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1. Introduction
In RAN#94e, a new Release 18 NR sidelink WI, an evolution towards 5G-Advanced, was approved. The latest corresponding WID can be found in [1]. For the objective on SL-U, the scope was further clarified in RAN#96e with the following new note regarding the expected gNB behavior in performing LBT channel access schemes.
“	Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.”
On the progress for channel access and resource allocation in SL-U, the following agreements were reached in the last RAN1#109-e meeting [2].
	Agreement
[bookmark: _Hlk110840133]Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.

Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.

Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation

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


In addition to the channel access and resource allocation schemes that need to be handled as part of the work for SL-U, evaluation methodology updates for SL-U were also to be treated and discussed in the last meeting. The details were very close to be agreed, but due to lack of time the whole proposal was delayed.
In this contribution, we will provide discussions and our views on the following technical topics:
· Evaluation methodology for SL-U (based on the latest version in RAN1#109e)
· Updates to latest version of scenario 1 (traffic model and performance metric)
· Updates to latest version of scenario 2 (use PRR and PIR as performance metric)
· SL-U / Wi-Fi coexistence performance results
· Reuse existing NR-U channel access mechanisms and features for SL-U
· Details of Type 1 and Type 2 (2A/2B/2C) LBT
· Channel access priority class
· Contention window adjustment
· UE-to-UE COT sharing – including simulation results
· CP extension (CPE)
· Short control signaling transmission (SCSt) for PSFCH and S-SSB – including simulation results
· Applicability of R16/R17 SL resource allocation schemes in SL-U operation
· Mode 1 and Mode 2 RA schemes
· Mode 2 resource selection for UE-to-UE COT sharing
· Partial sensing and random resource selection
· Inter-UE coordination
· Back-to-back / multi-consecutive slots transmission
2. Discussion
2.1 Evaluation methodology for SL-U
The evaluation methodology for SL-U was treated and discussed in the last meeting, and Proposal 1 (XII) from the corresponding email discussion (FL summary in R1-2205184) was the latest version and was very close to be agreed. In this section, we will provide discussions and our views on evaluation methodology for SL-U based on the latest version of the proposal.
The latest proposal provides several options of use cases, layouts and traffic models. One of the remaining few issues from the email discussion was to make baseline/optional between these different options. In our view, in order to reduce the workload in discussing the evaluation methodology, it is acceptable to us using “recommendation” for the majority agree options and avoid making baseline/optional. Companies should report detail simulation assumptions when providing simulation results. 
· Updates to latest version of scenario 1
In the proposal 1 (XII), Scenario 1 for commercial case provides three options for traffic model:

	· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 8)
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838



From above description, different traffic loads can be achieved by adjusting arrival rate and satisfying one of BO ranges for FTP model 3, which are restricted by only three fixed factors for periodic model 3. When performance evaluation is performed in Scenario 1 (commercial use cases), if we select FTP model 3 for NR-U or Wi-Fi interference traffic model following R16 NR-U evaluation and periodic model 3 for SL-U operation, we need to set a proper arrival rate and the packet reduction factor in order to guarantee the equivalent traffic load between interference RAT and SL-U in all traffic scenarios. However, these fixed factors for SL-U traffic may not exactly match with the three BO ranges for the interference traffic. Therefore, we propose modify the fixed factors with low, medium and high range in order to allow for more flexible adjustment.
Proposal 1: For traffic model Option 1 in Scenario 1:
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1-3; mid:4-6; low:7-10)
· Updates to latest version of scenario 2
In the Proposal 1 (XII), Scenario 2 for V2X use cases reuse the evaluation methodology baseline in NR sidelink from TR 37.885. According to TR 37.885, PRR and PIR performance are defined for V2X traffic model to evaluate V2X performance. Therefore, if the same traffic model is be used, the two metrics should also be reused to evaluate SL-U operation in V2X use cases. As for interference model in V2X cases, it can be up to companies whether / how to implement.
Proposal 2: Use PRR and PIR defined in TR37.885 as performance metric for Scenario 2. 
· SL-U / Wi-Fi coexistence performance results
Based on the latest Proposal 1 (XII) on evaluation methodology, we evaluated coexistence of SL-U and Wi-Fi in Scenario 1 (commercial use cases). Wi-Fi performance is evaluated in Wi-Fi + Wi-Fi and Wi-Fi + S-U scenarios, which should not be impact when the neighbor is changed from Wi-Fi to SL-U. The detail simulation assumptions are provided in Appendix A. 
When coexistence is evaluated, SL-U UEs determine transmission resource based on Rel-16 sidelink resource allocation mode 2, that is UE autonomously selects transmission resource in a resource pool. To access unlicensed channel, UE performs Type 1 channel access (initiate a COT) or Type 2 channel access (share a COT) before the selected resource. If the channel access procedure is finished, the UE can access channel and transmit data using the selected resource.
	[image: ]

	(a) Wi-Fi UPT[Mbps]
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	(b) Wi-Fi latency[s]

	Figure 1: Coexistence evaluation of Wi-Fi and SL-U in Scenario 1


As shown by the simulation results in Figure 1, performance of Wi-Fi users in terms of UPT and latency are both not negatively impacted when some Wi-Fi users are replaced with SL-U UEs in all low, medium and high traffic load scenarios. For the Wi-Fi performance improvement in the Wi-Fi + SL-U case compared with Wi-Fi + Wi-Fi case, the reason is summarized as below:
· Wi-Fi users will access the channel and start to transmit data immediately after they have completed the channel access procedure. However, SL-U UEs have to wait until the slot boundary even though they have completed access procedure ahead of time, which gave Wi-Fi users more opportunities to access the channel during the waiting time. Hence the UPT and latency performances are significantly improved in mid and high load environment.

Observation 1: Performance of Wi-Fi users in terms of UPT and latency are not negatively impacted when some Wi-Fi users are replaced with sidelink UEs in all low, medium and high load scenarios.
[bookmark: _Hlk111023849]Conclusion: It is feasible for NR sidelink to coexist with Wi-Fi in a same unlicensed spectrum/channel with at least NR sidelink UEs operating in resource allocation mode 2.
2.2 Channel access mechanisms
2.2.1 Type 1 and Type 2 (2A/2B/2C) channel access
In last RAN1 meeting [2], it was agreed that Type 1 and Type 2 (2A/2B/2C) channel access (CA) procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel. In NR-U, Type 1 CA is used as baseline channel access mechanism, while Type 2 CA is generally used in COT sharing case. If an equipment (gNB or UE) can share the COT from another equipment (UE or gNB), it can use Type 2 CA to access to the channel, otherwise, Type 1 CA should be used. Furthermore, Type 1 CA is used to initiate a COT. This principle can also be applied to SL-U. 
[bookmark: _Hlk111025501]Proposal 3: 
· Type 1 channel access is default channel access mechanism. 
· Type 1 channel access is used to initiate a COT.
· Type 2A/2B/2C channel access is applied in COT sharing case. 
For Type 1 CA, it is counter based random back-off channel access mechanism. When the UE starts the Type 1 procedure is not specified, and up to implementation. When will the counter equal to 0 is not predictable, and depends on the congestion level of shared spectrum. In NR-U Type 1 CA, if the counter is equal to 0 and UE/gNB does not perform transmission, an additional short LBT (corresponding length is  is performed before the transmission to sense whether the channel is idle or not. The motivation of the short LBT is to avoid potential collision with other RATs since other RAT have opportunity to access to the channel during the gap between the time when counter is equal to 0 and slot boundary for transmission. 
The description of Type 1 CA for UE is copied below [3]
“If a UE has not transmitted a UL transmission on a channel on which UL transmission(s) are performed after step 4 in the procedure above, the UE may transmit a transmission on the channel, if the channel is sensed to be idle at least in a sensing slot duration  when the UE is ready to transmit the transmission and if the channel has been sensed to be idle during all the slot durations of a defer duration  immediately before the transmission. If the channel has not been sensed to be idle in a sensing slot duration  when the UE first senses the channel after it is ready to transmit, or if the channel has not been sensed to be idle during any of the sensing slot durations of a defer duration  immediately before the intended transmission, the UE proceeds to step 1 after sensing the channel to be idle during the slot durations of a defer duration . ”
[bookmark: _Hlk111025512]Observation 2: For Type 1 channel access in NR-U, when the UE starts the Type 1 procedure is not specified, and up to implementation.
Observation 3: For Type 1 channel access in NR-U, an additional short LBT is performed before transmission if there is gap between the time when counter is equal to 0 and slot boundary of the transmission. 
In NR-U, the duration of additional short LBT is  , where , and , ,  is determined by CAPC level (refer to Table 3). Therefore, the duration of additional short LBT is 43us, 43us, 52us, 88us corresponds to different CAPC levels.  
If UE needs to perform SL transmission in slot n and there is other SL transmissions in slot n-1, UE can only perform additional short LBT within GP symbol of slot n-1. The GP symbol length is about 71us/35us/16us for 15kHz/30kHz/60kHz SCS respectively. For 15kHz SCS, the required duration of additional short LBT can be fulfilled only for CAPC level 1, level 2 and level 3, not for CAPC level 4. For 30kHz and 60kHz SCS, the required duration of additional short LBT cannot be fulfilled for all CAPC levels.
[bookmark: _Hlk111025577]Observation 4: The required duration of additional short LBT in Type 1 cannot be guaranteed in most cases if there is SL transmission in previous slot.
One potential solution to solve the issue is to support (pre-)configured duration of additional short LBT. For example, the duration of additional short LBT depends on SL sub-carrier spacing. 
Proposal 4: For Type 1 channel access in SL-U, (pre-)configure the duration of additional short LBT can be supported.
For Type 2 CA, there are specific gap restriction between two adjacent transmissions. For Type 2C CA, the gap is less than or equal to 16us. For Type 2B CA, the gap is equal to 16us. While for Type 2A CA, whether the gap is equal to 25us, or equal to and larger than 25 us, different companies may have different understanding. According to the Type 2A UL CA procedure description[3] “The UE may transmit the transmission immediately after sensing the channel to be idle for at least a sensing interval .”, it is possible that UE can sense the channel to be idle more than 25us. Therefore, we think Type 2A CA is applicable if the gap between two transmission is equal to or larger than 25us. 
[bookmark: _Hlk111025591]Observation 5: For Type 2 channel access, the gap restrictions for each channel access mechanism are as follows:
· Type 2A channel access, transmission gap ≥ 25us;
· Type 2B channel access, transmission gap = 16us;
· Type 2C channel access, transmission gap ≤ 16us;
2.2.2 Channel access priority class 
For Type 1 CA, the channel access parameters are determined by corresponding channel access priority class (CAPC). In NR-U, two separate channel access parameter tables are defined for gNB and UE respectively [3], which follows the regulation that one table is for supervising device and another is for supervised device [4]. For SL-U, it does not support one SL-U UE to schedule resource for another SL-U UE. Therefore, we think it is reasonable to reuse the CAPC parameter table of NR-U UL, as shown in Table 1, for SL-U.
Table 1: Channel Access Priority Class (CAPC) for UL
	Channel Access Priority Class ()
	
	
	
	
	allowed  sizes

	1
	2
	3
	7
	2 ms
	{3,7}

	2
	2
	7
	15
	4 ms
	{7,15}

	3
	3
	15
	1023
	6ms or 10 ms 
	{15,31,63,127,255,511,1023}

	4
	7
	15
	1023
	6ms or 10 ms
	{15,31,63,127,255,511,1023}

	NOTE1:	For ,  if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided , otherwise, . 
NOTE 2:	When  it may be increased to  by inserting one or more gaps. The minimum duration of a gap shall be . The maximum duration before including any such gap shall be . 



[bookmark: _Hlk111025602]Proposal 5: For Type 1 channel access in SL-U, the CAPC table for UL in NR-U can be reused.
In NR-U UL, the CAPC is determined based on channel type or 5QI. For example, for SRS and PUCCH transmission, specific CAPC is applied. For PUSCH transmission, the CAPC is determined by 5QI [5]. The mapping between CAPC and 5QI is shown in Table 2.
Table 2: Mapping between Channel Access Priority Classes and 5QI
	CAPC
	5QI

	1
	1, 3, 5, 65, 66, 67, 69, 70, 79, 80, 82, 83, 84, 85

	2
	2, 7, 71

	3
	4, 6, 8, 9, 72, 73, 74, 76

	4
	-

	NOTE:	lower CAPC value means higher priority
-


                                              
In SL-U, the same mechanism can be applied to PSCCH/PSSCH, i.e., the CAPC for PSCCH/PSSCH is based on PQI. For PSFCH, the CAPC level can be determined by the CAPC level of associated PSSCH. For S-SSB, (pre-)configured CAPC level can be applied. 
[bookmark: _Hlk111025613]Proposal 6: For SL-U, the following can be supported to determine CAPC level: 
· PSCCH/PSSCH: CAPC is determined by PQI;
· PSFCH: CAPC is determined by CAPC level of associated PSCCH/PSSCH;
· S-SSB: CAPC can be (pre-)configured.
If SL feedback is enabled, when UE1 performs PSCCH/PSSCH transmission, the corresponding receiver UE2 needs to perform PSFCH transmission. If UE1 can access the channel by Type 1 CA, it can share the COT to UE2 so that UE2 can use Type 2 CA when it performs PSFCH transmission within the COT duration, instead of Type 1 CA. That can improve PSFCH performance. Therefore, when UE1 determines CAPC for PSCCH/PSSCH, it can also consider the maximal COT duration of shared COT so that it can cover the slot of the corresponding PSFCH. 
[bookmark: _Hlk111025619]Proposal 7:  When UE determines CAPC for PSCCH/PSSCH, the corresponding PSFCH slot to be covered by the shared COT from the UE can be supported.
2.2.3 Contention window adjustment
In NR-U, it supports to adjust contention window based on HARQ feedback. This mechanism can also be applied to SL-U, especially for the case of unicast and groupcast with SL feedback enabled. While SL-U also support broadcast which does not support SL feedback. Even for unicast and groupcast, the SL feedback can be disabled. In those cases, the adjustment of contention window based on HARQ feedback cannot be applied. Some other mechanisms should be studied. 
[bookmark: _Hlk111025627]Proposal 8:
· For the case of unicast and groupcast with SL feedback enabled, it supports to adjust the contention window based on HARQ feedback.
· For the case of broadcast, or unicast and groupcast with SL feedback disabled, how to adjust contention window needs FFS.
2.2.4 UE-to-UE COT sharing
In last RAN1 meeting [2], it was agreed to support UE-to-UE COT sharing. While the details need FFS. In NR-U, a COT can be initiated or shared only when a device (gNB or UE) access the channel through Type 1 channel access. This principle can also be applied to SL-U: only when a UE access the channel through Type 1 channel access, it can share a COT to other UEs. 
When a UE shares COT to other UEs, the following information can be carried in COT sharing information: 
· CAPC level: used to determine which UE can use the shared COT. Only when another UE’s CAPC value is less or equal than the indicated CAPC value, the UE can use the shared COT;
· RB set: used to indicate the RB set on which the COT sharing UE performs channel access successfully. Only when another UE’s SL transmission is within the indicated RB sets, it can use the shared COT;
· COT duration or COT length:  used to determine the COT duration. 
The COT sharing information is used to assist another UE to share the COT. It can be carried by SCI or MAC CE.  Considering the COT sharing can be supported for unicast/groupcast/broadcast, it cannot be carried in PC5-RRC. SCI or MAC CE is more suitable to carry the COT sharing information.
[bookmark: _Hlk111025636]Proposal 9: For UE-to-UE COT sharing:
· A COT can be initiated and shared only when a UE access the channel successfully through Type 1 channel access;
· At least the following information should be carried in COT sharing information: CAPC, RB set information, COT duration;
· The COT sharing information is carried in SCI or MAC CE
In NR-U, when UE can access to the channel through Type 1 CA, it can perform UL transmission and share the COT to gNB. gNB can use the shared COT from the UE to perform DL transmission. While when gNB shares the COT from the UE, it can only perform the DL transmission that contains transmission to the UE that initiated the channel occupancy and can include non-unicast and/or unicast transmissions where any unicast transmission that includes user plane data is only transmitted to the UE that initiated the channel occupancy [3]. In that case, when gNB shares the COT from the UE, it can perform DL non-unicast and/or unicast transmissions only when the UE is target receiver. Otherwise, gNB cannot use the shared COT. 
[bookmark: _Hlk111025684]Observation 6: In NR-U, only when the UE that initiated the COT is a target receiver, gNB can use the shared COT to perform DL transmission which includes non-unicast and/or unicast transmissions.
[bookmark: _Hlk110843355]The above restriction of COT sharing should be also applied in SL-U. When UE2 receives a shared COT from UE1, it can use the shared COT to perform SL transmission only when UE1 is a target receiver of the SL transmission. For unicast, it is straightforward for UE2 to share the COT from UE1 if they are unicast pairs. For groupcast, that means UE1 and UE2 belongs to the same group. For broadcast, SL transmission corresponds to service type. If UE1 is interested in the service type to be transmitted by UE2, that means UE1 is a target receiver of UE2’s transmission, UE2 can use the shared COT to perform SL transmission in broadcast mode. For broadcast, the service type can be determined based on destination ID carried in SCI. 
[bookmark: _Hlk111025645]Proposal 10: In SL-U, if UE2 receives shared COT from UE1, UE2 can use the shared COT to perform SL transmission only when UE1 is a target receiver. 
· For unicast, if UE1 and UE2 are unicast pair, UE2 can use the shared COT from UE1;
· For groupcast, if UE1 and UE2 in the same group, UE2 can use the shared COT from UE1;
· For broadcast, if UE2 is a target receiver of UE1’s transmission, UE2 can use the shared COT from UE1.
We evaluated the performance of UE-to-UE COT sharing and the following two mechanisms are compared: COT sharing is only allowed within a unicast pair vs. COT sharing is applicable to all UEs. Detailed simulation setting is in Appendix B. The evaluation results showed that UPT and PRR performances for COT sharing to all UEs are much better than COT sharing to only peer UE (unicast) in all evaluated cases.
		

	(a) UPT performance

	

	(b) PRR performance

	Figure 2: SL-U performance for UE-to-UE COT sharing





2.2.5 CP extension (CPE)
It was agreed to support CP extension in SL-U. Whether and how CPE mechanism can be applied to SL-U needs FFS. In our view, there are two benefits to apply CPE in SL-U. Firstly, it can avoid other RAT device to access the channel. When the LBT success, UE can occupy the channel by transmitting CPE so that other RAT device cannot access the channel. Secondly, it can guarantee the required gap for a specific Type 2 channel access mechanism. 
[bookmark: _Hlk110870444]For UE-to-UE COT sharing, UE can perform sensing only within GP symbol of previous slot if there is SL transmission in previous slot. The GP symbol is about 71us/35us/16us for 15kHz/30kHz/60kHz SCS respectively. If Type 2A/2B/2C channel access is applied within the shared COT, the required gap of two transmissions are ≥25us, 16us, ≤16us respectively. CPE can be used to guarantee the required gap. For example, if Type 2C is used within shared COT in case of 30kHz SCS, the CPE length can be configured larger than 19us (=35us-16us). In this case, the UE who can use the shared COT can transmit CPE directly without sensing (i.e., Type 2C channel access) before slot boundary.
[bookmark: _Hlk111025713]Observation 7: CPE in SL-U is benefit for channel access and guaranteeing the required gap for Type 2 channel access mechanisms.
Proposal 11: CPE can be applied in UE-to-UE COT sharing scenario. 
Apply CPE in SL-U will cause inter-UE blocking issue. The key difference between SL-U and NR-U is that NR-U is gNB scheduling based, while SL-U is distributed system. In NR-U, all UL transmission is controlled by gNB.  gNB can determine whether or not CPE is used by UE, and determine the starting position of the CPE per UE. While for SL-U, there is no central scheduler in mode 2, if CPE is used and in case the starting position of CPE per UE can be different, there will be inter-UE blocking issue. One illustration is shown below. In the figure 3, UE1 access the channel through Type 1 CA, and perform SL transmission in slot n+1. UE1 shares the COT to other UEs. In slot n+2, UE2 can use the shared COT while UE3 not. UE3 have to perform SL transmission based on Type 1 CA. If there is gap between the time when the counter equal to 0 and slot boundary of slot n+2, UE3 needs to perform additional LBT (Td+Tsl) before the slot boundary. If UE2 performs Type 2A CA in the GP symbol of slot n+1 and perform CPE transmission in case the channel is sensed to be idle, it will block the additional LBT procedure of UE3 so that UE3 cannot access the channel. Similarly, in slot n+3, both UE4 and UE5 can use the shared COT from UE1, and Type 2A CA are performed. While if the starting positions of CPE from UE4 and UE5 are different, such as CPE from UE4 is earlier than UE5, it will block Type 2A CA procedure of UE5. 
[bookmark: _Hlk111025723]Observation 8: For SL-U mode 2, if starting position of CPE is different, it will result in inter-UE blocking.
To avoid inter-UE blocking among multiple mode 2 SL-U UEs, it is preferred to (pre-)configure same CPE starting position and length for all UEs. 
Proposal 12: For SL-U mode 2, (pre-)configure same CPE starting position and length for all UEs is supported.



Figure 3 Illustration of inter-UE blocking issue caused by different CPE starting position
2.2.6 Short control signaling transmission mechanism
Short control signaling transmission (SCSt) mechanism is supported in unlicensed band [4]. If SCSt is applied, no LBT is needed before transmission. While there are two limitations to apply SCSt method:
· Limit 1: within an observation period of 50ms, the number of Short Control Signaling Transmissions by the equipment shall be equal to or less than 50;
· Limit 2: the total duration of the equipment's Short Control Signaling Transmissions shall be less than 2 500 μs within said observation period
If SCSt method can be applied in SL-U, there can be the following benefits:
· SCSt can simplify the physical layer procedure design especially for the case of LBT failure. 
In SL-U, UE should perform LBT before each SL transmission occasions. If LBT failure, UE cannot perform SL transmission. That will be not critical for PSCCH/PSSCH since there could be retransmission occasions. While for PSFCH, according to legacy NR SL mechanism, there is only one PSFCH transmission occasion for one PSSCH transmission. If LBT failure, UE cannot transmit PSFCH and TX UE will detect PSFCH DTX and perform PSSCH retransmission, which will result in lower spectrum efficiency. Enhancement of PSFCH due to LBT failure should be studied, such as configure multiple PSFCH transmission occasions for one PSSCH transmission. If SCSt can be applied, UE can transmit PSFCH without LBT, no further enhancement for PSFCH is necessary.
· NACK-only feedback is applicable in SL-U with SCSt method.
NACK-only feedback is supported in NR SL. It is reasonable to support NACK-only feedback in SL-U. While one drawback of NACK-only is it is hardly to differentiate DTX and ACK. If it is applied in SL-U, it is also possible that UE cannot transmit NACK feedback in case of LBT failure. Even if multiple PSFCH transmission occasions are configured, it cannot avoid LBT failure. Therefore, if PSSCH TX UE cannot detect PSFCH, it cannot differentiate whether the RX UE does not transmit PSFCH (if ACK) or it is because of LBT failure. In this case, we think SCSt is beneficial since UE perform PSFCH transmission without LBT which can guarantee the PSFCH can be transmitted if needed. 
[bookmark: _Hlk111025734]Observation 9: SCSt is beneficial for:
· Simplify physical layer procedure due to LBT failure
· NACK-only PSFCH mechanism applied in SL-U
The following two kinds of transmission can be considered to apply SCSt in SL-U.
· S-SSB transmission
For S-SSB, the periodicity is 160ms. Within a S-SSB period, the number of S-SSB resources for 15/30/60 kHz are {1}/{1,2}/{1,2,4} respectively. Two or three sets of synchronization resources can be configured while only one is used for S-SSB transmission, the others for S-SSB reception. One S-SSB transmission occupies one slot, and corresponds to 1ms/0.5ms/0.25ms for 15/30/60 kHz respectively. It can fulfill both limit 1 and limit 2 of SCSt.
[bookmark: _Hlk111025746]Observation 10: S-SSB transmission can fulfill the limitations of SCSt.
· PSFCH transmission
A PSFCH occupies 2 OFDM symbols (1/7 of a slot duration). The periodicity of PSFCH can be 1/2/4 slots. The following table shows whether the limitations of SCSt can be fulfilled. For P=4, both limitations of SCSt can be fulfilled, while not for P=1 and P=2. But even in case of P=1 and P=2, that does not mean a UE will transmit PSFCH every PSFCH occasion, especially considering the minimum gap between two adjacent PSSCH transmissions is z=a+b, where a is gap between PSSCH and associated PSFCH (provided by sl-MinTimeGapPSFCH) and b is gap between PSFCH and PSSCH retransmission. Therefore, in most cases, the limitations of SCSt can be fulfilled for PSFCH transmission.
[bookmark: _Hlk111025753]Observation 11: PSFCH transmission can fulfill the limitations of SCSt in most cases.
Table 3. Applicable of SCSt limitation for different PSFCH periodicity
	SL SCS
	SCSt limitations
	P=1
	P=2
	P=4

	15 kHz
	Limit1
	√
	√
	√

	
	Limit2
	X
	X
	√

	30 kHz
	Limit1
	X
	√
	√

	
	Limit2
	X
	X
	√

	60 kHz
	Limit1
	X
	√
	√

	
	Limit2
	X
	X
	√



One argument to apply SCSt to PSFCH or S-SSB transmission is that will cause potential collision with other RATs since there is no LBT is performed.. We evaluate the performance of SL-U in case of SCSt based PSFCH transmission and LBT (Type 2A) based PSFCH transmission. We also evaluate the performance of Wi-Fi in both cases. Detailed simulation setting can be found in Appendix C. From Figure 4, it shows that no matter PSFCH transmission is based on SCSt or LBT, there is negligible performance difference for Wi-Fi and SL-U respectively. Therefore, we think it is acceptable to apply SCSt for PSFCH transmission. 
[bookmark: _Hlk111025759]Observation 12: Compared with PSFCH transmission based on LBT, PSFCH transmission based on SCSt has negligible performance loss for Wi-Fi and SL-U.
Proposal 13: PSFCH transmission based on SCSt can be supported in SL-U.

	
	

	(a) Low load: SL-U UPT
	(b) Low load: Wi-Fi UPT

	
	

	(c) Medium load: SL-U UPT
	(d) Medium load: Wi-Fi UPT

	Figure 4: Simulation results of SCSt vs LBT based PSFCH transmission


2.3 Applicability of R16 and R17 SL resource allocation schemes in SL-U operation 
· Mode 1 and Mode 2 RA schemes
In RAN1#109-e meeting, the following agreement is reached on Mode 1 and Mode 2 resource allocation.
	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 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


During RAN#96, the main role and function of a controlling / scheduling base station operating in an unlicensed channel is further clarified in the objective for SL-U that “the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel”. Based on this new clarification in the latest WID [1], the gNB does not perform any LBT sensing operation in the shared spectrum to assess and determine the channel access at least in Rel-18. As such, the gNB will not have any knowledge about the shared spectrum, and hence, it will not be able to gain access to the channel and share channel occupancy to any of its serving sidelink UEs.
On the other hand, it does not preclude a scenario where the gNB schedules sidelink resource(s) to a UE (UE_1) that is/are within another UE’s COT (UE_2) and indicate to UE_1 to perform one of Type 2 (2A/2B/2C) channel access procedures for using the scheduled SL resource(s). The two UEs (UE_1 and UE_2) may very well involved in a sidelink unicast and both under Mode 1 gNB scheduling. In this case, however, if UE_2 gains access to an unlicensed channel and able to indicates / shares its COT directly over sidelink (e.g., via SCI or MAC CE), UE_1 would be able to receive the COT information from UE_2and directly utilize the COT for its sidelink transmission (scheduled by gNB). Then in the end, it is not entirely necessary for the gNB to share the COT from UE_2 with UE_1 and indicates the channel access procedure when dynamically schedules sidelink resource(s) to UE_1 in Mode 1.
[bookmark: _Hlk111025768]Observation 13: Due to the newly added note in the objective for SL-U and if a UE is able to directly acquire COT information from another UE (e.g., via SCI or MAC CE in SL unicast), it is not necessary for the gNB to share COT information from another UE and indicates the channel access procedure in Mode 1 RA to a scheduled UE. The UE should be able to determine and perform a right / appropriate channel access procedure before SL transmission.
Proposal 14: gNB sharing / forwarding an initiated COT from a UE to other UE(s) is not necessary to be supported since a direct UE-to-UE COT sharing is possible.
[image: ]
Figure 5: Skipping Step 5) for non-monitored slots occupied by non-sidelink transmission.
When a SL UE operates in Mode 2, on the other hand, SL transmission resources are fully selected by the Tx-UE on its own based on a “sensing and reservation” operation to avoid collision/conflict with other SL transmitting UEs. In R16, apart from UE excluding already reserved/indicated resource(s) by other UE from a candidate resource set (SA) before reporting to the higher layer, the Tx-UE also exclude resources in slots that are multiple reservation periods from a non-monitor slot. This Step 5) is always performed in Mode 2 resource allocation procedure and all of candidate resources in the corresponding slots of resource selection window will be excluded due to the assumption that sidelink is the only RAT operates in a resource pool or using the same set of resources. However, in SL-U an unlicensed channel in the 5GHz and 6GHz spectrum with 20MHz bandwidth is shared by multiple RATs simultaneously, including Wi-Fi, LAA and NR-U. In this scenario, a non-monitored slot does not always mean it will only be occupied by other sidelink UEs. For example, if Tx-UE performs SL transmission at RB set 1 in the non-monitored slot m, it may not be necessary to perform Step 5) for RB set 2 because the resources in RB set 2 could be occupied by Wi-Fi Users. Therefore, the Step 5) should not always be performed for all the RB sets in a non-monitored slot.
[bookmark: _Hlk111025778]Observation 14: Since an unlicensed channel is shared by different RATs (e.g., Wi-Fi, LAA, NR-U), a non-monitored slot in sidelink does not always mean it can only be occupied by other sidelink UE transmissions.
In the existing sidelink slot structure, the last symbol in a slot is always a Gap symbol (also known as guard period GP symbol) not to be used for any sidelink transmission but for the purpose of Tx/Rx switching and UL timing advance. In SL-U, this symbol will ideally be also used for performing LBT procedure to access the channel in the following slot. Hence, this symbol will continue to be silent for sidelink UEs. This means, if a transmission is detected in this symbol (e.g., by means of energy detection), it will only come from one of the other RATs (e.g.,Wi-Fi) and likely the next slot will not contain any sidelink transmission. Hence, we can use the energy detection in the Gap symbol to determine whether the resources in the corresponding RB set of next slot will be occupied by non-sidelink transmissions or not. In this case, if the following slot becomes a non-monitored slot for a sidelink Tx-UE and the Tx-UE determines one or more RB sets are occupied by non-sidelink transmissions, Step 5) in the current resource exclusion procedure should be skipped / not performed for these RB sets by the Tx-UE. In Figure 5, assuming slot (m) is a slot within the sensing window that was not monitored by a Tx-UE. When the Tx-UE performs energy detection (ED) as part of LBT for a given RB set during the GP symbol of slot (m-1) and determines that a signal is transmitted during the GP symbol, it is likely the RB set in slot (m) is not occupied by any sidelink transmission. As such, Step 5) of the Mode 2 RA procedure should be skipped and not exclude resources of the RB set in slot (m+100), where one of configured reservation periodicities is 100ms.
[bookmark: _Hlk111025784]Proposal 15: Step 5) of the Mode 2 RA procedure should not be performed for the RB set that are occupied by non-sidelink transmissions in the non-monitored slots.
· Mode 2 resource selection for UE-to-UE COT sharing
In RAN1#109-e meeting, it is agreed to support UE-to-UE COT sharing as followed, but the remaining details are for further study.
	Agreement
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements


Firstly, the main intention for COT sharing is for data transmission by a responding UE so that only a short LBT (Type 2A/2B/2C) needs to be performed before the actual transmission within the shared COT. Hence, it is logical / reasonable for the responding UE to select its resources for PSCCH/PSSCH transmissions within the shared COT as much as possible. In order to achieve this, it may be necessary for L1 to separately report all received and usable COT information to the higher layer for the current resource selection.  Then it is up to the MAC layer to select resources within the reported COT with higher priority from the reported set SA for transmission. We think this could be the simplest Mode 2 resource selection update to utilize UE-to-UE COT sharing.
[bookmark: _Hlk111025789]Proposal 16: In order to utilize a shared COT from another UE in Mode 2 RA, in addition to the existing set SA,  all received and usable COT information should be separately reported to the higher layer for resource selection.

· Partial sensing and random resource selection
In Rel-17, power efficient resource allocation schemes based on UE performing PSCCH (SCI) decoding and SL-RSRP measurement in only subsets of sidelink slots (a.k.a. partial sensing) was introduced to avoid collisions with periodic and aperiodic transmissions from other sidelink UEs in the same resource pool. Similar to the Rel-16 Mode 2 RA scheme, this partial sensing mechanism (intended to be used by battery/power limited UEs) can effectively mitigate transmission conflicts with other SL UEs by monitoring the usage/reservation status of the radio channel resources within a set of candidate slots and selecting available ones that have not been reserved.
For NR sidelink operation in unlicensed channels, similar to the Mode 1 and Mode 2 RA schemes, the same partial sensing and resource selection operation can be adopted by battery/power limited UEs to avoid intra-RAT conflicts in the same resource pool and combine this operation with LBT just before the SL transmission to avoid inter-RAT collision (e.g., with LTE-LAA, NR-U and Wi-Fi signals).
[bookmark: _Hlk111025799]Observation 15: Similar to the Rel-16 Mode 2 full sensing and reservation RA, the partial sensing RA mechanism introduced in Rel-17 for battery/power limited UEs can be also used together with the LBT schemes to gain access to the unlicensed channel just before the actual SL transmission. If the partial sensing does not detect any PSCCH/SCI transmission is some sensing slots (e.g., due to no SL transmission from other UEs or the channel is occupied by other RATs), it just means no SL resource is reserved from those slots and less SL resources need to be excluded from the candidate resource set. The partial sensing operation itself would still work with the LBT schemes.
On the other hand, if a SL transmitter UE performs random resource selection without any receiver / channel sensing capability/hardware such that it is not possible to perform LBT before a SL transmission, this type of UE should not be allowed to operate/transmit in an unlicensed spectrum. However, if a SL transmitter UE is capable of performing LBT in an unlicensed channel, the UE should still be allowed to perform random selection of SL resources (e.g., due to short PDB or the minimum M monitoring slots for CPS cannot be guaranteed) as long as LBT is performed just before the SL transmission to ensure the unlicensed channel is clear.
[bookmark: _Hlk111025805]Observation 16: If a SL transmitter UE is capable of performing LBT in an unlicensed channel, the UE should still be allowed to perform random selection of SL resources as long as LBT is performed just before the SL transmission to ensure the unlicensed channel is clear.
· Inter-UE coordination
The main purpose of the inter-UE coordination (IUC) schemes introduced in Rel-17 is to improve the reliability of SL transmission (hence the communication) by indicating a set of preferred, non-preferred channel resources or a future collision to another NR sidelink UE to avoid collision/conflict. Due to the hidden node issue and/or the half-duplex problem, a sidelink UE-A may be explicitly or implicitly (based on a condition) triggered to inform UE-B which SL resources in the future are safe or not safe to use as they may collide with another UE’s SL transmission. But since these IUC indications are carried in either PSCCH/PSSCH or PSFCH, similar to the previous discussions, as long as the sidelink UE performs LBT before the actual SL PHY channel transmission on an unlicensed channel, the IUC schemes specified in Rel-17 would still be applicable and useful in SL-U to ensure high transmission/communication reliability (by reducing intra-RAT collisions).
[bookmark: _Hlk111025810]Observation 17: It is beneficial and feasible to continue supporting the R17 inter-UE coordination schemes for NR sidelink operation also in unlicensed spectrum to ensure high reliability of SL transmissions by indicating preferred/non-preferred resources or potential collision to another UE for avoiding collisions / interference, as long as the UE adheres to the channel access rule (i.e., LBT) before sending the IUC information on the licensed channel.

2.4 Back-to-back / multi-consecutive slots transmission  
In the last RAN1#109-e meeting, there was an agreement to further study whether and how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including aspects on channel access, resource allocation and PHY channel design. According to submitted contributions in the last meeting proposing to support back-to-back / burst transmission for NR sidelink operating unlicensed channel, the main intention / purpose to retain the access to the unlicensed channel for as long as possible after UE has performed a successful Type 1 LBT which will give the UE a channel occupancy time (COT) of a certain duration depending on the priority class (i.e., CAPC). Therefore, in order to take advantage of the COT or retaining the COT for as long as possible, within which the UE only needs to perform Type 2A/2B/2C to access the channel when there is a short interruption in transmission (instead of a full Type 1 LBT), it is proposed for the UE to perform SL transmission in consecutive slots within the COT (right after the initial Type 1 LBT) for the COT initiation UE. If this COT is shared to others, another UE could potentially also perform B2B transmissions to take advantage of the COT and retaining the COT until the end of allowable COT length.
According to the existing Mode 1 and Mode 2 resource allocation procedures, it is already possible to achieve B2B transmission in NR sidelink by simply (pre-)configuring resource pool, Type 1/Type 2 sidelink CG resources, and scheduling DG resources in consecutive slots in Mode 1, and selecting/reserving resources in consecutive slots (even with different number of sub-channels) for non-HARQ-feedback based retransmissions in Mode 2 without a significant MAC specification change. This, however, is also recognized as not the most optimized approach to B2B transmission for SL-U as it is based on an opportunistic approach. When the reported set SA to the higher layer contains no B2B resources, then it is not possible to perform B2B transmission to take advantage of a COT. On the other hand, if we want to optimize the operation / procedure for B2B transmission in unlicensed channels, there can be many aspects that the group should consider. For example, 
· Single or multiple TBs per B2B; For the purpose of retaining a COT in an unlicensed channel, the transmission does not need to be restricted to a single MAC layer TB only. When a TB or logical channel requires SL-HARQ feedback, according to the existing resource selection rule, there shall be a minimum time gap of Z slots between retransmissions of the same TB. As such, it should be possible and necessary to transmit different TBs in different but consecutive slots to achieve B2B transmission. But to do this, it will introduce other complication such as:
· The current resource (re-)selection procedure in MAC layer is currently performed on a per sidelink grant basis for a MAC PDU with a single LsubCH size and priority level, which are also provided to the L1 for the sensing and exclusion procedure. This processing / procedure structure is embedded firmly in both L1 and L2 specs. If B2B transmission should allow multiplexing TBs of different sidelink grants (with different number of sub-channels), there could be a significant spec impact in both L1 and L2 to achieve this.
· PHY structure (AGC, GP symbol, PSCCH); keeping the current slot-based transmission or introducing a new continuous SL transmission across multiple slots. The latter approach obviously will have impacts to PHY structure design especially in the areas of AGC and GP symbols. Furthermore, the transmission and mapping of PSCCH resource blocks may longer be transmitted in slots other than the initial slot of B2B. If this is the case, it may also have impact to SL sensing operation and resource exclusion.
· Resource allocation / selection procedure (L1 and L2); 
· For transmission of a single TB only in B2B, the current RA structure in L1 seems suffice. But certain enhancement may be necessary to guarantee there are available resources in multiple consecutive slots for selection. Some additional rule(s) should be also introduced in the MAC layer for selecting resources in consecutive slots.
· For transmission of different TBs in B2B, the sensing and exclusion procedure in L1 may need to take into account of different LsubCH sizes and priority levels at the same time. This can spark a lot of discussion and redesigning of the exclusion procedure in both L1 and L2. Or at least finding a solution design that will minimize the spec impact but still achieve B2B transmission resources are being selected.
· Resource indication (SCI and DCI); Once B2B resources are selected, the next step to consider is about how these resources should be indicated in SCI and DCI (Mode 1), since multiplexing TBs with different TBS sizes, sub-channel sizes and priority levels could be possible in a B2B transmission. The discussion and redesigning can be very complicated. On one hand, we should strive to reuse the existing time and frequency resource assignment indication mechanism as much as possible (but it is designed for retransmission(s) of the same TB). But on the other hand, we should indicate / reserve the entire B2B transmission (including all the resources across the multiple consecutive slots) so that they are reserved as soon as possible even they are to be used for transmitting different TBs.
· Re-evaluation and pre-emption checking; Besides selection of resources for B2B transmission, re-evaluation and pre-emption checking procedures also need to be updated accounting for different TBs in B2B transmission. Moreover, the case when one or more of selected/reserved B2B resources are taken over by other higher priority transmissions that would compromise the COT retention should be also considered. Therefore, re-evaluation and pre-emption checking for B2B transmission is another area that needs careful consideration.
· HARQ feedback procedure and PFSCH resources; As mentioned earlier, when B2B transmission is used for delivering the same TB, the SL-HARQ feedback needs to be disabled since there should be a minimum of Z slots between any two adjacent retransmissions of the same TB to account for PSFCH transmission for the case when SL-HARQ feedback is enabled. However, a UE may not have multiple TBs to be transmitted all the time. In a lot of times, UE could just have a single TB / sidelink grant to be transmitted, but periodically. As such, B2B transmission for a single TB should be supported. In this case, we should rediscuss and support the case of mixed blind and HARQ-feedback based retransmissions of the same TB for B2B.
· SL-HARQ feedback reporting in UL; In Mode 1, SL-HARQ feedback reporting procedure in UL would also need to be updated to account for multiple retransmissions of the same TB or different TB due to B2B transmission.
[bookmark: _Hlk111025818]Observation 18: Based on the discussion and analysis provided in this section, it is observed that the support of B2B transmission in SL-U would need to consider at least the following aspects. As can be seen, it is envisioned the standardization work to support B2B transmission in Rel-18 will be very heavy.
· Single and/or multiple TBs per B2B transmission
· PHY structure changes in AGC, GP symbol and PSCCH
· Resource allocation / selection procedure (L1 and L2)
· Resource indication method (SCI and DCI)
· Re-evaluation and pre-emption checking
· HARQ feedback procedure and PFSCH resources
· SL-HARQ feedback reporting in UL
3. Conclusion
In this contribution, evaluation methodology, channel access and resource allocation related issues and topics for NR sidelink operating in unlicensed channels are discussed. Simulation results for SL and Wi-Fi coexistence in the same unlicensed channel, UE-to-UE COT sharing and PSFCH performance using SCSt and LBT are also provided in this paper. The following proposals and observations are given to summarize our views.
Proposal 1: For traffic model Option 1 in Scenario 1:
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1-3; mid:4-6; low:7-10)
Proposal 2: Use PRR and PIR defined in TR37.885 as performance metric for Scenario 2.
Observation 1: Performance of Wi-Fi users in terms of UPT and latency are not negatively impacted when some Wi-Fi users are replaced with sidelink UEs in all low, medium and high load scenarios.
Conclusion: It is feasible for NR sidelink to coexist with Wi-Fi in a same unlicensed spectrum/channel with at least NR sidelink UEs operating in resource allocation mode 2.
Proposal 3:
· Type 1 channel access is default channel access mechanism.
· Type 1 channel access is used to initiate a COT.
· Type 2A/2B/2C channel access is applied in COT sharing case.
Observation 2: For Type 1 channel access in NR-U, when the UE starts the Type 1 procedure is not specified, and up to implementation.
Observation 3: For Type 1 channel access in NR-U, an additional short LBT is performed before transmission if there is gap between the time when counter is equal to 0 and slot boundary of the transmission.
Observation 4: The required duration of additional short LBT in Type 1 cannot be guaranteed in most cases if there is SL transmission in previous slot.
Proposal 4: For Type 1 channel access in SL-U, (pre-)configure the duration of additional short LBT can be supported.
Observation 5: For Type 2 channel access, the gap restrictions for each channel access mechanism are as follows:
· Type 2A channel access, transmission gap ≥ 25us；
· Type 2B channel access, transmission gap = 16us;
· Type 2C channel access, transmission gap ≤ 16us;
Proposal 5: For Type 1 channel access in SL-U, the CAPC table for UL in NR-U can be reused.
Proposal 6: For SL-U, the following can be supported to determine CAPC level: 
· PSCCH/PSSCH: CAPC is determined by PQI;
· PSFCH: CAPC is determined by CAPC level of associated PSCCH/PSSCH;
· S-SSB: CAPC can be (pre-)configured.
Proposal 7: When UE determines CAPC for PSCCH/PSSCH, the corresponding PSFCH slot to be covered by the shared COT from the UE can be supported.
Proposal 8:
· For the case of unicast and groupcast with SL feedback enabled, it supports to adjust the contention window based on HARQ feedback.
· For the case of broadcast, or unicast and groupcast with SL feedback disabled, how to adjust contention window needs FFS.
Proposal 9: For UE-to-UE COT sharing:
· A COT can be initiated and shared only when a UE access the channel successfully through Type 1 channel access;
· At least the following information should be carried in COT sharing information: CAPC, RB set information, COT duration;
· The COT sharing information is carried in SCI or MAC CE
Observation 6: In NR-U, only when the UE that initiated the COT is a target receiver, gNB can use the shared COT to perform DL transmission which includes non-unicast and/or unicast transmissions.
Proposal 10: In SL-U, if UE2 receives shared COT from UE1, UE2 can use the shared COT to perform SL transmission only when UE1 is a target receiver.
· For unicast, if UE1 and UE2 are unicast pair, UE2 can use the shared COT from UE1;
· For groupcast, if UE1 and UE2 in the same group, UE2 can use the shared COT from UE1;
· For broadcast, if UE2 is a target receiver of UE1’s transmission, UE2 can use the shared COT from UE1.
Observation 7: CPE in SL-U is benefit for channel access and guaranteeing the required gap for Type 2 channel access mechanisms.
Proposal 11: CPE can be applied in UE-to-UE COT sharing scenario.
Observation 8: For SL-U mode 2, if starting position of CPE is different, it will result in inter-UE blocking.
Proposal 12: For SL-U mode 2, (pre-)configure same CPE starting position and length for all UEs is supported.
Observation 9: SCSt is beneficial for:
· Simplify physical layer procedure due to LBT failure
· NACK-only PSFCH mechanism applied in SL-U
Observation 10: S-SSB transmission can fulfill the limitations of SCSt.
Observation 11: PSFCH transmission can fulfill the limitations of SCSt in most cases.
Observation 12: Compared with PSFCH transmission based on LBT, PSFCH transmission based on SCSt has negligible performance loss for Wi-Fi and SL-U.
Proposal 13: PSFCH transmission based on SCSt can be supported in SL-U.
Observation 13: Due to the newly added note in the objective for SL-U and if a UE is able to directly acquire COT information from another UE (e.g., via SCI or MAC CE in SL unicast), it is not necessary for the gNB to share COT information from another UE and indicates the channel access procedure in Mode 1 RA to a scheduled UE. The UE should be able to determine and perform a right / appropriate channel access procedure before SL transmission.
Proposal 14: gNB sharing / forwarding an initiated COT from a UE to other UE(s) is not necessary to be supported since a direct UE-to-UE COT sharing is possible.
Observation 14: Since an unlicensed channel is shared by different RATs (e.g., Wi-Fi, LAA, NR-U), a non-monitored slot in sidelink does not always mean it can only be occupied by other sidelink UE transmissions.
Proposal 15: Step 5) of the Mode 2 RA procedure should not be performed for the RB set that are occupied by non-sidelink transmissions in the non-monitored slots.
Proposal 16: In order to utilize a shared COT from another UE in Mode 2 RA, in addition to the existing set SA,  all received and usable COT information should be separately reported to the higher layer for resource selection.
Observation 15: Similar to the Rel-16 Mode 2 full sensing and reservation RA, the partial sensing RA mechanism introduced in Rel-17 for battery/power limited UEs can be also used together with the LBT schemes to gain access to the unlicensed channel just before the actual SL transmission. If the partial sensing does not detect any PSCCH/SCI transmission is some sensing slots (e.g., due to no SL transmission from other UEs or the channel is occupied by other RATs), it just means no SL resource is reserved from those slots and less SL resources need to be excluded from the candidate resource set. The partial sensing operation itself would still work with the LBT schemes.
Observation 16: If a SL transmitter UE is capable of performing LBT in an unlicensed channel, the UE should still be allowed to perform random selection of SL resources as long as LBT is performed just before the SL transmission to ensure the unlicensed channel is clear.
Observation 17: It is beneficial and feasible to continue supporting the R17 inter-UE coordination schemes for NR sidelink operation also in unlicensed spectrum to ensure high reliability of SL transmissions by indicating preferred/non-preferred resources or potential collision to another UE for avoiding collisions / interference, as long as the UE adheres to the channel access rule (i.e., LBT) before sending the IUC information on the licensed channel.
Observation 18: Based on the discussion and analysis provided in this section, it is observed that the support of B2B transmission in SL-U would need to consider at least the following aspects. As can be seen, it is envisioned the standardization work to support B2B transmission in Rel-18 will be very heavy.
· Single and/or multiple TBs per B2B transmission
· PHY structure changes in AGC, GP symbol and PSCCH
· Resource allocation / selection procedure (L1 and L2)
· Resource indication method (SCI and DCI)
· Re-evaluation and pre-emption checking
· HARQ feedback procedure and PFSCH resources
· SL-HARQ feedback reporting in UL
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Appendix for simulation assumptions

· Appendix A:

Table A: Simulation assumption for coexistence evaluation
	Parameter
	Value

	Layout
	Scenario 1 – Option 1 from #109e-meeting email discussion (R1-2205184)

	UE number
	5 SL-U pairs, 10 Wi-Fi STAs

	Carrier frequency
	5GHz

	Channel bandwidth
	20MHz

	SCS
	30KHz

	Channel model
	NR InH Mixed Office model

	Traffic model
	Wi-Fi: FTP model 3, SLU: Periodic model 3
Note: Wi-Fi and SL-U have equivalent traffic load, i.e., low load(2Mbps), medium load(3Mbps), high load(4Mbps)

	ED threshold
	-72dBm

	Resource allocation 
	R16 resource allocation mode 2




· Appendix B:
Table B: Simulation assumption for UE-to-UE COT sharing
	Parameter
	Value

	Layout
	Scenario 1 – Option 1 from #109e-meeting email discussion (R1-2205184)

	UE number
	5 SL-U pairs, 10 Wi-Fi STAs

	Carrier frequency
	5GHz

	Channel bandwidth
	20MHz

	SCS
	30KHz

	Channel model
	NR InH Mixed Office model

	Traffic model
	Wi-Fi: FTP model 3, SLU: Periodic model 3
Note: Wi-Fi and SL-U have equivalent traffic load, i.e., low load(1.5Mbps), medium load(2.5Mbps), high load(4Mbps)

	ED threshold
	-72dBm

	Resource allocation 
	R16 resource allocation mode 2




· Appendix C:

Table C: Simulation assumption for PSFCH transmission
	Parameter
	Value

	Layout
	Scenario 1 – Option 1 from #109e-meeting email discussion (R1-2205184)

	UE number
	10 SL-U pairs, 20 Wi-Fi STAs

	Carrier frequency
	5GHz

	Channel bandwidth
	20MHz

	SCS
	30KHz

	Channel model
	NR InH Mixed Office model

	Traffic model
	Wi-Fi: FTP model 3, SLU: Periodic model 3
Traffic load: low load(1.5Mbps), medium load(2.5Mbps)

	ED threshold
	-72dBm

	Resource allocation 
	R16 resource allocation mode 2

	COT sharing
	UE-to-UE COT sharing and COT sharing to all SL-U UEs

	Max re-trans num
	1




SLU - UPT [Mbps]

  COT sharing to all UEs	Low load	Mid load	High load
	11.202	5.9240000000000004	4.4648000000000003	  COT sharing to peer UE	Low load	Mid load	High load
	6.0670000000000002	2.6669999999999998	2.181	



SLU - PRR

  COT sharing to all UEs	Low load
	Mid load
	High load
	0.86299999999999999	0.68700000000000006	0.40300000000000002	  COT sharing to peer UE	Low load
	Mid load
	High load
	0.46100000000000002	0.317	0.19600000000000001	



SL-U UPT [Mbps]

 SCSt for PSFCH transmission	 LBT for PSFCH transmission	10.159000000000001	10.209	


Wi-Fi UPT [Mbps]

 SCSt for PSFCH transmission	  LBT for PSFCH transmission	59.767000000000003	60.561	


SL-U UPT [Mbps]

 SCSt for PSFCH transmission	 LBT for PSFCH transmission	2.5219999999999998	2.5470000000000002	


Wi-Fi UPT [Mbps]

 SCSt for PSFCH transmission	  LBT for PSFCH transmission	49.098999999999997	49.462000000000003	
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