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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#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.
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.
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: _Toc127390229]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: _Toc127390230]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. How the responding UE knows the Destination L2 IDs of the corresponding services is FFS.
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: _Toc127390212]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: _Toc127390213]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#120, companies have diverse views on whether the LCP procedure needs to be changed. One of the main arguments raised by the opponent companies is that it is unclear how LBT info/result can be used as input of the LCP. For our understanding, the opponent companies mix the COT info with the LBT info. In a shared COT, the initiating UE will signal the COT info to the responding UE together with the transmissions which are initiating the COT. The responding UE would directly consider the COT info to select/reselect the resources. The gap between any two successive transmissions (performed by either the COT initiating UE or the responding UE) needs to be sufficiently short (e.g., not more than 25us), otherwise the COT would be terminated. In this case, the responding UE will only apply Type 2 LBT operation which can minimize the LBT failure. In addition, each UE may need to perform LBT operation prior to every SL transmission, which is after the LCP procedure. The LBT info is not used as input for the LCP procedure.
[bookmark: _Toc127390214]In a shared COT, the initiating UE will signal the COT info to the responding UE together with the transmissions which are initiating the COT. The responding UE would directly consider the COT info to select/reselect the resources.
[bookmark: _Toc127390215]The LBT info is not used as input for the LCP procedure since the LBT operation is performed after the LCP procedure is completed.
Therefore, there is not any practical issue if we consider the COT info in the LCP procedure.
[bookmark: _Toc127390231]In the LCP procedure, the responding UE considers the COT info (i.e., including whether the selected Destination is associated with the COT initiating UE and CAPC value). 
In details, the responding UE first selects the Destination associated with the COT initiating UE for PSSCH/PSCCH transmissions within the RB sets corresponding to the shared COT regardless of whether its priority is highest or not among all Destinations. In addition the transmission has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information.
[bookmark: _Toc127390232]In the LCP procedure, the responding UE selects a Destination associated to one of unicast, groupcast and broadcast according to the below conditions when the responding UE utilizes a COT shared by a COT initiating UE 
a. [bookmark: _Toc127390233]The selected Destination of the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is associated with the COT initiating UE regardless of whether its priority is highest or not among all Destinations.
b. [bookmark: _Toc127390234]The transmissions intended for the selected Destination has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information.
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: _Toc127390235][bookmark: _Toc114746147][bookmark: _Toc114746148][bookmark: _Toc114746149][bookmark: _Toc114746150][bookmark: _Toc114746151][bookmark: _Toc114746152]The responding UE can determine whether to use a shared COT. 
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.
[bookmark: _Toc127390236]RAN2 to discuss whether a responding UE needs to provide assistance information to an initiating UE based on which the initiating UE can decide whether a COT needs to be shared with the responding UE. 
As a further step, RAN2 may further discuss UE actions in case a COT is shared by an initiating UE, however, the COT is not used by any responding UE. In this case, the COT may be lost due to there is no subsequent transmissions initiated by any responding UE to keep the COT to be active.
[bookmark: _Toc127390237]RAN2 to discuss how to handle a COT that is shared by an initiating UE with a responding UE while the responding UE determines to not use the COT. 
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: _Toc127390238]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: _Toc127390239]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: _Toc127390240]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.
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: _Toc127390216]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: _Toc127390241][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#110b-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: _Toc127390217]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: _Toc127390218]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.
Case 1: UE initiates multiple PSSCH and/or PSCCH transmissions in parallel where each PSSCH and/or PSCCH may be initiated per LBT subband.
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: _Toc127390219]Supporting parallel PSSCH and/or PSCCH transmissions from a UE would add complex design efforts to both RAN1 and RAN2.
[bookmark: _Toc127390242]For wide band operation, UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT channels 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 subband. 
Regarding multi-channel access, RAN1 has made the below agreements for PSSCH/PSCCH transmission in RAN1#110
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

It is observed that UE can perform PSSCH/PSCCH transmission over multi-channels following the NR-U rule “all-or-nothing”.  In this case, UE performs LBT on all the unlicensed channels (RB sets) for which the UE is intended to transmit. And only if the channel access procedures are successful for all the channels, then the UE can transmit. Otherwise, the UE does not transmit on any channel (i.e., “all-or-nothing” access).
[bookmark: _Toc127390220]RAN1 has agreed to support PSSCH/PSCCH transmission over multi-channels following the NR-U rule “all-or-nothing”.
In the legacy procedure, the UE MAC entity will trigger the PHY layer to select resources when there is data pending for transmission. If there is sufficient data pending for transmission, the PHY layer may select resources across multi-channels. At the time of resources being selected, the PHY layer doesn’t perform LBT operation. After this, the PHY layer informs the MAC layer of the selected resources, based on which the MAC layer performs the LCP procedure and builds the corresponding MAC PDU. Prior to the transmission using the selected resources, the PHY layer will perform LBT operation on all channels which are being occupied by the resources. Compared to a single channel-based transmission, the presence of multi-channels would increase the likelihood that the UE may experience LBT failure. 
[bookmark: _Toc127390221]The presence of multi-channels would increase the likelihood that the UE may experience LBT failure prior to the transmission.
It is necessary to enhance the RA procedure to minimize the probability that the UE may experience LBT failure in case of wideband (i.e., multi-channel) transmission. One simple solution is to introduce channel specific measurement in terms of congestion which can be measured in terms of CBR, channel occupancy or LBT failure statistics. Based on the measurement results, channels with lowest congestion can be selected during resource selection and reselection. 
Therefore, we give the following proposals
[bookmark: _Toc127390243]For wideband operation, channel specific congestion measurements (e.g., in terms of CBR, channel occupancy or LBT failure statistics) can be considered during resource selection and reselection.
2.5 Consistent LBT failure handling
In RAN2#119bis-e, LBT failure detection and LBT failure recovery was discussed. It was agreed that 
· Support SL-specific consistent LBT failure detection and recovery procedure in the MAC for SL-U. Details of recovery to be further worked on granularity of (consistent) LBT failure.
· As the general principle, reuse the consistent LBT failure detection procedure in NR-U as the baseline for SL-specific consistent LBT failure detection in SL-U.
· Support the mechanism that a mode-1 UE can indicate the SL-specific consistent LBT failure to the gNB. FFS on a mode-2 UE in RRC_CONNECTED.
In addition, several SL specific timers and counters corresponding to what is used in NR-U were agreed. An LS [2] was sent to RAN1 asking for clarifications of the granularity of the LBT failure indications. Due to the RAN1 agreements from 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

BWP switching cannot be done for SL-U.
[bookmark: _Toc127390222]Autonomous BWP switching cannot be done to recover from consistent LBT failures for SL-U.
This means that it is not possible to have the corresponding recovery procedure for SL-U as for NR-U if the granularity of LBT failure indication is per SL BWP. However, LBT failure detection can still be performed and reported to gNB to allow the gNB to reconfigure the UE.
[bookmark: _Toc127390223]Detection and reporting of consistent LBT failures to gNB can be performed even if detection of LBT failure is per BWP.

However, a consistent LBT failure recovery procedure similar to what is specified for NR-U can be quite efficient. In order to fully exploit the benefits of the LBT failure detection and recovery procedure, it is preferred that the physical layer can provide LBT failure indication in finer granularities (e.g., per resource pool, per RB set) in addition to per BWP. Therefore, RAN2 has sent the LS to RAN1 asking for feedback on the granularities of LBT failure indication.  

We therefor hope that the RAN1 response to the LS will support LBT failure indications on a finer granularity such as SL resource pools. If this is the case, LBT failure recovery could be done autonomously by the UE through switching between SL resource pools when consistent LBT failures on a SL resource pool are detected. Therefore, we give the following proposal

[bookmark: _Toc127390244]If RAN1 confirms that LBT failure can be indicated on a finer granularity (e.g., per resource pool or per RB set), RAN2 to discuss whether the consistent LBT failure detection and recovery procedure should be maintained on a finer granularity rather than per BWP. 
In addition, it is worth noting that it is beneficial to configure the UE with multiple LBT subbands with corresponding SL resource pools 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. In NR-U, the MAC CE only indicate the cell where the consistent LBT failure occurred and it is up to the gNB implementation to determine which BWP where the consistent LBT failure occurred and possible measures to be taken. Determination of the BWP can be done since the gNB knows the configuration of the UE and its last active BWP.
A similar mechanism would be useful also for SL-U. Hence, if consistent LBT failure is triggered on a SL resource pool (assuming RAN1 confirms this granularity), the UE reports this in a MAC CE to the gNB. According to current RAN2 agreements, the SL UE in connected mode can indicate consistent LBT failure to the gNB for both mode 1 and mode 2. In RAN2#120, whether UE in idle and inactive could indicate consistent LBT failure for mode 2 to the gNB was discussed. Since both connected and idle/inactive UEs can use mode 2, congestion or consistent LBT failures on these common resources would be noticed also by the connected mode UEs. For example, the peer SL UE of the idle/inactive UE could very well be in connected mode and also suffer from consistent LBT failure. In any case, if all UEs using the common resources report consistent LBT failure, there will be unnecessary redundancy in the reporting causing unnecessary load and signalling. Sending an indication by an idle/inactive UE would require considerable signalling to first bring the UE to connected mode, we believe it would be sufficient if only connected mode UEs indicate consistent LBT failures in mode 2.
[bookmark: _Toc127390245]A UE in RRC IDLE or RRC INACTIVE doesn’t need to report consistent LBT failure to the gNB. 

Another question here is which granularity is needed for the MAC CE. In one option, a more detailed report could be used indicating resource pool or even the LBT subband where the consistent LBT failure occurred. This could be beneficial since it simplifies the gNB implementation. A second option is to, in the spirit of NR-U, use a minimum indication. Since SL-U does not support CA, there is no need to indicate the cell where the consistent LBT failure occurred. It would be enough to define an empty MAC CE which only indicates consistent LBT failure, i.e. using a new LCID/e-LCID in the mac subheader but no content. The benefit of the second option is the smaller size and therefore resource efficiency on Uu link.

[bookmark: _Hlk124863609]We therefore propose the below proposal.

[bookmark: _Toc127390246]Before UE declares SL RLF due to consistent LBT failure, UE uses the MAC CE to report consistent LBT failure to the gNB. 
[bookmark: _Toc127390247]RAN2 to further study the content of the MAC CE according to the following, e.g., carrier index, pool/RB set index etc. 
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: _Toc127390248]UE triggers RLF when UE has triggered consistent LBT in all SL frequency regions (e.g., LBT subbands, resource pools).
[bookmark: _Toc127390249]RAN2 should define a new cause value for RLF report to indicate consistent LBT failure in all SL frequency regions (e.g., LBT subbands, resource pools).
[bookmark: _Toc127390250]RAN2 to study if enhancements to the SL RLF procedure is needed due to impacts of LBT. 
2.6 Configured grant  
In NR-U, the following enhancements are introduced for configured grant (CG) in UL: 
Configured UL transmissions in consecutive slots without gaps in between, to avoid multiple LBTs and thus reduce the risk of LBT failure. 
Autonomous uplink (AUL) where a UE can trigger a retransmission autonomously for a HARQ process using CG when the CG retransmission timer is expired and configuredGrantTimer is running while the UE has not received HARQ feedback for the HARQ process. 
Asynchronous HARQ, where the HARQ ID corresponding to a transmission on a CG resource is not determined using a formular based on the resource that is used for the transmission, but determined by the Tx UE, which reduces the delay for retransmission. 
	cg-nrofPUSCH-InSlot
Indicates the number of consecutive PUSCH configured to CG within a slot where the SLIV indicating the first PUSCH and additional PUSCH appended with the same length (see TS 38.214 [19], clause 6.1.2.3). The network can only configure this field if cg-RetransmissionTimer is configured.

	cg-nrofSlots
Indicates the number of allocated slots in a configured grant periodicity following the time instance of configured grant offset (see TS 38.214 [19], clause 6.1.2.3). The network can only configure this field if cg-RetransmissionTimer is configured.


The first enhancement in NR-U is implemented based on the following parameters: 

Actually, RAN1 has agreed to support multi-consecutive slots transmission for Mode 1 and Mode 2 resource allocation in SL-U, which implies that configured SL transmissions in consecutive slots is supported. 
[bookmark: _Toc127390224]Configured SL transmissions in consecutive slots is supported for SL-U.
[bookmark: _Hlk118121642]Regarding autonomous retransmission (AUL) for CG, we think it is less motivated to introduce it for SL-U. AUL in NR-U was introduced partly due to that a HARQ transmission or a gNB initiated DCI for retransmission may be subjective to LBT failure. However, for SL-U Mode 1 operation, the gNB is deployed in the licensed bands, it means the gNB can initiate a dynamic SL grant to UE at any time without subjection to the LBT failure. In addition, UE already supports blind retransmission using configured grant or Mode 2 grants in the legacy. Thus, autonomous retransmission with a retransmission timer for SL-U is less motivated than NR-U. Given limited time for R18, it is therefore to suggest RAN2 to down-prioritize autonomous retransmission with a retransmission timer for SL-U in R18. Therefore, autonomous retransmission with CG resources can be achieved with the existing blind retransmission mechanism. However, the existing blind retransmission mechanism using configured grant can be enhanced to allow the UE to perform blind retransmission using CG resources across CG periods. This is motivated by the fact that some of CG resources may be subject to LBT failures. 
[bookmark: _Toc127390225]For SL-U Mode 1 operation, the gNB is deployed in the licensed bands, it means the gNB can initiate a dynamic SL grant to UE at any time without subjection to the LBT failure. Thus, autonomous retransmission for SL-U is less motivated than NR-U.  
[bookmark: _Toc127390226]SL UE already supports blind retransmission using CG or Mode 2 SL grants. Thus, autonomous retransmission for SL-U is less motivated than NR-U.
[bookmark: _Toc127390251]Autonomous retransmission with CG resources can be achieved using the existing blind retransmission mechanism with an enhancement that UE is allowed to perform blind retransmissions using CG resources across CG periods. 
[bookmark: _Toc127390252]UE autonomously triggered retransmission using CG with a retransmission timer is down-prioritized. 
Regarding asynchronous HARQ, we think it is beneficial to introduce it for SL-U as SL-U has the similar issue, i.e., retransmission using CG may be delayed with HARQ ID corresponding to a transmission on a CG resource is determined using a formular, which can be mitigated by asynchronous HARQ. Whether/how to indicate the HARQ ID selected by TX UE is up to RAN1. 
[bookmark: _Toc127390253]Introduce asynchronous HARQ to CG for SL-U. 
In NR-U, a UE can be provided with multiple active configured grants for a given BWP in a serving cell. The introduction of multiple configured grants would serve at least for enhancing reliability and reducing latency of critical services. In addition, it is also being discussed to apply multiple configured grants for allowing the UE to switch to slot-based transmissions after initiating the COT (channel occupancy time) to minimize DMRS and UCI overhead in unlicensed spectrum. For each CG configuration, there are a number of HARQ processes in the HARQ process pool assigned. There is also a separate CGT timer and CGRT setting associated with each CG configuration. It is allowed to share HARQ processes between CG configurations, which can give better configuration flexibility. Since a logical channel (LCH) can be mapped to multiple CG configurations, meaning the UE can transmit the data of the LCH using multiple active CG resources at the same time. For a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources mapped to the LCH which comes earliest in the time to perform retransmission, this can reduce the latency. In addition, the selected resource shall provide same size as the same initial TB to avoid rate-matching on the TB. In addition, the UE shall stick to the same HARQ process for transmission/retransmission of a TB.
[bookmark: _Toc127390227]NR-U UE supports multiple active CG configurations.
[bookmark: _Toc127390228]In NR-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources mapped to the LCH which comes earliest in the time to perform retransmission.
A SL UE already supports multiple SL CG configurations for a LCH, e.g., configured by the RRC parameter sl-AllowedCG-List. It would be reasonable to adopt the same enhancement feature as in NR-U to support cross CG configurations retransmission for a TB.
[bookmark: _Toc127390254]In SL-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources (comprising Type 1 CG if sl-configuredGrantType1Allowed is present or Type 2 CG if sl-configuredGrantType1Allowed is absent) mapped to the LCHs which comes earliest in the time to perform retransmission. 
2.7 DRX 
In case an initiating UE has initiated a COT shared with one or multiple responding UEs, consecutive transmissions need to be kept in either of both directions (i.e., from the initiating UE to responding UEs, or from a responding UE to the initiating UE), in order to not lose the channel. In other words, the gap between two consecutive transmissions should be not beyond 16us. In such case, any UE in the shared COT needs to be always active to be prepared for reception from a peer UE. It is therefore reasonable to count the COT time as active time for the UE from DRX perspective. 
[bookmark: _Toc127390255]A UE always keeps itself as active in a shared COT from DRX perspective.  
2.8 Mode 1 RA
According to the WID, in order to support sidelink transmission on unlicensed spectrum (SL-U), both Mode 1 operation and Mode 2 operation need to be supported. In case of Mode 1 operation, Uu link is limited to licensed spectrum. 
For Mode 1 operation, the gNB assigns SL grants to a SL UE in the DCI, which may also carry the PUCCH resources where the SL UE can forward the SL HARQ acknowledgement received from the peer UE to the gNB using those PUCCH resources.  In case of SL transmissions on unlicensed band, a SL HARQ acknowledgement from the peer UE may be subject to LBT failures, in this case, the SL HARQ acknowledgement may be delayed by LBT failures, so that misses the PUCCH resources assigned by the gNB. in such a case, the gNB would not be able to receive SL HARQ acknowledgement for the SL UE. The gNB may even interpret that the SL transmission has failed so that the gNB may decide to assign resources to the SL UE for retransmissions even if the SL transmission has been successfully received by the peer UE. This may lead to resource wastage.
[bookmark: _Toc127390256]For Mode 1 RA, RAN2 to study if additional PUCCH resources/occasions need to be configured to a UE for forwarding SL HARQ ACK received from a peer UE to mitigate the issue where the UE may miss some PUCCH resources/occasions if the SL HARQ ACK sent by the peer UE may be subject to LBT failure.  
For Mode 1 operation, gNB needs to get timely knowledge of congestion status of a concerned SL carrier/SL resource pool so that gNB can identify free SL resources in the concerned SL carrier/SL resource pool and assign them to UEs. In this way, UE can avoid experiencing LBT failures or resource conflict when initiating SL transmissions using the assigned SL resources. In NR-U, a UE can report channel occupancy (CO and RSSI) to the gNB. Similarly, 
[bookmark: _Toc127390257]Same as in NR-U, a UE reports congestion status (e.g., CO and RSSI) of SL carrier in unlicensed band to the gNB.  
[bookmark: _Toc70424553][bookmark: _Ref189046994]3 Conclusion
In the previous sections we made the following observations: 
Observation 1	In the existing LCP procedure, UE prioritizes the Destination having data with highest priority, which may be different from the COT initiating UE.
Observation 2	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 3	In a shared COT, the initiating UE will signal the COT info to the responding UE together with the transmissions which are initiating the COT. The responding UE would directly consider the COT info to select/reselect the resources.
Observation 4	The LBT info is not used as input for the LCP procedure since the LBT operation is performed after the LCP procedure is completed.
Observation 5	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 6	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 7	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.
Observation 8	Supporting parallel PSSCH and/or PSCCH transmissions from a UE would add complex design efforts to both RAN1 and RAN2.
Observation 9	RAN1 has agreed to support PSSCH/PSCCH transmission over multi-channels following the NR-U rule “all-or-nothing”.
Observation 10	The presence of multi-channels would increase the likelihood that the UE may experience LBT failure prior to the transmission.
Observation 11	Autonomous BWP switching cannot be done to recover from consistent LBT failures for SL-U.
Observation 12	Detection and reporting of consistent LBT failures to gNB can be performed even if detection of LBT failure is per BWP.
Observation 13	Configured SL transmissions in consecutive slots is supported for SL-U.
Observation 14	For SL-U Mode 1 operation, the gNB is deployed in the licensed bands, it means the gNB can initiate a dynamic SL grant to UE at any time without subjection to the LBT failure. Thus, autonomous retransmission for SL-U is less motivated than NR-U.
Observation 15	SL UE already supports blind retransmission using CG or Mode 2 SL grants. Thus, autonomous retransmission for SL-U is less motivated than NR-U.
Observation 16	NR-U UE supports multiple active CG configurations.
Observation 17	In NR-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources mapped to the LCH which comes earliest in the time to perform retransmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	The responding UE is allowed to utilize a shared COT to perform PSSCH/PSCCH transmissions in unicast intended for the COT initiating UE.
Proposal 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. How the responding UE knows the Destination L2 IDs of the corresponding services is FFS.
Proposal 3	In the LCP procedure, the responding UE considers the COT info (i.e., including whether the selected Destination is associated with the COT initiating UE and CAPC value).
Proposal 4	In the LCP procedure, the responding UE selects a Destination associated to one of unicast, groupcast and broadcast according to the below conditions when the responding UE utilizes a COT shared by a COT initiating UE
a.	The selected Destination of the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is associated with the COT initiating UE regardless of whether its priority is highest or not among all Destinations.
b.	The transmissions intended for the selected Destination has an equal or smaller CAPC value than the CAPC value indicated in a shared COT information.
Proposal 5	The responding UE can determine whether to use a shared COT.
Proposal 6	RAN2 to discuss whether a responding UE needs to provide assistance information to an initiating UE based on which the initiating UE can decide whether a COT needs to be shared with the responding UE.
Proposal 7	RAN2 to discuss how to handle a COT that is shared by an initiating UE with a responding UE while the responding UE determines to not use the COT.
Proposal 8	Mode 1 UE does not report COT related information to gNB for improving Mode 1 scheduling purpose.
Proposal 9	Does not support UE forwarding/relaying information about a COT initiated by another UE.
Proposal 10	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.
Proposal 11	Semi-static channel access mechanism (i.e., FBE) is down prioritized.
Proposal 12	For wide band operation, UE initiates a PSSCH and/or PSSCH transmission occupying multiple LBT channels without supporting parallel PSSCH and/or PSCCH transmissions.
Proposal 13	For wideband operation, channel specific congestion measurements (e.g., in terms of CBR, channel occupancy or LBT failure statistics) can be considered during resource selection and reselection.
Proposal 14	If RAN1 confirms that LBT failure can be indicated on a finer granularity (e.g., per resource pool or per RB set), RAN2 to discuss whether the consistent LBT failure detection and recovery procedure should be maintained on a finer granularity rather than per BWP.
Proposal 15	A UE in RRC IDLE or RRC INACTIVE doesn’t need to report consistent LBT failure to the gNB.
Proposal 16	Before UE declares SL RLF due to consistent LBT failure, UE uses the MAC CE to report consistent LBT failure to the gNB.
Proposal 17	RAN2 to further study the content of the MAC CE according to the following, e.g., carrier index, pool/RB set index etc.
Proposal 18	UE triggers RLF when UE has triggered consistent LBT in all SL frequency regions (e.g., LBT subbands, resource pools).
Proposal 19	RAN2 should define a new cause value for RLF report to indicate consistent LBT failure in all SL frequency regions (e.g., LBT subbands, resource pools).
Proposal 20	RAN2 to study if enhancements to the SL RLF procedure is needed due to impacts of LBT.
Proposal 21	Autonomous retransmission with CG resources can be achieved using the existing blind retransmission mechanism with an enhancement that UE is allowed to perform blind retransmissions using CG resources across CG periods.
Proposal 22	UE autonomously triggered retransmission using CG with a retransmission timer is down-prioritized.
Proposal 23	Introduce asynchronous HARQ to CG for SL-U.
Proposal 24	In SL-U, for a TB which was transmitted using a CG resource, it is allowed to use any CG resource among the set of CG resources (comprising Type 1 CG if sl-configuredGrantType1Allowed is present or Type 2 CG if sl-configuredGrantType1Allowed is absent) mapped to the LCHs which comes earliest in the time to perform retransmission.
Proposal 25	A UE always keeps itself as active in a shared COT from DRX perspective.
Proposal 26	For Mode 1 RA, RAN2 to study if additional PUCCH resources/occasions need to be configured to a UE for forwarding SL HARQ ACK received from a peer UE to mitigate the issue where the UE may miss some PUCCH resources/occasions if the SL HARQ ACK sent by the peer UE may be subject to LBT failure.
Proposal 27	Same as in NR-U, a UE reports congestion status (e.g., CO and RSSI) of SL carrier in unlicensed band to the gNB.
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