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Introduction
In [1], RAN4 discussed which RRM requirements would be affected by SL-U operation, especially LBT operation.
	<Way forward >: RAN4 to continue discussion whether and how to define the following requirements considering SL-U operation
· UE transmit timing
· Initiation/Cease of SLSS transmission
· Selection/Reselection of V2X synchronization reference source
· L1 SL-RSRP measurement
· Congestion control measurements
· Interruption
· Scheduling availability
<Agreement >: Other issues due to LBT
· FFS: Conditions when SLSS occasion can be considered as available or unavailable 
· FFS: UE behavior when experiencing large number of missing SLSS due to LBT failures



In this contribution, we provide our views on the requirements for SL-U operation based on the above list.

Discussion
UE transmit timing
UE transmit timing error when SyncRef UE is used as the reference source has been derived by Error_SL+Margin_SL. Error_SL is time chip granularity (= sampling time interval on SL). The Error_SL is related to SCS and FFT size for S-SSB transmission, and Margin_SL for the existing transmit timing error is 4, 4, and 3 for SCS 15kHz, 30kHz, and 60kHz, respectively. For SL-U, the S-SSB transmission design will be updated with RAN1 agreement below. 
	Agreement in RAN1
For S-SSB transmission within 1 RB set, down-select to one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set, e.g. whether 1 or 2 interlaces will be used for S-SSB
· Option 3-1: Transmit S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), how to reduce PAPR, etc.
· FFS gap of 0
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· Continue studying how to meet the minimum 2 MHz requirements under 15 kHz SCS.


S-SSB is transmitted by using interlaced RB transmission or repetition in the frequency domain within 1 RB set. Therefore, S-SSB bandwidth for SL-U would be 1 RB set. Therefore, UE transmit timing error for SyncRef UE as a synchronization reference source should be updated. Based on the calculation above, the following timing error limit (Te) could be considered.
Table 1 Te timing error limit for SyncRef UE as a synchronization reference source in SL-U operation
	Frequency Range of sidelink
	SCS of sidelink signals (kHz)
	Te

	FR1
	15
	5*64*Tc

	
	30
	5*64*Tc

	
	60
	4*64*Tc

	Note 1:	Tc is the basic timing unit defined in TS 38.211.



Due to LBT failure, SyncRef UE cannot transmit S-SSB, so the requirements should apply when the S-SSB transmission from SyncRef UE is available within X msec. X could be further discussed. 

· Proposal 1: Consider the requirement of timing error limit for SyncRef UE as a synchronization reference source in Table 1, and the requirements should apply when the S-SSB transmission from SyncRef UE is available within X msec.

Initiation/Cease of SLSS transmission
The sidelink UE shall be capable of measuring the RSRP of the cell or PSBCH-RSRP of SyncRef UE as a synchronization reference source to evaluate to initiate/cease SLSS transmission. For SL-U operation, two scenarios for the new requirements of initiation/cease of SLSS transmission could be considered. 
· NR-U cell as a synchronization reference source
· SL-U SyncRef UE as a synchronization reference source

In case of NR-U cell as a synchronization reference source, the evaluation period to measure the RSRP of the NR-U cell can be defined based on the measurement period for intra-frequency measurements with/without gaps for FR1 CCA. However, before defining the evaluation period requirements for initiation/cease SLSS transmission for NR-U cell as a synchronization reference source, RAN4 needs to decide whether the scenario of NR-U as a synchronization reference source is considered in NR SL-U operation.
· Proposal 2: FFS whether NR-U as a synchronization reference source is considered to define the requirement for initiation/cease of SLSS transmission in NR SL-U operation.

In case SL-U SyncRef UE as a synchronization reference source, the LBT impact should be considered for the evaluation period to measure PSBCH-RSRP of the selected SyncRef UE. The evaluation period for PSBCH-RSRP can be considered to add the number of S-SSB occasions not available (LTx) at the UE during evaluation time in the existing requirements of Tevaluate,SLSS. The S-SSB occasion not available can be that all S-SSB occasions are not available within a S-SSB period. For example, the evaluation period can be as following table, and detailed LTx value could be further discussed.
	SL-DRX cycleNote 1 [ms]
	Tevaluate,SLSS [ms]

	No SL-DRX
	(4+LTx) x S-SSB periods

	SL-DRX cycle ≤ 160ms
	(4+LTx)  x S-SSB periods 

	SL-DRX cycle > 160ms
	(4+LTx)  x SL-DRX cycle

	Note 1:	If multiple SL-DRX cycles are configured for SL UE, the SL-DRX cycle in the requirement is the shortest one. When the shortest SL-DRX cycle UE used changes, the requirements do not apply to the time of transition.



· Proposal 3: Define the evaluation period to measure PSBCH-RSRP for initiation/cease of SLSS transmission adding the number of S-SSB occasions not available in the existing requirement, and FFS on the number of S-SSB occasions not available.
· Proposal 4: Define that the meaning of the S-SSB occasion not available is the case where all S-SSB occasions are not available within a S-SSB period.

When the conditions for SLSS transmission are met, the UE transmit SLSS within a S-SSB period after the evaluation period. However, the UE cannot transmit SLSS even if the conditions for SLSS transmission are met. Therefore, new requirements for the first SLSS transmission within a certain time duration after the evaluation period should be defined. For example, the UE should transmit the first SLSS within (LTx x S-SSB periods) after the evaluation period for initiation of SLSS transmission. 
· Proposal 5: Define the time duration for the first SLSS transmission after the evaluation period for initiation of SLSS transmission

Selection/Reselection of V2X synchronization reference source
In existing requirements for selection/reselection of V2X synchronization reference source, depending on the priority of synchronization reference source, the following requirements have been defined.
· Tdetect,SyncRefUE_V2X
· Allowed dropping rate of its V2X data and/or SLSS transmission during Tdetect,SyncRefUE_V2X
· Allowed dropping rate/slot per PSBCH monitoring occasion
The above existing requirements are under the assumption that S-SSBs are always available in S-SSB occasions. However, In SL-U operation, SyncRef UE cannot transmit S-SSBs due to LBT failure, so Tdetect,SyncRefUE_V2X and allowed dropping rate would be increased if the existing S-SSB transmission design is considered. In RAN1 discussion, to increase the opportunities for S-SSB transmission in SL-U operation, the additional candidates S-SSB occasions are considered, but no final decision has yet been made on how to increase the S-SSB occasions. Basically, the number of S-SSB transmission occasions would be increased, so existing requirements might be reused for SL-U operation or updated reflect to the increased S-SSB occasion. The following two options could be considered to define requirements:
· Option 1: Increase Tdetect,SyncRefUE_V2X and/or allowed dropping rate if the number of S-SSB occasions within a S-SSB period is less than a certain value. Otherwise, keep existing requirements
· Option 2: Add the number of S-SSB occasions not available (LTx) in existing requirements

· Proposal 6: RAN4 to discuss the following options to define selection/reselection of synchronization reference source considering increased S-SSB transmission occasions
· Option 1: Increase Tdetect,SyncRefUE_V2X and/or allowed dropping rate if the number of S-SSB occasions within a S-SSB period is less than a certain value. Otherwise, keep existing requirements
· Option 2: Add the number of S-SSB occasions not available (LTx) in existing requirements

L1 SL-RSRP and SL-RSSI measurement
In SL-U operation, RAN1 agreed to support multi-consecutive slots transmission for resource allocation. However, a detailed procedure for multi-consecutive slots transmission is still under discussion in RAN1. Depending on RAN1 progress of the procedure, L1 SL-RSRP and/or SL-RSSI measurement period or accuracy could be affected in RAN4 RRM. Therefore, RAN4 should discuss the L1 SL-RSRP measurement after RAN1 conclusion.
· Proposal 7: RAN4 to discuss L1 SL-RSRP and/or SL-RSSI measurement and accuracy depending on RAN1 conclusion of the procedure using multi-consecutive slots transmission. 

In SL-U operation, two candidate starting symbols for a PSCCH/PSSCH transmission were agreed in RAN1 as below.
	Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· The location of 1st starting symbol can be (pre)configured from {#0,#1,#2,#3,#4,#5,#6} per BWP
· By default (if no (pre)configuration), the location of the 1st starting symbol is symbol#0
· The location of 2nd starting symbol is (pre-)configured from {#3,#4,#5,#6,#7} per BWP
· It shall be configured such that within a slot, the number of symbols used for PSCCH/PSSCH transmission from 2nd starting symbol is not smaller than 6
· It shall be configured such that within a slot, the 2nd starting symbol is later than the 1st starting symbol
· PSCCH/PSSCH transmission starting from 1st or 2nd starting symbol shall have the same ending symbol within a slot
· Note: assume symbol index in a slot starts from #0


Based on the agreement, the UE should be able to measure L1 SL-RSRP and SL-RSSI with two candidate starting symbols in a slot. RAN4 needs to discuss whether the requirements or behavior for L1 SL-RSRP and SL-RSSI measurement are affected due to multi-starting symbols for PSCCH/PSSCH transmission.
· Proposal 8: RAN4 to investigate whether the requirements or behavior for L1 SL-RSRP and SL-RSSI measurement are affected due to two candidate starting symbols for PSCCH/PSSCH transmission.

Interruption
In SL-U operation, the different thing from the existing SL operation is that a UE should perform LBT operation before the transmission. If SL-DRX is configured, the LBT operation could be performed during the SL-DRX off duration. In this case, the interruption on the PCell/serving cell occurs due to LBT operation. If the UE can use the shared COT for its transmission, there would be no interruption on PCell/serving cell. Therefore, RAN4 should study and define the interruption requirements due to LBT operation during SL-DRX off duration.
· Proposal 9: Study and introduce the interruption requirements due to LBT operation during SL-DRX off duration


Conclusion 
In this contribution, we provide views on sidelink unlicensed band operation. For specification structure, we propose
UE transmit timing
· Proposal 1: Consider the requirement of timing error limit for SyncRef UE as a synchronization reference source in Table 1, and the requirements should apply when the S-SSB transmission from SyncRef UE is available within X msec.
Initiation/Cease of SLSS transmission
· Proposal 2: FFS whether NR-U as a synchronization reference source is considered to define the requirement for initiation/cease of SLSS transmission in NR SL-U operation.
· Proposal 3: Define the evaluation period to measure PSBCH-RSRP for initiation/cease of SLSS transmission adding the number of S-SSB occasions not available in the existing requirement, and FFS on the number of S-SSB occasions not available.
· Proposal 4: Define that the meaning of the S-SSB occasion not available is the case where all S-SSB occasions are not available within a S-SSB period.
· Proposal 5: Define the time duration for the first SLSS transmission after the evaluation period for initiation of SLSS transmission
Selection/Reselection of V2X synchronization reference source
· Proposal 6: RAN4 to discuss the following options to define selection/reselection of synchronization reference source considering increased S-SSB transmission occasions
· Option 1: Increase Tdetect,SyncRefUE_V2X and/or allowed dropping rate if the number of S-SSB occasions within a S-SSB period is less than a certain value. Otherwise, keep existing requirements
· Option 2: Add the number of S-SSB occasions not available (LTx) in existing requirements
L1 SL-RSRP and SL-RSSI measurement
· Proposal 7: RAN4 to discuss L1 SL-RSRP and/or SL-RSSI measurement and accuracy depending on RAN1 conclusion of the procedure using multi-consecutive slots transmission. 
· Proposal 8: RAN4 to investigate whether the requirements or behavior for L1 SL-RSRP and SL-RSSI measurement are affected due to two candidate starting symbols for PSCCH/PSSCH transmission.
Interruption
· Proposal 9: Study and introduce the interruption requirements due to LBT operation during SL-DRX off duration
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