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Introduction
A work item on NR sidelink evolution was approved in RAN#94e meeting [1], with one of the objectives to “study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only”, with detailed objectives as follows:
	· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this document, we share our views on a few aspects of channel access mechanism for NR sidelink design on unlicensed spectrum.
Discussion
Type 1 SL channel access procedure
A discussion regarding how to determine CAPC for S-SSB and PSFCH occurred in last RAN1 meeting without a conclusion at the end. The following are the FL proposals in FL summary [2].

	Proposal 2-1 (II): 
· For S-SSB transmission in SL-U, same as in NR-U, any CAPC level (p) can be used (up to UE implementation), where .
Proposal 2-2 (II):
· For PSFCH transmission in SL-U, one of the following options is supported for the CAPC level (p)
· Option 1: Any CAPC level can be used (up to UE implementation)
· Option 2: CAPC level (p=1) is always used
· Option 3: Use same CAPC level as the associated PSSCH – same as in R16 for selecting PSFCH(s) to be transmitted due to limited UE capability
· Note, the CAPC level should be indicated in SCI
· FFS when UE transmit multiple PFSCH corresponding to different PSSCHs with different CAPC levels
· FFS when LBT sensing time longer than one GP symbol



Same discussion regarding how to set CAPC for S-SSB and PSFCH has been taken place in RAN 2 as well. RAN 2 reached an agreement on setting CAPC for S-SSB and leaving the decision of CAPC for PSFCH to RAN1. Relevant agreement is as below and was sent in a LS [3] to RAN1.
	Regarding the CAPC for SBCCH SDU transmitted in SL-SSB and for PSFCH, the following were agreed:
· The highest priority SL CAPC is used for SBCCH SDU transmission (if SL CAPC is applied to SBCCH SDU).
· For PSFCH, we leave it to RAN1 to decide the CAPC to use   


Observation 1: RAN2 has agreed highest priority SL CAPC is used for S-SSB transmission.
Therefore, RAN1 needs to determine how to set CAPC for PSFCH. In our views, a straightforward way to set CAPC for PSFCH is just to simply follow the NR-U principle. As specified in NR-U, the highest CAPC is used for PUCCH transmission. Therefore, we propose to set CAPC p=1 for PSFCH.

Proposal 1: 
· When Type 1 SL channel access procedure is used for PSFCH transmission, CAPC p=1 is used.

CPE
The following regarding CPE was agreed in the last RAN1 meeting.
	Agreement
· A CPE is transmitted from a CPE starting position before SL transmission within a COT, select one or both of the two options:
· Option 1: within the symbol just before the next AGC symbol
· Option 2: within at most 1, 2 or 4 symbols just before the next AGC symbol for 15, 30 or 60 kHz SCS, respectively
· FFS: whether Option 1 and Option 2 are both applicable and the conditions (e.g., Option 1 in case of COT sharing and Option 2 in case of initiating a COT)
· FFS: which channel access type(s) is applicable for option 1 and option 2
· FFS: other details
· A single CPE starting position for PSFCH
· FFS CPE starting position and whether it should be (pre-)configured in each RP, pre-defined or indicated
· FFS other details (e.g., indication granularity)
· Note: value 0 is a candidate
· At least one CPE starting position for S-SSB
· FFS CPE starting position should be (pre-)configured, pre-defined or indicated
· FFS: Whether multiple CPE starting positions should be (pre-)configured, pre-defined or indicated
· FFS CPE starting positions for the R16 S-SSB and the additional S-SSBs 
· Note: value 0 is a candidate
· One or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSCCH
· When multiple CPE starting positions are (pre-)configured, 
· FFS whether/how to define a criteria for selecting a default CPE starting position (e.g., according to partial/full RB set allocation, resource reservation information, within or outside of a COT, etc.)
· FFS criteria for selecting one of the multiple CPE starting positions (e.g., according to priority level (e.g., CAPC or L1), selected randomly by UE from the (pre-)configured set of CPEs, selected by the UE based on channel access result, determined based on indication from the COT initiating UE, etc.)
· FFS other details



As in the above agreement, one or multiple CPE starting positions can be (pre-)configured in each resource pool for PSSCH/PSSCH. When multiple CPE starting positions are (pre-)configured, whether/how to define a criteria for selecting a default CPE starting positions, and whether/how to define a criteria for selecting one of multiple CPE starting positions are left as FFS. 
Firstly, from our perspective, the motivation of applying a default CPE starting position for PSSCH/PSCCH transmission is to avoid inter UE blocking and to allow multiple UEs to simultaneously transmit PSCCH/PSSCH in a same slot as much as possible. A UE can know other UEs’ reserved resource prior to its initial transmission according to Rel-16 SL resource sensing and selection procedure. When a UE selects a resource for PSCCH/PSSCH transmission in a slot where other UEs reserved resources, the principle of SL resource sensing and selection procedure implies that all these transmissions can be FDMed and should be allowed to be transmitted. Therefore, in this case, the default CPE starting position should be applied to without blocking another UE’s transmission.
Likewise, when a UE transmits PSCCH/PSSCH on its own reserved resource, a default CPE starting position should be also used. Other UEs can be aware of the reserved resources when they perform resource sensing procedure. Therefore, to avoid the potential inter UE blocking, when a UE transmit on its own reserved resources, UE should select a default CPE starting position. When a UE can FDM with other UE or transmit on reserved resource, a default CPE starting position is preferred.
Proposal 2: When a UE’s transmission can be FDMed with other UE’s transmission, or a UE’s transmission is performed on its own reserved resource, a default CPE starting position is applied.
However, in some case, a default CPE starting position may be not beneficial. For example, in congested channel environment, a UE needs to increase RSRP threshold several times to acquire sufficient resources in Rel-16 SL resource selection procedure. As a result, a UE may select the resource which overlap with other UE’s reserved resource, and would cause a large interference to the other UE. So, in congested channel environment, the multiple CPE starting positions may be beneficial. If a UE chooses a different CPE, collision will not happen.
Proposal 3: In congested channel environment, the multiple CPE starting positions can be considered.
On the other hand, the motivation of applying multiple CPE starting positions is to avoid simultaneous transmission from multiple UEs, that is, some UEs’ transmissions need to be blocked. The possible scenario is that a UE performs initial transmission on a slot without other UE’s reserved resources. In this scenario, multiple UEs may select same resources for their initial transmission because they do not know the resources which are selected by other UEs, and collision may occur. A worst case would be that two UEs are close to each other, the mutual interference are severe such that both of their transmission cannot be successfully received by their intended receivers. Therefore, blocking one transmission would be beneficial. By selecting a CPE from a multiple CPE starting positions according to the priority, transmission with high priority can be guaranteed. In other words, to avoid collision, transmission with higher priority can use a longer CPE such that the transmission with lower priority can be blocked.
When other UE’s reserved resource exist and a UE which tries to transmit initial transmission can do FDMed transmission, multiple CPE starting positions will cause inter UE blocking. 
Therefore, selecting one from the multiple CPE starting positions according to priority is beneficial when a UE transmits initial transmission in a slot and other UE’s reserved resource does not exist in the slot. By selecting one from multiple CPE starting positions, blocking will occur among the UEs that potential transmit initial transmission on the same slot and a transmission with higher priority can be transmitted.
Proposal 4: Selecting one of the multiple CPE starting positions according to priority level, is supported for UE’s initial transmission on a slot without other UE’s reserved resource.

CW adjustment
Regarding CW adjustment in Type 1 channel access, the following is the latest FL proposal for discussion in FL summary [2].
	Proposal 3-2 (II): Contention window adjustment procedures (to further down-select between options in each case):
· SL HARQ-ACK feedback disabled in SCI (i.e., all cast types)
· Option 1: For every priority class , use the latest .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported in SL-U.
· Only unicast (ACK and NACK) within SL reference duration
· Option 2: If at least one ‘ACK’ is received,  for each priority class ; otherwise, increase.
· Only groupcast option 2 (ACK and NACK) within SL reference duration
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks.
· Option 2: If at least one ‘ACK’ is received,  for each priority class ; otherwise, increase.
· FFS whether the at least one ‘ACK’ is from just one UE or every UE
· Only groupcast option 1 (NACK-only) within SL reference duration
· Option 1: For every priority class , use the latest .
· Option 2: If ‘NACK’ or a collision indicator (IUC scheme 2) is received, increase ; Otherwise,  or use the latest  (FFS which).
· Option 6: GC option 1 (NACK-only) is not supported in SL-U
· FFS: the case when SL HARQ-ACK feedback is not available after the last update of .




One controversial issue is how to adjust CW for the case that SL-HARQ feedback is disabled. For the case that SL-HARQ feedback is disabled, UE cannot adjust the CWp according to a HARQ feedback. Among the options in above agreement, option 1 seems a straightforward method and, in some sense, the option 1 seems to follow NR-U principle. However, there is one striking difference is that, broadcast type traffic is not dependently existed in NR-U from gNB’s perspective, while there is only broadcast type traffic for a SL UE to transmit. Different from the HARQ disabled case with groupcast and unicast where HARQ-ACK may be temporarily disabled, broadcast transmission could be a long-term V2X application for a SL UE. Therefore, the broadcast type transmission should call for more attentions. For example, for a SL UE that has only broadcast type transmission, the latest CWp is always the minimum CW size forever. It has to noted that SL UE with broadcast transmission and UE with HARQ enabled transmission can transmit in the same Resource pool. Then the broadcast SL transmission seems to always precede the SL transmission with HARQ feedback enabled in terms of channel access. Then the broadcast SL transmission seems to always precede the SL transmission with HARQ feedback enabled in terms of channel access, even if the broadcast SL transmission has a lower CAPC. It gives rise to the risk of the unfair channel access. Therefore, some limitations are necessary for option 1 to achieve a fairer channel access in the SL-U. As specified in NR-U, if maximum CW size is consecutively used K times, the CW size is reset to the minimum CW size. Similarity, to avoid the risk of the fact that a minimum CWp , which is always the latest CWp, is permanently used, we propose to update the latest CWp if the latest CWp is consecutively used several times.

Proposal 5: For CW adjustment when SL HARQ-ACK feedback is disabled in SCI (i.e., all cast types), the following option 1 with modifications is supported.
· Option 1: For every priority class , use the latest .
· At least for broadcast type, to avoid the risk of the fact that a minimum CWp, which is always the latest CWp, is permanently used, CWp is updated if the CWp is consecutively used K times.

MCSt
The following is the latest FL proposal for discussion in FL summary [2].
	Proposal 7 (II):
· When L1 is triggered for reporting a subset of candidate resources for MCSt,
· Option 1: Only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1 (same as Rel-16)
· Note, this is applicable for transmission of a single TB and multiple TBs 
· When L1 reports a subset of candidate resources for MCSt, (to be down-selected)
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· Number of slots for MCSt should be additionally provided by the higher layer
· FFS at which step in 8.1.4 of TS 38.214 the concept of candidate multi-slot resource is applied
· Option B: L1 reports candidate single-slot resources in (SA) as in Rel-16
· It is up to the higher (MAC) layer to select a set of single-slot resources that are consecutive in logical slots
· FFS whether/how to enhance the PHY procedure in determining candidate resources in SA


In Rel-16 SL resource selection procedure, physical layer selects the candidate single-slot resources and reports the set of candidate single-slot resources to higher layer.
In option A, physical layer reports candidate multi-slot resources to higher layer so that higher layer can determine multi-slot resources certainly for SL transmission. In option A, it is necessary to change the specification a little bit from existing Rel-16 SL resource selectin procedure to define candidate multi-slot resources. In order to define the candidate multi-slot resource in the physical layer, the number of continuous slots should be provided from higher layer. Then the provided number of slots for MCSt can be used in step 1 in 8.1.4 of 38.214 to define candidate multi-slot resource as that a candidate multi-slot resource is a set of single-slot resources that are consecutive in time. 
UE increases RSRP threshold to acquire sufficient candidate multi-slot resources in Rel-16 SL resource selection procedure.
In option B, there is a risk of the fact that higher layer cannot have sufficient candidate multi-slot resources to determine MCSt. This is because the subset reported from physical layer is not necessary to include the candidate resource which consecutives in time. Consequently, it is impossible to perform the function of MCSt in option B. option A is preferred for MCSt.

Proposal 6: When physical layer reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· Number of slots for MCSt should be additionally provided by the higher layer
· The concept of candidate multi-slot resource is applied in step 1.

Sidelink resource allocation
The following regarding SL resource allocation was agreed in RAN1#109-e meeting,
	Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2



According to the above agreement, the existing SL mode 2 RA scheme are supported as a baseline for SL-U. As known, SL RA mode 2, as an autonomous resource selection mode by UE itself, is based on the sensing and resource selection procedure. This kind of procedure can contribute to avoiding transmission resource confliction among different UEs. 
In the SL-U, the UE needs to perform the type 1 SL channel access procedure prior to the PSSCH transmission over the selected resources. A COT can be initiated by the Type 1 SL channel access procedure based on a channel access priority class p associated with the PSSCH transmission. The COT-initiating UE can transmit its own PSSCH within the COT and is also able to share resources within the remaining COT to its intended responding UE(s). However, to maintain a COT and to not affect other UEs’ transmissions on their reserved resources as much as possible, a UE should consider the duration of COT based on associated channel access priority class p as granularity in the time domain during the resource selection procedure. That is, during the selection procedure, the UE should ensure that resources reserved by other UEs would not be included in the CO duration as much as possible. Enhancement on the resource selection procedure to support COT as the granularity in the time domain for SL-U should be studied. The principle of the ongoing discussion on the support of MCSt operation, if concluded, can be considered.
Proposal 7: On support COT for Mode 2 RA, enhancement on resource selection procedure to consider COT(s) as granularity in the time domain should be studied.
Multi-consecutive slots transmission was agreed to support for Mode 1 and Mode 2. Compared with the non-consecutive slots transmission, multi-consecutive slots transmission can reduce the attempts of channel access and therefore improve the efficiency of resource utilization, which is beneficial to support the high throughput and increased data rate required for the SL-U. Moreover, the multi-consecutive slots transmission is also suited to the COT-based transmission.
However, according to SL slot structure, there are always gap symbol in a slot and PSFCH symbols in a PSFCH slot. Without any transmission on these kind of symbols, MCSt would be possibly interrupted. That is because some UEs may occupy the channel if channel access procedure is performed on these kinds of symbols. To retain the ongoing multi-consecutive slots transmission as much as possible, the UE should transmit signals to occupy the gap symbol(s) and PSFCH symbol(s) among the multi-consecutive slots.
In additional, the existing time resource assignment in Rel-16 SL is able to support 2 or 3 consecutive or non-consecutive slots transmission for PSSCH. Given the support of MCSt is to reduce LBT attempts and adapt to the COT-based transmission, up to 3 consecutive slot supported by the Rel-16 SL seems to be restrictive and is not suitable for SL-U due to different COTs required by different channel access priority classes. More than 3 consecutive slots transmission should be supported for MCSt. 
Proposal 8: On the support of multi-consecutive slots transmission (MCSt),
· Signals can be transmitted to occupy the gap symbol or PSFCH symbol during multi-consecutive slots.
· More than 3 consecutive slots transmission should be supported for MCSt.

Conclusion
In this contribution, we discuss a few aspects relating to channel access mechanism for NR sidelink design on unlicensed spectrum, and make the following proposals.
Observation 1: RAN2 has agreed highest priority SL CAPC is used for S-SSB transmission.
Proposal 1: 
· When Type 1 SL channel access procedure is used for PSFCH transmission, CAPC p=1 is used.
Proposal 2: When a UE’s transmission can be FDMed with other UE’s transmission, or a UE’s transmission is performed on reserved resource, a default CPE starting position is applied.
Proposal 3: In congested channel environment, the multiple CPE starting positions can be considered.
Proposal 4: selecting one of the multiple CPE starting positions according to priority level, is supported for initial transmission on a slot without other UE’s reserved resource.
Proposal 5: For CW adjustment when SL HARQ-ACK feedback is disabled in SCI (i.e., all cast types), the following option 1 with modifications is supported.
· Option 1: For every priority class , use the latest .
· At least for broadcast type, to avoid the risk of the fact that a minimum CWp, which is always the latest CWp, is permanently used, CWp is updated if the CWp is consecutively used K times.
Proposal 6: When physical layer reports a subset of candidate resources for MCSt,
· Option A: L1 reports candidate multi-slot resources in SA where a candidate multi-slot resource consists of a set of single-slot resources that are consecutive in time
· Number of slots for MCSt should be additionally provided by the higher layer
· The concept of candidate multi-slot resource is applied in step 1.
Proposal 7: On support COT for Mode 2 RA, enhancement on resource selection procedure to consider COT(s) as granularity in the time domain should be studied.
Proposal 8: On the support of multi-consecutive slots transmission (MCSt),
· Signals can be transmitted to occupy the gap symbol or PSFCH symbol during multi-consecutive slots.
· More than 3 consecutive slots transmission should be supported for MCSt.
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