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Introduction
In RAN#99-e meeting, the revised WID for Rel-18 NR SL evolution was approved [1]. The support of SL on unlicensed spectrum (SL-U) is considerably important to improve data rate and extend use scenarios of SL in 5G-Advanced. The objectives related to SL-U operation include channel access mechanisms and physical layer channel design framework. Up to the last RAN1#113, fundamental agreements for channel access mechanism have been made, and the discussion on the remaining issues and details is still on going.
In this contribution, the remaining issues on channel access mechanism for SL-U are discussed. 
Discussion
Type 1/2 SL channel access procedures
Regarding the SL-U EDT procedure, it is agreed in RAN1#112bis-e meeting that the existing NR-U EDT procedure for uplink transmission is considered as a baseline as follows [2]:

	Agreement
The existing NR-U EDT procedures for uplink transmissions is taken as the baseline for SL-U in Rel-18.
· FFS: details for S-SSB and PSFCH transmissions (e.g., EDT determination based on PC,MAX and/or network configured EDT, value for TA), if needed



During the last RAN1#113 meeting, the details on EDT determination was discussed, but not agreed [3]. According to TS 37.213 [4], in NR-U, the maximum EDT value for UL transmission, , is determined by 
,
where and . In contrast to UL, different values of some parameters are assumed for DL transmission, such that  is set to the maximum gNB output power in dBm,  for discovery burst(s) and  otherwise. Regarding  value for SL-U, it is natural to consider the maximum transmission power of UE, , as in the UL. On the other hand, regarding  value, it would be desirable to consider the principle used in DL since the UE transmits S-SSB in SL. Therefore,  should be applied for S-SSB transmission, and  for others. For PSFCH transmission, no special handling is needed in terms of  value, since PSFCH is not a periodic signal although PSFCH is high priority.

Proposal 1: For EDT determination, it is assumed that TA=5dB for SL transmissions including S-SSB and TA=10dB for other transmission.

Regarding Type 2A channel access mechanism, the following agreements were made in RAN1#111 meeting [5]:

	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



It is still open whether Type 2A can be applied for PSFCH transmissions without a shared channel occupancy. According existing NR-U procedure, it is not allowed to transmit either PDCCH or PUCCH based on Type 2A channel access mechanism without a shared COT, and this principle should be applied for PSFCH as well. Since a PSFCH is transmitted only after a UE receives a PSSCH, there is no reason to consider Type 2 channel access for PSFCH without a shared COT. 

Proposal 2: Type 2A channel access procedure without a shared channel occupancy is not supported for PSFCH transmission.

Cyclic prefix extension (CPE)
In the last RAN1#113 meeting, the following agreements were made for CPE [3]:

	Agreement
When UE performs Type 1 channel access to initiate a COT for PSCCH/PSSCH transmission:
· Scheme 1: The UE selects the (pre-)configured default CPE starting position.
· Scheme 2: A CPE starting position is randomly selected among one or multiple CPE starting candidate positions (pre-)configured per priority of the PSCCH/PSSCH transmission
· The mapping one or multiple CPE starting positions per priority can be up to (pre-)configuration.
· FFS: whether the priority should be the L1 priority or CAPC (to be down-selected in RAN1#114)
· For partial and full RB set resource allocations
· If a resource reservation is transmitted or resource reservations is detected for the slot and the RB set(s) of the intended PSCCH/PSSCH transmission, Scheme 1 is applied; otherwise, Scheme 2 is applied
· FFS: other conditions to determine whether to use scheme 1 or scheme 2
· FFS: further enhancements for the full RB set case
Agreement
Specification supports that CPE can be transmitted between any two consecutive SL transmissions by the same UE to reduce the gap between the two transmissions so that it does not exceed .
· Note: for this case, the CPE length should not be longer than up to symbols, as per previous agreements
· FFS: details if needed (e.g., considering outcome of discussion on PSFCH-like signal in PHY agenda)
· FFS whether PSSCH can be transmitted instead of or in addition to CPE
· FFS: how to determine the CPE starting position
Agreement
When UE performs Type 2 channel access to start transmitting within a shared COT (to be further studied and down-selected in RAN1#114):
· Alt. 1: Use the method for using CPE for the case when UE performs Type 1 channel access to initiate a COT for PSCCH/PSSCH transmission
· Alt. 2: Use only the (pre-)configured default CPE starting position
· Alt. 3: use CPE to make the gap smaller or equal 16us
· Alt. 4: others



For Type 1 channel access, it is FFS whether the set(s) of CPE starting positions are (pre-)configured per L1 priority or CAPC level. In our view, it is preferred to configure the CPE starting positions per CAPC level because all the procedures related to Type 1 channel access is determined based on CAPC level not the L1 priority. Setting lower mp value and lower CWp gives more opportunities for the transmission with higher CAPC level. This principle should be maintained for other purposes. In addition, the signalling and adaptation of CPE starting position becomes more compact if we consider CAPC level rather than L1 priority, since the supported number of CAPC levels are 4 and that of L1 priorities is 16. The only benefit to use the L1 priority is just to achieve higher flexibility, however, we do not think it is necessary.

Proposal 3: The set(s) of CPE starting positions are (pre-)configured per CAPC level. 

According to above agreement, the UE performing Type 1 channel access determines a CPE starting position based on (pre-)configured default CPE value if a resource reservation is transmitted/detected, otherwise, a CPE starting position is randomly selected among multiple CPE starting positions. For the consistency, the same mechanism can be applied for Type 2 channel access as well. Therefore, we support Alt 1.

Proposal 4: When UE performs Type 2 channel access to start transmitting within a shared COT, Alt 1 is supported.
· Alt. 1: Use the method for using CPE for the case when UE performs Type 1 channel access to initiate a COT for PSCCH/PSSCH transmission.

In the legacy NR-U, a combinations of channel access type and Text index is indicated by DCI format 2_0 which includes COT sharing information. Such a dynamic indication of CPE should be supported in SL-U as well to generate an intended gap duration between two transmissions. A subset of candidate CPE starting position(s) can be indicated by SCI format carrying COT sharing information, which will be either 1st SCI format or 2nd SCI format according to the later agreement.

Proposal 5: A subset of candidate CPE starting position(s) that can be used for PSCCH/PSSCH transmission within a COT is indicated by SCI carrying COT sharing information.

Contention window (CW) adjustment
In RAN1#113 meeting, it is agreed to use the latest CWP for SL transmissions not associated with explicit HARQ-ACK feedback on the channel using Type 1 channel access as follows [3]:

	Agreement
If UE performs SL transmission using Type 1 channel access procedures associated with the channel access priority class  on a channel and the SL transmission is not associated with explicit HARQ-ACK feedback by the corresponding UE(s), the following is adopted for the CW adjustment.
· 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 .
· If the same  value is consecutively used for X times for generation of ,  is updated for every priority class  to the next higher allowed value.
· FFS: whether this only applies to a resource pool without PSFCH configuration
· FFS: value of X



Based on above agreement, the CWp is automatically updated to the next higher allowed value if  value is consecutively used for X times. In NR-U, X is selected by gNB from the set of values {1,2,…,8} for each priority class . The same mechanism can be reused for SL-U. In addition, above mechanism should be applied for a resource pool without PSFCH configuration since HARQ-ACK feedback is unavailable. For the other resource pool with HARQ-ACK feedback, the CW can be adjusted based on the received number of ‘ACK’ according to the previous agreements.

Proposal 6: For CW adjustment, X is (pre-)configured from the set of values {1,2,…,8}.

Proposal 7: The CW adjustment for SL transmission not associated with explicit HARQ-ACK feedback only applies to a resource pool without PSFCH configuration.

UE-to-UE COT sharing
There was remarkable progress in UE-to-UE COT sharing. We have captured several agreements made in previous meetings which include some open issues as follows:

	RAN1#111 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.

RAN1#112bis-e Agreement
The container for carrying the COT sharing information from a COT initiator UE includes at least the SCI.
· FFS 1st and/or 2nd stage SCI

RAN1#112bis-e Agreement
At least the following information should be used as part of COT sharing information from the COT initiator UE.
· CAPC used for initiating the COT
· Existing / legacy R16/17 L1 source and destination IDs
· FFS additional ID(s)
· Time domain information of the shared COT
· FFS: starting offset, number of slots, [remaining or total] COT duration, or a combination of them
· Frequency domain information of the shared COT 
· FFS applicable RB set(s), FRIV, and any other(s)
· FFS: how each of the above is indicated.
· Note, other information is not precluded.

RAN1#113 Agreement
For the time-domain information to be included as part of COT sharing information, at least the following is included:
· Remaining COT duration 
· FFS it is an absolute time length in ms or in number of slots, and payload size
· FFS: how to determine the shared slots and the starting time of the shared slots, e.g. if some slots are only intended for the COT-initiating UE and not to be shared with other UEs



As responding UE is defined as a receiving UE which is the target of a PSCCH/PSSCH transmission of a COT initiating UE. For unicast, a responding UE is identified by the source and destination IDs transmitted via SCI format from a COT initiating UE. For groupcast, multiple responding UEs can be identified if the destination ID indicated by SCI format matches to the destination IDs at the receiving UEs. For both cases, it is assumed that the COT is shared only with the COT initiating UE, not with other UEs. If we apply this principle in general, it should not be allowed that a responding UE transmits PSFCH(s) to UE(s) other than the COT initiating UE. 

Proposal 8: A responding UE’s PSFCH transmission(s) within a shared COT to UEs other the COT initiating UE is not allowed.

During the previous meetings, there were extensive discussions whether or not to support additional ID(s) for COT sharing. 
The benefits of supporting additional ID(s) include allowing more SL UEs to access the channel, improvement in resource utilization efficiency, and reducing the number of trials for Type 1 channel access. In addition, there is no regulatory violations. Giving additional chance of channel access to more UEs will be beneficial when a COT initiating UE wants to try SL communications with multiple UEs. In the example shown in Fig 1, a COT initiating UE tries to continuously communicate with two UEs nearby the COT initiating UE. At t=t1, UE#1 and UE#2 can be the responding UEs (Fig. 1a), and at t=t2, UE#2 and UE#3 can be the responding UEs (Fig. 1b). If additional ID is supported and the UE#2 receives COT sharing information at t=t1, the COT initiating UE can communicate with UE#2 at t=t2 without additional Type 1 channel access mechanism. Therefore, the SL communication efficiency can be significantly improved. Especially, this benefit is more attractive for high speed scenario where the UEs are moving fast. Based on the observation, we support to include additional ID(s) for COT sharing information. In addition, considering the signaling overhead and SCI format size limitations, one more additional ID would be desirable.
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Fig 1. Usage example for supporting additional ID(s) with high speed scenario where UEs are communicated at (a) t=t1 and (b) t=t2.

Proposal 9: Support one additional ID as part of COT sharing information.

Details of time and frequency domain information of the shared COT should be determined. Regarding time domain information, remaining COT duration is agreed to be supported in RAN1#113 meeting. As in legacy NR-U, the remaining COT duration can be indicated in ms unit. Moreover, the starting time of the shared COT can be determined by the start of the slot where the SCI format including COT sharing information is received. For frequency domain information, the applicable RB set(s) can be indicated by using bitmap. As in NR-U, the bitmap size can be configured by higher layer based on the number of available RB sets.

Proposal 10: Remaining COT duration of the shared COT is indicated in ms unit.

Proposal 11: The starting time of the shared COT is determined by the start of the slot where the SCI format including the COT sharing information is received.

Proposal 12: The applicable RB set(s) is indicated by using bitmap where the number of bits is configured by higher layer.

LBT blocking issue
During RAN1#113 meeting, there was extensive discussions on LBT blocking issue for Type 1 channel access, and eventually reached to the working assumption as following [3]:

	Working assumption
For Type 1 LBT block issue (inter-UE case), the following option 2 and option 1 are supported separately based on UE capability
· Option 2: If transmission in slot(s) before a reserved resource is able to share its initiated COT to the reservation [with high L1 SL priority], UE may prioritize/select resource(s) in the slot(s) for transmission. 
· FFS: details of applying this prioritization, which layer to perform above prioritization behaviour, and if the reserved resource belongs to a MCSt, the COT initiating UE should be able to share the COT to cover the whole MCSt
· (pre)configuring enabling/disabling option 2 is supported
· Option 1: 
· UE may avoid selection of N consecutive resource(s) before a reserved resource with high L1 SL priority. 
· The value of N can be selected from {0, 1, 2}
· The selection of the value of N is up to UE implementation
· FFS: unless (pre-)configured or indicated by UE reserved resource in SCI
· UE may avoid selection of M consecutive resource(s) after a reserved resource when the transmitting symbols of the reserved resource overlap with LBT of the selected resource. 
· M is determined based on UE implementation (at least including 0)
· FFS: Which layer to perform above behaviour
· FFS: any restriction of M
· (pre)configuring enabling/disabling option 1 is supported
· FFS: Whether the above high priority is determined according to a (pre)configured threshold
· Note: both option1 and option2 are optional UE features



According to above agreement, the inter-UE LBT blocking issue can be resolved by selecting proper time/frequency resources before or after the resources reserved by other UEs. 
For option 2, if UE#2 can share the COT of UE#1 because the CAPC level of UE#2 is smaller than that of UE#1, UE#1 can properly prioritize or select the resource(s). In this case, the priority is determined by the CAPC level not the L1 priority. Although the L1 priority of UE#1 is higher than that of UE#2, the COT can be shared if the CAPC priority of UE#2 is higher than UE#1. Therefore, the prioritization for option 2 should be based on the CAPC not the L1 priority. 
Regarding option 1, a UE may not select N consecutive resource(s) before a reserved resource and M consecutive resource(s) after a reserved resource of other UE to avoid the LBT blocking issue. The value of M also can be selected from {0, 1, 2} to guarantee the enough time gap for LBT. 
In addition, the above prioritization procedure is related to the resource selection, so that it should be performed in higher layer not in physical layer. 

Proposal 13. The prioritization for option 2 is based on the CAPC level not the L1 priority.

Proposal 14. The value of M can be selected from {0,1,2} and determined by UE implementation.

Proposal 15. The prioritization/selection procedure handling Type 1 LBT block issue for inter-UE case is performed in higher layer not in physical layer. 

For intra-UE LBT case, the following options are discussed in RAN1#113 meeting [6]:
· Option A: Update T1 definition of the resource selection window (RSW)
· Option B: Type 1 LBT duration is determined before resource (re)selection and UE ensures a sufficient time
· Option C: LBT sensing duration is adjusted based on the timing of the (re)selected resources
· Option D: To be handled during resource selection in the MAC layer
· Option E: It is up to UE implementation (i.e., not handled by specification)
· Option F: UE prioritizes to select resource in a detected shared COT

In contrast to inter-UE case, the LBT blocking issue for intra-UE case can be avoided by UE implementation (corresponding to Option E) without any additional specification effort. A UE can select adequate resource(s) not to interrupt its potential LBT operation.

Proposal 16. It is up to UE implementation how to resolve intra-UE LBT blocking issue.

Conclusions
In this contribution, the remaining issues for channel access of SL-U are discussed with the following proposals:

Proposal 1: For EDT determination, it is assumed that TA=5dB for SL transmissions including S-SSB and TA=10dB for other transmission.

Proposal 2: Type 2A channel access procedure without a shared channel occupancy is not supported for PSFCH transmission.

Proposal 3: The set(s) of CPE starting positions are (pre-)configured per CAPC level.

Proposal 4: When UE performs Type 2 channel access to start transmitting within a shared COT, Alt 1 is supported.
· Alt. 1: Use the method for using CPE for the case when UE performs Type 1 channel access to initiate a COT for PSCCH/PSSCH transmission.

Proposal 5: A subset of candidate CPE starting position(s) that can be used for PSCCH/PSSCH transmission within a COT is indicated by SCI carrying COT sharing information.

Proposal 6: For CW adjustment, X is (pre-)configured from the set of values {1,2,…,8}.

Proposal 7: The CW adjustment for SL transmission not associated with explicit HARQ-ACK feedback only applies to a resource pool without PSFCH configuration.

Proposal 8: A responding UE’s PSFCH transmission(s) within a shared COT to UEs other the COT initiating UE is not allowed.

Proposal 9: Support one additional ID as part of COT sharing information.

Proposal 10: Remaining COT duration of the shared COT is indicated in ms unit.

Proposal 11: The starting time of the shared COT is determined by the start of the slot where the SCI format including the COT sharing information is received.

Proposal 12: The applicable RB set(s) is indicated by using bitmap where the number of bits is configured by higher layer.

Proposal 13. The prioritization for option 2 is based on the CAPC level not the L1 priority.

Proposal 14. The value of M can be selected from {0,1,2} and determined by UE implementation.

Proposal 15. The prioritization/selection procedure handling Type 1 LBT block issue for inter-UE case is performed in higher layer not in physical layer. 

Proposal 16. It is up to UE implementation how to resolve intra-UE LBT blocking issue.
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