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1. Introduction

To support increased data rate of various sidelink applications e.g. sensor information (video) sharing between vehicles with high degree of driving automation, commercial use cases etc, NR sidelink evolution was approved for Release 18 and revised in [1]. One of the scope is to support sidelink on unlicensed spectrum for both mode 1 and mode 2, while in mode 1 Uu is on licensed band. 
This contribution is discussing further impacts on MAC for SL-U. In particular the impact of LBT failure on the resource allocation procedure as well as impacts of e.g. COT sharing to the LCP procedure are looked at in greater details.  

2. LBT failure impact for resource allocation
Before the sidelink transmission, LBT is performed to access the channel. If LBT fails, i.e. the channel is not accessed, the sidelink transmission is dropped. This may result in packet loss and reduce the sidelink transmission reliability. In general we think that UE shall have the same number of transmission for a SL transmission/TB in SL-U as for the licensed case.

Observation 1: UE shall have the same number of transmission opportunities for a SL transmission in SL-U as for the licensed case. 

In legacy NR sidelink, pre-emption/re-evaluation results/de-prioritization has similar effect and resource reselection is triggered for pre-emption/re-evaluation cases. It is naturally for UE to trigger a (re)-selection of a new SL resources for cases when a SL transmission was not performed due to an LBT failure. UE which is configured for the autonomous resource allocation mode (mode 2) selects a new additional SL resource for the transmission of a TB in response to receiving an LBT failure indication from PHY for the transmission attempt of the TB/PSSCH. The LBT failure event is a new trigger for SL resource (re)selection. Different to the operation on unlicensed spectrum for the NR Uu interface, where UE must wait until the expiry of the CGRT timer, there should be no timing restrictions apart from the UE processing timing restrictions on when UE is allowed to “retransmit” the TB which is pending in the HARQ buffer. 
The issue of triggering a resource reselection for the case of LBT failure was briefly discussed in the RAN2#120 meeting. A comment was made that UE could initially select more resource to account for potential LBT failures. However, we don’t see this as a good solution, since the overallocation of resources may lead to a capacity decrease, others UEs may not be able to reuse the reserved but unused resources for cases when no LBT failure occurs.

Proposal 1: UE triggers a resource (re)selection when a SL transmission was not performed due to an LBT failure
Even though the detailed behaviour of the consistent LBT failure detection and recovery procedure hasn’t been decided yet, following the LS reply from RAN1 (R1-2212828), RAN1 thinks that physical layer is able to provide LBT failure indication in resource pool granularity for PSSCH/PSCCH/PSFCH and can provide LBT failure indication in RB set granularity for PSSCH/PSCCH/PSFCH/PSBCH. Which granularity is to be used and how to use is left for RAN2. Regardless of whether consistent LBT failure is detected in the end per RB set or Resource Pool, we think that the consistent LBT failure will have some impacts to the resource (re)selection procedure. In our view, UE should not select resources from an RB set or RP for which a consistent LBT failure was detected. UE should for example deactivate a RP for the resource selection. UE may further switch to another resource pool (Tx RP) which has different associated LBT subband(s).   

Proposal 2: During resource (re)selection, the resources in an RB set or a resource pool for which consistent LBT failure was detected cannot be selected by UE for SL transmission, e.g. UE deactivates the corresponding resource pool.

Using Multiple consecutive slots transmission has the benefit of an increased sidelink transmission efficiency on unlicensed spectrum, by avoiding losing an acquired channel since UE does not need to perform Type-1 LBT for every SL transmission (only for the first transmission) if the gap between the transmissions is small enough. It has been agreed that Multi consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U. RAN2 is suggested to further study the RAN2 impact of multiple consecutive slots transmission. For example, for mode 2, how sidelink UE selects the resource for multiple transmission, and whether multiple transmissions can be used for the same MAC PDU or also different MAC PDUs. A further aspect of MCSt which needs to be studied is the usage of CAPC for cases when multiple consecutive slot transmissions are scheduled by gNB (mode 1). If the SL DCI contains a CAPC value, it needs to be further discussed whether UE uses the indicated CAPC value only for the first SL transmission or also for subsequent SL transmissions. 

Proposal 3: Further study on resource (re)selection for multiple consecutive slots transmission (MCSt) after RAN1 reaches decision on how to support consecutive PSSCHs transmission

3. Impact to LCP procedure

For mode 1 gNB sends a SL DCI allocating SL resource which also includes a CAPC value which is to be used by the UE for the corresponding LBT for the TB transmission when reusing the NR-U principles. One open question would be whether UE is allowed to multiplex also data of a SL LCHs which associated CAPC value which is higher than the indicated CAPC value signalled within the DCI. For NR-U the assumption was that gNB can predict which data UE will multiplex in a TB and thereby select a suitable CAPC value, e.g. assumption was that gNB can predict the outcome of the LCP procedure and hence select the “correct CAPC”. For SL this assumption does however not hold. gNB cannot reliably and precisely predict the outcome of UE’s LCP procedure. Therefore, also considering the fairness aspect, we think that UE shall be only allowed to multiplex data of SL CHs with equal or smaller CAPC value in to the TB. It should be noted that for COT sharing a similar behaviour has been already agreed, i.e. only SL transmission with equal or smaller CAPC value as the CAPC value signalled within the COT sharing information are allowed for the responding UE.

Therefore, we have the following proposal:
Proposal 4: LCP procedure is only considering SL LCH(s) and/or MAC CE(s) for the TB generation satisfying the channel access priority class condition, i.e. CAPC is smaller than or equal to the CAPC value signalled within the SL grant.
4. UE-to-UE COT sharing
During RAN1 discussion, UE-to-UE COT sharing is agreed to be supported, and alternatives for COT sharing rules were also discussed. The related RAN1 agreements are as following

	RAN1#110 Agreement
· 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

Agreement
· 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
RAN1#111 agreements
· 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.




The support of UE-to-UE COT sharing implies that a sidelink UE can perform SL transmission in a shared COT from a COT initiating sidelink UE, without performing type-1 LBT procedure. But not all SL transmission can be performed according to current RAN1 discussion and agreement. For example, only SL transmission with equal or smaller CAPC value are allowed, and only when the responding SL UE is a target receiver of the COT initiating UE, and when the responding SL UE is a target receiver of the COT initiating UE. If a sidelink UE determines to perform a SL transmission in a shared COT of another SL UE, additional aspects may need to be introduced during LCP and MAC PDU multiplexing. For example, it might be useful to modify the LCP in such a way that when selecting a destination, those destinations that allow the benefit of COT sharing (without performing type-1 LBT) can be prioritised over other destinations. In one option when determining a Destination as part of an LCP procedure for a sidelink transmission over an unlicensed carrier, one condition is that the transmission to the Destination is indicated to be in a shared COT.
The steps outlined in the LCP procedure (clause 5.22.1.4.1.2) could for example modified as follows:

The MAC entity shall for each SCI corresponding to a new transmission:

1>
select a Destination associated to one of unicast, groupcast and broadcast, having at least one of the MAC CE and the logical channel with the highest priority, among the logical channels that satisfy all the following conditions and MAC CE(s), if any, for the SL grant associated to the SCI:

2>
SL data is available for transmission; and

2>
SBj > 0, in case there is any logical channel having SBj > 0; and
2>
sl-configuredGrantType1Allowed, if configured, is set to true in case the SL grant is a Configured Grant Type 1; and

2>
sl-AllowedCG-List, if configured, includes the configured grant index associated to the SL grant; and

2>
sl-HARQ-FeedbackEnabled is set to disabled, if PSFCH is not configured for the SL grant associated to the SCI; and
2> if the transmission to the destination ID associated with the SL grant occurs on a channel with shared spectrum access, the transmission to the destination is indicated to be in a shared COT.

Proposal 5: RAN2 is suggested to further study the LCP impact of UE-to-UE COT sharing based on the rules of UE-to-UE COT sharing. RAN2 needs to discuss whether the destination remains to be selected solely based on the highest priority principle or whether some additional factor like accounting for a COT sharing benefit is also considered.

Allowing UE-to-UE COT sharing in sidelink may further result in one UE receiving UE-to-UE COT sharing from more than one COT initiating sidelink UEs, e.g. in a scenario where UE A and UE B are within reach of UE C but out of reach of each other. Therefore, both UE A and UE B may initiate a COT and indicate COT sharing to UE C, with different CAPC and different remaining COT durations. At first glance, there may be benefits if UE C transmits to that COT initiator that has the stronger link (e.g. higher RSRP) or that offers the longer remaining COT duration. However, it might be difficult to specify the exact rules for the determining which of the shared COT to use. Therefore, it might be best to leave this to UE implementation. In the best case, some guidelines for UE might be specified, e.g. similar to the LCP procedure. So we suggest RAN2 to study the behaviour when receiving multiple COT sharing indications from different COT initiators.

Proposal 6: RAN2 is suggested to further discuss whether the behaviour when receiving multiple COT sharing indications from different COT initiators is left to UE implementation. 
5. Conclusion

In this contribution, the following observations and proposals are made:
Proposal 1: UE triggers a resource (re)selection when a SL transmission was not performed due to an LBT failure
Proposal 2: During resource (re)selection, the resources in an RB set or a resource pool for which consistent LBT failure was detected cannot be selected by UE for SL transmission, e.g. UE deactivates the corresponding resource pool.

Proposal 3: Further study on resource (re)selection for multiple consecutive slots transmission (MCSt) after RAN1 reaches decision on how to support consecutive PSSCHs transmission
Proposal 4: LCP procedure is only considering SL LCH(s) and/or MAC CE(s) for the TB generation satisfying the channel access priority class condition, i.e. CAPC is smaller than or equal to the CAPC value signalled within the SL grant.
Proposal 5: RAN2 is suggested to further study the LCP impact of UE-to-UE COT sharing based on the rules of UE-to-UE COT sharing. RAN2 needs to discuss whether the destination remains to be selected solely based on the highest priority principle or whether some additional factor like accounting for a COT sharing benefit is also considered.

Proposal 6: RAN2 is suggested to further discuss whether the behaviour when receiving multiple COT sharing indications from different COT initiators is left to UE implementation. 
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