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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]. This paper will discuss remaining issues for SL-U. 
[bookmark: _Ref178064866]2	Discussion
2.1	Consistent LBT failure
Companies have discussed whether a UE can inform consistent LBT failure to a peer UE in RAN2#123, without making consensus. In our view, such enhancement is not necessary since it will increase the complexity of resource selection and reselection. Meanwhile, it is already feasible to achieve the same functionality based on the existing IUC mechanism. In other words, the UE may send a set of preferred or non preferred resources to the peer UE considering the consistent LBT failure detected by the UE. Therefore, we make the below proposal
[bookmark: _Toc146798269]A UE doesn’t inform a peer UE of consistent LBT failure that the UE has detected. 
2.2	Determination of LBT type in case of COT sharing
RAN2 has discussed which layer (i.e., MAC layer or the PHY layer) to determine LBT type for a transmission. In our view, the procedure of determining LBT type shall be a joint action for the two layers. The procedure can be illustrated in the below as an example
Step 1: PHY receives COT info from the COT initiating UE via SCI
Step 2: PHY forwards the COT info to the MAC layer, and checks with MAC layer whether the MAC layer applies the enhanced LCP or the legacy LCP i.e., the LBT type. The MAC layer makes an initial preference on the LBT type based on if the MAC layer has at least one LCH with data towards the COT initiating UE associated with the CAPC value meeting the threshold or a MAC CE triggered. If the answer is yes, the MAC layer determines the LBT type as Type 2, otherwise, Type 1.
Step 3: PHY performs resource selection according to the LBT type indicated by the MAC layer, and provides resource sets to the MAC layer. If the indicated LBT type is Type 2, the PHY layer may attempt (e.g., up to PHY implementation) to select resources fulfilling the gap requirement (e.g., the gap between the last transmission and the new transmission is not more than 25us). However it may occur that the PHY layer provided resource sets don’t contain any resource fulling the gap limit according to the LBT type indicated by the MAC layer.
Step 4: the MAC layer selects the resources among the set of resources provided by the PHY layer according to the LBT type (i.e., the MAC layer’s initial preference). If the selected resources cannot fulfill the gap requirement in time (e.g., the gap between the last transmission and the new transmission is not more than 25us), the MAC layer would determine to apply LBT type 1 for the transmission corresponding to the selected resources even if the initial preference was Type 2.
Step 5: the MAC layer informs the determined LBT type to the PHY layer for the next transmission. The PHY layer performs LBT operations accordingly prior to the next transmission.
Based on the procedure, it is the MAC layer that is responsible for determining LBT type based on joint actions of both the MAC layer and the PHY layer. Therefore, we make the below proposal.
[bookmark: _Toc146798270]For a shared COT, the LBT type for a PSSCH transmission of the COT responding UE is determined by the MAC layer based on joint steps involving the MAC layer and the PHY layer. FFS on the details of joint steps.

2.2 Resource selection and reselection for MCSt
In case of Multi consecutive slot transmission (MCSt), the UE may select multiple consecutive resources for one or multiple TBs. Whether resource reselection can be triggered when one or multiple resources are subject to LBT failures was discussed in RAN2#122, however no consensus was made. Companies have diverse views especially for multiple TB case. Some companies have also discussed whether to support the NR-U mechanism, i.e., the UE can move the TB which is subject to LBT failures to the next slot/HARQ process. 
MCSt is being designed to enable the UE to obtain more transmission opportunities to combat LBT failures. The UE would continue LBT operations until LBT operation has succeeded before the last resource/slot is passed in time. MCSt increases the probability that the UE can have at least one resource/slot available after LBT operation is successful. Therefore, it is not necessary to trigger resource reselection for MCSt when LBT failures occur. This logic is valid regardless of if the MCSt resources are allocated for single TB case or multiple TB case. In addition, the transmitter can base on CBR measurement or channel occupancy measurement to determine the number of consecutive slots to mitigate the potential impact of LBT failures. It is unnecessary to increase the design complexity for resource reselection by introducing resource reselection trigger due to LBT failures in case of MCSt.
[bookmark: _Toc142568462][bookmark: _Toc146798278]MCSt is intended to provide the UE with additional transmission opportunities so that the transmission is not stalled by LBT failures.
We make the below proposal.
[bookmark: _Toc142568469][bookmark: _Toc146798271]Resource reselection due to LBT failures is not pursued for MCSt regardless of whether the MCSt resources are allocated for single TB or multiple TBs. 
In addition, same as in NR-U, the UE can move the TB to the next resource/slot if the first resource/slot is dropped due to LBT failures.
[bookmark: _Toc142568471][bookmark: _Toc146798272]Same as in NR-U, in case of multi-TB based MCSt, the UE can move the TB to the next resource/slot which was determined for a different TB if the first resource/slot is dropped due to LBT failures. 

2.3 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: _Toc146798279]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: _Toc146798280]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: _Toc146798273]UE is allowed to perform blind retransmissions using CG resources across CG periods. 
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: _Toc146798274]Introduce asynchronous HARQ (i.e., TX UE selects/determines HARQ process) for CG. 
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: _Toc146798281]NR-U UE supports multiple active CG configurations.
[bookmark: _Toc146798282]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: _Toc146798275]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. 
2.4 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: _Toc146798276]For Mode 1 RA, 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: _Toc146798277]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	MCSt is intended to provide the UE with additional transmission opportunities so that the transmission is not stalled by LBT failures.
Observation 2	Configured SL transmissions in consecutive slots is supported for SL-U.
Observation 3	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 4	NR-U UE supports multiple active CG configurations.
Observation 5	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	A UE doesn’t inform a peer UE of consistent LBT failure that the UE has detected.
Proposal 2	For a shared COT, the LBT type for a PSSCH transmission of the COT responding UE is determined by the MAC layer based on joint steps involving the MAC layer and the PHY layer. FFS on the details of joint steps.
Proposal 3	Resource reselection due to LBT failures is not pursued for MCSt regardless of whether the MCSt resources are allocated for single TB or multiple TBs.
Proposal 4	Same as in NR-U, in case of multi-TB based MCSt, the UE can move the TB to the next resource/slot which was determined for a different TB if the first resource/slot is dropped due to LBT failures.
Proposal 5	UE is allowed to perform blind retransmissions using CG resources across CG periods.
Proposal 6	Introduce asynchronous HARQ (i.e., TX UE selects/determines HARQ process) for CG.
Proposal 7	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 8	For Mode 1 RA, 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 9	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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