
3GPP TSG-RAN WG1 Meeting #112			R1-2300297
Athens, Greece, February 27th – March 03rd, 2023

Agenda item:	9.4.1.1
Title:	On channel access mechanism and resource allocation for SL-U
Source:	OPPO
Document for:	Discussion and Decision

1. Introduction
In RAN#98-e, WID for the R18 NR sidelink evolution project was revised [1], but the objective for SL-U was not affected except that the study phase for SL-U is now completed. On the progress for channel access and resource allocation in SL-U, the following agreements were reached in the last RAN1#111 meeting [2].
	Agreement
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure

[bookmark: _Hlk119444575]Agreement
Performance metric, company to report which one of the following options is evaluated in their simulation results.
· Option 1:
· For GC and BC, a device within the range (a, b) from the TX can be a receiver, and the UPT/latency/PRR can be calculated by average. The packet whose delay exceeding the remaining PDB as transmission failure.
· Option 2:
· For GC, UPT and latency for a packet is measured from the perspective of the worst-case RX (i.e., the one with the longest transmission time).
· For BC, UPT and latency for a packet are measured for each RX separately.
· Option 3: 
· For GC and BC, UPT, latency and PRR are measured from the perspective of each RX UE

Agreement
For dynamic channel access mode with multi-channel case in SL-U, use NR-U DL (Type A or Type B) multi-channel access procedure as the baseline for multiple PSFCH transmissions on multiple channels, where each PSFCH transmission is confined within one LBT channel 
· FFS: the case for S-SSB if agreed to transmit S-SSB (or S-SSB can be (pre-)configured) in more than one RB set
· FFS: whether type A or type B or both will be supported for this case for PSFCH
· FFS: whether multiple PSFCH transmissions on multiple channels after performing the multi-channel access procedure is limited to contiguous RB sets

Agreement
SL reference duration is defined as a duration corresponding to a channel occupancy initiated by the UE including transmission of PSSCH(s), starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until either (one option to be selected later):
· Option 1a: 
· the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 1b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2a: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the end of the channel occupancy
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the time when UE updates the CW
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed

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

Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.

Agreement
· If , the next higher allowed value for adjusting  is .
· If the  is consecutively used  times for generation of ,  is reset to  only for that priority class  for which  is consecutively used  times for generation of .  is selected by UE from the set of values {1, 2, …,8} for each priority class .


In this contribution, we will provide discussions and our views on the following technical topics:
· Details of channel access mechanisms for SL-U
· Further details of Type 1 and Type 2 (2A/2B/2C) LBT operation
· Further details of contention window adjustment (including definition for reference duration)
· Further details of UE-to-UE COT sharing
· Further details of CP extension (CPE)
· Frame-based Equipment (FBE) channel access
· Multi-channel access procedure for S-SSB and PSFCH
· 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
· [bookmark: _Hlk127380428]Resolving the blocking from other UE when performing Type 1 LBT
· Partial sensing and random resource selection
· Inter-UE coordination
· Multi-consecutive slots transmission (MCSt)
2. Discussion
2.1 Channel access mechanisms
2.1.1 Type 1 and Type 2 (2A/2B/2C) channel access
From RAN1#110bis-e meeting, it was agreed that Type 1 channel access can be applied to any kind of SL channels but the CAPC level for S-SSB and PSFCH is yet to be determined. According to the LS received from RAN2 [3], it is 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
Given that SBCCH from Layer 2 is directly mapped to PSBCH, which is part of the S-SSB containing S-PSS, S-SSS and PSBCH , it is our understanding that the highest priority SL CAPC level would need to be used for the entire S-SSB transmission. Hence, RAN1 would not need to re-discuss the SL CAPC level for S-SSB.
Observation 1: Since the highest priority CAPC level is to be used for PSBCH, which is part of the S-SSB transmission, the highest priority CAPC level would also apply to the entire S-SSB transmission which includes also S-PSS and S-SSS.
In [3], RAN2 also decided that it is up to RAN1 to decide the SL CAPC level to use for PSFCH. In our view, the transmission of PSFCH carries SL-HARQ feedback control signaling information which is critical to achieve high reliability link performance in SL communication, it should be treated with highest priority in gaining access to the unlicensed channel. In this regard, for control signaling only related transmissions (e.g., similar to S-SSB), it should be given the highest priority. If the highest priority CAPC level is not given to PSFCH transmissions but follows the CAPC level of the corresponding PSCCH/PSSCH, this will cause two issues:
1. When the CAPC level for the corresponding PSCCH/PSSCH is low, it can take much longer time to complete the Type 1 LBT process. Depending on the randomly selected CW size, it may take up to several slots to complete the Type 1 LBT. The current (Rel-16) PSFCH feedback timing gap is K=2 slots from the reception of PSCCH/PSSCH. This means, the current feedback timing gap of 2 slots would not be sufficient even for the Type 1 LBT and that the Rx-UE has to drop the PSFCH transmission and cause negative impact to the SL performance.
2. Since PSFCH symbols are multiplexed with PSCCH/PSSCH in the same slot and separated by only one GP symbol between them, this means if the highest CAPC level is not used for PSFCH, the Type 1 LBT will be blocked by PSCCH/PSSCH in the same slot. The PSCCH/PSSCH transmission could be even from the same PSFCH transmitting UE.
Proposal 1: The highest priority SL CAPC should be also used for PSFCH transmission (i.e., CAPC level p=1).
	Agreement
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure


Another open issue is whether Type 2A channel access can be applied to PSFCH without a shared channel occupancy (just as S-SSB transmissions according to the above agreement from the last RAN1#111 meeting). As discussed earlier, PSFCH carrying SL-HARQ feedback control information is important for sidelink communication performance, and hence it should be treated with highest priority. Note that, from short control signaling exemption perspective, it is already allowed by ETSI regulation [4] for a device to perform this type of transmission as long as a certain duty cycle and Tx duration are followed/obeyed within an observation period of 50ms. Therefore, as long as channel is idle for at least 25us, it should be allowed for a UE to transmit PSFCH after performing a Type 2A LBT procedure (just as S-SSB). Note that, when UE is in network coverage operating in Mode 1 or Mode 2 and follows network timing for synchronization, the UE does not need to transmit S-SSB. Furthermore, a UE only transmit PSFCH when SL-HARQ feedback is enabled in a received SCI in groupcast and unicast. Although PSFCH resources can be configured periodically in a resource pool, the UE transmit SL-HARQ feedback only when it is triggered to (by SCI). As such PSFCH transmissions should consider to be aperiodic and the duty cycle constrain for S-SSB would not be applicable for PSFCH.
Proposal 2: Type 2A channel access should be applied to PSFCH transmissions without a shared channel occupancy with the same time duration constrain as S-SSB.
Proposal 3; Further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure could be:
· For each of S-SSB and PSFCH transmission from a UE, the combined duration of S-SSB and PSFCH transmissions using Type 2A channel access out of shared COT should not exceed 2500us and the combined number of S-SSB and PSFCH transmissions using Type 2A channel access out of shared COT should not exceed 50 in the past 50ms. 
· Otherwise, Type 1 channel access should be applied.
Another open issue is whether and how to apply channel access to groupcast SL feedback option 1 (i.e., NACK-only feedback). If channel access is applied to GC feedback option 1, LBT failure is possible even if more transmission occasions are configured for PSFCH. In this case, PSSCH RX UE will not perform NACK feedback if it does not detect PSSCH correctly. Then the PSSCH TX UE does not receive any feedback from RX UE. But it cannot differentiate whether it is because of LBT failure, or PSSCH correctly detected. That will cause ambiguous and PSSCH TX UE does not what to do. If the non-reception of PSFCH from the RX UE is due to LBT failure, which means RX UE want to transmit NACK, TX UE should perform retransmission. If due to RX UE have detected PSSCH correctly, TX UE should not perform retransmission. Since this ambiguity problem / question has been studied for 2 meetings already and no good solution has been found (besides the short control signaling mechanism to avoid the need to perform channel access procedure), it is proposed not to support SL-HARQ groupcast option 1 for SL-U in Rel-18.
Observation 2: For groupcast feedback option 1, if channel access procedure is applied (even for Type 2A without shared channel occupancy), it will cause ambiguity at PSSCH TX UE when no PSFCH is received. The TX UE cannot determine whether or not to perform PSCCH/PSSCH retransmission.
Proposal 4: To avoid the ambiguity problem when no PSFCH is received at PSCCH/PSSCH TX UE for groupcast option 1, it is proposed not to support SL-HARQ groupcast option 1 (NACK-only PSFCH feedback) for SL-U in Rel-18.
For Type 1 CA, it is a counter based random back-off channel access mechanism. In NR-U, when the UE/gNB 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. 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 additional 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 [5].
“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 3: For Type 1 channel access in NR-U, when the UE/gNB starts the Type 1 procedure is not specified, and up to implementation.
Observation 4: 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 the starting time of the transmission. 
In NR-U, the duration of the additional short LBT is  , where , and , ,  is determined by UL or DL CAPC level. For SL-U, we have agreed to reuse the following table which is based on NR-U UL CAPC table in RAN1#110-bis.
	Agreement
In Type 1 SL channel access procedure, the following table is adopted for channel access priority class (CAPC) for SL. 
· FFS: the applicability and usage of NOTE1 in the table
· FFS: whether mp=1 can be used with p=1, and applicable cases 
	Channel Access Priority Class (p)
	mp
	CWmin,p
	CWmax,p
	Tslmcot,p
	allowed CWp 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:   Forp=3,4, Tslmcot,p=10ms if the higher layer parameter absenceOfAnyOtherTechnology-r14 or absenceOfAnyOtherTechnology-r16 is provided, otherwise,Tslmcot,p=6ms.]
NOTE 2:   When Tslmcot,p=6ms it may be increased to 8ms by inserting one or more gaps. The minimum duration of a gap shall be 100μs. The maximum duration before including any such gap shall be 6ms.





For different CAPC level, the duration of additional short LBT is 43µs, 43µs, 52µs, 88µs corresponds to different CAPC levels.  Furthermore, UE needs to perform SL transmission after successful short LBT so that RX/TX switching time is needed. For FR1, the TX/RX switching is about 13µs [7]. The total required duration for additional short LBT and RX/TX switching time is summarized in the table.
Table 1: Required time duration to perform additional short LBT in Type 1 channel access procedures and RX/TX switching for different CAPC level.
	CAPC level
	Required duration for additional short LBT (µs)
	Required duration for short LBT and RX/TX switching (µs)

	1
	43µs
	56µs

	2
	43µs
	56µs

	3
	52µs
	65µs

	4
	88µs
	101µs



If UE needs to perform SL transmission in slot n and there is already another SL transmission in slot n-1, UE can only perform additional short LBT within GP symbol of slot n-1. The GP symbol length is about 71µs/35µs/16µs 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. If additional short LBT fails, the whole Type 1 channel access procedure is seen as failure. If there is SL transmission in previous slot, UE cannot have enough time to finish the additional short LBT procedure which will cause Type 1 LBT failure. In this case, it is preferred that UE can finish the additional short LBT procedure within GP symbol.
[bookmark: _Hlk111025577]Observation 5: The duration of additional short LBT in Type 1 and RX/TX switching is larger than duration of GP symbol in most cases. 
Observation 6: If there is SL transmission in previous slot, UE cannot finish additional LBT failure within GP symbol.
Proposal 5: For Type 1 channel access in SL-U, the duration of additional short LBT is shorter than GP symbol is preferred.
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 is , which corresponds to one sensing slot.
Proposal 6: For Type 1 channel access in SL-U, (pre-)configure the duration of additional short LBT can be supported.
In RAN1#110 meeting, the following agreements for Type 2A/2B/2C channel access procedure were achieved:
	Agreement
· Type 2A/2B/2C SL channel access procedures
· Type 2A channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≥ 25μs in a shared channel occupancy
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2A is used also for the case of short control signalling transmission
· Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is 16μs in a shared channel occupancy
· FFS the case when the gap is between 16 and 25us
· FFS any other transmission by a UE (e.g., other than COT sharing)
· Type 2C channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE for a gap ≤ 16μs in a shared channel occupancy and the duration of the corresponding transmission is at most 584us.
· FFS any other transmission by a UE (e.g., other than COT sharing)
· FFS whether Type 2C is used also for the case of short control signalling transmission
· FFS under which conditions (other than the gap) UEs can apply the Type 2A/2B/2C SL channel access procedures
· FFS under which conditions Type 2B or Type 2C is applied in case of a gap of 16 μs


One FFS point of Type 2B is whether the gap is between 16us and 25us. In our view, we think Type 2B can be applied in case the gap is between 16us and 25us. Considering RX/TX switching time in FR1 is about 13us, if the gap is exactly 16us, there is only 3us left for UE to perform sensing. UE cannot perform sensing within such short duration. 
Proposal 7: Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is equal to or larger than 16μs and less than 25μs in a shared channel occupancy.
Within a shared COT, which one of Type 2 channel access procedure (2A, 2B or 2C) should be performed can be based on the following factors:
· Indication obtained by (pre-)configuration: Type 2A, 2B or 2C channel access can be (pre-)configured;
· Indication obtained from COT initiator UE: Type 2A, 2B or 2C channel access can be indicated by COT initiating UE;
· Gap between previous SL transmission and following SL transmission: selection of Type 2A, 2B or 2C channel access to be performed depends on the gap of two adjacent SL transmissions;
· Whether there is SL transmission in previous transmission resource: if there is no SL transmission in previous SL resource, the gap is definitely larger than 25us, Type 2A channel access should be performed.
Proposal 8: Type 2A, 2B or 2C channel access procedure to be performed by a UE is at least determined by: 
· (Pre-)configuration;
· Indication obtained from COT initiator UE;
· Gap between previous SL transmission and following SL transmission;
· Whether there is SL transmission in previous transmission resource.
Proposal 9: If the gap is 16μs, whether Type 2B or Type 2C channel access procedure is applied is up to UE implementation.
2.1.2 Contention window adjustment
During the last few meetings, it was agreed that NR-U DL CW adjustment is used as the baseline for SL-U CW adjustment. In NR-U, it is supported to adjust contention window based on the HARQ feedback(s) corresponding to the PDSCH(s) within DL reference duration. As a key point for CW adjustment, the definition of SL-U reference duration was extensively discussed and the following agreement was achieved:
	[bookmark: _Hlk119444613]Agreement
SL reference duration is defined as a duration corresponding to a channel occupancy initiated by the UE including transmission of PSSCH(s), starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until either (one option to be selected later):
· Option 1a: 
· [bookmark: _Hlk127194290]the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with ACK/NACK HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 1b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled is transmitted
· Note, SL reference duration is not used if PSSCH with HARQ-ACK enabled cannot be found in the latest COT
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2a: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the end of the channel occupancy
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed
· Option 2b: 
· the end of the first slot where at least one PSSCH with HARQ-ACK enabled if it is transmitted, otherwise until the time when UE updates the CW
· FFS: Whether to support another ending timing is FFS, e.g for MCSt if needed



As can be observed in the above agreement, the similarity of the four options is that SL reference duration can end at the first slot where at least one PSSCH with HARQ feedback(s) enabled is transmitted. However, only ACK/NACK based feedback is involved in Option 1a, but both ACK/NACK and NACK-only based feedback are considered in the other three options. In SL-U, RX UE cannot transmit HARQ feedback(s) to TX UE when LBT failure occurs. Correspondingly, it is hard for TX UE to judge whether the data is decoded successfully or not when NACK was not detected in NACK-only based operation. In our view, it is still unclear whether and how to support NACK-only based feedback in SL-U. Thus, we think NACK-only based feedback should not be taken into consideration for CW adjustment and Option 1a is our preference.
Proposal 10: SL reference duration corresponding to a SL channel occupancy initiated by the UE including transmission of PSSCH(s) is defined as a duration starting from the beginning of the channel occupancy until the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted.
[bookmark: _Hlk127194832]The feature of multi-consecutive slots transmission (MCSt) was already agreed in SL-U, which is similar with the concept of transmission burst in NR-U. In NR-U, DL reference duration may terminate at the end of the first transmission burst that contains unicast PDSCH(s). By following the same principle, the end of MCSt transmission that contains at least one PSSCH with ACK/NACK HARQ-ACK enabled can be regarded as another ending time of SL reference duration.
Proposal 11: For MCSt, SL reference duration can terminate at the end of MCSt transmission that contains at least one PSSCH with ACK/NACK HARQ-ACK enabled.
In NR-U, when DL transmissions are not associated with explicit HARQ-ACK feedbacks, the contention window keeps the same as previous adjusted window size of the same CAPC level. This mechanism can be reused in SL-U. When SL-HARQ feedback is disabled, the contention window keeps the same as previous adjusted window size of the same CAPC level.
Proposal 12: CW adjustment when SL-HARQ feedback is disabled:
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
For the case of groupcast option 2 (A/N based SL feedback), the preferred approach is to calculate the ratio of received ACK such that the state of interference and quality of channel for groupcast option 2 can be reflected and further used for CW adjustment. If the ratio of received ACK is larger or equal than a (pre-)configured ratio, UE can set the contention window size to the minimum allowed value, otherwise the contention window is adjusted to next higher allowed value. More specifically, the ratio of received ACK is the number of actually received ACK divided by the number of HARQ feedbacks that are expected to be received by TX UE.
Proposal 13: CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (at least in case only groupcast option 2 PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks corresponding to the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value.
· The ratio of received SL HARQ-ACK feedbacks refers to the ratio of received ACK.
For the case of groupcast option 1 (NACK-only based SL feedback), whether and how to support it in SL-U are unclear now. How to perform contention window size adjustment for this case should be deprioritized. In addition, it is also unclear how MCSt works (e.g., MCSt is for the transmission of same TB or different TBs) so we think CW adjustment for MCSt can be discussed after RAN1 works out some details of MCSt.
2.1.3 UE-to-UE COT sharing
In RAN1#109-e meeting [6], 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) accesses 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 responding UE receives a shared COT from another UE, it cannot forward the shared COT to other SL UE since the COT is not initiated by the responding UE. Furthermore, the experienced interference at COT initiating UE and responding UE is different. The COT initiating UE can perform channel access procedure successfully, which does not mean the responding UE will.
When an initiator UE shares its COT to other UEs, the following information should be carried in the COT sharing information: 
· CAPC level: this is used to determine which UE can use the shared COT. Only when another UE’s CAPC priority is higher or equal to the indicated CAPC level, the UE can use the shared COT;
· RB set: this is used to indicate the RB set on which the COT initiating/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;
· [bookmark: _GoBack]COT duration or COT length (remaining):  this is used to determine the remaining COT duration. A full COT duration starts from the moment when the initiator UE starts transmitting on the channel. By the time the initiator UE starts its transmission (e.g., at the slot boundary of the next slot or at the 2nd starting symbol within a slot), the UE may indicate the COT sharing information. In some cases, the initiator UE may only share its COT at the end of MCSt. As such, the initiator UE should indicate only the remaining COT duration.
· Additional ID(s): besides the source and destination IDs carried in the 2nd SCI from the COT initiating UE, other ID(s) of unicast/groupcast/broadcast session(s) to which the COT initiating UE also belongs could be also indicated as part of the COT sharing information. This is to support the case of a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
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.
As mentioned several times previously, SL-HARQ feedback control information carried in PSFCH is vitally important to SL communication performance and resource utilization efficiency (i.e., UE performs retransmission only when necessary). Therefore, besides the case a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE, we would also like to support the case to allow a responding UE to transmit PSFCH(s) to UE(s) other than the initiator. That is, a responding UE can utilize a shared COT to transmit any PSFCH even when it is not intended for the COT initiating UE.
[bookmark: _Hlk111025636]Proposal 14: 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;
· A responding UE forwarding received shared COT to other SL UEs is not supported.
· At least the following information should be carried in COT sharing information: CAPC, RB set information, remaining COT duration, and optionally additional ID(s);
· In case of PSFCH, a responding UE is allowed to transmit PSFCH(s) to UE(s) other than the initiator when none of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· The COT sharing information is carried in SCI or MAC CE
For UE-to-UE COT sharing, which UE can use the shared COT was discussed in RAN1#110 meeting and the following were agreed [2]:
	Agreement
· For UE-to-UE COT sharing, continue considering the following alternatives:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· [bookmark: _Hlk118195349]FFS any additional conditions
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
· FFS how to determine a SL UE is a target receiver
· FFS: details of the channel type of the COT initiating UE’s transmission
· FFS any additional conditions
· For Alt1 and Alt2: When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s).
· FFS: details of the channel type of the responding UE’s transmission(s)
· gNB relaying/forwarding a UE initiated COT to another UE is not supported in Rel-18
· FFS whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA



By comparing Alt 1 and Alt 2, we think at least Alt 1 should be supported, i.e., at least PSSCH receiver can use the shared COT from PSSCH transmitter. This can be applied to unicast, groupcast and broadcast. Which UE is the target receiver can be determined as follows:
· For unicast: based on source ID and destination ID in SCI;
· For groupcast: based on destination ID in SCI;
· For broadcast: based on destination ID in SCI;
Proposal 15: For UE-to-UE COT sharing, at least Alt 1 is supported:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information

[bookmark: _Hlk118195641]For the “FFS any additional conditions”, we think at least the RB set on which the COT initiating UE perform SL transmission should be considered. Only when the RB sets correspond to the SL transmission of the responding UE is a subset of the RB sets of the COT initiating UE’s transmission, the responding UE can use the shared COT, otherwise not.
Proposal 16: For UE-to-UE COT sharing, RB set information of COT initiating UE and responding UE should be considered.
· Only when the RB sets correspond to the SL transmission of the responding UE is a subset of the RB sets of the COT initiating UE’s transmission, the responding UE can use the shared COT, otherwise not

[bookmark: _Hlk118194116]When a responding UE uses a shared COT for its transmission(s), the COT initiating UE is a target receiver of the responding UE’s transmission(s). The responding UE can perform any kind of SL transmissions, such as PSCCH/PSSCH, PSFCH and/or S-SSB.
For the last FFS about whether a Mode 1 UE can report a COT or related information to gNB for aiding Mode 1 RA, the benefit to support such feature is not clear. The maximal COT duration is 10ms. If UE report a COT to gNB, it needs to obtain UL resource for such kind of reporting which needs some time. And gNB can only schedule SL transmission within the remaining COT duration to make use of the shared COT. Whether it can provide benefit is not clear. On the other hand, it will result in more specification work to support such feature. 
Proposal 17: Mode 1 UE reporting a COT or related information to gNB is not supported in Rel-18.
2.1.4 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 18: 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 a distributed-based system. In NR-U, all UL transmission is controlled by gNB.  The gNB determines whether or not CPE is used by UE and the starting position of 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 1, 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 19: For SL-U mode 2, (pre-)configure same CPE starting position and length for all UEs is supported.


Figure 1: Illustration of inter-UE blocking issue caused by different CPE starting position
In RAN1#111, the following agreement related to CPE is reached.
	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


Regarding the first issue on the starting symbol positions in which the CPE can be transmitted before SL transmission within a COT, Option 1 (within the symbol just before the next AGC symbol) should be adopted instead of Option 2. This is primarily due to the slot structure in sidelink where there is only one GP symbol at the end of a sidelink slot available for channel access sensing and CPE transmission (regardless of the SCS configured for the SL BWP). Therefore, everything should be performed and completed within this GP symbol. If CPE starting position before SL transmission is longer than one symbol just before the next AGC symbol (i.e., for 30kHz and 60kHz SCS), it will collide with SL transmission in the slot just before the next AGC symbol. Although Option 2 is adopted in NR-U design, where the serving gNB has full control of UL transmission timing for all UEs, the gNB has the ability to coordinate among UEs and schedule CPE transmissions to avoid collision.
For PSFCH and S-SSB transmissions, a single CPE starting position was agreed in the last meeting mainly due to multiple UEs transmitting these channels and signals in the same OFDM symbol simultaneously. That is, the same SL resource is shared among different UEs. If different / more than one starting position is used among the UEs, inter-UE blocking will occur and only the UE(s) that has the earliest starting position will gain access to the channel and transmit its PSFCH and S-SSB (while others are blocked). In this sense, all PSFCH and S-SSB transmitting UEs should have a common / same knowledge on the starting position to transmit CPE every time to avoid inter-UE blocking. Therefore, if the CPE starting position is provided only by indication, there is a risk of some UEs may not receive the indication correctly (e.g., due to other transmissions, UE is further away, etc). If the CPE starting position is to be pre-defined by specification, it may be too restrictive that there can only be one choice. Therefore, by (pre-)configuration of one CPE starting position for PSFCH and another CPE starting position for S-SSB will allow more flexibility in the actual usage / deployment. 
On whether multiple CPE starting positions for S-SSB, since it has been agreed in RAN2 (according to [3]) that the highest priority for CAPC is to be given and S-SSB transmission from all UEs will use the same SL time and frequency resources, there is no reason why multiple CPE starting positions are needed. On the opposite, inter-UE blocking effect will occur. Furthermore, given the additional S-SSB occasion will have the same SCS (within the same SL BWP or even in the same RB set), CPE starting position for both the R16 S-SSB and the additional S-SSBs can be the same.
In the case of PSCCH/PSSCH transmission, as illustrated in Figure 1, inter-UE blocking can occur when transmissions from more than one UE are FDM’ed in the same slot and different CPE starting positions are used. To resolve this issue, it is proposed in Proposal 20 that a (pre-)configured default CPE starting position that is common to all UEs should be used so that PSCCH/PSSCH transmissions from multiple UEs can be multiplexed in the same slot and transmit simultaneously in the unlicensed channel. That is, the criterion for selecting a default CPE starting position should be according to whether a partial or full RB set allocation of resources for a given UE. When UE is allocated / selected to use partial RB set for PSCCH/PSSCH transmission, other sub-channels/resources in the same slot could be reserved / selected by other UEs based on mode 2 resource allocation mechanism. And hence, the default CPE starting position should be used. 
On the other hand, when full RB set allocation is selected by the UE (meaning there is no other UEs has resources reserved in the same slot and in the same RB set), multiple CPE starting positions can be used to avoid SL transmission collision between different UEs. According to the existing Mode 2 resource allocation mechanism, it is possible to have SL transmission collision between initial transmission of two different UEs (when at least one them has full resource allocation). Or when one UE already has a resource reservation in a slot (e.g., for retransmission of a TB) but another UE’s TB has higher priority and selects full allocation in the same slot for its initial transmission of a TB. For these cases, transmission collisions are unavoidable based on the current SL resource allocation and transmission mechanism. But in the unlicensed spectrum, by use of different CPE starting position among UEs with full RB set allocation of resources, one UE’s CPE transmission could start earlier. As such, the other UE’s access to the unlicensed channel will be blocked and SL transmission collision will be avoided. Therefore, the criterion for selecting one of the multiple CPE starting positions could be according to the priority level (e.g., CAPC or L1). In this sense, higher priority PSCCH/PSSCH transmission could have earlier CPE starting position than others (including the default position).
Proposal 20: On CPE starting position,
· Option 1: A CPE is transmitted only within the symbol just before the next AGC symbol
· Applicable channel types: Type 1 and Type 2A/2B/2C
· CPE value = 0 for the case of 2nd starting symbol in a slot (due to AGC from hidden node issue)
· The single CPE starting position for PSFCH is (pre-)configured per RP
· Only a single and same CPE starting position is (pre-)configured for R16 and additional S-SSBs
· For PSCCH/PSSCH:
· Criterion for selecting a default CPE starting position is based on partial / full RB set allocation
· Criteria for selecting one of the multiple CPE starting positions is based on CAPC or L1 priority level
· Higher the level the earlier CPE starting position
2.1.5 Frame-Based Equipment (FBE) channel access
Semi-static channel access or Frame-based equipment (FBE) channel access is supported in NR-U. It is applied in the environments where the absence of other technologies is guaranteed e.g., by level of regulations, private premises policies, etc. in our view, FBE channel access can also be applied in SL-U, especially in the environment that the interference from other RAT can be controlled, such as IIoT scenario. The mechanism of FBE channel access of NR-U can be taken as starting point for SL-U. 
Proposal 21: FBE channel access is supported in SL-U. 
Proposal 22: FBE channel access mechanism of NR-U is taken as starting point for SL-U.
In NR-U, gNB has its own semi-static channel access configuration. Each UE’s semi-static channel access is configured by gNB. Semi-static channel access configuration among UEs can be different. While for SL-U, if each UE’s semi-static channel access configuration is different, there will be interference among UEs. For example, one UE’s idle duration maybe correspond to another UE’s SL transmission which will block the UE’s sensing procedure. 
Proposal 23: FBE channel access configuration among SL-U UEs should be same.
In NR-U, when DL or UL transmission overlaps with idle duration, the DL or UL transmission will be dropped. Symbol level transmission is supported in NR-U, so gNB can schedule properly the DL or UL transmission according to the semi-static configuration to make use of the resource more efficiently. While only slot level transmission is supported in SL-U. If SL transmission is dropped in case SL transmission overlaps with idle duration, that will cause resource inefficiency. For example, the fix frame period is 4ms and idle duration is 200us. If SL SCS is 15kHz, there is totally 4 slots within a period. There will be about 3 symbols of the last slot overlap with idle duration so that the last slot cannot be used for SL transmission. Up to 25% SL resource will be wasted.
Observation 9: If SL transmission is dropped in case there is overlap between SL transmission and idle duration, that will cause resource inefficiency. 
Proposal 24: How to improve resource efficiency of FBE channel access in SL-U can be studied.
In NR-U, when gNB sensed the channel to be idle, the gNB can perform DL transmission at beginning of the period to initiate a channel occupancy. Within the period, if a UE detects a DL transmission, the UE can perform UL transmission after successful sensing, otherwise the UE will not perform UL transmission. 
Observation 10: For FBE of NR-U, only when UE detects DL transmission within the period, it will perform UL transmission, otherwise not.
For SL-U mode 2, UE autonomously selects transmission resource. It is possible that there is no SL-U UE selects resource of the first slot of a period. An illustration is shown in Figure 2. No SL-U UE selects resource of slot n of a period. UE1 and UE2’s resource is within slot n+1 and n+2 respectively. In this case, there will be no SL-U UEs perform LBT before the period so that there will be no SL-U UE to perform SL transmission at the beginning of the period to initiate channel occupancy. UE1 and UE2 cannot detect SL transmission within the period so that they will not perform corresponding SL transmission. 
Observation 11: If no SL-U UE selects resource within the first slot of a period, no SL-U UE will perform LBT before the period and no SL-U UE will initiate channel occupancy. Correspondingly, the SL transmissions within other slots of the period will not be performed.


Figure 2
To address the above issue, one potential solution is that every UE who has selected resource within the period can perform LBT before the period. If LBT successes, UE can perform SL transmission at beginning of the period to initiate the channel occupancy. To avoid transmission of potential SL transmission of the first slot, the SL transmission by UE can be shorter than the first symbol which is used for AGC.
Proposal 25: Every UE who has selected resource within a period can perform LBT before the period. If LBT successes, the UE perform SL transmission in the first slot which is shorter than first symbol to initiate channel occupancy.
2.1.6 Multiple-channel access
Multiple-channel access was discussed in RAN1#110-bis-e and the following agreements were achieved:
	Agreement
For dynamic channel access mode with multi-channel case in SL-U, NR-U UL channel access procedure is considered as baseline for transmission on multiple channels
· FFS: whether transmission of PSFCH and/or S-SSB on a subset of RB sets is supported (using the NR-U DL channel access procedure as baseline)
· FFS any necessary enhancement and modification for the SL-U operation



[bookmark: _Hlk118212436]Regarding the first FFS, we need to discuss whether per RB set based PSFCH or S-SSB transmission is supported. For PSFCH, its frequency resource can be interlaced RB based which is confined within one RB set. It is possible that multiple PSFCH on multiple RB sets respectively if their corresponding PSSCH are within different RB sets. When multiple PSFCH within multiple RB sets to be transmitted, UE performs channel access on each RB set. For each RB set, if the channel access success, the corresponding PSFCH within the RB set can be transmitted. Otherwise not. The multiple-channel access schemes of NR-U DL can be taken as baseline for multi-channel access of PSFCH.
For S-SSB, its frequency resource can also be confined within one RB set. We think it is beneficial to support S-SSB transmission on multiple RB sets which can assist other SL UEs to perform synchronization using available RB sets. Which RB set can be used for S-SSB transmission depends on channel access procedure on these RB sets respectively. For each RB set, if the channel access success, the corresponding S-SSB within the RB set can be transmitted. Otherwise not. The multiple-channel access schemes of NR-U DL can be taken as baseline for multi-channel access of S-SSB.
Proposal 26: For PSFCH and S-SSB:
· Frequency resource of per PSFCH and per S-SSB is confined within one RB set;
· Multiple-channel access schemes of NR-U DL can be taken as baseline for multi-channel access of PSFCH/S-SSB;
· PSFCH/S-SSB transmission on subset of RB sets is supported.
For NR-U DL multiple-channel access, both Type A and Type B are supported. For both Type A and Type B, Type 1 channel access should be performed at least on one of multiple channels. We have agreed to apply Type 2A channel access for S-SSB, and if Type 2A channel access can also be agreed for PSFCH, it is possible that PSFCH/S-SSB transmissions on all channels are based on Type 2A channel access, which is different with legacy Type A and Type B multiple channel access mechanism. Some enhancement should be considered to cover this case. For example, a new type of multiple channel access mechanism can be introduced in which case all SL transmission on multiple channels can perform Type 2A channel access. Whether SL transmission can be performed based on whether the Type 2A channel access of the channel is successful or not.
Proposal 27: For PSFCH/S-SSB transmissions on multiple channels, new multiple channel access mechanism which is based on Type 2A channel access on each channel can be introduced.

2.3 Applicability of R16 and R17 SL resource allocation schemes in SL-U operation
2.3.1 Mode 1 and Mode 2 RA schemes
In RAN1#109-e meeting, the following agreement was 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 clarification in the WID [1], the gNB does not perform any LBT sensing operation in the shared spectrum to assess and determine the channel access for the scheduled SL UE 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 12: 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 on its own before SL transmission.
Proposal 28: 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. In addition, it is also not necessary for the gNB to indicate which type of channel access procedure (Type 1 or Type 2A/2B/2C) to be performed by a scheduled UE.


Figure 3: 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 UEs from a candidate resource set (SA) before reporting to the higher layer, the Tx-UE also excludes resources in slots that are multiple reservation periods from a non-monitored slot. This Step 5) is always performed in Mode 2 resource allocation procedure and all of candidate resources in the corresponding slots within the resource selection window shall be excluded due to the assumption that sidelink is the only RAT operates in a resource pool or using the same set of resources. In other words, the Tx-UE shall assume that SCIs with all possible periodicities are received in the non-monitored slots and perform resource exclusion based on these SCIs in the current Step 5). 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 is always occupied by other sidelink UEs with any possible reservation periodicity configured for the resource pool. An example is shown in Figure 3, if a Tx-UE performs SL transmission in RB set 1 in a 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. That is, if RB set 2 in the non-monitored slot is occupied by Wi-Fi users, Tx-UE will assume no SL transmission in RB set 2 because of LBT failure, and hence does not perform resource exclusion according to Step 5) in RB set 2. Therefore, the Step 5) should not always be performed for all the RB sets in for non-monitored slot.
[bookmark: _Hlk111025778]Observation 13: 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 is 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 for the following slot. Hence, this symbol should 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 in the next slot will be occupied by a non-sidelink transmission 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 3, 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 RB set 1 and 2 during the GP symbol of slot (m-1) and determines that a signal is transmitted in RB set 2 during the GP symbol, it is likely RB set 2 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 RB set 2 in slot (m+100), where one of configured reservation periodicities is 100ms. In order to determine whether the RB sets in slot (m) are occupied by non-sidelink transmissions or not, some extra energy detection or LBT except for the LBT for SL transmission may need to be performed in slot (m-1).
[bookmark: _Hlk111025784]Proposal 29: Step 5) of the Mode 2 RA procedure should not be performed for non-monitored slots in an RB set that is occupied by non-sidelink transmissions.
2.3.2 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 when the shared COT information is available. 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 duration with higher priority from 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 30: 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.
2.3.3 Resolving the blocking from other UE when performing Type 1 LBT
One common / popular resource allocation issue that has been brought up by multiple companies in the past meetings was on Mode 2 resource selection enhancement due to UE performing Type 1 LBT. Depending on the CAPC level for a SL transmission and the random selection of the CW size within a range, the duration length for which the UE needs to perform a Type 1 LBT in order to gain access to the unlicensed channel could be much larger than just the GP symbol before the transmission slot. That is, it could range from just a OFDM symbol to a few SL slots to complete the channel idle count down process in Type 1 LBT. Although the LBT countdown process can be paused whenever the channel is busy and resumed when idle, it could take a long time to finish the countdown depending on the traffic level in the unlicensed channel (including all transmissions from Wi-Fi, NR-U and other SL UEs) before the UE can gain access to the channel. So, it makes the finish / completion time of Type 1 LBT unpredictable for the UE. If the Type 1 LBT is not completed / successful before the selected SL resource for transmission, the UE would have to drop the transmission and perform re-selection of resources for later transmission, which will increase the delay latency of delivering the data packet. This problem will be particularly severe when the UE does not have a shared COT from another UE and it needs to frequently perform Type 1 LBT. 
There have been a few proposals in the past to resolve this issue. One of which is to keep the slot immediate before the selected/reserved SL resource empty as much as possible. That is, a UE should avoid selecting resources in a slot just before another UE’s reserved resource. The intention is to leave a significant room for the reserved UE to perform and complete the Type 1 LBT. However, we see there are several issues with this type of solution, such as the empty slot could be acquired by other RATs (e.g., WiFi) and a very significant resource wastage (i.e., effectively only every second slot can be used for SL).
Instead, a different approach could be adopted to take advantage of COT sharing. If COT sharing could be maximally utilized / coordinated for SL transmissions, less Type 1 LBTs would need to be performed by UEs and more SL transmissions can be carried out in the unlicensed channel. To achieve this, a simple mechanism could be to prioritize resources for selection that are within a known and applicable shared COT from another UE. During resource sensing and data decoding, several COTs shared by different UEs could be obtained by the resource selecting UE. Based on the source/destination IDs and additional IDs in the COT sharing information, the resource selecting UE may identified one or more COTs could be utilized for its SL transmission. In this case, the resource selecting UE could prioritize and select SL resources within the usable COT(s). As such, the resource selecting UE avoids Type 1 LBT and performs a much shorter Type 2 LBT instead by utilizing a shared COT from others. Similarly, when the resource selecting UE identifies a reserved resource with a source/destination ID that are known to the resource selecting UE (i.e., the resource selecting UE belongs to the same unicast / groupcast / broadcast), the resource selecting UE could prioritize and select resource(s) just prior to the reserve resource(s) so that it can share its COT with the reserved resource(s). As such, only one UE (the resource selecting UE) needs to perform Type 1 LBT instead of both UEs performing Type 1 LBT in the system.
Proposal 31: To avoid inter-UE blocking in performing Type 1 LBT (i.e., one UE’s transmission is blocking another UE from performing a Type 1 LBT)
· Prioritize / select a resource just after an existing reservation, where the COT initiated from the existing reservation can be shared with the resource
· Prioritize / select a resource just prior to an existing reservation, where the COT initiated from the resource can be shared with the existing reservation
2.3.4 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 14: 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 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 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 also 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 15: 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.
2.3.5 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 16: 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 Multi-Consecutive Slots transmission (MCSt)
In RAN1#110, the following agreement was achieved for multi-consecutive slots transmission:
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details


The main advantage of MCSt is to perform back-to-back transmissions such that the initiated/shared COT can be occupied and retained as long as possible and the technologies of other RATs (e.g., Wi-Fi users) cannot access the channel during the COT of SL transmissions (to this end MCSt should occupy the GP symbol of each slot). However, it is still unclear how the MCSt works. In our understanding, there are three possible options for the operation mode of MCSt:
· Option 1: Each slot in the consecutive slots is used for one transmission (initial Tx or re-Tx) of the same TB – same HARQ process.
· Option 2: Each slot in the consecutive slots is used for one transmission (initial Tx or re-Tx) of different TBs – different HARQ processes.
· Option 3: One transmission across the consecutive slots – same TB is channel encoded over multiple slots.
For simplicity, let us use a concept of MCSt group to represent the consecutive slots in MCSt. In Option 1, each MCSt group only contains the (re)transmissions of one TB from the same HARQ process, which helps to simplify the resource reservation and allocation procedure for MCSt. As for Option 2, each MCSt group may include the (re)transmissions of different TBs from different HARQ processes. According to current resource allocation procedure of Mode 1 and Mode 2, the resources of different SL grants are determined independently. In particular, the resource exclusion of PHY layer and the resource selection of MAC layer are performed for single SL grant in current Mode 2 RA. Hence, there could be a significant spec impact and structure change for both L1 and L2 if the above Option 2 is supported. For example, the resources of other existing SL grants should be taken into consideration when scheduling or selecting the resources for a current SL grant. Option 3 introduces a new continuous SL transmission across multiple slots. Obviously, it breaks the current physical structure of slot-based SL transmission, such as the mapping of PSCCH and PSSCH, TB size determination, AGC training and so on.  Therefore, considering the large spec impact from adopting both Option 2 and Option 3, we propose to further study and work on the above Option 1 with higher priority for MCSt.
Proposal 32: For the study and future work on MCSt, slot-based MCSt for the same TB is considered with higher priority.
To support the slot-based MCSt for the same TB (i.e., above Option 1), a new type of resource reservation needs to be studied and introduced. In legacy sidelink, both time domain and frequency domain resource reservation and indication are based on the design per slot. To support MCSt in SL-U, how to indicate the consecutive slots and sub-channels for these slots should be considered.
· Time domain
According to current retransmission scheme in sidelink, a TB may be configured to be (re-)transmitted multiple times which is no more than 32. For MCSt in SL-U, when a TB is configured to be (re-)transmitted multiple times, the consecutive slots may be allocated in one MCSt group or different MCSt groups. In the current indication mechanism, the Time resource assignment field with 5 or 9 bits in DCI/SCI can only indicate 2 or 3 slots, which cannot reflect the resource reservation information or avoid conflict by sensing UEs for the case of MCSt. How to indicate the time domain resources should be further studied and designed.
· Case 1: All slots for (re-)transmissions of one TB are in one MCSt group, which means all the potential transmission slots of the TB are selected to be consecutive, and HARQ feedback for the TB should be disabled by default. The current time resource indication mechanism may not be able to ensure all the reserved slots are excluded by other UEs. One example is provided in Figure 4 to clarify such issue. UE2 is performing sensing and resource selection procedure, while UE1 is transmitting a TB by reserving 7 consecutive slots. UE2 can only obtain the information of slot #1 by sensing and slot #2/3 by indication. Slots #6/7 are not excluded from candidate slots set unless UE2 can have the reservation information by decoding SCIs in slot #4/5. However, even enabling re-evaluation and pre-emption checking, there always exists processing time gap (i.e., Tproc,0 and Tproc,1) without sensing results. Therefore, the legacy sidelink resource indication mechanism may not be enough. One possible solution is to indicate the length of the MCSt group, or the number of the remaining consecutive slots in the MCSt group. The indication can be an information field included in DCI and 1st stage SCI.
· Case 2: The total slots for transmitting one TB are divided into a few non-consecutive MCSt groups, and each MCSt group may have the same or different number of consecutive slots. For an example, a TB is decided to be (re-)transmitted up to 10 times by MAC layer, and 10 slots are selected and allocated into three groups, where group #1, group #2 and group #3 has 4, 4 and 2 consecutive slots, respectively. To indicate these groups of slots, starting position and number of consecutive slots per group should be included in the indication information (e.g., in SCI). The Time resource assignment field in DCI/SCI can be reused to indicate the starting position of the second and third group. However, this information field can only indicate up to 2 groups besides the current group. If the number of groups is more than 3, the indication bits should be extended. For the number of slots allocated in each group, a simple way is to (pre-)configure a fixed number of slots per group. If the number of slots in each group is dynamically changing, an extra indication field is needed in SCI. Furthermore, the remaining slots in each group should also be indicated to help resource exclusion by other UEs that perform sensing and resource selection, which is similar to the issue in Case 1. From the analysis above, Case 2 needs much more standards effort and it has a larger specification impact (e.g. more indication bits) than that of Case 1.
· Frequency domain
For a MCSt group which contains multiple consecutive slots (e.g. 4 slots), although the number of occupied sub-channels would be the same for one TB, the starting position of sub-channel in each slot may be different. The current Frequency resource assignment field in DCI/SCI can be used only to indicate 2 more starting position of the following slots. Extra bits are needed to indicate frequency starting positions if the number of following consecutive slots is more than 2. To simplify the design, the frequency starting positions in all the consecutive slots of a MCSt group can be same. Even such design may have some restrictions on frequency resource selection, it simplifies the resource reservation mechanism by dramatically decreasing the indication bits in DCI/SCI.
Proposal 33: In Rel-18 SL-U, for multi-consecutive slots transmission (MCSt), all the slots for a TB’s (re-)transmission can be consecutive.
· HARQ feedback for the TB is disabled by default.
· Further study the consecutive slots in MCSt are divided into multiple discrete groups.
Proposal 34: In Rel-18 SL-U, an information field can be included in SCI to indicate the length or the remaining slots in the MCSt group of consecutive slots.
Proposal 35: In Rel-18 SL-U, for multi-consecutive slots transmission (MCSt), the frequency starting positions in all the consecutive slots of a MCSt group can be the same for simplicity.


Figure 4. MCSt resource reservation and indication
In addition, resource allocation in Mode 2 also needs to be enhanced for MCSt. In RAN1#110bis-e, the following agreements for resource allocation in MCSt was approved:
	Agreement:
On the support of MCSt operation in SL-U, following options are to be further studied and one or more of the following options will be selected in future meetings.
· [bookmark: _Hlk118213167]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
· Note, this is applicable for transmission of a single TB and multiple TBs
· FFS: whether this is the same or different than Rel-16
· Option 2: one or multiple sets of parameters (, remaining PDB,  and ) are provided for the resource selection procedure in L1
· FFS: any further information needs to be provided to L1 for MCSt
· When L1 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
· FFS whether the set of single-slot resources within a candidate multi-slot resource can have different  sizes
· 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
· Option C: L1 reports consecutive single-slot candidate resources in SA
· FFS whether the consecutive single-slot candidate resources can have different  sizes
· FFS: any further information needs to be reported to MAC layer, provided to L1 or utilized for MCSt
· FFS: whether/how to consider the additional LBT time in SL resource allocation


According to the above agreements, there are two options for the set of parameters provided by higher layer when L1 is triggered to report the candidate resource set . In option 1, only one set of parameters is provided for resource exclusion and such behaviour is more aligned with the existing design of current specification. As for option 2, it intends to introduce a new framework that the resource (re-)selections for multiple TBs are triggered simultaneously and one or more candidate resource set  is used to determine the transmission resources for multiple SL grants. Obviously, it will cause a significant impact on current resource allocation procedure of both physical and mac layer. Furthermore, it may require higher layer to provide different sets of selected/reserved resources associated with different sets of parameters during re-evaluation and pre-emption checking. As a result, the condition for re-evaluation and pre-emption checking in physical layer becomes more complicated if option 2 is supported. Therefore, we think only option 1 ought to be adopted for the resource (re-)selection triggering in MCSt.
Proposal 36: 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.
As for resource exclusion in L1, the simplest way is to redefine the single-slot candidate resource  as a multiple-slots candidate resource. In the current specification,  denotes a set of  contiguous sub-channels starting from sub-channel x in slot . In order to support MCSt, we can redefine the  as a set of  contiguous sub-channels starting from sub-channel x in  consecutive slots starting from slot , where  can be provided by the higher layer. Based on the new defined , the candidate resource set  includes a number of multi-slots candidate resources such that the resource exclusion in L1 and resource selection in L2 can be reused for MCSt. Therefore, option A in above agreements should be supported when L1 reports the candidate resource set  to higher layer. Simultaneously, higher layer can provide the selected multiple-slots resource to physical layer for re-evaluation and pre-emption checking. The conditions for the existing re-evaluation and pre-emption checking can be reused as well. For example, the higher layer provides resource r1 to physical layer for re-evaluation checking, r1 corresponds to  subchannels in frequency domain and  consecutive slots in time domain. If r1 is not included within the remaining candidate resource set   after resource exclusion, in which the candidate resource  has the same size with r1, physical layer reports r1 to the higher layer and then triggers the corresponding resource re-selection in .
Proposal 37: The single-slot candidate resource  in the current specification should be redefined as multi-slots candidate resource for MCSt with a size of  and , which are to be provided by the higher layer in Mode 2 resource (re)selection procedure.
Proposal 38: When L1 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.
Proposal 39: Higher layer provides the selected / reserved multiple-slots resource(s) to physical layer for re-evaluation or pre-emption checking.
In Figure 5, the simulation result for legacy single-slot based transmission and MCSt is provided. It should be noted that MCSt for single TB is simulated and it is implemented according to above Option 1+Option A. Other simulation assumptions can be found in the appendix. As can be observed in Figure 5, the UPT of MCSt is larger than the UPT of single-slot based transmission. It is mainly due to SL transmissions occupy the channel continuously in MCSt such that a low latency is achieved. For example, the retransmission resource may be located tens of slots after initial transmission in single-slot based transmission while the retransmission is next to initial transmission in MCSt. Thus, the data transmission can be delivered more quickly in MCSt. 
[image: ]
Figure 5. UPT of single-slot based transmission and MCSt
Observation 17: MCSt can achieve a higher data rate than legacy single-slot based transmission in SL-U.

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.
Observation 1: Since the highest priority CAPC level is to be used for PSBCH, which is part of the S-SSB transmission, the highest priority CAPC level would also apply to the entire S-SSB transmission which includes also S-PSS and S-SSS.
Proposal 1: The highest priority SL CAPC should be also used for PSFCH transmission (i.e., CAPC level p=1).
Proposal 2: Type 2A channel access should be applied to PSFCH transmissions without a shared channel occupancy with the same time duration constrain as S-SSB.
Proposal 3; Further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure could be:
· For each of S-SSB and PSFCH transmission from a UE, the combined duration of S-SSB and PSFCH transmissions should not exceed 2500us and the combined number of S-SSB and PSFCH transmissions should not exceed 50 in the past 50ms. 
· Otherwise, Type 1 channel access should be applied.
Observation 2: For groupcast feedback option 1, if channel access procedure is applied (even for Type 2A without shared channel occupancy), it will cause ambiguity at PSSCH TX UE when no PSFCH is received. The TX UE cannot determine whether or not to perform PSCCH/PSSCH retransmission.
Proposal 4: To avoid the ambiguity problem when no PSFCH is received at PSCCH/PSSCH TX UE for groupcast option 1, it is proposed not to support SL-HARQ groupcast option 1 (NACK-only PSFCH feedback) for SL-U in Rel-18.
Observation 3: For Type 1 channel access in NR-U, when the UE/gNB starts the Type 1 procedure is not specified, and up to implementation.
Observation 4: 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 the starting time of the transmission. 
Observation 5: The duration of additional short LBT in Type 1 and RX/TX switching is larger than duration of GP symbol in most cases. 
Observation 6: If there is SL transmission in previous slot, UE cannot finish additional LBT failure within GP symbol.
Proposal 5: For Type 1 channel access in SL-U, the duration of additional short LBT is shorter than GP symbol is preferred.
Proposal 6: For Type 1 channel access in SL-U, (pre-)configure the duration of additional short LBT can be supported.
Proposal 7: Type 2B channel access procedure is applicable to the following case:
· Transmission(s) by a UE following transmission(s) by another UE at least when the gap is equal to or larger than 16μs and less than 25μs in a shared channel occupancy.
Proposal 8: Type 2A, 2B or 2C channel access procedure to be performed by a UE is at least determined by: 
· (Pre-)configuration;
· Indication obtained from COT initiator UE;
· Gap between previous SL transmission and following SL transmission;
· Whether there is SL transmission in previous transmission resource.
Proposal 9: If the gap is 16μs, whether Type 2B or Type 2C channel access procedure is applied is up to UE implementation.
Proposal 10: SL reference duration corresponding to a SL channel occupancy initiated by the UE including transmission of PSSCH(s) is defined as a duration starting from the beginning of the channel occupancy until the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted.
Proposal 11: For MCSt, SL reference duration can terminate at the end of MCSt transmission that contains at least one PSSCH with ACK/NACK HARQ-ACK enabled.
Proposal 12: CW adjustment when SL-HARQ feedback is disabled:
· Option 1: For every priority class , use the latest  used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class .
Proposal 13: CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (at least in case only groupcast option 2 PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 1: Based on a (pre-)configurable ratio of received SL HARQ-ACK feedbacks corresponding to the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value.
· The ratio of received SL HARQ-ACK feedbacks refers to the ratio of received ACK.
Proposal 14: 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;
· A responding UE forwarding received shared COT to other SL UEs is not supported.
· At least the following information should be carried in COT sharing information: CAPC, RB set information, remaining COT duration, and optionally additional ID(s);
· In case of PSFCH, a responding UE is allowed to transmit PSFCH(s) to UE(s) other than the initiator when none of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· The COT sharing information is carried in SCI or MAC CE
Proposal 15: For UE-to-UE COT sharing, at least Alt 1 is supported:
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· When the responding UE uses the shared COT for its transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information
Proposal 16: For UE-to-UE COT sharing, RB set information of COT initiating UE and responding UE should be considered.
· Only when the RB sets correspond to the SL transmission of the responding UE is a subset of the RB sets of the COT initiating UE’s transmission, the responding UE can use the shared COT, otherwise not
Proposal 17: Mode 1 UE reporting a COT or related information to gNB is not supported in Rel-18.
Observation 7: CPE in SL-U is benefit for channel access and guaranteeing the required gap for Type 2 channel access mechanisms.
Proposal 18: 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 19: For SL-U mode 2, (pre-)configure same CPE starting position and length for all UEs is supported.
Proposal 20: On CPE starting position,
· Option 1: A CPE is transmitted only within the symbol just before the next AGC symbol
· Applicable channel types: Type 1 and Type 2A/2B/2C
· CPE value = 0 for the case of 2nd starting symbol in a slot (due to AGC from hidden node issue)
· The single CPE starting position for PSFCH is (pre-)configured per RP
· Only a single and same CPE starting position is (pre-)configured for R16 and additional S-SSBs
· For PSCCH/PSSCH:
· Criterion for selecting a default CPE starting position is based on partial / full RB set allocation
· Criteria for selecting one of the multiple CPE starting positions is based on CAPC or L1 priority level
· Higher the level the earlier CPE starting position
Proposal 21: FBE channel access is supported in SL-U. 
Proposal 22: FBE channel access mechanism of NR-U is taken as starting point for SL-U.
Proposal 23: FBE channel access configuration among SL-U UEs should be same.
Observation 9: If SL transmission is dropped in case there is overlap between SL transmission and idle duration, that will cause resource inefficiency. 
Proposal 24: How to improve resource efficiency of FBE channel access in SL-U can be studied.
Observation 10: For FBE of NR-U, only when UE detects DL transmission within the period, it will perform UL transmission, otherwise not.
Observation 11: If no SL-U UE selects resource within the first slot of a period, no SL-U UE will perform LBT before the period and no SL-U UE will initiate channel occupancy. Correspondingly, the SL transmissions within other slots of the period will not be performed.
Proposal 25: Every UE who has selected resource within a period can perform LBT before the period. If LBT successes, the UE perform SL transmission in the first slot which is shorter than first symbol to initiate channel occupancy.
Proposal 26: For PSFCH and S-SSB:
· Frequency resource of per PSFCH and per S-SSB is confined within one RB set;
· Multiple-channel access schemes of NR-U DL can be taken as baseline for multi-channel access of PSFCH/S-SSB;
· PSFCH/S-SSB transmission on subset of RB sets is supported.
Proposal 27: For PSFCH/S-SSB transmissions on multiple channels, new multiple channel access mechanism which is based on Type 2A channel access on each channel can be introduced.
Observation 12: 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 on its own before SL transmission.
Proposal 28: 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. In addition, it is also not necessary for the gNB to indicate which type of channel access procedure (Type 1 or Type 2A/2B/2C) to be performed by a scheduled UE.
Observation 13: 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 is occupied by other sidelink UE transmissions.
Proposal 29: Step 5) of the Mode 2 RA procedure should not be performed for non-monitored slots in an RB set that is occupied by non-sidelink transmissions.
Proposal 30: 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.
Proposal 31: To avoid inter-UE blocking in performing Type 1 LBT (i.e., one UE’s transmission is blocking another UE from performing a Type 1 LBT)
· Prioritize / select a resource just after an existing reservation, where the COT initiated from the existing reservation can be shared with the resource
· Prioritize / select a resource just prior to an existing reservation, where the COT initiated from the resource can be shared with the existing reservation
Observation 14: 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 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 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 15: 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 16: 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.
Proposal 32: For the study and future work on MCSt, slot-based MCSt for the same TB is considered with higher priority.
Proposal 33: In Rel-18 SL-U, for multi-consecutive slots transmission (MCSt), all the slots for a TB’s (re-)transmission can be consecutive.
· HARQ feedback for the TB is disabled by default.
· Further study the consecutive slots in MCSt are divided into multiple discrete groups.
Proposal 34: In Rel-18 SL-U, an information field can be included in SCI to indicate the length or the remaining slots in the MCSt group of consecutive slots.
Proposal 35: In Rel-18 SL-U, for multi-consecutive slots transmission (MCSt), the frequency starting positions in all the consecutive slots of a MCSt group can be the same for simplicity.
Proposal 36: 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.
Proposal 37: The single-slot candidate resource  in the current specification should be redefined as multi-slots candidate resource for MCSt with a size of  and , which are to be provided by the higher layer in Mode 2 resource (re)selection procedure.
Proposal 38: When L1 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.
Proposal 39: Higher layer provides the selected / reserved multiple-slots resource(s) to physical layer for re-evaluation or pre-emption checking.
Observation 17: MCSt can achieve a higher data rate than legacy single-slot based transmission in SL-U.
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5. Appendix
	Parameter
	Value

	Layout
	Indoor Scenario 1 – option 1

	Carrier frequency
	5 GHz

	Simulation bandwidth
	20 MHz

	Sub-carrier spacing
	30 KHz

	Channel model
	InH mixed office specified in TR 38.901

	UE Tx power
	18 dBm

	UE number
	6 SL-U pairs and 4 STAs per AP per 20 MHz
The minimum received power for UE pairing is -82 dBm.

	Traffic model
	SL-U: Periodic traffic model 3 
Wi-Fi: FTP model 3

	Resource allocation scheme
	R16 resource allocation mode 2 (full sensing) for single-slot based transmission. Option 1+Option A for MCSt.

	ED threshold
	-82 dBm
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