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[bookmark: _Ref513464071]Introduction
In RAN1#111 meeting, different aspects of channel access in sidelink unlicensed operation were discussed and the agreements are captured in [1]. In this contribution we discuss type 1 and type 2 channel access, resource allocation and evaluation of SL-U and WiFi coexistence.
Discussion
Short control signalling transmission
Using Type 2A channel access procedure without shared channel occupancy was discussed in RAN1#111 meeting, and the following were agreed: 
	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



One of the FFS point to discuss is whether Type 2A can also be applicable for PSFCH without shared channel occupancy. We think PSFCH can be considered for transmission as SCSt if the requirements are met. It can be used for example when no resources are available within a COT to share. The UE can perform LBT Type 2A to send the HARQ feedback without performing LBT Type1. Such behavior can be allowed for high priority transmission e.g., PSFCH transmission corresponding to high priority data transmission. In the case S-SSB or PSFCH transmissions does not satisfy the SCSt requirements e.g., exceeding the duty cycle or the time duration, the UE can fallback to use Type 1 LBT or Type 2 if COT sharing is available.
Proposal 1: Type 2A channel access is applicable for PSFCH transmissions from a UE without a shared channel occupancy. 
Proposal 2: When the constraints are not met to transmit using Type 2A without shared channel occupancy, S-SSB and PSFCH can be transmitted using Type 1 or Type 2 channel access procedure in case of COT sharing.

CAPC selection and CW adjustment 
CAPC selection for PSFCH transmission: 
RAN2 discussed CAPC determination for SL-U and agreed to use the highest priority CAPC for SBCCH transmitted in SL-SSB and LS was sent to RAN1 [2]: 
	RAN2 agreements
· 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   


For CAPC setting for PSFCH transmission in unlicensed, it is up to RAN1 to decide which one to use. We think using higher priority prioritizes control signalling transmission over other transmission. In NR-U, the UE uses channel access priority class p=1 when transmitting PUCCH or PUSCH without UL-SCH. Similarly, for PSFCH transmission, the UE should use the highest priority CAPC to access the channel when using type 1 channel access procedure for PSFCH transmission. 
Proposal 3: The UE uses channel access priority class p=1 when Type 1 channel access procedure is applicable for PSFCH transmission.

CW adjustment: 
The definition of SL reference duration was extensively discussed in RAN1#111 meeting where the following definitions are captured to be selected later:
	[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: 
· 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





The reference duration is used to evaluate the status of transmissions in unlicensed channel in order to determine whether the CW needs to be increased or set to the initial value. In NR-U, the reference duration for COT initiated by the UE is defined as a duration starting from the beginning of the COT until the end of the first slot where at least one PUSCH is transmitted over all the resources allocated for PUSCH, or until the end of the first transmission burst by the UE that contains PUSCH(s) transmitted over all the resources allocated for the PUSCH, whichever occurs earlier. From the captured options that were agreed last meeting, in our view Option 1a is the closest to NR-U definition. It is thus our preferred option.  
Proposal 4: SL reference duration is starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted (Option 1a).

The contention window size adjustment procedure was discussed in the RAN1#110b-e meeting and the following were agreed:
	Agreement
· In Type 1 SL channel access procedure, further study the following cases and options. Other options are not precluded. 
· CW adjustment when SL-HARQ feedback is disabled (at least if all transmissions within the latest SL reference duration have SL-HARQ feedback disabled):
· [bookmark: _Hlk118203472]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.
· CW adjustment for groupcast option 2 with SL-HARQ feedback enabled (i.e., 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 in the latest SL reference duration,  is reset to  for every priority class , otherwise increase  for every priority class  to the next higher allowed value. 
· FFS: whether the ratio of the received SL HARQ-ACK feedbacks is ‘ACK’, ‘NACK’ or ‘ACK+NACK’
· FFS: how to calculate the ratio
· FFS: the (pre-)configuration ratio values
· Option 2: If at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  ; otherwise is increased.
· FFS whether groupcast option 1 (NACK-only) with SL-HARQ feedback enabled can be supported for SL-U. If supported, further study the following options (at least if all transmissions within the latest SL reference duration are groupcast option 1 transmissions)
· 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.
· When neither ‘NACK’ nor a collision indicator (IUC scheme 2) is received related to any transmissions within the latest SL reference duration,
· Option A:  is reset to  for every priority class .
· Option B: 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 3: An ACK-only procedure is used instead of a NACK-only procedure. In this case, if at least a ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class  , otherwise is increased
· 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. In this case, if ACK only is received related to any transmissions within the latest SL reference duration, then ,  otherwise  is increased.
· CW adjustment for unicast with SL-HARQ feedback enabled (at least In case only unicast PSSCH(s) is (are) transmitted within the latest SL reference duration):
· Option 2: If at least one ‘ACK’ is received related to any transmissions within the latest SL reference duration, for each priority class   ; otherwise is increased.
· FFS the case when UE is operating with different SL-HARQ feedback schemes (e.g., UE has concurrent broadcast transmission + unicast with SL-HARQ enabled, or GC option 1 + GC option 2, etc in the SL reference duration).




Different options for CWS enhancements were discussed for different cases as captured in the agreement above. For the case when SL-HARQ feedback is disabled, Option 1 is more aligned with NR-U behavior when the UE’s transmission does not include a retransmission or is transmitted within a duration Tw from the end of the reference duration of the earliest COT. To enhance the CWS adjustment considering the channel load, A combination of Option 1 and Option 3 can be considered in case of SL HARQ-ACK disabled. For example, if CBR measurements indicate a congested channel e.g., CBR is above a threshold, the CW can be increased to the next higher allowed value. Otherwise, the UE can use the latest CWp used for any SL transmissions on the channel using Type 1 channel access procedures associated with the channel access priority class p.
Proposal 5: The following options are considered if all transmissions within the latest SL reference duration have SL-HARQ feedback 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 .
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U
The purpose of CW adjustment is to ensure that no neighboring nodes in unlicensed channel is interfering with the transmitter. If only one receiver is able to receive the transmission, it means that there is no strong interference in proximity of the transmitter UE. In that case, the CW can be reset to the minimum value. Otherwise, the CW should be increased to allow higher sensing duration. Thus, for the case of groupcast option 2 with SL-HARQ feedback enabled, as long as one ACK is received, the CW should be reset to the minimum value.  
Proposal 6: For the case of groupcast option 2 with SL-HARQ feedback enabled, if at least ACK is received related to any transmission within the latest SL reference duration for each priority class p∈{1,2,3,4} CWp=CWmin,p ; otherwise CWp is increased.
The use of NACK only in case of groupcast is not well motivated in sidelink unlicensed. With the risk of LBT failure, it will add uncertainty on whether the Rx UE correctly received the transmission or failed to access the channel to send SL HARQ NACK. Thus, we prefer to not support groupcast option 1 in SL U.
Proposal 7: Groupcast option 1 (NACK only) with SL-HARQ feedback enabled is not supported in SL-U.
COT sharing between sidelink UEs
Conditions to share a COT:
In the RAN1#111 meeting, the following regarding UE-to-UE COT sharing was agreed:
	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.


Using the shared COT to transmit PSFCH/PSSCH/PSCCH to a UE other than COT initiator was left for further study. It is beneficial to support using the shared COT with responding UE to transmit to other UEs. The channel usage can be maximized leading to more efficient resource usage in sidelink unlicensed. From unlicensed regulation, nothing prevents to support using the shared COT for other transmission(s) not intended to the COT initiator UE. 
Proposal 8: A responding UE can transmit PSFCH/PSCCH/PSSCH to destination ID other than the source ID of the UE initiating the COT.
In NR-U, the gNB indicates to the UE which LBT type to use within a shared COT based on its scheduling decision and the planned gap to leave between DL and UL transmissions. For SL-U, there are two options: option 1 is the UE initiating a COT to indicate which LBT type the Rx UE can use and option 2 is the UE initiating a COT will stop transmitting and Rx UE decides which LBT type to use depending on the gap between the two transmissions. Option 1 can be used if the UE initiating the COT is planning to use the COT in later occasion and Option 2 can be used if the UE initiating the COT has finished its transmissions and will not be using the COT again. 
Proposal 9: The COT initiator UE can indicate which Type 2A/2B/2C SL-U channel access to use by other UEs for transmissions within a shared COT.

CP extension 
In the RAN1#111 meeting, the following were agreed regarding the CP extension: 
	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



With different CPE values, the starting transmission of sidelink UEs can be offset in time. Longer CPE value can give more chance to access the channel compared to smaller CPE value and thus give different priority to access the channel. Such priority can be associated with L1 priority i.e., higher priority transmission can be associated with longer CPE. For example, in a shared COT, higher priority transmission can be configured with longer CPE to enable the UE to quickly acquire the channel and transmit in the shared COT. Another example is to use the longer CPE to initiate a COT when using LBT type 1. To evaluate the gain from supporting associating CPE with priority, Figure 1 presents the SL-U performance with /without multiple starting position of CPE. Multiple starting positions of CPE enhances the higher priority throughput. This comes with coset of reducing the average throughput of low priority transmission.
Observation 1: Multiple CPE starting positions enhances the throughput of higher priority UEs. 
[image: ] [image: ]
(a) Traffic Model2 (Pkt size= 30KB)           (b) Traffic Model2 (Pkt size= 50KB)
[bookmark: _Ref127447313]Figure 1: SL-U average throughput per priority with multiple starting positions for CPE

Proposal 10: Multiple CPE starting positions are associated with different priority level to prioritize channel access. 
Multiple consecutive transmissions 
Usage of consecutive transmission:
The maximum COT duration depends on the CAPC used by the UE to initiate the channel. In some cases, the initiated COT can be long enough to potentially contain initial transmission and retransmissions. For example, when the UE performs blind retransmissions without waiting for the sidelink HARQ-ACK, the UE can transmit in a consecutive slot the initial transmission and the retransmissions/repetitions. In another scenario, if SL HARQ-ACK is enabled and the SL HARQ feedback is received prior to the end of the COT, retransmission can occur in the already initiated COT.
Proposal 11: Support initial transmission and re-transmissions of a TB within a COT. 
The COT initiated by a sidelink UE may not be enough for transmitting multiple TBs and the corresponding re-transmissions. For example, a TB transmitted at the last slot in a COT will not have time for retransmission in the same COT. In such case, a different COT will be required to retransmit the TB. New approaches to link the initial transmission and re-transmission in different COTs need to be studied. 
Proposal 12: Study re-transmissions of a TB in a different COT than the one including the initial transmissions.
With the LBT requirements in unlicensed spectrum, sidelink HARQ transmission can be delayed and can lead to exceed the remaining Packet Delay Budget (PDB). Solutions to minimize the impact of LBT uncertainty are needed to mitigate additional delays due to unlicensed spectrum. One approach could be to have PSFCH transmitted in the same COT as the corresponding PSSCH transmission. For example, PSFCH can be transmitted at the end of the COT where the corresponding PSSCH is received. Another example could be a time relationship between the PSSCH and PSFCH in the ongoing COT. The PSFCH position within a COT can be indicated in the PSSCH. This approach cannot always be applicable as it may not be enough resources available for COT sharing to transmit PSFCH. For example, the UE initiate a short COT that will contain only PSSCH or the remaining time in the ongoing COT is not sufficient for the Rx UE to decode and report PSFCH before the end of the COT. In such case, reporting PSFCH can be done a different COT. This COT can be initiated by Rx UE or Tx UE. In order to report the PSFCH transmission in different COT, HARQ-ACK polling can be used or an association between data transmitted in a first COT and PSFCH occasion in a second COT. To enable flexibility in PSFCH transmission time, fixed relationship between the PSSCH transmission time and the corresponding PSFCH transmission should be avoided.
Proposal 13: Support PSFCH transmission in a different COT than the corresponding PSSCH transmission. 

Resource selection for MCSt:
In the RAN1#110b-e meeting, the following were agreed regarding multiple consecutive slots transmission: 
	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



When L1 is triggered for reporting a subset of candidate resource for multiple consecutive slots, it is preferred to provide only one set of parameters (, remaining PDB,  and ) to reduce the processing effort for resource selection. Having multiple parameters provided will results on different SA to be reported to MAC layer which add more processing effort to the MAC layer. 
Proposal 14: When L1 is triggered for reporting a subset of candidate resources for MCSt, only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1 (Option 1).
Three options were agreed for further study to report subset candidates for MCSt. Option A and Option C to some extents are similar with the only difference is to report multiple set of consecutive slots (Option A allows reporting multiple set of consecutive slots compared whereas with Option C only consecutive single slot candidate resources to be reported). It is preferred to provide more flexibility to the MAC layer by providing multiple sets of candidates. Option B, which is similar to Rel-16, will not guarantee the existence of consecutive slots and defeat the purpose of selecting multiple consecutive slots. 
Proposal 15: When L1 reports a subset of candidate resources for MCSt, 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 A)

Resource allocation in SL U 
Mode 1 resource allocation: 
Regarding the mode 1 resource allocation for SL-U, it was agreed in RAN1#109e meeting to support the existing mode as a baseline and to further study possible enhancements:
	Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation selection procedure needs to be updated / enhanced due to shared spectrum channel access



The gNB is responsible for scheduling sidelink grants to Mode 1 UEs. gNB can use dynamic grant or configured grants (type 1 and type 2 configured grant are both supported). With dynamic grant, the UE is allocated with frequency assignment as well as the slot where to start the sidelink transmission. As mentioned before in the contribution, it is not guaranteed to access the unlicensed channel due to the dependency on LBT success/failure. The UE can fail to access the channel at the scheduled time and even after receiving a new grant to attempt to access the channel, the UE can fail again to access the channel. To increase the chance of accessing the channel, the gNB can schedule the UE with multiple time and frequency resources to access the sidelink unlicensed resources. For example, the UE can be configured with a time window and a set of frequency resources to access the channel. 
Proposal 16: Support configuring Mode 1 UE with time window and set of frequency resources to initiate a COT in SL U.
In RAN1#110 it was agreed to further study the UE to report a COT related information to gNB:
	Agreement
· 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



In NR U, the gNB can determine if the UE was able to access the channel or not, as the uplink transmissions are intended to the gNB. With Mode 1 scheduling in sidelink unlicensed, the gNB cannot determine if the UE was able to access the channel or not since the scheduled transmission are intended to sidelink UE(s). To assist the gNB for scheduling additional grants or scheduling other sidelink UEs, channel access status can be reported to the gNB. For example, the UE can use new UCI type to report the channel access outcome to the gNB. The new UCI type can be transmitted using PUCCH or PUSCH. The UE can also report the COT related information to assist gNB scheduling in mode 1 RA. 
Proposal 17: Study reporting of the channel access outcome and COT related information to the gNB in mode 1 SL U.
Mode 2 resource allocation: 
For mode 2 resource allocation, it was agreed in RAN1#109e meeting that the existing mechanism will be supported as baseline and to further study the possible enhancements due to the shared spectrum:
	Agreement
· 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


Sidelink supports different type of traffic for different use cases. Periodic type of traffic arriving at deterministic time is supported in NR sidelink Rel-16/Rel-17 and it is expected to be supported also in sidelink unlicensed operation. For this type of traffic, it is beneficial to reserve sidelink resource at the expected time of data arrival to avoid competing with other UEs each time. NR Rel-16/17 sidelink supports resource reservation by having a UE indicating the reservation period in the SCI. The resource reservation in unlicensed spectrum will also be beneficial as it can be applied to reduce the number of SL UEs contending for the channel at a given time. With LBT uncertainty, it is difficult to reserve the sidelink resource at specific time instance due to dependency on the LBT outcome. Instead, a time window can be reserved in unlicensed channels. The time window can consist of a set of slots that occurs periodically and starts approximately before the expected time of data arrival to account for possible LBT failure. The frequency resource reserved during this time window can be a set of interlaces/RBs, e.g., the same as the ones used by the initial transmission (similar to R16/R17 NR SL semi-persistent resource reservation) and not necessarily the entire bandwidth should be reserved. 
Proposal 18: Study reservation of a periodic time window for periodic type of traffic in SL unlicensed spectrum. 
The baseline mode 2 RA consists of sensing the channel during a sensing window and selects the resources for transmission during the selection window. With the uncertainty of LBT success, the selected resources may not be available when the UE wants to transmit. To reduce the impact of multiple sidelink UEs competing to access the channel at the same time, SL UEs which acquired the channel can indicate their intended COT duration for other SL UEs. The sensing can be done with granularity of time window and a SL UE that is performing sensing and selection can exclude time windows corresponding to these reserved COTs from the set of resources to be selected from. 
Proposal 19: In Mode 2 RA, the UE excludes time window(s) corresponding to COT(s) initiated by other SL UEs. 
Wideband operation 
[bookmark: _Hlk111102125]In the RAN1#110b-e meeting, channel access procedures were discussed for wideband operation. It was agreed to support the NR-U channel access procedure for multiple channels:
	Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation


Wideband operation offers larger bandwidth which will help meeting the service requirements in unlicensed bands. This can help both UEs operating under mode 1 and mode 2 RA. A UE can use the full bandwidth for itself or otherwise, to maximize the usage of the bandwidth, COT sharing can be done in FDM manner. For example, a UE can share frequency resources of its COT with multiple UEs. In mode 1, the gNB can coordinate the COT sharing among multiple UEs. In mode 2, the UE initiate a COT can indicate the available resources to share using an indication in SCI.
[bookmark: _Hlk111107039]Proposal 20: Wideband operation is supported for both mode 1 and mode 2 RA.


In the last RAN1 #111 meeting, the following agreement was made regarding multi-channel access:
	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



Regarding whether PSFCH transmission is limited to contiguous RB sets. In our view, it is necessary to limit the PSFCH transmission in the contiguous RB sets to reduce IBE problem. Moreover, if PSFCH is transmitted in non-contiguous RB sets, more power reduction may be required due to the large gap among PSFCH REs, which may reduce the reliability of PSFCH. 
Proposal 21: Support PSFCH transmission only on contiguous RB sets.
In the resource pool of multiple RB sets, each UE may acquire a COT for single or multi-channel transmission. When a UE acquires a multi-channel COT, it is beneficial to allow the UE to maintain the COT in a subset of the acquired RB sets. Such design can allow the UE to use the spectrum resource more efficiently. Specifically, the UE can first perform transmissions in all acquired RB sets. However, after one or more transmission, the UE can stop using some of the RB sets and not be required to use all the acquired RB sets.. This can reduce its transmission bandwidth to a subset of the acquired RB sets (e.g., due to a reservation of another UE in one or more of its acquired RB sets in the COT).
Proposal 22: For multi-channel access, support the COT initiator UE can maintain a subset of the acquired RB sets. 
It was agreed to support COT sharing between PSCCH/PSSCH of the COT initiator and PSCCH/PSSCH or PSFCH of the COT sharing UE for single-channel operation. In our view, it is also beneficial to support the same types of COT sharing (e.g., between PSCCH/PSSCH of the COT initiator and PSCCH/PSSCH or PSFCH of the COT sharing UE) in multi-channel case. Since the required bandwidth to transmit PSFCH and/or PSCCH/PSSCH is different from the bandwidth of the acquired COT it should be possible to allow a UE to share a subset of the acquired RB sets of the COT initiator. 
Proposal 23: For multi-channel access, support COT sharing of all, or a sub-set of the RB sets acquired by the COT initiator UEs.
Wi-Fi/SL-U coexistence

[bookmark: _Ref115359116][image: ]
[bookmark: _Ref127447317]Figure 2 Wi-Fi average throughput with SL-U coexistence
[bookmark: a23]To evaluate the impact of SL-U on Wi-Fi, we evaluated the UPT of Wi-Fi. Figure 2 presents the Wi-Fi system average throughput with different SL-U ED thresholds to show the impact of SL-U interference. The figure indicates that we can achieve a fair coexistence between Wi-Fi and SL-U systems since the impact of SL-U acts as the impact of another Wi-Fi system belongs to another operator.
Observation 2: SL-U achieves a fair co-existence with Wi-Fi system since the impact of SL-U is not larger than the impact of other Wi-Fi system. 
Conclusion
In this contribution, we have discussed and propose the following:
Observation 1: Multiple CPE starting positions enhances the throughput of higher priority UEs. Observation 2: SL-U achieves a fair co-existence with Wi-Fi system since the impact of SL-U is not larger than the impact of other Wi-Fi system. 
Proposal 1: Type 2A channel access is applicable for PSFCH transmissions from a UE without a shared channel occupancy. 
Proposal 2: When the constraints are not met to transmit using Type 2A without shared channel occupancy, S-SSB and PSFCH can be transmitted using Type 1 or Type 2 channel access procedure in case of COT sharing.
Proposal 3: The UE uses channel access priority class p=1 when Type 1 channel access procedure is applicable for PSFCH transmission.
Proposal 4: SL reference duration is starting from the beginning of the channel occupancy initiated by the UE including transmission of PSSCH(s), until the end of the first slot where at least one PSSCH with ACK/NACK HARQ-ACK enabled is transmitted (Option 1a).
Proposal 5: The following options are considered if all transmissions within the latest SL reference duration have SL-HARQ feedback 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 .
· Option 3: CW is adjusted according to CR/CBR measurement, if CR/CBR is supported for SL-U

Proposal 6: For the case of groupcast option 2 with SL-HARQ feedback enabled, if at least ACK is received related to any transmission within the latest SL reference duration for each priority class p∈{1,2,3,4} CWp=CWmin,p ; otherwise CWp is increased.
Proposal 7: Groupcast option 1 (NACK only) with SL-HARQ feedback enabled is not supported in SL-U.
Proposal 8: A responding UE can transmit PSFCH/PSCCH/PSSCH to destination ID other than the source ID of the UE initiating the COT.
Proposal 9: The COT initiator UE can indicate which Type 2A/2B/2C SL-U channel access to use by other UEs for transmissions within a shared COT.
Proposal 10: Multiple CPE starting positions are associated with different priority level to prioritize channel access. 
Proposal 11: Support initial transmission and re-transmissions of a TB within a COT. 
Proposal 12: Study re-transmissions of a TB in a different COT than the one including the initial transmissions.
Proposal 13: Support PSFCH transmission in a different COT than the corresponding PSSCH transmission. 
Proposal 14: When L1 is triggered for reporting a subset of candidate resources for MCSt, only one set of parameters (, remaining PDB,  and ) is provided for the resource selection procedure in L1 (Option 1).
Proposal 15: When L1 reports a subset of candidate resources for MCSt, 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 A)
Proposal 16: Support configuring Mode 1 UE with time window and set of frequency resources to initiate a COT in SL U.
Proposal 17: Study reporting of the channel access outcome and COT related information to the gNB in mode 1 SL U
Proposal 18: Study reservation of a periodic time window for periodic type of traffic in SL unlicensed spectrum. 
Proposal 19: In Mode 2 RA, the UE excludes time window(s) corresponding to COT(s) initiated by other SL UEs. 
Proposal 20: Wideband operation is supported for both mode 1 and mode 2 RA.
Proposal 21: Support PSFCH transmission only on contiguous RB sets.
Proposal 22: For multi-channel access, support the COT initiator UE can maintain a subset of the acquired RB sets. 
Proposal 23: For multi-channel access, support COT sharing of all, or a sub-set of the RB sets acquired by the COT initiator UEs.
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 SL-U simulation assumptions
	Parameter 
	Value

	Carrier Frequency (GHz)
	5 GHz

	Bandwidth
	20 MHz

	Subcarrier Spacing
	15 kHz

	UE Tx Power
	23 dBm

	Channel Model
	InH-office pathloss mode defined in [TR 38.901]

	No. Of Tx/Rx pairs
	10

	Traffic Model
	· Model 2 FTP model
· Packet size= {30000, 50000} bytes
· Packet arrival time= 50 ms
· Latency= 100 ms

	ED threshold
	-72 dBm

	Max retransmission
	2



 Wi-Fi simulation assumptions
	Parameter 
	Value

	Carrier Frequency (GHz)
	5 GHz

	Bandwidth
	20 MHz/Uplink

	Subcarrier Spacing
	15 kHz

	AP/STA Tx Power
	23 dBm

	Channel Model
	InH-office pathloss mode defined in [TR 38.901]

	No. of AP/ STA per AP
	3/ 5 STA per AP 

	UE Dropping
	Uniformly distributed

	SL STAs path loss model
	InH-office pathloss mode defined in [TR 38.901]

	UE Noise Figure
	10 dB

	Traffic model
	VoIP model
Packet size: 200 – 2000
Packet inter-arrival: 30 ms
CW= 3/7
DIFS= 32 us

	Max retransmission
	0 

	ED threshold
	-62 dBm

	CTS/RTS
	ON
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