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1	Introduction
Studying and specifying support of sidelink on unlicensed spectrum (i.e., SL-U) is one of the objectives of SL evolution in Rel.18 [1], where channel access mechanisms is one important aspect to be investigated for SL-U. This paper will discuss some issues on channel access for SL-U. 
[bookmark: _Ref178064866]2	Discussion
2.1 Background
In RAN1#109-e, RAN1 made the following agreements regarding channel access for SL-U: 
· 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
· Channel access procedures for transmission(s) on multiple channels (i.e., wideband operation) 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.
In RAN1#110, RAN1 made the following agreements regarding UE-to-UE COT sharing: 
· 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
2.2 UE-to-UE COT sharing 
According to the above agreements, UE-to-UE COT sharing is supported for SL-U. Moreover, when a responding UE uses a shared COT for its transmission(s), the COT initiating UE needs to be a target receiver of the responding UE’s transmission(s). However, with the current SL LCP procedure, a Tx UE selects a destination with the highest priority for its transmission among all destinations with pending data to be transmitted. This cannot guarantee that always the destination associated to the COT initiating UE is selected. Therefore, the SL LCP procedure needs to be updated to make sure that only destination associated to the COT initiating UE will be selected if the Tx UE uses the COT shared by the COT initiating UE for its transmission(s). 
However, whether to update the LCP procedure is also depending on whether Alt.1 or Alt. 2 is to be supported eventually, since RAN1 may further down-select these two alternatives. In addition, whether other SL cast types than SL unicast is allowed by the responding UE shares the COT is still under discussion in RAN1. Therefore, it is too early for RAN2 to decide whether the LCP procedure needs to be updated.
Regarding UE to UE COT sharing, RAN1 may further down select the two alternatives, i.e., Alt. 1 and Alt. 2.
whether other SL cast types than SL unicast is allowed by the responding UE shares the COT is still under discussion in RAN1.
Whether to update the LCP procedure depends on RAN1 decision on which alternative is eventually to be supported.
[bookmark: _Toc115419727]Whether to update the LCP procedure considering the COT information is pending RAN1 progress on U2U COT sharing. 
Besides, the responding UE may not have data to be transmitted where the COT initiating UE is a target receiver, or the transmission(s) of which the COT initiating UE is not a target receiver may have higher priority. In our view, the responding UE should have the freedom to not use the shared COT if it wants to perform a higher priority transmission of which the COT initiating UE is not a target receiver. Type 1 LBT will be performed if the responding UE chooses to not use the shared COT, otherwise Type 2 LBT will be performed for the resources selected within the shared COT. 
[bookmark: _Hlk114587785][bookmark: _Toc115419728][bookmark: _Toc114746147][bookmark: _Toc114746148][bookmark: _Toc114746149][bookmark: _Toc114746150][bookmark: _Toc114746151][bookmark: _Toc114746152]The responding UE can determine whether to use a shared COT. 
[bookmark: _Toc115419729]RAN2 to study how to signal COT information between UEs. 
Regarding the FFS on whether a Mode 1 UE can report COT related information to gNB for aiding Mode 1 RA, we think the benefit is limited. In NR-U, a typical COT has maximum duration up to 8 or 10ms. SL-U is expected to reuse the same rules as in NR-U. Upon receiving the report from the UE, the gNB first needs to process the information from the report which will take some time. Furthermore, the gNB will take at least a couple of slots to be able to schedule a SL transmission, this likely leads to that the COT cannot be used anymore since the COT is already ended. Even if higher SCS is configured for SL transmission, gNB may still require a processing time of several ms to process a received report given the fact that the processing time for higher SCS does not linearly scale compared to lower SCS. As a conclusion, due to the limited MCOT, the potential gain for UE to report COT information to gNB would be rather limited. Therefore, we think there is no need for a Mode 1 UE to report a COT related information to gNB.    
[bookmark: _Toc115419730]Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose. 
2.3 Semi-static channel access
In RAN1, whether semi-static channel access should be also supported for SL-U as for NR-U has not been decided. Semi-static channel access was introduced for NR-U in Rel-16. It was only gNB initiated COT with semi-static channel access supported in Rel-16. We think semi-static channel access can be down-prioritized for SL-U in Rel-18 due to the following reasons
· gNB initiated COT will not be studied in this release for SL-U. Thus, a main use case for supporting semi-static channel access would be missing for SL-U, which makes semi-static channel access less motivated.
· Semi-static channel access mechanism is only applicable to a controlled scenario i.e., other RAT (e.g., WiFi) is not present. However, this scenario is not in the scope of the WID.
· Given high workload and limited work time, RAN1 and RAN2 should prioritize dynamic channel access which is the fundamental feature for SL-U. 
[bookmark: _Toc115121378]gNB initiated COT will not be studied in this release for SL-U. Thus, a main use case for supporting semi-static channel access would be missing for SL-U, which makes semi-static channel access less motivated. 
[bookmark: _Toc115419731][bookmark: _Hlk114669728]Semi-static channel access mechanism (i.e., FBE) is down prioritized.
[bookmark: _Hlk114669637]2.4 Wide band operation
According to agreements made in RAN1#109-e, wideband operation is supported for SL-U where configuration of a single wideband SL carrier/BWP with bandwidth as an integer multiple of 20 MHz, e.g., 80 MHz. LBT operation is performed in units of 20 MHz. The wideband carrier/BWP therefore consists of multiple “LBT sub-bands” or multiple “LBT bandwidths.”
[bookmark: _Toc115121379]RAN1 has agreed to support wideband operation where configuration of a single wideband SL carrier/BWP with bandwidth as an integer multiple of 20 MHz, e.g., 80 MHz. 
[bookmark: _Toc115121380]The wideband carrier/BWP therefore consists of multiple “LBT sub-bands” or multiple “LBT bandwidths.”, where LBT operation is performed in units of 20 MHz.
[bookmark: _Toc115121381]We see there are two ways to perform SL transmissions in case of wide band operation.
1) Case 1: UE initiates multiple PSSCH and/or PSCCH transmissions in parallel where each PSSCH and/or PSCCH may be initiated per LBT subband.
2) Case 2: UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT subbands, without supporting parallel PSSCH and/or PSCCH transmissions.
Case 1 would require UE to support multiple RF chains where each RF chain is a different LBT subband. Case 2 would just require gNB and/or UE to select resources across LBT subbands. Case 1 would add complex design requirements to both RAN1 and RAN2. We think it is sufficient to support case 2 given limited time in this release. 
[bookmark: _Toc115121382]Supporting parallel PSSCH and/or PSCCH transmissions from a UE would add complex design efforts to both RAN1 and RAN2.
[bookmark: _Toc115419732]For wide band operation, UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT subbands without supporting parallel PSSCH and/or PSCCH transmissions.
For case 2, we need to study how to adapt Mode 1 and Mode 2 operations considering LBT outcome per LBT subbands. 
Therefore, we give the following proposal
[bookmark: _Toc115419733]Study how to improve RA operations (including Mode 1 and Mode 2 operations) in case of wide band operation.
2.5 Consistent LBT failure handling
In NR-U, there are procedures to ensure that consistent LBT failures do not impact the performance more than necessary. In particular, the consistent LBT failure recovery procedure ensure that transmissions are not blocked by LBT failures and that unnecessary RLF are triggered. LBT failure indications from lower layers are monitored in the MAC layer which uses a lbt-FailureDetectionTimer and a LBT_COUNTER. In case the counter hits the maximum value, consistent LBT failures is triggered on the configured BWP. The UE may then switch to a different BWP and retry transmissions. Only if consistent LBT failures are triggered on all configured BWPs, the UE triggers RLF. 
In SL-U it has been agreed in RAN1#109-e that
·  Only one SL BWP is (pre-)configured within a carrier The SL BWP is (pre-)configured
·  The SL BWP is (pre-)configured to include one or multiple SL resource pools

This means that BWP switching cannot be done for SL-U.
[bookmark: _Toc115121383]BWP switching cannot be done for to handle consistent LBT failures for SL-U.
However, there could be other means to handle this, such as switching between LBT sub-bands in case of wide-band operation or switching between SL resource pools when consistent LBT failures are detected. Therefore, we give the following proposal

[bookmark: _Toc115419734]RAN2 to study and support a consistent LBT failure detection and recovery procedure for SL. FFS on the operational granularity of the procedure, e.g., per resource pool, per LBT subband etc. 
In addition, it is worth noting that it is beneficial to configure the UE with multiple LBT subbands to avoid the UE being blocked by consistent LBT failure. 
In NR-U, there is also a possibility for the UE to indicate to the gNB via a LBT failure MAC CE that a consistent LBT failure has been triggered on a BWP or in an SCell. This can enable for the gNB to reconfigure the UE, e.g. to a BWP where LBT failures are less common. A similar mechanism would be useful also for SL-U. 

[bookmark: _Toc115419735]RAN2 to design mechanism for a UE to report consistent LBT failures to gNB and or neighbouring UEs. FFS on signalling details.
Same as for NR-U in Rel-16, RLF can be triggered if the UE cannot recover from consistent LBT failure, i.e., the UE has no other resources in frequency domain or time domain for further channel accesses. In addition, some enhancements to RLF may be necessary due to impacts of LBT. In the current spec, there are three triggers to declaring a SL RLF i.e., maximum #RLC retransmissions, HARQ DTX and expiry of T400 (related to the transmission of an RRCReconfigurationSideilnk message). The current spec maybe insufficient to operate in an unlicensed operation, for example, RLF maybe incorrectly declared with HARQ DTX as the UE may not be able to distinguish between a transmission failure due to bad radio channel quality and LBT failure. 
[bookmark: _Toc115419736]UE triggers RLF when UE has triggered consistent RLF in all SL frequency regions (e.g., LBT subbands, resource pools).
[bookmark: _Toc115419737]RAN2 to study if enhancements to the SL RLF procedure is needed due to impacts of LBT. 
2.6 DRX aspects
For SL in unlicensed operation, UE may experience LBT failure. 
For a TX UE, if the TX UE has experienced LBT failures for a SL transmission intended to a RX UE, the TX UE will not expect the RX UE starts the corresponding timers (e.g., inactivity timer). Meanwhile, the RX UE may also experience LBT failure when the RX UE provides HARQ feedback to the TX UE. In this case, whether to start the corresponding DRX timers need to be studied.
[bookmark: _Toc115419738]RAN2 to study whether DRX procedure needs to be improved to combat LBT failure.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	When a responding UE uses a shared COT for its transmission(s), the COT initiating UE needs to be a target receiver of the responding UE’s transmission(s).
Observation 2	gNB initiated COT will not be studied in this release for SL-U. Thus, a main use case for supporting semi-static channel access would be missing for SL-U, which makes semi-static channel access less motivated.
Observation 3	RAN1 has agreed to support wideband operation where configuration of a single wideband SL carrier/BWP with bandwidth as an integer multiple of 20 MHz, e.g., 80 MHz.
Observation 4	The wideband carrier/BWP therefore consists of multiple “LBT sub-bands” or multiple “LBT bandwidths.”, where LBT operation is performed in units of 20 MHz.
We see there are two ways to perform SL transmissions in case of wide band operation.
Observation 5	Supporting parallel PSSCH and/or PSCCH transmissions from a UE would add complex design efforts to both RAN1 and RAN2.
Observation 6	BWP switching cannot be done for to handle consistent LBT failures for SL-U.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Whether to update the LCP procedure considering the COT information is pending RAN1 progress on U2U COT sharing.
Proposal 2	The responding UE can determine whether to use a shared COT.
Proposal 3	RAN2 to study how to signal COT information between UEs.
Proposal 4	Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose.
Proposal 5	Semi-static channel access mechanism (i.e., FBE) is down prioritized.
Proposal 6	For wide band operation, UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT subbands without supporting parallel PSSCH and/or PSCCH transmissions.
Proposal 7	Study how to improve RA operations (including Mode 1 and Mode 2 operations) in case of wide band operation.
Proposal 8	RAN2 to study and support a consistent LBT failure detection and recovery procedure for SL. FFS on the operational granularity of the procedure, e.g., per resource pool, per LBT subband etc.
Proposal 9	RAN2 to design mechanism for a UE to report consistent LBT failures to gNB and or neighbouring UEs. FFS on signalling details.
Proposal 10	UE triggers RLF when UE has triggered consistent RLF in all SL frequency regions (e.g., LBT subbands, resource pools).
Proposal 11	RAN2 to study if enhancements to the SL RLF procedure is needed due to impacts of LBT.
Proposal 12	RAN2 to study whether DRX procedure needs to be improved to combat LBT failure.
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