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Introduction
According to the WID [1], Rel-18 NR sidelink evolution will take sidelink on unlicensed spectrum into account for enhancement. In the last meeting [2], we have discussed channel access procedures, UE-to-UE COT sharing and mode 1/mode 2 resource allocation for channel access mechanism of SL-U [3]. In this contribution, we further discuss the feasible channel access mechanism of sidelink on unlicensed spectrum.   
Discussion
Channel access procedures for sidelink on unlicensed spectrum
The following four channel access types specified in TS37.213 are taken as baseline for SL-U. Details of channel access procedures need to be further discussed.
· Type 1: The time duration spanned by the sensing slots that are sensed to be idle before a transmission(s) is random.
· Type 2A: The transmission may be transmitted immediately after sensing the channel to be idle for at least a sensing interval 25μs.
· Type 2B: The transmission may be transmitted immediately after sensing the channel to be idle within a duration of 16μs.
· Type 2C: When the gap between transmission(s) is smaller than 16μs, channel sensing does not need to be performed.
1.1.1 Contention window adjustment
For channel access type 1, UE can adjust the contention window according to HARQ feedback in NR-U. In SL, HARQ feedback is enabled and disabled per resource pool configuration. It has been agreed that when SL HARQ feedback is enabled, the contention window adjustment of NR-U can be as the baseline for unicast. But for the case of groupcast option 1/2 and when SL HARQ feedback is disabled, how to adjust the contention window was discussed in the last meeting, but there is no consensus.
SL-HARQ feedback disabled 
When SL HARQ feedback is disabled, the following 5 options were discussed in the last meeting:
· 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 .
· Option 2: CW is adjusted according to number blind retransmissions of the TBs within a COT.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 4: If a  is consecutively used  times for generation of ,  is updated for each priority class  to the next higher allowed value.
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.
In SL, CBR is introduced to indicate the portion of sub-channels in the resource pool whose SL RSSI measured by the UE exceeds a (pre-)configured threshold sensed over a CBR measurement window. It can roughly reflect the resource occupancy of the resource pool. So, when SL HARQ feedback is disabled, option 3 can be considered for contention window adjustment. For option 1 that using the latest , it is the similar criterion of NR-U when there is no available HARQ-ACK feedback. So, it can avoid the additional discussion in SL-U. But in SL, HARQ-ACK feedback can be disabled per resource pool. The HARQ-ACK feedback may never be available during the reference duration. Contention window can never be adjusted according to the channel occupation condition using option 1 and option 4. For option 5, inter-UE coordination scheme 2 may be disabled. So it can be used as the additional condition under the combination with other options.
Proposal 1: When sidelink HARQ feedback is disabled, the following options can be considered for contention window adjustment.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.

Groupcast option 1 (NACK-only) with SL-HARQ feedback enabled
For groupcast option 1 (NACK-only) with SL-HARQ feedback enabled, the following 5 options were discussed in the last meeting:
· 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 .
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· Option 3: An ACK-only procedure is used instead of a NACK-only procedure. 
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5 (option 3+legacy): ACK feedback is performed when a TB is successfully decoded in addition to the legacy NACK-only procedure. 
For SL groupcast type 1, RX UEs only feedback ‘NACK’ in the same PSFCH when PSSCH is not decoded successfully. So, TX UE cannot receive ‘ACK’. In this case, if all HARQ-ACK feedbacks is ‘NACK’, the contention window should be adjusted. So option 2 can be considered. For option 3 and option 5, groupcast option 1 (NACK-only) HARQ feedback should be further enhanced. In our opinion, R16 SL groupcast option 1 mechanism should be reused.
Proposal 2: For groupcast option 1 with SL-HARQ feedback enabled or when sidelink HARQ feedback is disabled, the following options can be considered for contention window adjustment.
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U

Groupcast option 2 with SL-HARQ feedback enabled 
For SL groupcast option 2, RX UEs feedback ‘NACK’ or ‘ACK’ in different PSFCHs. So, TX UE can receive ‘NACK’ and ‘ACK’ for one PSSCH transmission which is different with NR-U. In this case, if the condition that at least all HARQ-ACK feedbacks for one PSSCH transmission is ‘ACK’ cannot be satisfied, the contention window should be adjusted.
Proposal 3: For groupcast option 2 with SL-HARQ feedback enabled, the following new option can be considered for contention window adjustment.
· If all ‘ACK’ are received for at least one PSSCH transmission within the latest SL reference duration,  for each priority class; otherwise is increased.
1.1.2 Semi-static channel occupancy
In NR-U, if the absence of any other technology sharing a channel can be guaranteed on a long-term basis (e.g. by the level of regulation), channel access procedures for semi-static channel occupancy can be supported. In SL-U, there are similar scenes that the absence of any other technology sharing a channel, such as factories. Therefore, channel access procedures for semi-static channel occupancy should also be supported in SL-U.
Proposal 4: Channel access procedures for semi-static channel occupancy should be supported in SL-U.
COT sharing between UEs
In NR-U, gNB can share a COT and indicate the COT information to a number of UEs, and UE can also share a COT to gNB. During the shared COT, if the gap between two transmissions is smaller than 16μs, the channel access procedure does not need to be performed. So, COT sharing can provide UE more opportunities to access channels and improve the fairness of the coexistence with other RAT devices. In SL-U, COT sharing between UEs is supported, and the following agreement about UE-to-UE COT sharing was achieved in RAN1#110-e meeting. 
	
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
· 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



1.1.3 Conditions of COT sharing
In NR-U, if gNB initiates a COT after Type 1 channel access, it can be shared with a UE. Then the UE can perform the UL transmission to gNB. If a UE initiates a COT after Type 1 channel access, it can be shared with gNB. Then gNB can perform the DL transmission to UE(s) that includes the UE that initiated the COT. So, the COT can only be shared with the target receiver. In SL-U, two potential solutions were provided in the last meeting.
· 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.
· 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.
In Alt.1, the criterion is similar as NR-U. The RX UE that PSSCH receiver can utilize the COT shared by PSSCH transmitter. When TX UE initiates a COT to perform transmissions to RX UE, the COT can be shared with RX UE to perform PSCCH/PSSCH and PSFCH transmissions to TX UE, as shown in figure 1. UE1 initiates a COT in slot n. UE2, a target receiver of UE1, shares the COT to perform PSCCH/PSSCH and PSFCH transmission to UE1 in slot n+2 and n+3. And the gap between every two transmissions is smaller than 25 μs. So UE2 only perform type 2 channel access procedure before transmission. 


Figure 1. COT sharing between UEs 
In Alt.2, it means that the surrounding UEs which can receive PSCCH from COT initiating UE can utilize the COT. This criterion is quite different from NR-U, but it is more suitable for SL-U. In SL-U, transmission collision can be avoid by resource sensing and selection. Alt.2 can improve the probability of multiple UEs successfully accessing the channel at the same time, and improve the resources utilization.
Proposal 5: Alt.2 should be supported as the baseline.
· 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.
A responding SL UE can utilize a COT shared by a COT initiating UE to perform PSFCH transmission to other UEs except for the COT initiating UE. Because PSFCH transmissions from different can FDM, and PSFCH resources are determined through the mapping with corresponding PSSCHs. There is no PSFCH resources collision between different UEs. 
Proposal 6: Except for the COT initiating UE, the target receiver of the responding UE’s PSFCH transmissions can be other UEs 
For SL groupcast, there are multiple RX UEs. Whether all the RX UEs can share the COT initiated by TX UE should be further discussed. For SL broadcast, all the surrounding UEs are RX UE. If the criterion that the target RX UE can share the COT initiated by TX UE is reused, it means that all UEs can share the COT. The feasibility should be further evaluated. 
Proposal 7: COT sharing between UEs can be supported at least in unicast and groupcast, the COT shared with multiple UEs should be supported in groupcast.
1.1.4 COT sharing timeline
In NR-U, gNB indicates COT sharing information in DCI format 2_0 after initiating the COT. After receiving the COT sharing information, UE can obtain the COT duration, and then perform UL transmission on the uplink resources scheduled by gNB. The operation of COT sharing mechanism is completely under the control of gNB.
In R16 SL, we discussed the processing time of UE,  and .  is associated with the UE processing time on decoding the SCI. For the SCS of 15/30/60/120 kHz, is 1,1,2,4 slots, respectively.  is associated with the scheduling time by MAC layer and data preparation time for PSCCH/PSSCH transmission. In COT sharing procedure, after TX UE initiates a COT and transmits COT sharing indication, RX UE at least needs to decode the indication. So SL transmission cannot be performed immediately. As shown in Figure 2 (a), UE1 initiates a COT in slot n and transmits COT sharing indication. UE2 has no capability for SL transmission in slot n+1 considering the processing time of SL UE.


Figure 2. COT sharing timeline
Observation 1: The transmission of shared UE cannot be performed immediately after COT sharing indication reception considering UE processing time.
In NR-U, before the UL transmission of UE on the COT duration initiated by gNB, gNB can occupy the channel based on the implementation to ensure that the COT is not interrupted. In SL, especially in resource allocation mode 2, because there is no centralized scheduling of gNB, the UE initiating the COT lacks the resource information of the UE sharing the COT. So the minimum time gap should be introduced, and TX UE initiating the COT should occupy the channel before the transmission of RX UE sharing the COT.
Proposal 8: A minimum time gap between COT sharing indication and transmission of shared UE should be introduced.
Unlike centralized scheduling of gNB in NR-U, in SL mode 2, UE's transmission resources are selected autonomously after sensing. Therefore, if the resource has been selected before obtaining the COT duration information, the gap between the last transmission of the UE initiating the COT and the pre-selected resource of the UE sharing the COT may be greater than 25μs. So the UE sharing the COT needs to perform type 1 channel access procedure before transmission. As shown in Figure 3, UE1 performs transmission on slot n, slot n+1 and slot n+2, and UE 2 has pre-selected the resources on slot n+4 before decoding the COT duration information. Although UE 1 shares the COT with UE2, UE2 still needs to perform type 1 channel access procedure because the time gap is greater than 25μs. Therefore, the COT duration information should be considered when (re-)selecting resources in mode 2.


Figure 3. COT sharing and resource selection in mode 2
Proposal 9: COT duration information should be considered when performing resource (re-)selection in mode 2.
CPE
In the last meeting, we have discussed whether to support multiple CPE starting position or a single CPE starting position. And the following proposal was achieved.
	Proposal 4 (VI): 
· A CPE is transmitted from a CPE starting position until the start of the next AGC symbol
· A single CPE starting position is supported
· Multiple CPE starting positions is supported
· Whether to use a single CPE starting position or multiple CPE starting positions is (pre-)configured (FFS: granularity of (pre)configuration and other signalling details for CPE)
· For both single and multiple CPE starting positions,
· FFS other details, applicable scenarios (e.g., inside and outside a COT) and type(s) of SL transmission (e.g., PSSCH/PSCCH, PSFCH, S-SSB), Mode 1 and/or Mode 2 RA
· FFS: Whether/how to apply CPE for the slots of a MCSt other than the last slot prior to the MCSt


In NR-U, CPE is introduced to shorten the gap between two transmissions and schedule the channel access process of different UEs. gNB indicates CPE duration to the UEs in DCI. If multiple UEs need to perform UL transmission in FDM, gNB can configure the same CPE length so that multiple UEs can access the channel successfully at the same time. Otherwise, gNB can configure different CPE lengths. CPE is also supported for NR sidelink operation in a shared channel. In SL mode 2, multiple PSFCHs are FDM. When the CPE lengths of different PSFCH transmissions are different, it will lead to the failure of UE channel access with shorter CPE length, thus reducing the reliability of PSFCH transmissions. Therefore, the CPE length of PSFCH should be the same in SL-U. For PSSCH transmissions, transmission collision can be avoid by gNB’s scheduling in mode 1 and resource sensing and selection procedure in mode 2. So a single CPE starting position is also enough.
Proposal 10: A single CPE starting position should be supported in SL-U.
Multi-consecutive slots transmission
At the last meeting, the following agreement about multi-consecutive slots transmission was achieved.
	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.
· 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


Multi-consecutive slots transmissions from one UE was supported in SL-U. Multi-consecutive slots resources can used to perform the initial transmission and retransmission(s) for one TB as shown in figure 4(a) or multiple TBs as shown in figure 4(b).


 
(a)                                          (b)
Figure 4 Multi-consecutive slots transmissions in SL-U
At the last meeting, for the candidate resources in SA reported by L1, we have discussed two main methods. L1 reports multi-consecutive slots resources to MAC and MAC selects multi-consecutive slots resources from the candidate single-slot resources in SA reported by L1 as in Rel-16. MAC may not be able to select multi-consecutive slots resources if L1 reports candidate single-slot resources in SA as in Rel-16. In our view, the resources set SA should include multi-consecutive slots candidate resources after the resource exclusion procedure in L1. There are two options discussed at the last meeting.
· 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
· Option C: L1 reports consecutive single-slot candidate resources in SA
In option A, a candidate resource consists multi-consecutive slots in time domain, which is quite different with R16 SL. This may require that the granularity of one candidate resource is in multiple slots when performing resource exclusion, which is very strict with the resource exclusion procedure. In our view, R16 SL resource exclusion procedure should be reused as much as possible. So option C should be supported.
Proposal 11: When L1 reports a subset of candidate resources for MCSt, L1 should report consecutive single-slot candidate resources in SA.
When L1 is triggered for reporting a subset of candidate resources for MCSt, only one set of parameters (, remaining PDB,  and ) can be provided for a single TB and multiple TBs to simplify the resource exclusion procedure in L1. Accordingly, the consecutive single-slot candidate resources cannot have different  sizes.
Proposal 12: When L1 is triggered for reporting a subset of candidate resources for MCSt, one set of parameters should be provided for the resource selection procedure in L1.
Proposal 13: The consecutive single-slot candidate resources cannot have different  sizes.

Conclusions
Proposal 1: When sidelink HARQ feedback is disabled, the following options can be considered for contention window adjustment.
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
· Option 5: If a collision indicator is received, increase  for every priority class  to the next higher allowed value.
Proposal 2: For groupcast option 1 with SL-HARQ feedback enabled or when sidelink HARQ feedback is disabled, the following options can be considered for contention window adjustment.
· Option 2: 
· If ‘NACK’ or a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration, increase  for every priority class  to the next higher allowed value.
· Option 4: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
Proposal 3: For groupcast option 2 with SL-HARQ feedback enabled, the following new option can be considered for contention window adjustment.
· If all ‘ACK’ are received for at least one PSSCH transmission within the latest SL reference duration,  for each priority class; otherwise is increased.
Proposal 4: Channel access procedures for semi-static channel occupancy should be supported in SL-U.
Proposal 5: Alt.2 should be supported as the baseline.
· 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.
Proposal 6: Except for the COT initiating UE, the target receiver of the responding UE’s PSFCH transmissions can be other UEs 
Proposal 7: COT sharing between UEs can be supported at least in unicast and groupcast, the COT shared with multiple UEs should be supported in groupcast.
Observation 1: The transmission of shared UE cannot be performed immediately after COT sharing indication reception considering UE processing time.
Proposal 8: A minimum time gap between COT sharing indication and transmission of shared UE should be introduced.
Proposal 9: COT duration information should be considered when performing resource (re-)selection in mode 2.
[bookmark: _GoBack]Proposal 10: A single CPE starting position should be supported in SL-U.
Proposal 11: When L1 reports a subset of candidate resources for MCSt, L1should report consecutive single-slot candidate resources in SA.
Proposal 12: When L1 is triggered for reporting a subset of candidate resources for MCSt, one set of parameters should be provided for the resource selection procedure in L1.
Proposal 13: The consecutive single-slot candidate resources cannot have different  sizes.
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