIMO, power control, and etc. In terms of the limited time budget, CP-OFDM should be prioritized. In conclusion, we think CP-OFDM may be enough for SL.
Observation 1:
· In SL, whether coverage extension is needed is unclear. Furthermore, if both CP-OFDM and DFT-s-OFDM are supported, there will be a lot of discussion on how to switch waveforms. Such kind of discussion should be avoided unless clear motivation and gain are shown.

2.5. Reference signals
	Agreements:
· RAN1 to continue study on the physical channel considering at least the following aspects:
· […]
· RS design
· Candidates are:
· DM-RS
· DM-RS defined in Rel-15 NR Uu is the starting point.
· PT-RS
· CSI-RS
· SRS
· AGC training signal
· […]



At the RAN1 #94 meeting, the above agreements for reference signal (RS) design were reached [3], but there are no corresponding conclusions yet. At least, demodulation RS (DM-RS) needs to be supported, which is supported for LTE as well. In addition, channel state information RS (CSI-RS) and phase-tracking RS (PT-RS) should also be supported. There are two reasons. Firstly, aiming for higher data rate and cell capacity/efficiency especially for uni/group-cast, QoS management including accurate link adaptation and transmission power control based on SL measurement will be needed, where CSI-RS can be measured. Secondly, since FR2 is included in the scope of the SI, RAN1 needs to consider mmW specific issues, e.g., beam management and phase-noise reduction. In NR Uu, CSI-RS is used for beam management, and PT-RS is used for phase tracking. Furthermore, CSI-RS can be used for time-domain tracking in high speed scenario. Hence, at least CSI-RS and PT-RS should be supported in addition to DM-RS. On the other hand, the necessity of SRS is unclear. In NR Uu, SRS is used for QoS management and beam management, which is the same as CSI-RS. As abovementioned, we believe CSI-RS should be supported in NR V2X SL; hence it seems that SRS does not need to be supported. If SRS is supported instead of CSI-RS, time-domain tracking by SRS needs to be studied. It is noted that, CSI-RS power control may need to be considered like SRS power control in NR Uu. Regarding to AGC training signal, it can be discussed after determining outline of SL design, because any signal can be used for that purpose.
Proposal 6:
· Support CSI-RS and PT-TS in addition to DM-RS for QoS management including link adaptation, transmission power control, beam management and phase-noise reduction in FR2, and time-domain tracking in high speed scenario.

As discussed in [4] and [7], we believe both periodic and aperiodic SL-CSI reporting mechanisms can be supported for NR V2X. Aperiodic CSI reporting can be calculated from either periodic CSI-RS or aperiodic CSI-RS while periodic CSI reporting can be calculated from periodic CSI-RS in NR Uu. The same mechanism can be introduced to NR V2X; therefore, both periodic and aperiodic RS for CSI measurement, e.g. CSI-RS should be supported, if RS for CSI measurement is supported for NR V2X. 
Proposal 7:
· Support both periodic and aperiodic RS for CSI measurement, e.g. CSI-RS.

3. Conclusion
In this contribution, we discussed SL physical layer structure for NR V2X. Proposals are summarized as following: 
Observation 1:
· In SL, whether coverage extension is needed is unclear. Furthermore, if both CP-OFDM and DFT-s-OFDM are supported, there will be a lot of discussion on how to switch waveforms. Such kind of discussion should be avoided unless clear motivation and gain are shown.
Proposal 1:
· Support SFCI to include SL-CSI, SL-SR and HARQ-ACK, if SL-CSI report and SL-SR are supported, where the SFCI can be conveyed on PSFCH.
Proposal 2:
· Multiple PSFCH formats should be introduced and one format is dynamically selected depending on payload size and/or reliability.
· PUCCH formats in NR Uu are considered as starting point for PSFCH formats.
Proposal 3:
· Option 3 of PSCCH and PSSCH multiplexing in TR 38.885 should be updated as follows. Option 1A is removed. Then, working assumption can be confirmed that at least PSCCH/PSSCH multiplexing structure option 3 is supported for CP-OFDM.
· Option 3: Part of PSCCH and the associated PSSCH can be transmitted using overlapping time resources in non-overlapping frequency resources, and all/another part of the associated PSSCH and/or all/another part of the PSCCH are transmitted using non-overlapping time resources.
Proposal 4:
· The following should be supported for PSFCH and PSCCH/PSSCH/PSFCH multiplexing:
· PSFCH can be TDMed and/or FDMed with PSCCH/PSSCH.
· If multiple PSFCHs are overlapped in time, SFCIs in the PSFCHs are multiplexed on a PSFCH.
Proposal 5:
· Support TDD slot structure consisting of SL and Uu, by sharing some part of resources(s), so that SL can be accommodated for Uu licensed band operation.
Proposal 6:
· Support CSI-RS and PT-TS in addition to DM-RS for QoS management including link adaptation, transmission power control, beam management and phase-noise reduction in FR2, and time-domain tracking in high speed scenario.
Proposal 7:
· Support both periodic and aperiodic RS for CSI measurement, e.g. CSI-RS.
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