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Introduction
In RAN#95-e, Rel-18 NR sidelink evolution has been approved and sidelink on unlicensed spectrum will be studied and specified in order to increase bandwidth for sidelink transmission as described in [1]. In RAN1#109-e, RAN1 discussed and made some agreements [2].
In this contribution, we discuss our view on physical channel design framework for SL-unlicensed.

Discussion
Enhancements for SL resource allocation mode 1
SL scheduling enhancement
In NR-U, a multiple PUSCH scheduling for successive slots has been supported to avoid frequent DL/UL switching. For Rel-18 SL-unlicensed, since Uu link will focus on a licensed band in SL resource allocation mode 1, the multi-slot scheduling is not necessary for the purpose of avoiding such frequent DL/UL switching. But when a Tx UE uses Type 1 channel access procedure to get a channel occupancy time (COT), the time duration of the COT will be 8 or 10ms in the case of a channel access priority class of 3 or 4. The Tx UE needs to consecutively transmit one or more PSCCHs and PSSCHs within the COT. Therefore, to avoid one-by-one scheduling for PSSCH from gNB, the multi-slot scheduling should be supported for SL-unlicensed at least in the case of Type 1 channel access procedure with a channel access priority class of 3 or 4. Considering unfixed starting time of the COT depending on LBT, available time duration could be indicated by the PDCCH for the multi-slot scheduling. The Tx UE can transmit SL transmission within a COT which should be inside the available time duration.
[bookmark: _Ref102061556]Proposal 1: Introduce multi-slot scheduling for SL resource allocation mode 1
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Figure 1: Multi-slot scheduling for SL-unlicensed

Procedure in the case of LBT failure for mode 1
In SL resource allocation mode 1, gNB will schedule SL resource to a Tx UE, and then a Tx UE may transmit SL transmission after performing a channel access procedure. But if the channel is busy by the channel access procedure, the Tx UE cannot do the SL transmission on the scheduled resource. 
For UL transmission in NR-U, gNB will recognise such LBT failure if the gNB don’t receive the UL transmission on scheduled unlicensed resource. In addition, when the number of the LBT failures exceeds a configured threshold (i.e. a UE detects a consistent LBT failure), the UE can transmit LBT failure via MAC CE.
For SL-unlicensed in mode 1, since the gNB is not receiver for Tx UE’s transmission, the Tx UE should indicate the LBT failure to gNB as shown in Figure 2 to recognise the LBT failure at gNB. If only MAC CE can convey the LBT failure as in NR-U, the gNB may transmit a wasted SL grant. Therefore LBT failure via PUCCH would be beneficial in terms of a latency and resource utilisation as compared with reporting via MAC CE on PUSCH.
[bookmark: _Ref102061561]Proposal 2: LBT failure should be transmitted to gNB for SL-unlicensed in mode 1
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[bookmark: _Ref101979151]Figure 2: LBT failure procedure for SL-unlicensed in mode 1

Enhancements for SL resource allocation mode 2
Enhancement of SL resource sensing and resource selection
In SL resource allocation mode 2, a Tx UE perform SL resource sensing procedure to avoid resource collisions among NR devices. In an unlicensed band operation, a channel access procedure needs to be performed to avoid resource collisions with any devices including WiFi devices. Therefore, the purpose of both procedures is similar but different. Furthermore, the channel access procedure is necessary by regulations, while the current SL communication in mode 2 has been worked based on the SL sensing procedure. Therefore, for SL-unlicensed, both procedures should be performed for SL resource selection.
Figure 3 shows an example of SL resource sensing and resource selection for SL-unlicensed in mode 2. In the example, a Tx UE selects a certain SL resource based on the current selection procedure, and then the Tx UE performs the channel access procedure for the selected SL resource. After getting a COT, the Tx UE can transmit the SL transmission burst.
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[bookmark: _Ref101981093]Figure 3: An example of SL resource sensing and resource selection for SL-unlicensed in mode 2

[bookmark: _Hlk92448108][bookmark: _Ref83994937][bookmark: _Ref102061565]Proposal 3: Enhance SL sensing and resource selection procedures considering the channel access procedure on unlicensed spectrum

SL resource reservation
In SL resource allocation mode 2 on licensed band operation, the Tx UE can reserve SL resources to avoid resource collision. Generally, a channel access procedure in unlicensed band could be performed for the collision avoidance. For SL-unlicensed, the SL resource reservation would be beneficial to realise higher reliable SL communication among at least NR devices. Therefore, we should consider introducing resource reservation for SL-unlicensed if allowed considering TU. If the resource reservation is supported for SL-unlicensed, a multi-slot reservation should be supported to enable to consecutively transmit one or more PSCCHs and PSSCHs within the COT.
[bookmark: _Ref102061631]Observation 1: SL resource reservation would be beneficial to realise higher reliable SL communication among at least NR devices for SL resource allocation mode 2.
[bookmark: _Ref102061570]Proposal 4: Introduce multi-slot reservation if SL resource reservation is supported for SL-unlicensed.

Procedure in the case of LBT failure for mode 2
In RAN1#109-e, it was agreed to support UE-to-UE COT sharing for NR-U. Though it is still FFS which SL channels/signals can be transmitted from a COT-shared UE, if PSFCH transmission corresponding to PSSCH within the shared COT is supported and LBT is required for the COT-shared UE before transmitting the PSFCH, a procedure in the case of LBT failure is necessary.
Proposal 5: Procedure in the case of LBT failure for mode 2 should be studied for PSFCH transmission.


Supporting interlaced mapping
For the unlicensed operation, a regulatory requirement regarding an occupied channel bandwidth (OCB) needs to be satisfied. For example, in Europe, at least 80% of nominal channel bandwidth (NCB) including a guard band shall be occupied in a channel as shown in Figure 4. This means at least 16 MHz must be occupied by one transmission assuming the nominal channel bandwidth of 20 MHz.
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[bookmark: _Ref101890256][bookmark: _Hlk101961251]Figure 4: Regulatory requirement of occupied channel bandwidth for unlicensed operation

On the other hand, a maximum transmission power limitation needs to be also satisfied. For example, EIRP and EIRP density limitations in Europe are 23 dBm and 10 dBm/MHz for 5150-5350 MHz frequency range, and 30 dBm and 17 dBm/MHz for 5470-5725 MHz frequency range. In the case of power limitation especially at cell edge, although a UE might transmit UL transmission using a narrower bandwidth in a licensed band, such transmission using a narrow bandwidth less than 16 MHz is not allowed in the unlicensed band.
To meet both requirements, for NR-U, PRB-based interlaced mapping has been supported for PUSCH and PUCCH as shown in Figure 5. For the interlaced mapping, allocated PRBs are equally distributed within the occupied channel bandwidth.
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[bookmark: _Ref101890853]Figure 5: An example of interlaced mapping

Even for SL-unlicensed, since both requirements need to be also satisfied, the same concept of the interlaced mapping in NR-U should be supported. As a baseline, uplink resource allocation type 2 should be reused. 
[bookmark: _Hlk111021919]In SL resource allocation mode 2, a Tx UE should be able to flexibly select amount of frequency resource for PSCCH/PSSCH transmission based on both a maximum transmission power limitation and a transport block size to be sent. But for sidelink, PSCCH needs to be monitored by UEs other than Rx UE for SL sensing purpose. Therefore, PSCCH should be allocated to a fixed resource regardless of total number of the frequency resource which is selected by the Tx UE. 
[bookmark: _Ref102061575]Proposal 6: Introduce PRB-based interlaced mapping for SL channels and reuse uplink resource allocation type 2 of NR-U as a baseline
Proposal 7: PSCCH should be allocated to a fixed resource regardless of total number of the frequency resource which is selected by the Tx UE.

In RAN1#109-e, it was discussed that some solutions to meet OCB and PSD requirement for S-SSB transmission in SL-U and agreed to down-select from the following 4 options;
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
For NR-U, SSB can be multiplexed with other DL transmissions including DL signals, e.g. CSI-RS, and DL channels, e.g. PDCCH/PDSCH to meet OCB and PSD requirement for SSB in NR-U. On the other hand, for sidelink transmission, S-SSB multiplexing with other SL channels in frequency domain is not beneficial due to a half-duplex restriction.
Considering a specification effort, new structure of S-SSB should be deprioritized at this stage as long as there is any reason.
Therefore, we should down-select from either option 1 or 3. We don’t see any large difference among them. But if PRB-based interlaced mapping is supported for other SL channels like PSCCH/PSSCH, the same solution might be better to use for S-SSB transmission as well considering specification efforts as long as there are any critical issues. 
Proposal 8: Either PRB-based interlaced mapping (option 1) or S-SSB repetition (option 3) should be supported for S-SSB transmission in SL-U.

Conclusion
Proposal 1: Introduce multi-slot scheduling for SL resource allocation mode 1
Proposal 2: LBT failure should be transmitted to gNB for SL-unlicensed in mode 1
Proposal 3: Enhance SL sensing and resource selection procedures considering the channel access procedure on unlicensed spectrum
Observation 1: SL resource reservation would be beneficial to realise higher reliable SL communication among at least NR devices for SL resource allocation mode 2.
Proposal 4: Introduce multi-slot reservation if SL resource reservation is supported for SL-unlicensed.
Proposal 5: Procedure in the case of LBT failure for mode 2 should be studied for PSFCH transmission.
Proposal 6: Introduce PRB-based interlaced mapping for SL channels and reuse uplink resource allocation type 2 of NR-U as a baseline
Proposal 7: PSCCH should be allocated to a fixed resource regardless of total number of the frequency resource which is selected by the Tx UE.
Proposal 8: Either PRB-based interlaced mapping (option 1) or S-SSB repetition (option 3) should be supported for S-SSB transmission in SL-U.
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