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Introduction
In RAN1#110-e meeting, the following agreements were made related to channel access mechanism for sidelink on unlicensed spectrum [1].
	Agreement
The following evaluation scenario can be used for evaluating performance of SL-U designs, resource allocation schemes, and coexistence study with another RAT in a shared channel.
· Scenario 1 (commercial use cases) – recommended:
· Evaluation methodology baseline is NR-U from TR 38.889 with the following updates.
· Indoor layout 
· Option 1: a pairs topology for SL-U from R1-2205033 – recommended

· a = 20m, b = 60m, c = 20m, d = 80 m
· There are two operators to model two RATs at a time. The red one is SL-U UE, the blue one is Wi-Fi or NR-U.
· For NR-U / Wi-Fi, the same number of UEs / Wi-Fi STA as the total number of SL-U devices are dropped in the area. The NR-U UE / Wi-Fi nodes are dropped uniformly per gNB/AP per 20 MHz.
· Companies should report if they used a different number of UEs / Wi-Fi STA as the total number of SL-U devices, as an additional evaluation scenario.
· For evaluation of unicast traffic, the topology of SL-U is pair topology and the SL-U UEs are dropped uniformly at random in the area. 
· Companies should report how SL-U UEs are paired
· 6 SL-U pairs and 4 NR-U UEs / Wi-Fi nodes per gNB/AP per 20 MHz
· For evaluation of groupcast traffic, SL-U UEs are dropped uniformly at random in the area, SL-UEs form groupcast UE group based on TX-RX UE distancing, the distance is provided by each company. 
· Companies should report how SL-U UEs form a group
· 12 SL-U UEs and 4 NR-U UEs / Wi-Fi nodes per gNB/AP per 20 MHz
· For evaluation of broadcast traffic, SL-U UEs are dropped uniformly at random in the area.
· 12 SL-U UEs and 4 NR-U UEs / Wi-Fi nodes per gNB/AP per 20 MHz
· Option 2: SL UE clusters (R1-2203146)
[image: 捕获]
· Indoor layout and UE dropping model with N = 3 or 6 clusters and each with M=5 UEs
· Each cluster is a circle, with a central point and radius Rmax = 15 or 10m and Rmin = 5 or 1m
· No overlapping among the N clusters
· For coexistence, there are two operators to model two RATs at a time, where the red one is Wi-Fi AP or NR-U gNB. NR-U UE / Wi-Fi STA are dropped uniformly per gNB/AP.
· Simulation bandwidth can be larger than 20MHz (e.g., 80MHz)
· Channel model follows NR InH Mixed Office model used in NR-U (TR38.889)
· Traffic model 
· Option 1: R17 sidelink commercial traffic model with periodic model 3 with packet size reduced by a factor of (high: 1; mid: 5; low: 10)
· FFS whether/how the PDB requirement can be captured
· Option 2: FTP model 3 with arrival rate satisfying one of the followings:
· BO Low load: 10%~25%
· BO Mid load: 35%~50%
· BO High load: above 55%
· Option 3: XR cloud gaming model in TR38.838
· FFS whether/how the PDB requirement can be captured
· It is up to each company to use either Option 1 or 2 or Option 3 or mixed of them
· Interference model: 
· Layout option 1: Explicit modelling of NR-U / WiFi transmissions (as per TR38.889)
· Note, for the interference traffic model:
· The same or equivalent traffic model setting as SL-U should be used as much as possible to achieve equal load (e.g., SL-U RAT offered load equal the interfering RAT’s offered load). 
· The same number of traffic flows should be used between SL-U and the interfering RAT (e.g., 10 UEs with 10 flows, and 5 STAs with 2 flows each, one for DL and one for UL)
· Companies should report if they used a different assumption, as an additional evaluation scenario.
· Performance metric: UPT, latency, and PRR which regards the packet whose delay exceeding the remaining PDB as transmission failure. 
· FFS: UE satisfaction/system capacity as section 7.2 in TR 38.838 for XR traffic evaluation
· FFS for groupcast and broadcast
· Fair coexistence criterion between SL-U and the interfering RAT (e.g., according to NR-U TR38.889)

Agreement
· CW adjustment
· NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast 
· FFS any necessary update for SL-U operation
· FFS: how to determine CW size when SL-HARQ feedback is disabled in SCI
· FFS the case of groupcast option 1 (NACK-only) and groupcast option 2

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

Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details

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 receiverFFS: 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


In this contribution, issues related to channel access mechanism for sidelink on unlicensed spectrum are discussed.

Channel access mechanism
In NR sidelink, four sidelink physical channels are defined, including PSCCH, PSSCH, PSFCH and PSBCH. According to the WID[2], these physical channels shall be reused as the baseline in SL-U. However, due to the requirements such as regulation limitation, some changes of sidelink physical channel structures may be needed in SL-U. The detailed design of physical channel structures can be found in our companion contribution [4]. 
Regarding the channel access procedures, the following agreement was achieved in RAN1 #110 meeting.
	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


In this section, the following channel access procedures for dynamic channel occupancy are discussed: 
· Channel access procedures for PSCCH/PSSCH transmission
· Channel access procedures for S-SSB and PSFCH transmission
· Contention window adjustment procedures
Channel access procedure for PSCCH/PSSCH transmission 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In order to meet the regulations and efficient use of unlicensed spectrum, Type 1 and Type 2 channel access mechanisms, as well as COT sharing operation for PSCCH/PSSCH transmissions，are supported for SL-U. In general, the channel access procedure for PSCCH/PSSCH transmissions is illustrated in Figure 1 with the following steps: 
· A UE firstly selects the PSCCH/PSSCH resources before Type 1 channel access. 
· The UE performs Type 1 channel access to evaluate the availability of related channels.
· If the channels are evaluated to be idle, then the UE will perform its PSCCH/PSSCH transmissions, and could share its COT related information to other UE(s). 
· The UE sharing its COT and other UE(s) using the shared COT can perform PSCCH/PSSCH transmissions within the COT by Type 2 channel access. 


[bookmark: _Ref101371451]Figure 1: General channel access procedure for PSCCH/PSSCH transmissions

In general, the following issues should be addressed for channel access procedure for PSCCH/PSSCH transmissions on unlicensed spectrum:
· Uncertain gap between LBT success time and starting time of SL-U transmission resource
· Type 2 channel access mechanism

Issues 1: Uncertain gap between LBT success time and starting time of SL-U transmission resource
For Type 1 channel access procedure, UE can only access the channel when N is reduced to zero. The duration of Type 1 channel access is uncertain which is related to the channel access priority and current channel occupancy situations, so a gap may be existed between the success time of Type 1 channel access procedure and the corresponding transmission resource(s) as shown in Figure 2. The issue should be focused on is how to avoid interruption by other RAT access during this gap duration. It is preferred to introduce a channel occupancy extension transmission before the starting time of the selected transmission resource. However, too large duration for channel occupancy extension will lead to unfairness to other RAT access and insufficient resource usage, and too short duration for channel occupancy extension will increase the LBT failure of SL-U channel access. The maximum duration of channel occupancy extension should be carefully studied.


[bookmark: _Ref111212427]Figure 2: A gap between the LBT success time and the related resource
Observation 1: Due to uncertain duration of Type 1 channel access. a gap may be existed between LBT success time and starting time of the corresponding transmission resource. 
Proposal 1: In order to avoid the LBT failure due to uncertain gap between the success time of Type 1 channel access and the corresponding transmission, it is preferred to introduce a channel occupancy extension transmission before the starting time of the corresponding transmission resource. The maximum duration of the channel occupancy extension needs to be further studied. 

Issues 2: Type 2 channel access mechanism
Type 2 channel access only needs tens of microseconds which is smaller than a symbol duration for some SCS configurations, it can start at the previous slot of PSCCH/PSSCH transmission. As shown in Figure 3, slot n is the slot that UE will perform PSCCH/PSSCH transmission, the starting time of Type 2 channel access can be located in the last symbol of the previous slot n-1. Firstly, UE should perform Type 2 channel access which needs 16us or at least 25us. Then RX/TX switching duration should also be introduced to guarantee that UE can transmit PSCCH/PSSCH at the boundary of slot n. Besides, a gap may be introduced after RX/TX switching, so CPE can also be supported in order to avoid other RAT accessing during this gap. In a word, Type 2 channel access can start at the previous slot of PSCCH/PSSCH transmission with the considerations of Type 2 channel access duration, RX/TX switching and CPE.


[bookmark: _Ref111212901]Figure 3: Type 2 channel access starting at the previous slot of PSCCH/PSSCH transmission
Proposal 2: The starting occasion of Type 2 channel access can be located in the previous slot of the corresponding PSCCH/PSSCH transmission.
[bookmark: OLE_LINK2][bookmark: OLE_LINK7]Furthermore, an issue was raised in the last meeting that for the case when the gap is between 16 and 25us, whether the Type 2B channel access can be used. In NR-U, Type 2B channel access procedure is performed by sensing the channel within a duration of Tf =16μs. After sensing the channel to be idle within Tf, the UE or the gNB may transmit the transmission immediately. For sidelink transmission within a shared channel occupancy, the transmission gap between two UEs cannot always equal to 16μs. Therefore, for the case when the transmission gap is between 16 and 25μs, Type 2B channel access procedure is also applicable by sensing the channel within a duration of 16μs.
Proposal 3: For the case when the transmission gap is between 16 and 25μs, Type 2B channel access procedure is also applicable.
Channel access procedure for S-SSB and PSFCH transmission 
In RAN1 #110 meeting, the following proposal was discussed regarding channel access mechanism for S-SSB and PSFCH:
	Proposal 4 (II):
· Channel access mechanism for S-SSB, down-select to one of the followings
· Option 1: UE does not sense the channel before a S-SSB transmission when the transmission meets the European regulation (ETSI EN 301 893) for SCSt. (OPPO)
· S-SSB transmission is dropped when the European regulation (ETSI EN 301 893) for SCSt is not met
· Option 2: UE performs Type 2A channel access procedure before each S-SSB transmission regardless of a shared channel occupancy when the NR-U duty cycle and total duration restrictions are met. (QC, SS, LGE)
· When the NR-U duty cycle and total duration restrictions are not met, Type 1 channel access is performed.
· Option 3: UE performs Type 1 channel access procedure with p=1 for a S-SSB transmission without a shared channel occupancy and Type 2 channel access procedure in a shared channel occupancy. (E///)
· Channel access mechanism for PSFCH, down-select to one of the followings
· Option 1: UE does not sense the channel before a PSFCH transmission when the transmission meets the European regulation (ETSI EN 301 893) for SCSt. (OPPO)
· PSFCH transmission is dropped when the European regulation (ETSI EN 301 893) for SCSt is not met
· Option 2: UE performs Type 2A channel access procedure before each PSFCH transmission regardless of a shared channel occupancy when the NR-U duty cycle and total duration restrictions are met. (QC)
· When the NR-U duty cycle and total duration restrictions are not met, Type 1 channel access is performed.
· Option 3: UE performs Type 1 channel access procedure for a PSFCH transmission without shared channel occupancy and Type 2 channel access procedure in a shared channel occupancy. (E///, HW/HiSi, LGE)
· FFS the CAPC value for PSFCH (e.g., same as the corresponding PSSCH, p=1, etc)



In NR-U, Type 2A channel access procedures are applicable to the transmission(s) initiated by a gNB with only discovery burst or with discovery burst multiplexed with non-unicast information, where the transmission(s) duration is at most 1ms, and the discovery burst duty cycle is at most 1/20[3]. Currently, S-SSB transmission in FR1 is restricted to at most 1ms per SSB occasion. Considering the SSB period is fixed to 16 frames, i.e., 160ms, the duty cycle of SSB transmission is also lower than 1/20. In this case, Type 2A channel access procedure is applicable to S-SSB transmission. 
[bookmark: OLE_LINK12][bookmark: OLE_LINK13]An example for SSB transmission after Type 2A channel access succeed is shown in Figure 4. Given that two SSB occasions are configured in one SSB period, UE can perform SSB receiving in the first SSB occasion while SSB transmission can be performed in the second SSB occasion after Type 2A channel access succeed. When the UE is indicated with a COT, other Type 2 channel access procedures within a shared channel occupancy can also be performed when the corresponding transmission gap requirement is met.

[image: ]
[bookmark: _Ref111213096]Figure 4: SSB transmission after Type 2A channel access succeed
Proposal 4: Type 2A channel access procedure is applicable to S-SSB transmission as discovery burst in NR-U, while other Type 2 channel access procedures within a shared channel occupancy are not excluded when the corresponding transmission gap requirement is met.
In NR sidelink, if PSFCH resource is configured in the resource pool, the Rx UE can transmit feedback information on the next available PSFCH resource after receiving data. PSFCH resources are always configured periodically, with the period of 1, 2, or 4. Since the location of each PSFCH resource is fixed, if one PSFCH transmission occasion is missed due to long channel access duration, the Rx UE can only transmit feedback in the next PSFCH period, which is misaligned with the Tx UE. Therefore, Type 1 channel access procedures, where the time duration spanned by the sensing slots that are sensed to be idle before a transmission is random, is not preferred for PSFCH transmission. 
[bookmark: OLE_LINK1][bookmark: OLE_LINK8][bookmark: OLE_LINK11]For each PSFCH transmission, there is a guard symbol, whose length is based on the subcarrier spacing, before the PSFCH resource. Considering that at most 60kHz subcarrier spacing is supported in FR1, the shortest symbol length is about 17μs. In this case, Type 2C channel access which requires the gap is equal or lower than 16μs is not applicable. Although only 2 PSFCH symbols will be used for PSFCH transmission in one PSFCH period, the duty cycle of at most 1/20 when transmitting discovery burst still cannot be met in most PSFCH period configurations. In order to have a unified channel access procedure, Type 2A channel access out of a COT, i.e., transmission as discovery burst, is not supported.
Proposal 5: Within a shared channel occupancy, at least Type 2A and Type 2B channel access procedures are applicable to PSFCH transmission in SL-U.
Another transmission method in unlicensed spectrum is short control signalling transmission. By complying with regulatory requirements, management and control signals can be transmitted without sensing the channel for the presence of other signals. In European regulation (ETSI EN 301 893), the use of SCS transmissions is constrained within an observation period of 50 ms, the number of SCS transmissions by the equipment shall be equal to or less than 50; and the total duration of the equipment's SCS transmissions shall be less than 2500 µs within the observation period. While in China, the total duration of the equipment's SCS transmissions shall be less than 2500 µs within the observation period or the duty cycle shall be no more than 1/10. Considering different countries may have different regulation requirements, the supportive of SCS transmission shall meet each country’s regulation.
For S-SSB transmission, as analyzed before, at most 1ms per SSB occasion is supported in FR1 and the SSB period is fixed to 160ms, and thus, both regulations in Europe and in China can be met. For PSFCH, only 2 symbols will be used for PSFCH transmission in one PSFCH period, the supportive of short control signaling is based on the configuration of PSFCH period and the density of PSFCH transmission.
Proposal 6: UE may not sense the channel before a S-SSB transmission when the transmission meets the regulation for SCSt in each country.
Proposal 7: For a PSFCH transmission without shared channel occupancy, SCSt is supported when the transmission meets the regulation for SCSt in each country.

No matter whether Type 2 channel access or short control signaling is used for PSFCH transmission, transmission loss may occur due to the competition with other systems. If HARQ NACK-based feedback is applied, the Tx UE cannot distinguish whether the Rx UE successfully receives the data or fails to send NACK. In case that the NACK was lost or delayed due to channel access failure, the Tx UE may assume that the data was successfully received and will no longer send retransmission(s), which will lead to reliability decrease. Therefore, in order to guarantee the performance of sidelink transmissions in unlicensed spectrum, only HARQ ACK/NACK-based feedback can be supported, i.e., NACK-based feedback is not supported in SL-U.
Proposal 8: Only HARQ ACK/NACK-based feedback can be supported, i.e., NACK-based feedback is not supported in SL-U.
Contention window adjustment procedures
In RAN1 #110 meeting, the following agreement was achieved regarding contention window adjustment procedure:
	Agreement
· CW adjustment
· NR-U DL CW adjustment mechanism is used as the baseline for SL-U when SL-HARQ feedback is enabled in SCI for unicast 
· FFS any necessary update for SL-U operation
· FFS: how to determine CW size when SL-HARQ feedback is disabled in SCI
· FFS the case of groupcast option 1 (NACK-only) and groupcast option 2



NR-U DL CW adjustment mechanism is based on the HARQ ACK/NACK feedback, which is only supported in sidelink unicast and groupcast option 2. However, considering that multiple ACK/NACK feedback may be received in groupcast, NR-U CW adjustment mechanism may need some enhancements. Furthermore, since HARQ feedback can be disabled in SCI, NR-U CW adjustment mechanism cannot be reused in this case and solution is pending in order to adjust the contention window reasonable.
Proposal 9: NR-U CW adjustment mechanism needs enhancements in the case of groupcast option 2, and for SL-HARQ feedback disabled case, CW adjustment mechanism should be further studied.

Sharing of channel occupancy time
In RAN1 #110 meeting, the following agreement was achieved regarding COT sharing:
	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



Regarding UE-to-UE COT sharing, the following issues should be further studied:
· The content of COT sharing information
· The conditions of transmitting COT sharing information
· The behaviors after receiving COT sharing information

Issue 1: The content of COT sharing information
In SL-U, a distributed COT sharing mechanism should be introduced where the COT-sharing-UE should indicate the remaining COT or the deadline of COT to inform the available channel occupancy time. Then, the COT-shared-UE can judge whether Type 2 channel access can be performed before its transmission based on the remaining COT or the deadline of COT. Besides, the index of LBT sub-bands where Type 1 channel access is performed should also be indicated to COT-shared-UE. And some other indispensable information such as source ID, destination ID, and the channel access priory should also be carried accordingly.
Proposal 10: COT sharing information should at least include the remaining COT, the sensed LBT sub-bands, source ID, destination ID, and the channel access priority.

Issue 2: The conditions of transmitting COT sharing information
This issue is to define the conditions under which UE can transmit COT sharing information, and the following principles should be considered: 
· The first condition is that UE has data to transmit. Since the overhead of COT sharing information is not so large based on the content of COT sharing information, SCI can be the qualified container for transmitting COT sharing information. Furthermore, standalone SCI should not be introduced from the perspective of reducing complexity. 
· Another condition is that the remaining COT is larger than a (pre-)configured threshold, which can guarantee more UEs can utilize COT to perform Type 2 channel access. Considering the maximum COT depends on the channel access priority, channel access priority could also be another metric, i.e., UE can perform COT sharing only when the channel access priority value is larger than a (pre-)configured value.
Proposal 11: The following conditions should be introduced under which UE can perform COT sharing:
· UE has data to transmit.
· The remaining COT is larger than a (pre-)configured threshold or the channel access priority value is larger than a (pre-)configured value.

Issue 3: The behaviors after receiving COT sharing information
In NR-U, COT sharing information is indicated by the gNB, while each UE sharing the COT can be distributed in the COT uniformly. UE can perform transmission within , where  is the maximum channel occupancy time based on the channel access priority class and  is the total duration of all gaps of duration greater than 25μs that occur between two transmissions within the COT.  It can be observed that the COT sharing duration in NR-U actually is a relative time, and the absolute duration of the COT depends on how many gaps of duration greater than 25μs within the COT. The restriction of the absolute duration of the COT can be up to the regulation of each country.
[bookmark: OLE_LINK26]Observation 2: In NR-U, the COT sharing duration is a relative time, and the absolute duration of the COT depends on how many gaps of duration greater than 25μs are within the COT. 

For sidelink UE without the coordination by the gNB, it should firstly identify the availability of COT after receiving COT sharing information. The method can be different considering the cast type of COT sharing information transmission. For unicast transmission, the COT will only be used by single destination UE, the unicast pair can use the COT as that in NR-U, i.e. the COT is calculated by the transmission duration of unicast pair. And the restriction of the absolute duration of the COT can be up to the regulation of each country. The unicast pair can perform Type 2 channel access as long as the duration of transmission(s) is less than the received COT duration. 
For groupcast and broadcast, the COT can be shared by multiple UEs. Due to the impact of distributed resource allocation mechanism, the UE receiving the COT sharing information cannot know whether the shared COT is used by other UEs or not, and do not have sufficient information to determine the remaining available COT. One solution for this issue is to use the absolute time to determine the remaining available COT, i.e. the COT duration is calculated by the absolute duration from the starting occasion of COT sharing. The COT sharing UEs can perform Type 2 channel access within this absolute COT sharing duration.
Proposal 12: The cast type should be considered for COT sharing operation:
· For unicast, the COT sharing duration between the unicast pair can be determined as that in NR-U, and the restriction of the absolute duration of the COT can be up to the regulation of each country.
· For groupcast or broadcast, the COT sharing ending time for all the COT sharing UEs is an absolute time, i.e. determined by the absolute duration from the starting occasion of COT sharing.

[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Multiple channel access procedure
In RAN1 #109-e meeting, the following agreement was achieved regarding multiple channel access procedure:
	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


For larger packets such as FTP model traffic, single transmission may need more than 20MHz bandwidth, i.e., the transmission resource involves multiple LBT sub-bands and multiple channel access procedure should be performed. Therefore, the following issues should be further studied except the operations defined in TS 37.213[3]:
1) How to identify initial contention window counter Ninit
According to the procedure of Type 1 channel access procedure, the first step is to identify Ninit according to the channel access priority which is randomly selected from [0, CWp]. For the case that one transmission occupied multiple LBT sub-bands, the same CWp will be identified for each sub-band because of the same channel access priority, then the remaining issue is how to identify Ninit for different sub-bands. For example, Ninit is randomly selected from [0, CWp] for each Ninit, i.e., Ninit is identified independently for each sub-bands and the values may be different. 
2) How to perform COT sharing
If the transmission occurs on multiple channels, then UE should perform channel access on each channel. Since the channel occupation of different channels are different, the ending time of type 1 channel access procedure may be different as shown in Figure 5. Then the remaining issue is how to perform COT sharing. The candidate options are proposed as follows:
· Option 1: COT sharing is performed independently for each LBT sub-band. In this way, UE can immediately share the COT information of a channel when the LBT of corresponding channel is successful. And UE only share COT sharing information of the successfully accessed channel.
· Option 2: COT sharing is performed jointly for all LBT sub-bands. In this way, UE can only share the COT sharing information after the channel access of all channels are successful. And UE shares COT sharing information of all channels jointly.


[bookmark: _Ref111213227]Figure 5: Different type 1 channel access ending time of two sub-bands

3) The impact of half duplex
Channel access is a procedure that UE senses whether the detected energy is larger than threshold and can be treated as a reception operation. Considering the restrictions of half duplex, UE cannot continue channel access procedure when performing other transmissions including sidelink or UL transmission. The raised issue is how to process channel access when performing other transmissions. For example, the channel can be treated as busy within UL transmission duration, UE continues performing Type 1 channel access procedure afterwards, and the value N is maintained as the same value before the transmission duration.
Proposal 13: For multiple channel access procedure, the following issues should be further studied:
· How to identify initial contention window counter Ninit
· How to perform COT sharing
· The impact of half duplex

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



For sidelink mode-2 resource allocation, the existing mechanism is applied for the scenario that UEs are working on dedicated spectrum, that is, sidelink UE can ensure that transmissions can be completed on reserved resources without considering the channel being occupied by other technologies. However, for the unlicensed spectrum, UE needs to perform channel access before transmission and can only occupy the channel continuously within a maximum channel occupancy time (MCOT). If an interruption occurs between transmissions, the channel may be occupied by other technologies and subsequent transmission(s) may be delayed or dropped. In order to solve this problem, the following agreement was achieved in RAN1 #110 meeting, to support multi-consecutive slots transmission (MCSt) in SL-U.
	Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details


For broadcast, multi-consecutive slots transmission can be easily implemented by selecting consecutive resources in time domain during the resource selection procedure. Whereas in unicast and groupcast, HARQ feedback should also be considered in order to guarantee the reliability of sidelink transmission. 
Another issue for supporting MCSt is how to select the consecutive transmission resources. For mode-1, this issue can be resolved by the gNB indicating consecutive resources to the Tx UE. But for mode-2, the single-slot candidate resources may be discrete after the resource exclusion procedure, leading to no consecutive transmission resources can be selected. Therefore, resource exclusion enhancements are required in mode 2 resource allocation, such as supporting multi-slot candidate resources.
Proposal 14: In order to support multi-consecutive slots transmission, the following enhancements should be considered for resource allocation mechanism:
· The supportive of HARQ feedback in unicast and groupcast
· Resource exclusion enhancements for mode 2 resource allocation

Furthermore, considering the impact of channel access mechanism on sidelink mode-2 resource allocation mechanism, the following potential enhancements should also be considered for resource allocation mechanism:
· The relationship between resource selection and channel access
· The number of selected resources for a TB
· Restrictions on the selected resources
· Combined sensing and LBT procedures

Issue 1: The relationship between resource selection and channel access
The first issue is to identify either resource selection procedure or LBT procedure should be performed firstly after triggering resource selection. From our understanding, UE should perform resource selection procedure to determine the corresponding PSCCH/PSSCH transmission resources and then perform LBT procedure, the reasons are provided as following:
· Firstly, LBT should be carried out at identified resource(s). Otherwise, UE need to perform LBT for all LBT sub-bands, which will cause higher workload for channel access operation especially when multiple LBT sub-bands are configured, such as 100MHz bandwidth. 
· Secondly, the sensing processing time (Tproc,0) and Tx processing time (Tproc,1) should also be considered. If UE starts to perform resource selection after the successful LBT procedure, then perform resource selection, due to the duration of sensing and Tx processing time, other RAT can access and occupy the channel during the duration. The previous LBT success will be useless. 
Based on above considerations, the starting time for channel access should be after the resource selection of the PSCCH/PSSCH transmission.
Proposal 15: Considering the complexity and efficiency of SL-U channel access, it is preferred that UE should perform resource selection procedure firstly and then perform channel access procedure.

[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Issue 2: The number of selected resources for a TB
Type 1 channel access is a channel access mechanism based on contention window and random back-off, so the duration of Type 1 channel access is uncertain and may be longer especially when the channels are busy. Thus, an issue that should be considered is that the selected resources may become unavailable because of Type 1 channel access. As shown in Figure 6, four resources are actually needed for the TB, and the first two resources cannot be used because they are located in the duration of Type 1 channel access. If no further enhancement for resource selection, i.e., four resources are selected, then only the two remaining resources can be used, which will reduce the probability of successful decoding for other UEs. So in order to avoid reducing the number of transmissions for a TB caused by Type 1 channel access, UE can select more resources than TB transmission actually needs, such as n+m, where n is the actual transmission number and m is the number of additional selected candidate resources. As shown in Figure 6, the two green blocks are two additional selected resources and UE can still perform four transmissions for this TB even though two resources cannot be used. Considering that the unavailable resources caused by Type 1 channel access and additional selected candidate resources which are not really used will not indicated in SCI, so it will not affect the sensing and resource exclusion operations for other UEs.


[bookmark: _Ref111213533]Figure 6: More resources than TB transmission actually needs are selected
Proposal 16: How to alleviate the resources unavailability caused by Type 1 channel access should be further studied, such as selecting more candidate transmission resources than configured TB transmission times.

Issue 3: Restrictions on the selected resources
In Rel-16/17, UE performs random selection from final available resource set with the limitation of the maximum gap that SCI can indicate and/or HARQ RTT. But for SL-U, UE should perform Type 1 channel access or Type 2 channel access before transmissions, so in order to reduce the operations of channel access, resource allocation mechanism can be enhanced from the perspective of both time domain and frequency domain. 
[bookmark: OLE_LINK22][bookmark: OLE_LINK23]Regarding time domain, besides consecutive slots transmission, another enhancement is considering received COT in resource selection procedure. Specially, the received COT can be used to identify resource selection window or be treated as the restrictions for resource selection. UE will select resources within the received remaining COT so that this UE only need to perform Type 2 channel access whose duration is determinate and much smaller than Type 1 channel access. 
Regarding frequency domain, UE can firstly select resources located within one sub-bands to increase the probability of successful channel access. And if UE cannot select resources successfully from any single sub-band, then it can select resources from the union of available resources of all sub-bands.
Proposal 17: The following enhancements for resource selection procedure can be further studied:
· Selecting resources with the limitation of COT in time domain
· Selecting resources within one sub-band in frequency domain

Issue 4: Combined sensing and LBT procedures
As mentioned before, resource selection procedure should be performed firstly and then channel access procedure can be performed. However, when channel access failure occurs, UE may not finish the transmission on the reserved resource. On the other hand, sensing based resource selection method, which was designed for the sidelink UE performing autonomous resource selection, should be reused in SL-U. In this case, UE may perform RSRP measurement as in sidelink mode-2 and energy detection as in NR-U at the same time. How to consider the relationship between sensing and LBT is an essential issue that should be discussed.
On the one hand, sensing and LBT procedures can be considered as independent mechanisms, where LBT is performed by detecting energy in one or multiple sensing slots before transmission and sensing is performed by decoding the SCI as well as measuring the SL-RSRP. In this case, energy detection result is always compared with the energy detection threshold no matter whether there are other sidelink UEs transmitting on the channel. That is, even though there are only sidelink UEs transmitting on unlicensed spectrum, channel access failure still may occur due to the undifferentiated detection of the sidelink UEs and other RAT UEs. Although this is a simple way to implement sensing and LBT, it may lead to reliability performance decrease or transmission delay and the sidelink FDM transmission design is thus invalid.
On the other hand, sensing and LBT procedures can also be considered as combined procedures, in order to reduce the impact of other sidelink UEs on channel access. In this case, energy detection result should take both LBT energy detection and RSRP measurement into account. The impact of other sidelink UEs can be avoided by excluding the detected energy of sidelink UEs from the total energy detection threshold. Some enhancements may be required to achieve this effect.
[bookmark: OLE_LINK16][bookmark: OLE_LINK17]An example of combined sensing and LBT procedure is given in Figure 7. Given that a transmission resource in slot 4 is selected by UE-A, based on the sensing result before the resource selection triggered time n. UE-A then continues performing sensing, i.e., RSRP measurement and SCI decoding, as well as Type 1 channel access before transmission.  During the Type 1 channel access procedure, if UE-A detected a resource is occupied by another SL UE (e.g. UE-B), it should exclude the detected energy of UE-B when performing energy comparison between the detected power and the energy detection threshold.


Figure 7: Combined sensing and LBT procedure
Proposal 18: Combined sensing and LBT procedures should be further studied for NR sidelink operation in unlicensed spectrum.

Conclusion
In this contribution, issues of channel access mechanism for sidelink on unlicensed spectrum are discussed. Observations and proposals are given as follows:
Observation 1: Due to uncertain duration of Type 1 channel access. a gap may be existed between LBT success time and starting time of the corresponding transmission resource.
Proposal 1: In order to avoid the LBT failure due to uncertain gap between the success time of Type 1 channel access and the corresponding transmission, it is preferred to introduce a channel occupancy extension transmission before the starting time of the corresponding transmission resource. The maximum duration of the channel occupancy extension needs to be further studied. 
Proposal 2: The starting occasion of Type 2 channel access can be located in the previous slot of the corresponding PSCCH/PSSCH transmission.
Proposal 3: For the case when the transmission gap is between 16 and 25μs, Type 2B channel access procedure is also applicable.
Proposal 4: Type 2A channel access procedure is applicable to S-SSB transmission as discovery burst in NR-U, while other Type 2 channel access procedures within a shared channel occupancy are not excluded when the corresponding transmission gap requirement is met.
Proposal 5: Within a shared channel occupancy, at least Type 2A and Type 2B channel access procedures are applicable to PSFCH transmission in SL-U.
Proposal 6: UE may not sense the channel before a S-SSB transmission when the transmission meets the regulation for SCSt in each country.
Proposal 7: For a PSFCH transmission without shared channel occupancy, SCSt is supported when the transmission meets the regulation for SCSt in each country.
Proposal 8: Only HARQ ACK/NACK-based feedback can be supported, i.e., NACK-based feedback is not supported in SL-U.
Proposal 9: NR-U CW adjustment mechanism needs enhancements in the case of groupcast option 2, and for SL-HARQ feedback disabled case, CW adjustment mechanism should be further studied.
Proposal 10: COT sharing information should at least include the remaining COT, the sensed LBT sub-bands, source ID, destination ID, and the channel access priority.
Proposal 11: The following conditions should be introduced under which UE can perform COT sharing:
· UE has data to transmit.
· The remaining COT is larger than a (pre-)configured threshold or the channel access priority value is larger than a (pre-)configured value.
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]Observation 2: In NR-U, the COT sharing duration is a relative time, and the absolute duration of the COT depends on how many gaps of duration greater than 25μs are within the COT.  
Proposal 12: The cast type should be considered for COT sharing operation:
· For unicast, the COT sharing duration between the unicast pair can be determined as that in NR-U, and the restriction of the absolute duration of the COT can be up to the regulation of each country.
· For groupcast or broadcast, the COT sharing ending time for all the COT sharing UEs is an absolute time, i.e. determined by the absolute duration from the starting occasion of COT sharing.
Proposal 13: For multiple channel access procedure, the following issues should be further studied:
· How to identify initial contention window counter Ninit
· How to perform COT sharing
· The impact of half duplex
Proposal 14: In order to support multi-consecutive slots transmission, the following enhancements should be considered for resource allocation mechanism:
· The supportive of HARQ feedback in unicast and groupcast
· Resource exclusion enhancements for mode 2 resource allocation
Proposal 15: Considering the complexity and efficiency of SL-U channel access, it is preferred that UE should perform resource selection procedure firstly and then perform channel access procedure.
Proposal 16: How to alleviate the resources unavailability caused by Type 1 channel access should be further studied, such as selecting more candidate transmission resources than configured TB transmission times.
Proposal 17: The following enhancements for resource selection procedure can be further studied:
· Selecting resources with the limitation of COT in time domain
· Selecting resources within one sub-band in frequency domain
Proposal 18: Combined sensing and LBT procedures should be further studied for NR sidelink operation in unlicensed spectrum.
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