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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
The latest updated WID [1] is as below. From RAN4 RRM perspectives, sidelink carrier aggregation, sidelink on unlicensed spectrum and co-channel coexistence for LTE sidelink and NR sidelink would be the main topic in RRM requirement specifications.  
	1.	Specify mechanism to support NR sidelink CA operation based on LTE sidelink CA operation [RAN2, RAN1, RAN4]  
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
· [bookmark: _Hlk89917081]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.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]Focus on FR1 unlicensed bands (n46 and n96/n102).
· 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.
3.	Study enhanced sidelink operation on FR2 licensed spectrum [RAN1, RAN2]
4.  Study and specify, if necessary, mechanism(s) for co-channel coexistence for LTE sidelink and NR sidelink including performance, necessity, feasibility, and potential specification impact if any [RAN1, RAN2, RAN4]
5. UE Tx and Rx RF requirement for supporting new features introduced in this WI, sidelink frequency bands for single-carrier operation and frequency band combinations for carrier aggregation operation [RAN4]
6. UE RRM core requirement for the new features introduced in this WI [RAN4]





        
Fig. 1 NR Sildelink Unlicensed (SL-U)                        Fig. 2 LTE V2X-NR V2X Coexistence
This paper discusses the expected scope of RRM specification for sidelink in unlicensed spectrum and provides our views.
2. Discussion
Introduction
V2X Requirements 
The RRM requirements for NR sidelink operation in licensed band are captured in Sec. 12 V2X Requirements [2]. The main topics are related with reference synchronization source management, SLSS related transmission and measurement, congestion control measurement, interruption requirement for sidelink resource control and scheduling availability.   
		12. V2X Requirement

	12.1 Introduction

	12.2 UE transmit timing

	- Ref. source: GNSS, NR Cell, E-UTRAN Cell, SyncRef UE

	12.3 Initiation/Cease of SLSS Transmission

	- Ref. source: GNSS, NR Cell, E-UTRAN Cell, SyncRef UE

	12.4 Selection / Reselection of V2X Synchronization Reference Source

	- Side conditions: SS-RSRP, V2X data drop rate / # of drop slots, ...

	12.5 L1 SL-RSRP measurements

	- Measurement accuracy

	12.6 Congestion Control measurements

	12.7 Interruption

	12.7.1 Interruptions to WAN due to V2X Sidelink Communication

	12.7.2 V2X Sidelink Communcation Dropping due to synchronization source change

	12.7.3 Interruptions to WAN due to switching between E-UTRA V2X Sidelink and NR V2X Sidelink

	12.7.4 Interruptions to WAN at transitions between active and non-active during SL-DRX

	12.7.5 Interruptions to V2X at transitions between active and non-active during DRX

	12.7.6 Interruptions to V2X sidelink due to Active BWP switching Requirements

	12.7.7 Interruptions to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration

	12.7.8 Interruptions at NR sidelink discovery configuration

	12.8 Reliability of GNSS signal

	12.9 Scheduling availability

	12.9.1 Scheduling availability of UE switching between E-UTRA sidelink and NR sidelink

	12.9.2 Scheduling availability of UE switching between Uu uplink and V2X sidelink

	12.10 Selection / Reselection of relay UE





Requirements in unlicensed band 
The RRM requirements for NR-U operation is described under consideration of Clear Channel Assessment (CCA) of the serving cell involved. Most of changes in RRM procedures under CCA are resulted from channel unavaliabity due to LBT failure, and the resulting relaxations are specified in the relevant RRM core requirements. With the same analogy, when sidelink is configured in unlicensed band, there may be changes in existing V2X RRM requirement due to the following aspects. The OCB/PSD requirements are very common in unlicensed band operation, and it is for utilization of the band as much as possible by spreading and/or frequency hopping within the spectrum.
R1) Channel access with Listen-Before-Talk (LBT) procedure  
R2) New S-SSB signals to meet minimum Occupied Channel Bandwidth (OCB)/PSD requirements  
The RAN1 agreements on these R1 and R2 aspects can be summarized as below [3]. The S-SSB is still under design in RAN1. 
	RAN1 #112
Conclusion
When a SL LBT failure is notified by PHY, RAN1 considers that indicating the granularity of SL LBT failure indication at BWP level, RB set level, or SL resource pool level, are all feasible. RAN1 leaves it to RAN2 to determine the granularity of SL LBT failure indication.
Agreement
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.

RAN1 #111 (14th November – 18th November 2022)
Agreement
· Type 2A channel access procedure is applicable for S-SSB transmissions from a UE without a shared channel occupancy, when the following constraints are met:
· Time duration is at most 1ms per transmission 
· The duty cycle of the S-SSB transmissions is at most 1/20
· FFS: details of EDT
· FFS: whether/how to define observation period, including whether or not observation period would be captured in the specifications if defined
· FFS: Type 2A applicability for PSFCH without a shared channel occupancy and further limitations for combined transmissions of both S-SSB and PSFCH using Type 2A channel access procedure
..
Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.
· ..


 RAN1 #110 (22nd August – 26th August 2022)
Agreement
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior

Agreement
For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS

RAN1 #109-e (9th May – 20th May 2022)
Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure



Observation 1: SL LBT failure indication granularity is pending RAN2 decision. RAN1 considers that all of BWP level, RB set level or SL resource pool level are feasible for LBT failure indication. 
Proposal 1: RAN4 to consider LBT failure level when assessing the impact of RRM requirments.
	RAN1 #112
Conclusion
When a SL LBT failure is notified by PHY, RAN1 considers that indicating the granularity of SL LBT failure indication at BWP level, RB set level, or SL resource pool level, are all feasible. RAN1 leaves it to RAN2 to determine the granularity of SL LBT failure indication.


V2X RRM impact from unlicensed operation 
UE Transmit Timing
UE transmit timing requirement is to define timing error limit when synchronization source is GNSS, NR Cell and SyncRef UE. Depending on the final RAN1 design on S-SSB under OCB/PSD requirements, there may be change in timing error limit value with SyncRef UE as a synchronization source as well as disclaimer statement on S-SSB availability of SyncRef UE under CCA restriction.
Observation 2: Depending on the final RAN1 design on S-SSB under OCB/PSD requirements, there may be change in timing error limit value with SyncRef UE as a synchronization source as well as disclaimer statement on S-SSB availability of SyncRef UE under CCA restriction.
Proposal 2: RAN4 to monitor RAN1 progress in new S-SSB under OCB/PSD requirements and assess the effects on UE transmit timing error requirement after RAN1 finalization. As of now, RAN1 is still under progress.
Initiation / Cease of SLSS Transmission
Initiation/Cease of SLSS tramssion requirement is to define the required time for measuring the RSRP of NR cell and PSBCH-RSRP of the selected SyncRef UE. Under unlicensed operation, RAN4 needs to relax the requirements with SyncRef UE as synchronization source considering LBT failure of SyncRef UE as well as disclaimer statement on S-SSB availability of SyncRef UE under CCA restriction. 
Proposal 3: RAN4 needs to relax the requirements with SyncRef UE as synchronization reference source considering the LBT failure of SyncRef UE as well as disclaimer statement on S-SSB availability of SyncRef UE under CCA restriction.
Selection / Reslection of V2X Synchronization Reference Source
This RRM requirements specify the required time Tdetect, SyncRef UE_V2X to identify intra-frequency SyncRef as well as allowed drop rate of V2X data and SLSS transmission for the purpose of selection/reslection to the SyncRef UE depending on the configuration of priority of synchronization sources. Consequently, RAN4 needs to evaluate the effects of CCA requirement to SyncRef UE identification and allowed drop rate of V2X data and SLSS transmission of sidelink UE in unlicensed band.
Observation 3: There may be change in Tdetect, SyncRef UE_V2X and allowed drop rate of V2X data and SLSS transmission for the purpose of selection/reslection to the SyncRef UE in SL-U operation. 
Proposal 4: RAN4 needs to update the requirements on Tdetect, SyncRef UE_V2X and allowed drop rate of V2X data and SLSS transmission for the purpose of selection/reslection to the SyncRef UE in SL-U operation.
Proposal 5: RAN4 needs to investgate the relaxation on the measurement period Tmeasure, PSBCH-RSRP requirements on PSBCH-RSRP measurements for the identified SyncRef UE considering the LBT failure from CCA requirement of SyncRef UE as well as disclaimer statement on the drop rate of V2X data and SLSS transmission under CCA restriction.
L1 SL-RSRP measurement
Observation 4: Depending on the final RAN1 design on S-SSB under OCB/PSD requirements, there may be change in L1 SL-RSRP requirements.
Proposal 6: RAN4 to monitor RAN1 progress in new S-SSB under OCB/PSD requirements and assess the effects on L1 SL-RSRP measurement after RAN1 finalization. 
Congestion Control measurement
The UE shall be capable of estimating the channel busy ratio for one or more transmission pools indicated by higher layers in TS 38.331[2], based on SL-RSSI measurements provided by the physical layer. The UE shall perform channel busy ratio (CBR) measurement based on SL-RSSI measurements as described in TS 38.215. Thus, this functionality should be also supported in unlicensed band operations like as RSSI and channel occupancy measurement in NR-U, but no imminent changes are expected since RSSI just measure energy levels. 
Proposal 7: RAN4 needs to monitor RAN1 progress in physical channels for unlicensed band operation and check the necessity of requirement changes in RSSI measurement and channel busy ratio (CBR) measurement at least for side condition perspective in performance requirement.
Interruption 
Interruption to WAN requirement due to RRC reconfiguration of SL would not be changed since RRC reconfiguration message are sent over Uu for SL operation in unlicesend band as well as licensed band. The interruption on SL-U needs further study under CCA restriction.
Proposal 8: RAN4 needs to investigate the effects of LBT procedure to the existing interruption on SL especially for synchronization source change and transitions between active and non-active during DRX.
	V2X
	Scenario
	Requirement
	Expected impact from SL-U

	12.7.1
	Interruptions to WAN due to V2X Sidelink Communication
	UE is allowed an interruption of up to the duration of 2 ~ 9 slots depending on SCS on the PCell/serving cell during the RRC reconfiguration procedure of side link
	Reuse (No Impact)

	12.7.2
	V2X Sidelink Communcation Dropping due to synchronization source change
	UE is allowed to drop up to 1 ms for any V2X sidelink signals including PSSCH, PSCCH, PSBCH, PSFCH and SLSS signals
	FFS on the interval [1 ms] or definition of interrupt interval considering LBT procedure

	12.7.3
	Interruptions to WAN due to switching between E-UTRA V2X Sidelink and NR V2X Sidelink
	UE is allowed an interruption of up to the duration of 2 ~ 3 slots depending on SCS
	Reuse (No Impact)

	12.7.4
	Interruptions to WAN at transitions between active and non-active during SL-DRX
	Interruption on PCell/serving cell if configured due to V2X transitions between active and non-active during SL-DRX are allowed with up to 1% prob. of missed ACK/NACK when SL-DRX cycle is less than 640 ms,
and 0.625% prob. of missed ACK/NACK is allowed when SL-DRX cycle is 640 ms or longer.

When multiple SL-DRX cycles are configured, the shortest SL-DRX cycle is applied. Each interruption shall not exceed [1 ~ 3] slot depending on SCS / Sync.
	Reuse (No Impact)


	12.7.5
	Interruptions to V2X sidelink at transitions between active and non-active during DRX
	Interruption on V2X sidelink if configured due to PCell transitions between active and non-active during DRX are allowed with up to 1% prob. of missed ACK/NACK when DRX cycle is less than 640 ms, and 0.625% prob. of missed ACK/NACK is allowed when DRX cycle is 640 ms or longer. 

It is only applied when HARQ process on V2X sidelink is supported. Each interruption shall not exceed [1 ~ 3] slot depending on SCS / Sync
	FFS on the degradation levels of prob. of missed ACK/NACK for SL-U considering LBT procedure

	12.7.6
	Interruptions to V2X sidelink due to Active BWP switching Requirement
	Interruptions on the V2X sidelink due to BWP switch in FDM based intra-band concurrent V2X operation. [1 ~ 3] slot depending on SCS.
	Reuse (No Impact)
No sidelink communication happens during BWP switching delay period for TDM based intra-band concurrent operation

	12.7.7
	Interruptions to WAN due to SyncRef UE detection and/or Sensing during SL DRX off duration
	The requirements in clause 12.7.4 shall apply.
	Reuse (No Impact)

	12.7.8
	Interruptions at NR sidelink discovery configuration
	UE is allowed an interruption of up to the duration [2 ~ 9] slot depending on SCS on the PCell/serving cell during the
RRC reconfiguration procedure that includes the NR sidelink discovery configuration message
	Reuse (No Impact)


Schedlung avaliablity
The restrictions on the scheduling availability for V2X sidelink due to switching between E-UTRA V2X sidelink and NR V2X sidelink transmission on a dedicated carrier would not be changed for unlicensed band operation. The same argument can be applied to the restrictions on the scheduling availability for V2X sidelink due to switching between Uu uplink and V2X sidelink and the restriction is described as slot level granularity. 
For example, UE behavior is as below:
When switch from V2X sidelink slot to Uu uplink slot occurs in Uu slot ‘n’,
- UE is not expected to transmit uplink or receive downlink on the Uu slot ‘n’
Observation 5: The restrictions on the scheduling availability for V2X sidelink due to switching between E-UTRA V2X sidelink and NR V2X sidelink transmission on a dedicated carrier would not be changed for unlicensed band operation.
3. Conclusion

Observation 1: SL LBT failure indication granularity is pending RAN2 decision. RAN1 considers that all of BWP level, RB set level or SL resource pool level are feasible for LBT failure indication. 
Proposal 1: RAN4 to consider LBT failure level when assessing the impact of RRM requirments.
	RAN1 #112
Conclusion
When a SL LBT failure is notified by PHY, RAN1 considers that indicating the granularity of SL LBT failure indication at BWP level, RB set level, or SL resource pool level, are all feasible. RAN1 leaves it to RAN2 to determine the granularity of SL LBT failure indication.



Observation 2: Depending on the final RAN1 design on S-SSB under OCB/PSD requirements, there may be change in timing error limit value with SyncRef UE as a synchronization source as well as disclaimer statement on S-SSB availability of SyncRef UE under CCA restriction.
Proposal 2: RAN4 to monitor RAN1 progress in new S-SSB under OCB/PSD requirements and assess the effects on UE transmit timing error requirement after RAN1 finalization. 
Proposal 3: RAN4 needs to relax the requirements with SyncRef UE as synchronization reference source considering the LBT failure of SyncRef UE as well as disclaimer statement on S-SSB availability of SyncRef UE under CCA restriction.
Observation 3: There may be change in Tdetect, SyncRef UE_V2X and allowed drop rate of V2X data and SLSS transmission for the purpose of selection/reslection to the SyncRef UE in SL-U operation. 
Proposal 4: RAN4 needs to update the requirements on Tdetect, SyncRef UE_V2X and allowed drop rate of V2X data and SLSS transmission for the purpose of selection/reslection to the SyncRef UE in SL-U operation.
Proposal 5: RAN4 needs to investgate the relaxation on the measurement period Tmeasure, PSBCH-RSRP requirements on PSBCH-RSRP measurements for the identified SyncRef UE considering the LBT failure from CCA requirement of SyncRef UE as well as disclaimer statement on the drop rate of V2X data and SLSS transmission under CCA restriction.
Observation 4: Depending on the final RAN1 design on S-SSB under OCB/PSD requirements, there may be change in L1 SL-RSRP requirements.
Proposal 6: RAN4 to monitor RAN1 progress in new S-SSB under OCB/PSD requirements and assess the effects on L1 SL-RSRP measurement after RAN1 finalization. 
Proposal 7: RAN4 needs to monitor RAN1 progress in physical channels for unlicensed band operation and check the necessity of requirement changes in RSSI measurement and channel busy ratio (CBR) measurement at least for side condition perspective in performance requirement.
Proposal 8: RAN4 needs to investigate the effects of LBT procedure to the existing interruption on SL especially for synchronization source change and transitions between active and non-active during DRX.
Observation 5: The restrictions on the scheduling availability for V2X sidelink due to switching between E-UTRA V2X sidelink and NR V2X sidelink transmission on a dedicated carrier would not be changed for unlicensed band operation.
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