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In revised Rel-18 WID of Sidelink evolution [1], the objective related to this contribution is as follows:
	2. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.


 In this contribution, we discuss sidelink operation on the un-licensed (SL-U).
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Resource pool and transmission opportunity selection in an SL BWP with mutiple LBT bandwidth
In RAN1#109-e [2], the existing SL resource pool and LBT bandwidth (RB set) in NR-U are agreed to reuse for SL-U. Sidelink transmission on multiple LBT Bandwidths (RB sets) is agreed to support high data rate application.
	Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.

Agreement
Channel access procedures for transmission(s) on multiple channels are supported for NR sidelink operation as defined by TS37.213 for NR-U (wherever applicable)
· FFS whether the downlink, uplink and/or semi-static multiple channel access procedure(s) (if supported) from NR-U should be used as a baseline and whether/how they are applied in SL mode 1 and mode 2 operation


For sidelink mode 1 and 2, the existing RA (Resource allocation) modes are supported as a baseline in RAN1#109-e [2]. Mode 1 is referred as gNB provides dynamic grant and configured grant sidelink grants to UEs for SL transmission and mode 2 is referred as UE performs resource selection and reservation based on a full/partial sensing, random selection.  
	Agreement
· The existing sidelink mode 1 RA including dynamic grant, Type 1 and Type 2 configured grants are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the allocated resource(s), in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 1 resource allocation procedure needs to be updated / enhanced due to shared spectrum channel access
· The existing sidelink mode 2 RA schemes are supported as a baseline for sidelink operation in a shared carrier, subject to applicable regional regulations. At least in dynamic channel access, SL UE performs Type 1 or one of the Type 2 LBTs before SL transmission using the selected and/or reserved resources, in compliance with transmission gap and LBT sensing idle time requirements specified in TS37.213.
· FFS whether/how mode 2 resource selection procedure needs to be updated / enhanced due to shared spectrum channel access
· FFS whether/how multi-consecutive slots transmission can be supported for NR sidelink operation in unlicensed spectrum, including the following aspects
· channel access, resource allocation and PHY channel design
· FFS whether/how enhancement is needed between the end of the LBT procedure and the start of the SL transmission to retain channel access
· RAN1 to strive for a common solution for channel access for Mode 1 and Mode 2


In LTE V2X and NR V2X, resource pool is designed satisfying all of QoS. In other words, the MAC entity selects any resource pool just considering the HARQ enable/disable configuration of LCH. For example, if sl-HARQ-FeedbackEnabled is set to enabled for the logical channel, the MAC entity select any pool of resources configured with PSFCH resources among the pools of resources in TS 38.321 [3].
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Figure 1 (a) shows an example of multiple resource pools in an SL BWP with two LBT bandwidth. Four resource pools (Resource pool 0, 1, 2 and 3) are configured in the SL BWP. The resource pool 0 with PSFCH and 1 without PSFCH are configured in LBT bandwidth (RB set 1), resource pool 2 with PSFCH is configured in LBT bandwidth (RB set 0) and resource pool 3 with PSFCH is configured in both LBT bandwidths (RB set 0 & 1). In this case, if sl-HARQ-FeedbackEnabled is set to enabled for the logical channel, the MAC entity selects any pool of resources configured with PSFCH resource (Resource pool 0 or 2 or 3) among the resource pools based on the legacy resource pool selection. In other words, the MAC entity does not consider LBT impact when selecting a resource pool.
	TS 38.321, 5.22.1.1 SL grant reception and SCI transmission
2>	if the MAC entity has not selected a pool of resources allowed for the logical channel:
3>	if SL data is available in the logical channel for sidelink discovery:
4>	if sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon is configured according to TS 38.331 [5]:
5>	select the sl-DiscTxPoolSelected configured in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon for the transmission of sidelink discovery message.
4>	else:
5>	select any pool of resources among the configured pools of resources.
3>	else if sl-HARQ-FeedbackEnabled is set to enabled for the logical channel:
4>	select any pool of resources configured with PSFCH resources among the pools of resources except the pool(s) in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon, if configured.
3>	else:
4>	select any pool of resources among the pools of resources except the pool(s) in sl-BWP-DiscPoolConfig or sl-BWP-DiscPoolConfigCommon, if configured.


Tx UE should take the risk of not being able to transmit SCI/SL data due to LBT failure. For example, if Tx UE selects resource pool 0 and LBT procedure is failed in LBT bandwidth (RB set 1), Tx UE triggers resource re-selection or waits for another SL grant even if there is other the LBT bandwidth (RB set 0) where LBT is possible to succeed. 
In Figure 1 (b), where only one resource pool that is configured in both LBT bandwidths (RB set 0 & 1), a similar situation would have occurred in a transmission opportunity selection after resource pool selection. For example, if randomly selected resources (transmission opportunity) by Tx UE is within LBT bandwidth (RB set 1) and LBT procedure is failed in LBT bandwidth (RB set 1), Tx UE triggers resource re-selection or waits for another SL grant even if there are other available resources in LBT bandwidth (RB set 0) where LBT is possible to succeed.
Observation 1: The current resource pool & transmission opportunity selection does not consider the LBT impact
We divide two cases of resource pool configuration whether a resource pool can be configured to include one or more LBT bandwidths in an SL BWP with multiple LBT bandwidths or not.
· Alt 1: A resource pool can be configured to include one or more LBT bandwidth (RB sets) as in Figure 1 (a). 
· Alt 2: A resource pool should be configured to include all LBT bandwidths (RB sets) as in Figure 1 (b).
In Alt 1, to improve resource pool selection, methods such as condition-based resource pool selection and LCH mapping to Multiple LBT bandwidths can be considered. In condition-based resource pool selection, the MAC entity may use the LBT information (LBT result or LBT failure counter) reported from the physical layer and/or the CBR measured for each resource pool. In LCH mapping to multiple LBT bandwidths, it may mean enable/disable of multiple LBT bandwidths in a specific LCH. For example, if Multiple LBT bandwidth operation is enabled in LCH X, the MAC entity can select a resource pool including Multiple LBT bandwidths.
In Alt 2 and if a resource pool with multiple LBT bandwidths is selected in Alt 1, to improve transmission opportunity selection, methods such as resource selection restriction and candidate resource selection can be considered. In the resource selection restriction, if there are available resources within a specific LBT bandwidth as much as the selected frequency resource, the MAC entity selects resources from the restricted resources within the corresponding LBT bandwidth. This can prevent channel access to more than two LBT bandwidths. In the candidate resource selection, a candidate resource is selected for each LBT bandwidth and the final resource to be used in the transmission opportunity is selected according to the LBT result.
Proposal 1: We kindly ask RAN2 to discuss resource pool configuration in an SL BWP with multiple LBT bandwidth (RB sets)
· Alt 1: A resource pool can be configured to include one or more LBT bandwidth (RB sets)
· Alt 2: A resource pool should be configured to include all LBT bandwidths (RB sets)
Proposal 2: If Alt 1 is possible configuration, discuss how to consider LBT impact on resource pool & transmission opportunity selection in an SL BWP configured with multiple LBT bandwidths
· Option 1: CBR based resource pool selection
· Option 2: LBT information (LBT result, LBT failure counter) based resource pool selection
· Option 3: Multiple LBT bandwidths enable/disabled in an LCH
Proposal 3: Discuss how to consider LBT impact on resource selection for transmission opportunity in a resource pool configured with multiple LBT bandwidths
· Option 1: Candidate resource selection 
· Option 2: Resource selection restriction

DRX (Discontinuous reception)
In RAN1#109e and RAN1#110 [2, 4], agreements related to PSFCH are as followings:
	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 

Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives

Agreement
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives



In Rel-17 Sidelink enhancements, SL DRX was introduced for power saving. The DRX timers (e.g., sl-drx-HARQ-RTT-Timer, sl-drx-RetransmissionTimer) are defined differently depending on the presence of PSFCH resource within resource pool, the presence of retransmission resources in SCI for PC5 interface. And, the DRX timers (e.g., drx-HARQ-RTT-TimerSL, drx-RetransmissionTimerSL) are defined differently depending on the presence of PUCCH resource for Uu interface.
To solve the case where PSFCH transmission cannot be performed due to LBT failure and MCOT (Maximum channel occupancy time), a dedicated PSFCH resource configuration, dynamic PSFCH resource indication and one or more HARQ Feedback timings are being discussed in RAN1. Thus, RAN2 should discuss how to operate the DRX timer considering the un-licensed characteristics of MCOT and COT sharing as well as the HARQ feedback methods discussed in RAN1. 
Proposal 4: RAN2 needs to discuss how to operate the DRX timer considering the un-licensed characteristics of MCOT and COT sharing as well as the HARQ feedback method discussed by RAN1
Conclusion
 In this contribution, we discussed sidelink operation in un-licensed. According to discussion in section 2, we have the following proposals:
Observation 1: The current resource pool & transmission opportunity selection does not consider the LBT impact
Proposal 1: We kindly ask RAN2 to discuss resource pool configuration in an SL BWP with multiple LBT bandwidth (RB sets)
· Alt 1: A resource pool can be configured to include one or more LBT bandwidth (RB sets)
· Alt 2: A resource pool should be configured to include all LBT bandwidths (RB sets)
Proposal 2: If Alt 1 is possible configuration, discuss how to consider LBT impact on resource pool & transmission opportunity selection in an SL BWP configured with multiple LBT bandwidths
· Option 1: CBR based resource pool selection
· Option 2: LBT information (LBT result, LBT failure counter) based resource pool selection
· Option 3: Multiple LBT bandwidths enable/disabled in an LCH
Proposal 3: Discuss how to consider LBT impact on resource selection for transmission opportunity in a resource pool configured with multiple LBT bandwidths
· Option 1: Candidate resource selection 
· Option 2: Resource selection restriction
Proposal 4: RAN2 needs to discuss how to operate the DRX timer considering the un-licensed characteristics of MCOT and COT sharing as well as the HARQ feedback method discussed by RAN1
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