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1.	Introduction
In this contribution, we investigate various technical issues on the Sidelink unlicensed spectrum for broadcast, groupcast, and unicast.  
2.	Discussion
2.1 SL-CAPC 
During RAN1 #109-e, it was agreed that type 1 and type 2 LBTs as defined in NR-U and specified in TS37.213 are used as a baseline for SL-U. However, several details have been left for further study, and among those whether the UL Channel Access Priority Class (CAPC) table or DL CAPC table or both would be used for SL transmissions. It is more appropriate to consider SL-CAPC based on UL CAPC rather than DL CAPC from perspective of UE usage. 
Observation 1. During RAN1 #109-e, it was agreed that type 1 and type 2 LBTs as defined in NR-U and specified in TS37.213 are used as a baseline for SL-U. However, several details have been left for further study, and among those whether the UL Channel Access Priority Class (CAPC) table or DL CAPC table or both would be used for SL transmissions. 
Proposal 1. UL Channel Access Priority Class (CAPC) table can be a baseline for SL-CAPC.
In NR-U, CAPCs are mapped to 5QI. Similar to NR-U, SL-CAPCs can be mapped to PQIs.
Observation 2. In NR-U, CAPCs mapped to 5QI. Similar to NR-U, SL-CAPCs can be mapped to PQIs.
Proposal 2. Similar to NR-U, SL-CAPCs can be mapped to PQIs.
The SL-CAPC selection rule for SL-SRBs, SL MAC CE and SL-DRB should be defined, and NR-U CAPC mapping rules can be a baseline for SL-CAPC mapping rules to SL MAC CE, SL-SRBs and SL-CAPC using rule for SL-DRB.
For example, 
When performing Type 1 LBT for the transmission of an Sidelink TB and when the SL-CAPC is not indicated in the SCI, the UE shall select the SL-CAPC as shown below:
-	If only Sidelink MAC CE(s) are included in the Sidelink TB, the highest priority SL-CAPC of those Sidelink MAC CE(s) is used; or
-	If SCCH SDU(s) are included in the Sidelink TB, the highest priority SL-CAPC is used; or
-	The lowest priority SL-CAPC of the logical channel(s) with Sidelink MAC SDU multiplexed in the Sidelink TB is used otherwise.
Observation 3. The SL-CAPC selection rule for SL-SRBs, SL MAC CE and SL-DRB should be defined.
Proposal 3. NR-U CAPC mapping rules can be a baseline for SL-CAPC mapping rules to SL MAC CE, SL-SRBs and SL-CAPC using rule for SL-DRB.

2.2 SL LBT failure 
RAN2 should define a behavior of SL consistent LBT failure in SL-U. First, granularity of SL consistent LBT failure for counting a SL LBT failure should be decided for SL consistent LBT failure procedure. The following candidate granularities can be considered for SL consistent LBT failure.
- SL BWP, Resource pool (or RB set), Cast type, PC5 RRC connection for unicast
First, when using SL BWP as granularity, it is impossible to switch to another SL BWP after SL consistent LBT failure is declared, so SL RLF should be declared. On the other hand, when a resource pool (or RB set) is used as granularity, when SL consistent LBT failure is declared, SL transmission can be continued by switching to another resource pool (or RB set) without SL RLF declaration. If SL consistent LBT failures are declared for all resource pools (or all RB sets), the UE can declare SL RLF. In addition, if granularity is used as the cast type, RAN2 can define the SL consistent failure procedure differently for each cast type (per UC/GC/BC). For example, in the case of UC, SL consistent LBT failure can be declared for each PC5 RRC connection, and when SL consistent LBT failure is declared, SL RLF can be declared for corresponding PC5 RRC connection. In addition, when SL consistent LBT failure is declared in GC/BC, resource selection can be triggered instead of declaring SL RLF differently from UC.
In conclusion RAN2 should decide which granularity to adopt among the above-listed granularities for SL consistent LBT failure procedure.
Observation 4. RAN2 should define a behavior of SL consistent LBT failure in SL-U. First, granularity of SL consistent LBT failure for counting a SL LBT failure should be decided for SL consistent LBT failure procedure. The following candidate granularities can be considered for SL consistent LBT failure.
- SL BWP, Resource pool (or RB set), Cast type, PC5 RRC connection for unicast. 
Proposal 4. For SL consistent LBT failure procedure, RAN2 should define a granularity of SL consistent LBT failure for counting a LBT failure. E.g., per SL BWP, per resource pool (or per RB set), per cast type (UC/GC/BC), per PC5 RRC connection for unicast
Moreover, regarding the SL RLF declaration, RAN2 should discuss whether or how to declare SL RLF in case of consistent SL LBT failure in UC/GC/BC. Besides, when SL consistent LBT failure occurs, the SL consistent LBT failure can be reported to serving gNB through MAC CE or RRC message. RAN2 can discuss signalling detail about the SL consistent LBT failure reporting.
Observation 5. RAN2 should discuss whether or how to declare SL RLF in case of consistent SL LBT failure in UC/GC/BC. Besides, when SL consistent LBT failure occurs, the SL consistent LBT failure can be reported to serving gNB through MAC CE or RRC message. RAN2 can discuss signalling detail about the SL consistent LBT failure reporting.
Proposal 5. RAN2 should discuss the reporting procedure for SL consistent LBT failure and the relationship (i.e., whether or how to declare SL RLF in case of consistent SL LBT failure in UC/GC/BC) between SL consistent LBT failure and SL RLF declaration.
It is necessary to check whether the SL RLF procedure is affected by the introduction of the SL-U operation. For example, the RX UE may not be able to transmit PSFCH due to SL LBT failure as well as SCI decoding failure. PSFCH transmission failures due to SL LBT failure will occur frequently in SL-U. Also, in SL-U, since the TX UE cannot distinguish the failure of the RX UE to transmit PSFCH due to SL LBT failure, it can be considered that the occurrence of SL LBT failure is already reflected in the DTX counting of the TX UE. Therefore, it may be desirable to perform the SL RLF procedure by considering the SL LBT failure of the TX UE as well. Therefore, RAN2 can discuss enhancement of DTX-based SL RLF considering SL LBT failure in SL-U.
Observation 6. the RX UE may not be able to transmit PSFCH due to SL LBT failure as well as SCI decoding failure. PSFCH transmission failures due to SL LBT failure will occur frequently in SL-U. Also, in SL-U, since the TX UE cannot distinguish the failure of the RX UE to transmit PSFCH due to SL LBT failure, it can be considered that the occurrence of SL LBT failure is already reflected in the DTX counting of the TX UE. Therefore, it may be desirable to perform the SL RLF procedure by considering the SL LBT failure of the TX UE as well.
Proposal 6. RAN2 can discuss enhancement of DTX-based SL RLF considering SL LBT failure in SL-U.
In addition to SL RLF, RAN2 can discuss whether to consider SL LBT failure in SL-CG-MaxTransNum, sl-MaxTxTransNumPSSCH, and sl-ReselectAfter.
Proposal 7. RAN2 can discuss whether to consider SL LBT failure in SL-CG-MaxTransNum, sl-MaxTxTransNumPSSCH, and sl-ReselectAfter.
2.3 COT sharing 
The SL-CAPC restriction in the shared COT has already been agreed by RAN1 as shown below:
	· 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


RAN2 should first determine whether or not to consider LCP enhancement in consideration of the above RAN1 agreement. If RAN2 considers LCP enhancement for the above RAN1 agreement, the following scenario can be discussed. For example, according to the RAN1 agreement, if the representative SL-CAPC value of the generated MAC PDU, which is the LCP result of the COT responding UE, is larger than the SL-CAPC value included in the shared COT transmitted by the COT initiating UE, the COT Responding UE cannot obtain benefits of type 2 LBT using shared COT. Therefore, LCP enhancement can be considered so that the COT Responding UE can obtain the benefit of type 2 LBT. If RAN2 does not consider LCP enhancement, when the representative SL-CAPC value of the generated MAC PDU, which is the LCP result of the COT responding UE, is larger than the SL-CAPC value included in the shared COT transmitted by the COT initiating UE, RAN2 may define a terminal operation so that the COT Responding UE performs type 1 LBT-based transmission for transmission of the MAC PDU. 
Observation 7. According to the RAN1 agreement(“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.”), if the representative SL-CAPC value of the generated MAC PDU, which is the LCP result of the COT responding UE, is larger than the SL-CAPC value included in the shared COT transmitted by the COT initiating UE, the COT Responding UE cannot obtain benefits of type 2 LBT using shared COT. Therefore, LCP enhancement can be considered so that the COT Responding UE can obtain the benefit of type 2 LBT. If RAN2 does not consider LCP enhancement, when the representative SL-CAPC value of the generated MAC PDU, which is the LCP result of the COT responding UE, is larger than the SL-CAPC value included in the shared COT transmitted by the COT initiating UE, RAN2 may define a terminal operation so that the COT Responding UE performs type 1 LBT-based transmission for transmission of the MAC PDU.
[bookmark: _GoBack]As well as, from a resource allocation point of view, it can be discussed whether resource allocation enhancement is necessary to obtain the benefit of using type 2 LBT within the shared COT of the COT responding UE.
Proposal 8. RAN2 can check LCP impact and sidelink grant generation on RAN1 agreement (i.e., “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 COT Responding UE receives a shared COT information from COT Initiating UE, the COT Responding UE performs type 2 LBT-based SL transmission within the shared COT. If the COT responding UE receives the shared COT information from the COT initiating UE through the MAC CE only, the shared COT information can be transferred to physical layer so that the physical layer can select a set of candidate resources as resources within the shared COT. Since a UE performs LBT after the sidelink grant is generated, when resource re-selection is triggered by re-evaluation/pre-emption/UL-SL prioritization/Congestion control, the MAC entity can deliver shared COT information to the physical layer.
2.4 CG timer/CG retransmission timer in SL-U 
When a sidelink configured grant for retransmission is insufficient due to SL LBT failure, it can be needed to use the CG resource of the next period for the purpose of retransmission without PUCCH (NACK) reporting, including case of not configuring PUCCH resource. Therefore, RAN2 can discuss whether to support the CG retransmission timer introduced in NR-U even in SL-U. In addition, since the CG retransmission timer works together with the CG timer, the RAN2 can also discuss whether to support the CG timer.
Observation 8. When a sidelink configured grant for retransmission is insufficient due to SL LBT failure, it can be needed to use the CG resource of the next period for the purpose of retransmission without PUCCH (NACK) reporting, including case of not configuring PUCCH resource. Therefore, RAN2 can discuss whether to support the CG retransmission timer introduced in NR-U even in SL-U. In addition, since the CG retransmission timer works together with the CG timer, the RAN2 can also discuss whether to support the CG timer.
Proposal 9. RAN2 can discuss whether to support the CG timer and CG retransmission timer in SL-U.
2.5 DRX impact 
COT Initiating UE is a UE receiving SL Data transmitted by the COT Responding UE. In addition, the COT Responding UE transmits SL data within the shared COT duration to the COT Initiating UE. Therefore, if the COT initiating UE supports the SL DRX, the COT initiating UE should monitor the PSCCH/PSSCH from the COT responding UE during the corresponding period by considering the shared COT duration it shares as its own DRX active time.
Observation 9. COT Initiating UE is a UE receiving SL Data transmitted by the COT Responding UE. In addition, the COT Responding UE transmits SL data within the shared COT duration to the COT Initiating UE. Therefore, if the COT initiating UE supports the SL DRX, the COT initiating UE should monitor the PSCCH/PSSCH from the COT responding UE during the corresponding period by considering the shared COT duration it shares as its own DRX active time.
Proposal 10. RAN2 can discuss DRX operation considering shared COT as SL DRX active time.
In addition, if TX UE directly makes and uses a COT, the TX UE can generate the COT in consideration of the DRX active time of RX UE.
Observation 10. If TX UE directly makes and uses a COT, the TX UE can generate the COT in consideration of the DRX active time of RX UE.
Proposal 11. RAN2 can discuss the procedure for the TX UE to generate a COT considering the SL DRX active time of the RX UE.
In Release-17 Sidelink enhancement, RAN2 defined an RX UE’s behaviour to start sl-drx-HARQ-RTT-Timer when PSFCH transmission is not performed due to UL/SL prioritization. Similarly, RAN2 can support an RE UE’s behaviour of starting sl-drx-HARQ-RTT-Timer when PSFCH transmission is not performed due to SL LBT failure.
Observation 11. In Release-17 Sidelink enhancement, RAN2 defined an RX UE’s behaviour to start sl-drx-HARQ-RTT-Timer when PSFCH transmission is not performed due to UL/SL prioritization. Similarly, RAN2 can support an RE UE’s behaviour of starting sl-drx-HARQ-RTT-Timer when PSFCH transmission is not performed due to SL LBT failure.
Proposal 12. sl-drx-HARQ-RTT-Timer can be started/restarted regardless of the SL LBT outcome for PSFCH transmission.
In order to alleviate the problem of PSFCH transmission dropping due to SL LBT failure, RAN1 is discussing multiple PSFCH occasions as in the agreement below.
	Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
FFS: whether/how to address PSFCH and related PSSCH in different COTs


Based on the results of RAN1 discussion for multiple PSFCH occasions, RAN2 can discuss the DRX impacts of multiple PSFCH occasions. For example, RAN2 can discuss on which PSFCH occasions (e.g., last PSFCH occasion or PSFCH transmission time) the UE starts sl-drx-HARQ-RTT-Timer when the UE has multiple PSFCHs for PSSCH.
Observation 12. Based on the results of RAN1 discussion for multiple PSFCH occasions, RAN2 can discuss the DRX impacts of multiple PSFCH occasions. For example, RAN2 can discuss on which PSFCH occasions (e.g., last PSFCH occasion: ending point of the slot where multiple PSFCH resources exist or PSFCH transmission time) the UE starts sl-drx-HARQ-RTT-Timer when the UE has multiple PSFCHs for PSSCH.
Proposal 13. Based on the results of RAN1 discussion for multiple PSFCH occasions, RAN2 can discuss the DRX impacts of multiple PSFCH occasions. 
3.	Conclusion
This contribution discussed a possible impact on RAN2 by SL-U operation, which can be summarized as follows:
Observation 1. During RAN1 #109-e, it was agreed that type 1 and type 2 LBTs as defined in NR-U and specified in TS37.213 are used as a baseline for SL-U. However, several details have been left for further study, and among those whether the UL Channel Access Priority Class (CAPC) table or DL CAPC table or both would be used for SL transmissions. 
Proposal 1. UL Channel Access Priority Class (CAPC) table can be a baseline for SL-CAPC.
Observation 2. In NR-U, CAPCs mapped to 5QI. Similar to NR-U, SL-CAPCs can be mapped to PQIs.
Proposal 2. Similar to NR-U, SL-CAPCs can be mapped to PQIs.
Observation 3. The SL-CAPC selection rule for SL-SRBs, SL MAC CE and SL-DRB should be defined.
Proposal 3. NR-U CAPC mapping rules can be a baseline for SL-CAPC mapping rules to SL MAC CE, SL-SRBs and SL-CAPC using rule for SL-DRB.
Observation 4. RAN2 should define a behavior of SL consistent LBT failure in SL-U. First, granularity of SL consistent LBT failure for counting a SL LBT failure should be decided for SL consistent LBT failure procedure. The following candidate granularities can be considered for SL consistent LBT failure.
- SL BWP, Resource pool (or RB set), Cast type, PC5 RRC connection for unicast. 
Proposal 4. For SL consistent LBT failure procedure, RAN2 should define a granularity of SL consistent LBT failure for counting a LBT failure. E.g., per SL BWP, per resource pool (or per RB set), per cast type (UC/GC/BC), per PC5 RRC connection for unicast
Observation 5. RAN2 should discuss whether or how to declare SL RLF in case of consistent SL LBT failure in UC/GC/BC. Besides, when SL consistent LBT failure occurs, the SL consistent LBT failure can be reported to serving gNB through MAC CE or RRC message. RAN2 can discuss signalling detail about the SL consistent LBT failure reporting.
Proposal 5. RAN2 should discuss the reporting procedure for SL consistent LBT failure and the relationship (i.e., whether or how to declare SL RLF in case of consistent SL LBT failure in UC/GC/BC) between SL consistent LBT failure and SL RLF declaration.
Observation 6. the RX UE may not be able to transmit PSFCH due to SL LBT failure as well as SCI decoding failure. PSFCH transmission failures due to SL LBT failure will occur frequently in SL-U. Also, in SL-U, since the TX UE cannot distinguish the failure of the RX UE to transmit PSFCH due to SL LBT failure, it can be considered that the occurrence of SL LBT failure is already reflected in the DTX counting of the TX UE. Therefore, it may be desirable to perform the SL RLF procedure by considering the SL LBT failure of the TX UE as well.
Proposal 6. RAN2 can discuss enhancement of DTX-based SL RLF considering SL LBT failure in SL-U.
Proposal 7. RAN2 can discuss whether to consider SL LBT failure in SL-CG-MaxTransNum, sl-MaxTxTransNumPSSCH, and sl-ReselectAfter.
Observation 7. According to the RAN1 agreement(“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.”), if the representative SL-CAPC value of the generated MAC PDU, which is the LCP result of the COT responding UE, is larger than the SL-CAPC value included in the shared COT transmitted by the COT initiating UE, the COT Responding UE cannot obtain benefits of type 2 LBT using shared COT. Therefore, LCP enhancement can be considered so that the COT Responding UE can obtain the benefit of type 2 LBT. If RAN2 does not consider LCP enhancement, when the representative SL-CAPC value of the generated MAC PDU, which is the LCP result of the COT responding UE, is larger than the SL-CAPC value included in the shared COT transmitted by the COT initiating UE, RAN2 may define a terminal operation so that the COT Responding UE performs type 1 LBT-based transmission for transmission of the MAC PDU.
Proposal 8. RAN2 can check LCP impact and sidelink grant generation on RAN1 agreement (i.e., “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.”).
Observation 8. When a sidelink configured grant for retransmission is insufficient due to SL LBT failure, it can be needed to use the CG resource of the next period for the purpose of retransmission without PUCCH (NACK) reporting, including case of not configuring PUCCH resource. Therefore, RAN2 can discuss whether to support the CG retransmission timer introduced in NR-U even in SL-U. In addition, since the CG retransmission timer works together with the CG timer, the RAN2 can also discuss whether to support the CG timer.
Proposal 9. RAN2 can discuss whether to support the CG timer and CG retransmission timer in SL-U.
Observation 9. COT Initiating UE is a UE receiving SL Data transmitted by the COT Responding UE. In addition, the COT Responding UE transmits SL data within the shared COT duration to the COT Initiating UE. Therefore, if the COT initiating UE supports the SL DRX, the COT initiating UE should monitor the PSCCH/PSSCH from the COT responding UE during the corresponding period by considering the shared COT duration it shares as its own DRX active time.
Proposal 10. RAN2 can discuss DRX operation considering shared COT as SL DRX active time.
Observation 10. If TX UE directly makes and uses a COT, the TX UE can generate the COT in consideration of the DRX active time of RX UE.
Proposal 11. RAN2 can discuss the procedure for the TX UE to generate a COT considering the SL DRX active time of the RX UE.
Observation 11. In Release-17 Sidelink enhancement, RAN2 defined an RX UE’s behaviour to start sl-drx-HARQ-RTT-Timer when PSFCH transmission is not performed due to UL/SL prioritization. Similarly, RAN2 can support an RE UE’s behaviour of starting sl-drx-HARQ-RTT-Timer when PSFCH transmission is not performed due to SL LBT failure.
Proposal 12. sl-drx-HARQ-RTT-Timer can be started/restarted regardless of the SL LBT outcome for PSFCH transmission.
Observation 12. Based on the results of RAN1 discussion for multiple PSFCH occasions, RAN2 can discuss the DRX impacts of multiple PSFCH occasions. For example, RAN2 can discuss on which PSFCH occasions (e.g., last PSFCH occasion: ending point of the slot where multiple PSFCH resources exist or PSFCH transmission time) the UE starts sl-drx-HARQ-RTT-Timer when the UE has multiple PSFCHs for PSSCH.
Proposal 13. Based on the results of RAN1 discussion for multiple PSFCH occasions, RAN2 can discuss the DRX impacts of multiple PSFCH occasions. 
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