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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
2.1.1 RAN1 agreements on COT sharing
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
In RAN1#110b-e, RAN1 made the following agreements regarding channel access procedures for transmission(s) on multiple channels (i.e., wideband operation): 
· For dynamic channel access mode with multi-channel case in SL-U, NR-U UL channel access procedure is considered as baseline for transmission on multiple channels
· FFS: whether transmission of PSFCH and/or S-SSB on a subset of RB sets is supported (using the NR-U DL channel access procedure as baseline)
· FFS any necessary enhancement and modification for the SL-U operation
In RAN1#111, RAN1 made the following agreements regarding 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.
In RAN1#112, RAN1 has made the below agreements
· A responding UE over a shared COT can be:
· a receiving UE, which is the target of a PSCCH/PSSCH transmission of a COT initiator
· In the case of unicast from the COT initiator, within the same COT when the source and destination IDs contained in the COT initiator’s SCI match to the corresponding destination and source IDs relating to the same unicast at the receiving UE
· In the case of groupcast and broadcast, when the destination ID contained in the COT initiator’s SCI match to a destination ID known at the receiving UE
· a UE identified by ID(s), if additional IDs are supported in the COT sharing information (in addition to the source and destination IDs of the PSCCH/PSSCH transmission), when additional IDs are included in the COT sharing information from the COT initiator
· FFS Limitations on what additional IDs may be included and how they may be indicated
· A responding UE’s SL transmission(s) within RB set(s) corresponding to a shared COT can be transmitted when the CAPC value(s) of the SL transmission(s) have an equal or smaller CAPC value than the CAPC value indicated in the COT sharing information.
A responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to a shared COT is intended for the COT initiating UE when,
· In the case of unicast from the responding UE, when the source and destination IDs contained in the responding UE’s PSCCH/PSSCH match to the destination and source IDs from a COT initiator’s unicast transmission that included COT sharing information, or match to the additional ID(s) included in the COT sharing information (if supported) 
· In the case of groupcast or broadcast from the responding UE, when the destination ID contained in the responding UE’s PSCCH/PSSCH matches to the destination ID from a COT initiator’s groupcast or broadcast transmission that included COT sharing information, or matches to the additional ID(s) included in the COT sharing information (if supported) FFS: all other details and additional restrictions

2.1.2 RAN2 agreements on COT sharing

Besides, in RAN2#120, the following agreements related to channel access were made: 
· Working assumption: SL-specific consistent LBT failure detection is not relevant to cast type/DST/unicast link.
· In SL-U, support the mechanism that a mode-2 UE in RRC_CONNECTED can indicate the SL-specific consistent LBT failure to the gNB.
· If there is one PSFCH resource for a PSSCH, start sl-drx-HARQ-RTT-Timer for the corresponding Sidelink process in the first slot after the end of the corresponding PSFCH resource when the SL HARQ feedback is not transmitted due to the LBT failure.
· RAN2 waits for RAN1 decision/progress for multiple PSFCH resources case
· RAN2 waits for RAN1 decision on how to support consecutive PSSCHs for SL transmissions.
· RAN2 will study whether/how LCP is impacted from COT sharing.
· RAN2 will consider interaction between DRX operation and shared COT.
In RAN2#121, RAN2 has made further agreements
Agreement on SL LCP and COT
1: 	UE can select 1/ either to do a changed-LCP, in order to satisfy the COT requirement, and to do the type-2 LBT (How to do the LCP can be decided after RAN1 agreement) 2/ or to do a legacy-LCP, e.g. using type-1, type-2 LBT. FFS on the need of assistance INFO to initiating UE. FFS on spec impact, e.g., conditions for UE to choose either solution.

2.2 UE-to-UE COT sharing 
RAN1 has made the following agreements for COT sharing in RAN1#111
· 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
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). From the RAN1 agreement, the transmission initiated by the responding UE can be in unicast. However, whether groupcast or broadcast can be also allowed needs further discussions.
[bookmark: _Toc131702015]The responding UE is allowed to utilize a shared COT to perform PSSCH/PSCCH transmissions in unicast intended for the COT initiating UE.
It is beneficial to also allow the responding UE to perform PSSCH/PSCCH transmissions in groupcast or broadcast in order to mitigate the negative impact of LBT failures on the corresponding services. In this case, in order to determine whether the COT initiating UE is one intended receiver of the services that are initiated by the responding UE, the responding UE needs to know the Destination L2 IDs of the services which the COT initiating UE is interested in, which can be FFS.
[bookmark: _Toc131702016]The responding UE is allowed to utilize a shared COT to perform PSSCH/PSCCH transmissions in groupcast or broadcast which the COT initiating UE is also interested in.
On the other hand, 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 the transmission to the selected destination is intended for (at least) the COT initiating UE. Therefore, the SL LCP procedure needs to be updated to make sure that the transmission to the selected destination is intended for (at least) the COT initiating UE if the Tx UE uses the COT shared by the COT initiating UE for its transmission(s).
[bookmark: _Toc131702017]In the existing LCP procedure, UE prioritizes the Destination having data with highest priority, which may be different from the COT initiating UE.
Even if RAN1 may agree in future meeting that the responding UE may be also allowed to transmit PSSCH/PSCCH to a destination which is different from the COT initiating UE’s source L2 ID, it is more reasonable for the responding UE to prioritize its transmissions intended for the COT initiating UE over other transmissions intended for any other destination. Such behaviours would be more aligned with the willingness of sharing the COT for the COT initiating UE.
[bookmark: _Toc131702018]In the LCP procedure, it is more reasonable for the responding UE to prioritize its transmissions intended for the COT initiating UE over other transmissions intended for any other destination.
In RAN2#121, RAN2 has made further agreement on the issue
Agreement on SL LCP and COT
1: 	UE can select 1/ either to do a changed-LCP, in order to satisfy the COT requirement, and to do the type-2 LBT (How to do the LCP can be decided after RAN1 agreement) 2/ or to do a legacy-LCP, e.g. using type-1, type-2 LBT. FFS on the need of assistance INFO to initiating UE. FFS on spec impact, e.g., conditions for UE to choose either solution.
From the above agreement, it is to further study the detailed conditions based on which the UE can determine to apply either of the two options
Option 1: UE can select to do a changed LCP in order to satisfy the COT requirement, and to do the type-2 LBT
Option 2: UE does a legacy LCP, and using type-1 or type-2 LBT (i.e., use the COT if that is feasible with the legacy LCP).
[bookmark: _Toc131702019]In the LCP procedure, it is agreed to support both options according to conditions.
First, it is beneficial to confirm that the RAN2 agreements is applicable to all cast types. Therefore, we make the below proposal.
[bookmark: _Toc131702020]In the LCP procedure, based on different conditions, the responding UE considers the COT info to perform the LCP according to either Option 1 or Option 2 for all cast types
a. [bookmark: _Toc131702021]Option 1: UE can select to do a changed LCP in order to satisfy the COT requirement, and to do the type-2 LBT
b. [bookmark: _Toc131702022]Option 2: UE does a legacy LCP and using type-1 or type-2 LBT (i.e., use the COT if that is feasible with the legacy LCP). 

When a responding UE has received a COT information from a COT initiating UE, the responding UE may select to apply Option 2 when one or more of the following conditions are satisfied (otherwise Option-1 is applied): 
· Condition 1: the responding UE has an ongoing COT. The COT has already gained access to the channel. it means that any UE joining the COT may be only required to perform a Type 2 LBT prior to its transmission.
· Condition 2: the responding UE has built a MAC PDU, whose intended Type 1 LBT process is running and associated with a CAPC value larger than (or equal to) the CAPC value associated with the shared COT. 
· Condition 3: the responding UE’s transmissions towards the COT initiating UE has CAPC value larger than the CAPC value associated with the shared COT. 
· Condition 4: the responding UE has no data towards the COT initiating UE. 
As a summary, the below three conditions are clear for the responding UE to apply Option 2.
[bookmark: _Toc131702023]Upon reception of a COT information from a COT initiating UE, the responding UE performs Option 2 when one of the below conditions is met, otherwise, apply Option 1.
c. [bookmark: _Toc131702024]the responding UE has an ongoing COT. The COT has already gained access to the channel.
d. [bookmark: _Toc131702025]the responding UE has built a MAC PDU, whose intended Type 1 LBT process is running and associated with a CAPC value larger than (or equal to) the CAPC value associated with the shared COT. 
e. [bookmark: _Toc131702026]the responding UE’s transmissions towards the COT initiating UE has CAPC value larger than the CAPC value associated with the shared COT.
f. [bookmark: _Toc131702027]the responding UE has no data towards the COT initiating UE.
[bookmark: _Toc114746147][bookmark: _Toc114746148][bookmark: _Toc114746149][bookmark: _Toc114746150][bookmark: _Toc114746151][bookmark: _Toc114746152]There are other issues to be further discussed
Issue 1: how to determine the CAPC for data pending for a Destination
Issue 2: whether to further enhance the LCP procedure according to the CAPC value as indicated in the COT information.
The issue is related to the LCP procedure when the responding UE needs to select the Destination. For issue 1, although the UE has not built the MAC PDU for the destination yet, it is reasonable to reuse the same rule/agreement as the below
	As in NR-U, the lowest priority CAPC of the logical channel(s) with MAC SDU multiplexed in the TB is used regardless of whether the TB also contains SL MAC CEs in addition to MAC SDUs.
[bookmark: _Toc131702028]Upon reception of a COT information from a COT initiating UE, the responding UE determines the CAPC for a Destination as the lowest priority CAPC of the logical channel(s) with data of that Destination. 
For issue 2, it is necessary to reuse the same rule as in NR-U. there is no further enhancement needed for the LCP procedure, i.e., exclude the LCHs in the LCP whose CAPC values 
[bookmark: _Toc131702029]In case of COT sharing, for the selected Destination, the responding UE selects LCHs following the legacy procedure i.e., doesn’t exclude the LCHs whose CAPC values are larger than the CAPC value indicated in the COT information. 
Regarding the FFS on the assistance information provided by the responding UE, we see it is beneficial for the COT initiating UE to determine whether the COT can be shared with the responding UE. Companies had concerns
RAN2 can further discuss if some assistance information is needed to be provided by a responding UE to an initiating UE, based on which the initiating UE can decide whether a COT needs to be shared with the responding UE.
During the online session, companies had concerns including
1. the initiating UE may rely on sensing to collect some information. 
1. the responding UE needs to do LBT prior to transmission of the assistance information. 
1. there would be additional design complexity due to introduction of the assistance information.

For the first concern, it would be insufficient for the initiating UE to only rely on sensing results. Since the sensing results doesn’t indicate the buffer status of the responding UE, in addition, the L1 priority indicated in the SCI may not reflect the CAPC of the responding UE accurately. It may also happen that the responding UE has not send the 1st stage SCI yet.
For the second concern, it is not a relevant concern. LBT operation would be needed prior to any transmission, which is a requirement. The assistance information (single shot transmission) is mainly intended to avoid/reduce future LBT operations for the responding UE. If a COT is more effectively shared by the COT initiating UE, the initiating UE and the responding UE can jointly use the COT to avoid any gap between any two consecutive transmissions, in this way, the responding UE can perform multiple transmissions in the COT by avoiding multiple potential LBT operations. 
For the third concern, we think the introduction of the assistance information only adds minimal design efforts if we limit the signalling work to the MAC layer by reusing the existing IUC framework.
[bookmark: _Toc131702030]The responding UE can provide assistance information to an initiating UE including its buffer status and/or its CAPC value. 
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: _Toc131702031]Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose. 
[bookmark: _Hlk124254157]Regarding the FFS on UE forwarding/relaying information about a COT initiated by another UE, we think this is not useful. This is because the COT shared by an initiating UE cannot be used by a responding UE if the COT forwarding/relaying UE is a target receiver of the responding UE’s transmission(s) while the COT initiating UE is not. Meanwhile the COT cannot be shared if the responding UE is far from the initiating UE and cannot hear the COT information directly from the initiating UE as the channel situation will be quite different at the initiating UE and the responding UE in this case. 
[bookmark: _Toc131702032]Does not support UE forwarding/relaying information about a COT initiated by another UE. 
In addition, how a UE handles multiple parallel COT information was discussed in RAN2#120. In our view, it is sufficient to leave for UE implementation to handle this case. If the UE is involved with multiple COT periods, the UE can decide to use which COT to continue its subsequent transmissions. 
[bookmark: _Toc131702033]It is up to the UE implementation to choose to use which COT to continue its transmission when the UE has received multiple COT sharing indications from different initiating UEs.
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	The responding UE is allowed to utilize a shared COT to perform PSSCH/PSCCH transmissions in unicast intended for the COT initiating UE.
Observation 2	The responding UE is allowed to utilize a shared COT to perform PSSCH/PSCCH transmissions in groupcast or broadcast which the COT initiating UE is also interested in.
Observation 3	In the existing LCP procedure, UE prioritizes the Destination having data with highest priority, which may be different from the COT initiating UE.
Observation 4	In the LCP procedure, it is more reasonable for the responding UE to prioritize its transmissions intended for the COT initiating UE over other transmissions intended for any other destination.
Observation 5	In the LCP procedure, it is agreed to support both options according to conditions.

Based on the discussion in the previous sections we propose the following:
Proposal 1	In the LCP procedure, based on different conditions, the responding UE considers the COT info to perform the LCP according to either Option 1 or Option 2 for all cast types
a.	Option 1: UE can select to do a changed LCP in order to satisfy the COT requirement, and to do the type-2 LBT
b.	Option 2: UE does a legacy LCP and using type-1 or type-2 LBT (i.e., use the COT if that is feasible with the legacy LCP).
Proposal 2	Upon reception of a COT information from a COT initiating UE, the responding UE performs Option 2 when one of the below conditions is met, otherwise, apply Option 1.
a.	the responding UE has an ongoing COT. The COT has already gained access to the channel.
b.	the responding UE has built a MAC PDU, whose intended Type 1 LBT process is running and associated with a CAPC value larger than (or equal to) the CAPC value associated with the shared COT.
c.	the responding UE’s transmissions towards the COT initiating UE has CAPC value larger than the CAPC value associated with the shared COT.
d.	the responding UE has no data towards the COT initiating UE.
Proposal 3	Upon reception of a COT information from a COT initiating UE, the responding UE determines the CAPC for a Destination as the lowest priority CAPC of the logical channel(s) with data of that Destination.
Proposal 4	In case of COT sharing, for the selected Destination, the responding UE selects LCHs following the legacy procedure i.e., doesn’t exclude the LCHs whose CAPC values are larger than the CAPC value indicated in the COT information.
Proposal 5	The responding UE can provide assistance information to an initiating UE including its buffer status and/or its CAPC value.
Proposal 6	Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose.
Proposal 7	Does not support UE forwarding/relaying information about a COT initiated by another UE.
Proposal 8	It is up to the UE implementation to choose to use which COT to continue its transmission when the UE has received multiple COT sharing indications from different initiating UEs.

4 References
[1] RP- 221798, WID revision: NR sidelink evolution, RAN #96, Budapest, Hungary, June 6-9, 2022.
[2] [bookmark: _Ref118103801][bookmark: OLE_LINK50][bookmark: OLE_LINK51][bookmark: OLE_LINK52][bookmark: _Hlk118103524]R2-2210936, LS on SL LBT failure indication and consistent SL LBT failure, 3GPP TSG RAN WG2 Meeting #119bis-e, Online, October, 2022.





	4/4	
