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1 Introduction
[bookmark: _Hlk111234534]From the RAN1#109-e meeting to RAN1#110 meeting, the followings were agreed on channel access mechanism for SL-U [1]-[2].
	Agreement at RAN1#109-e
Type 1 and Type 2 (2A/2B/2C) channel access procedures, transmission gap and LBT sensing idle time requirements specified in TS37.213 for NR-U are taken as baseline for NR sidelink operation in a shared channel.
· FFS conditions for the actual channel access type(s) used for each SL channel and signal transmitted, and based on COT sharing conditions (if supported)
· FFS whether UL CAPC or DL CAPC or both should be used as the baseline, 
· FFS how the channel access priority classes apply to each SL channel and signal
· FFS sidelink priority levels (PQI or L1 priority), channel and signal mapping to the 4 channel access priority classes. The discussion may involve other WGs.
Agreement at RAN1#109-e
· UE-to-UE COT sharing is supported in NR sidelink operation in a shared channel (SL-U).
· FFS applicable SL channels and signals (e.g., PSCCH/PSSCH, PSFCH, S-SSB) for shared COT access and any restrictions (e.g. whether the COT can be shared with a single UE or multiple UEs)
· FFS all other details in compliance with the regulatory requirements
· CP extension (CPE) is supported for NR sidelink operation in a shared channel.
· FFS all remaining details including applicable scenarios, usage, PHY structure, etc.
Agreement at RAN1#109-e
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
Agreement at RAN1#109-e
· 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

Agreement at RAN1#110
· 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 at RAN1#110
· 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 at RAN1#110
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details
Agreement at RAN1#110
· 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, we discuss a channel access mechanism for NR sidelink on unlicensed spectrum and provide our views.

Discussion on channel access for NR sidelink on unlicensed spectrum
According to the RAN guidance, RAN1 study should focus on FR1 unlicensed bands such as n46 and n96/n012. Since NR sidelink in unlicensed is expected to be deployed on FR1 unlicensed band, it would be desirable to guarantee a fair-coexistence on shared spectrum with other existing technologies such as Wi-Fi, LAA, and NR-U. And as described in the WID, channel access mechanisms from NR-U shall be reused for sidelink unlicensed operations from the channel access perspective. 
In Rel-16 NR-U, there are two channel access modes which are LBE (i.e. dynamic channel access mode) and FBE (i.e. semi-static channel access mode). For LBT mode, there are multiple LBT types to be defined for each DL/UL transmission. A gNB or a UE use Type 1 channel access type to obtain a channel occupancy for initiating the DL or UL transmission respectively. Depending on the time gap between consecutive transmissions, information type of transmission burst, and a restriction of the transmission burst length, Type 2A/2B/2C are defined in NR-U. 
Under the assumption that NR sidelink PHY channels/signals such as S-SSB, PSBCH, PSCCH/PSSCH and PSFCH are reused in sidelink on unlicensed spectrum, it should be discussed whether and how to apply the NR-U channel access mechanism for NR sidelink PHY channels/signals according to the sidelink resource allocation scheme. However, as initial channel access mechanism at least Type 1 channel access should be reused to initialize the sidelink transmission to obtain COT for a fair-coexistence on shared spectrum with other existing technologies such as Wi-Fi, LAA, and NR-U.
· Proposal 1: At least Type 1 channel access procedure should be reused to initialize the sidelink transmission to obtain COT for fair-coexistence on shared spectrum with other existing technologies such as Wi-Fi, LAA, and NR-U.
Channel Access Priority Class (CAPC) for SL PSSCH/PSCCH
For the Type 1 channel access mechanism, it was discussed whether it should be based on UL CAPC or DL ​​CAPC or both and put it as FFS at the RAN1#109-e meeting. Considering a fair coexistence with other RATs such as Wi-Fi, LAA, NR-U in unlicensed spectrum, it seems beneficial to apply UL CAPC for SL PSSCH/PSCCH transmission from a given UE. It is because that UL channel access parameters such as mp, Maximum channel occupancy time (MCOT) and allowed contention window sizes according to Channel Access Priority Class (CAPC) for UL on the Table of TS37.213 are more conservative than DL channel access parameters according to CAPC for DL on the Table of TS37.213.
· Proposal 2: For Type 1 channel access procedure on NR sidelink operation in a shared channel, it seems beneficial to apply UL CAPC for PSSCH/PSCCH transmission from a given UE considering a fair coexistence with other RATs.
CWS adjustment for SL PSSCH/PSCCH transmission
In NR-U, when a gNB or a UE use Type 1 channel access procedure, a contention window should be determined based on HARQ-ACK feedback according to contention window adjustment procedure before step 1 (i.e. random number selection) of Type 1 channel access procedure. However, in the case of sidelink transmission, depending on the transmission type of unicast/groupcast transmission, HARQ-ACK may exist in a case where A/N can be reported as HARQ-ACK for improved reliability and NACK-only can be reported for groupcast transmission and for sidelink broadcast transmission. Currently, CWS adjustment method based on sidelink HARQ-ACK feedback is unavailable. Therefore, RAN1 should investigate the CWS adjustment method especially for both the groupcast transmission with NACK-only and the groupcast transmission with no HARQ-ACK feedback depending on the HARQ-ACK indicator in 2nd SCI when Type 1 channel access procedure is applied to NR SL-U.
· [bookmark: _Hlk111107756]Proposal 3: The CWS adjustment method should be discussed especially for both the groupcast transmission with NACK-only feedback and the groupcast transmission with no HARQ-ACK feedback depending on the HARQ-ACK indicator in 2nd SCI when Type 1 channel access procedure is applied to NR SL-U.
[bookmark: _Hlk111107770]For PSSCH with unicast/groupcast transmission, the CWS adjustment can depend on HARQ-ACK enabled/disabled indicator in the 2nd SCI. In other words, if the HARQ-ACK indicator is enabled, CWS adjustment based on the HARQ-ACK feedback via PSFCH can be reused as same as in NR-U. Otherwise, it seems beneficial that the current CWS is maintained as the latest CWS value since the transmitter of PSSCH with unicast/groupcast transmission cannot know the channel congestion status in unlicensed spectrum without any HARQ-ACK feedback.
· Proposal 4: The current CWS is maintained as the latest CWS value if the HARQ-ACK indicator in the 2nd SCI is disabled, since the transmitter of PSSCH with unicast/groupcast transmission cannot know the channel congestion status in unlicensed spectrum without any HARQ-ACK feedback.
In case of PSSCH with groupcast transmission with NACK-only feedback with enabled setting of HARQ-ACK indicator, one or more PSSCH(s) with groupcast transmission can be transmitted to one or multiple groups of SL UEs as the receivers. If no NACK feedbacks are received from the other SL UEs, CWS should be reset for the next PSSCH transmission since it would be regarded as ACK for the PSSCH(s) with groupcast transmission. And if all NACK feedbacks are received from the other group of SL UEs, CWS should be increased to the higher allowed CWS value since it would be regarded as NACK for the PSSCH(s) with groupcast transmission. Otherwise, if one or more NACK feedbacks except all NACK feedbacks are received, CWS should be reset for the next PSSCH transmission since it can be considered that at least one group of SL UEs have successfully received PSSCH with groupcast transmission.
· Proposal 5: As CWS adjustment method for PSSCH(s) with one or more groupcast transmission with NACK only feedback, 
· If no NACK feedbacks are received from the other SL UEs, CWS should be reset for the next PSSCH transmission,
· Elseif, all NACK feedbacks are received from the other group of SL UEs, CWS should be increased to the higher allowed CWS value,
· Else, one or more NACK feedbacks except all NACK feedbacks are received, CWS should be reset for the next PSSCH transmission since it can be considered that at least one of groups of SL UEs successfully received PSSCH with groupcast transmission.
Multi-channel access procedures
According to the channel access procedures for multiple channels defined in NR-U, there are Type A and Type B for the DL multiple channel access procedure(s). The Type A requires a device to perform Type 1 channel access independently on each unlicensed channel(s) such as RB-set(s) considering in SL-U for which the device is intended to transmit. The Type B requires a device to perform Type 1 channel access on only one of the multiple channels such as RB sets and to perform Type 2 channel access with a sensing interval of 25us on the other channels. However, according to the UL multiple channel access procedures, it is not allowed to transmit on only one of the multiple channels after being allocated to the multiple channels such as RB sets, since the UE can transmit only when the channel access for all of multiple channels is successful. From the UE’s perspective to transmit PSCCH/PSSCH considering RB-set concept, it seems beneficial to reuse DL multiple channel access procedures Type A and Type B in NR-U in order to make possible transmit PSCCH/PSSCH on at least one of multiple RB-sets if channel access procedure for at least one of the RB-sets is successful.
· [bookmark: _Hlk115479643]Proposal 6: Both DL Type A and Type B multiple channel access procedures from NR-U should be reused for SL-U considering RB set configuration.
UE to UE COT sharing
To increase the channel access opportunity and to improve the resource utilization efficiency on unlicensed spectrum, COT sharing mechanism has been supported in NR-U. The COT was defined as the total time for which the gNB and the UE can occupy a given channel and perform transmissions after carrying out the required channel access procedures. More specifically, a UE can share a COT initiated by a gNB, and then the UE can transmit UL channels/signals to gNB in the shared channel occupancy. And a gNB also can share the channel occupancy initiated by the UE, and then the gNB can transmit DL channels/signals at least including this UE as the receiver in the shared channel occupancy. Similar to how gNB and UE were given an opportunity to continuously guarantee transmission through COT sharing in NR-U, it may be desirable to provide an opportunity to ensure continuous PSCCH/PSSCH transmission and PSFCH transmission as feedback transmission between UEs also in the NR sidelink on unlicensed spectrum. Therefore, whether and how to support UE-to-UE COT sharing mechanism for sidelink transmission in unlicensed spectrum should be discussed. At the previous RAN1#110 meeting, the following alternatives were agreed for UE-to-UE COT sharing. 
· Alt. 1: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the at least COT initiating UE’s PSSCH data transmission in the COT.
· Alt. 2: A responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
To increase the channel access opportunity and to improve the resource utilization efficiency on unlicensed spectrum using COT sharing mechanism, it seems undesirable to be limited to cases where the responding SL UE is at least the COT's target receiver that initiates the UE's PSSCH data transmission in the COT. Regardless of UE’s any transmissions in the COT, it seems beneficial that 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. Therefore, we support Alt-2 that a responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· Proposal 7: We support Alt-2 that 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.
Additionally, the UE-UE COT sharing should be supported in Rel-18 to guarantee PSFCH transmission opportunity to a receiver UE for the unicast/groupcast SL transmission with enabled HARQ-ACK feedback such as ACK/NACK and NACK-only enabled. For the UE to UE COT sharing, it might be necessary to consider the time gap to allow COT sharing since the PSFCH occasion is cell-specifically pre-configured set by both PSFCH’s periodicity and minimum time gap of PSFCH. For example, after transmission of PSCCH/PSSCH, the duration up to the nearest PSFCH occasion may be set as a period in which COT sharing can be performed. The SL UE transmitting the PSCCH/PSSCH shares the COT initiated by the transmitter with the SL UE receiving the PSCCH/PSSCH, but it should guarantee the period for COT sharing up to the nearest PSFCH occasion as the minimum period. A method of ensuring an opportunity for PSFCH transmission is to allow the SL UE receiving the PSCCH/PSSCH to possibly use simplified channel access before PSFCH transmission.
· Proposal 8: At least for the unicast/groupcast SL transmission with HARQ-ACK enabled, UE-to-UE COT sharing should be supported in Rel-18 to guarantee PSFCH transmission opportunity to a receiver UE.
· [bookmark: _Hlk111110277]The UE-to-UE COT sharing may be desirable to be applied from PSCCH/PSSCH transmission to the nearest PSFCH transmission after channel access with a minimum period for UE-to-UE COT sharing.
SSB transmission as short control signaling
According to the ETSI harmonized standard [2], it is allowed to transmit the transmission as short control signaling if the specific conditions are met below.
· Within an observation period of 50 ms, the number of Short Control Signalling Transmissions by the equipment shall be equal to or less than 50; and
· The total duration of Short Control Signalling Transmissions shall be less than 2500 μs within an observation period.
At least for the case of S-SSB transmission in the NR sidelink on unlicensed spectrum, whether it can be regarded as short control signaling by satisfying the above two conditions should be discussed. And similar to that at least for a discovery burst including SSB in NR-U, Type 2A could be supported, it might be desirable to apply Type 2A channel access for S-SSB transmission in the NR sidelink on unlicensed spectrum.
· Proposal 9: For S-SSB transmission in NR sidelink on unlicensed, it should be further studied whether it can be regarded as short control signaling transmission.
PSFCH due to LBT failure
Different from the sidelink HARQ-ACK on PSFCH in Rel-16, PSFCH in sidelink unlicensed might not be transmitted due to LBT failure. However, in Rel-16 NR-U, HARQ-ACK retransmission was specified which makes possible to retransmit HARQ-ACK along with other HARQ-ACK later. Therefore, it should be further investigated how to support sidelink HARQ-ACK retransmission via PSFCH.
· Proposal 10: For PSFCH in sidelink unlicensed which might not be transmitted due to LBT failure, it should be further investigated how to support sidelink HARQ-ACK retransmission via PSFCH.

Conclusion
In this contribution, we have discussed channel access mechanisms for NR sidelink on unlicensed spectrum. As a conclusion, we summarize our view as follows:
· Proposal 1: At least Type 1 channel access procedure should be reused to initialize the sidelink transmission to obtain COT for fair-coexistence on shared spectrum with other existing technologies such as Wi-Fi, LAA, and NR-U.
· Proposal 2: For Type 1 channel access procedure on NR sidelink operation in a shared channel, it seems beneficial to apply UL CAPC for PSSCH/PSCCH transmission from a given UE considering a fair coexistence with other RATs.
· Proposal 3: The CWS adjustment method should be discussed especially for both the groupcast transmission with NACK-only feedback and the groupcast transmission with no HARQ-ACK feedback depending on the HARQ-ACK indicator in 2nd SCI when Type 1 channel access procedure is applied to NR SL-U.
· Proposal 4: The current CWS is maintained as the latest CWS value if the HARQ-ACK indicator in the 2nd SCI is disabled, since the transmitter of PSSCH with unicast/groupcast transmission cannot know the channel congestion status in unlicensed spectrum without any HARQ-ACK feedback.
· Proposal 5: As CWS adjustment method for PSSCH(s) with one or more groupcast transmission with NACK only feedback, 
· If no NACK feedbacks are received from the other SL UEs, CWS should be reset for the next PSSCH transmission,
· Elseif, all NACK feedbacks are received from the other group of SL UEs, CWS should be increased to the higher allowed CWS value,
· Else, one or more NACK feedbacks except all NACK feedbacks are received, CWS should be reset for the next PSSCH transmission since it can be considered that at least one of groups of SL UEs successfully received PSSCH with groupcast transmission.
· Proposal 6: Both DL Type A and Type B multiple channel access procedures from NR-U should be reused for SL-U considering RB set configuration.
· Proposal 7: We support Alt-2 that a responding SL UE can utilize a COT shared by a COT initiating UE when the responding SL UE is a target receiver of the COT initiating UE’s transmission in the COT.
· Proposal 8: At least for the unicast/groupcast SL transmission with HARQ-ACK enabled, UE-to-UE COT sharing should be supported in Rel-18 to guarantee PSFCH transmission opportunity to a receiver UE.
· The UE-to-UE COT sharing may be desirable to be applied from PSCCH/PSSCH transmission to the nearest PSFCH transmission after channel access with a minimum period for UE-to-UE COT sharing.
· Proposal 9: For S-SSB transmission in NR sidelink on unlicensed, it should be further studied whether it can be regarded as short control signaling transmission.
· Proposal 10: For PSFCH in sidelink unlicensed which might not be transmitted due to LBT failure, it should be further investigated how to support sidelink HARQ-ACK retransmission via PSFCH.
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