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[bookmark: _Toc116995841]Introduction
In this contribution, we provide our views on the SL-U RRM impacts for Rel. 18. The updated WID [1] of NR sidelink evolution from 3GPP TSG RAN Meeting #99 is presented below.
	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
· 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.



Regarding the scope of sidelink evolution, in RAN4 Meeting #106, the following agreements were made:
	<Agreement>: 
· Identify and specify RRM requirements 
· SL unlicensed operation
· Co-channel coexistence for LTE SL and NR SL
· Postpone the discussion on RRM impacts due to NR sidelink CA until further checking in RAN-P #99 meeting
· Note: It is a common understanding that according to WID the RRM requirements for enhanced SL operation in FR2 are out of scope of Rel-18 work



Regarding the WF sidelink unlicensed band, in RAN4 Meeting #106, the following agreements were made:
	<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



[bookmark: _Toc116995842]Discussion
 Overview of RRM impacts due to SL-U
In NR-U, the key aspect impacting RAN4 RRM work was the Listen-Before-Talk (LBT) both on the DL and UL, which caused discontinuous transmissions in the unlicensed spectrum. In addition, other aspects related to operation in unlicensed band are transmit power constraints, power spectrum density (PSD) and occupied bandwidth (OCB) requirements. Similar aspects of LBT could be considered in SL-U. 
[bookmark: _Toc127524019]The RAN4 RRM requirements for NR-U could be used as reference for SL-U as much as possible.
Current RRM measurement accuracy requirements in SL are defined for the TDD band (38.133 [2], section 10.4). To accommodate for the LBT mode of operation in SL-U, RAN4 can study if the measurement accuracy requirement defined for NR-U for the CCA band i.e., n46 and n96 can be reused.
[bookmark: _Toc127524020]RAN4 to study if the measurement accuracy requirement defined for NR-U for the CCA band can be reused.
In shared channel access operation, initiating UE which intends to perform the SL transmission needs to successfully complete the LBT procedure check before being able to initiate the same transmission by performing the channel occupancy measurement in CCA slots of 9 µs duration. If the RSSI at the UE while performing channel occupancy measurement meets certain conditions with respect to the configured channelOccupancyThreshold then the channel is deemed to be available for transmission. RAN4 can study if the similar channel occupancy measurement under CCA for NR-U could be reused for SL-U operation.
[image: ]
[bookmark: _Ref97102781]Figure 1: CCA slot with duration Tsl = 9 µs, where the energy sensing takes place during 4 µs.
The general approach that can be adopted by RAN4 RRM when defining the SL-U requirements is to extend the measurements/evaluation periods and timing requirements to account for LBT failures.
[bookmark: _Toc127524021]Measurements periods and timings requirements need to account for LBT failure in SL-U.
The uncertainty in the transmission and/or reception caused by the LBT procedure has an immediate impact on the periodic signals such as sidelink synchronization signal block (S-SSB), and channel state information reference signal (CSI-RS), thus, the presence of these signals cannot be guaranteed. Therefore, as in NR-U, the uncertainty of LBT access will have an impact on all the procedures that rely on successful LBT access, and such impact needs to be considered in a similar way as in NR-U.
[bookmark: _Toc127524022]The uncertainty of LBT access will impact all the procedures or features of SL-U, in a similar way that the NR-U got impacted.
In the following, we provide the detailed impact analysis on each clause of SL-U features or/and mechanisms of TS 38.133 [2]. Table 1 shows the expected impact on TS 38.133 [2], taking NR-U as the baseline for SL-U. According to the WI, for Rel-18, the SL-U cell can only operate in FR1, thus all the requirements are defined only for FR1. All the discussed requirement impact below should take this into account.
[bookmark: _Toc127524023]In Rel-18, an SL-U is always operating in FR1, so all requirements for SL-U should only be defined for FR1.
	<Agreement >: Other issues due to LBT
FFS: Conditions when SLSS occasion can be considered as available or unavailable 


The SLSS transmission from SyncRef UE is subject to CCA, and hence SLSS availability could not be always guaranteed at the UE. In similar lines, NR-U defines the unavailability of SSB at the UE based of number of unavailable candidate SSB position, NSSB, subject to CCA at gNB. 
	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.

Agreement
Down-select one or support both of the followings:
· Option 1: Additional candidate S-SSB occasions are excluded from resource pool
· Option 2: Additional candidate S-SSB occasions belong to resource pool
· Note: Companies are encouraged to consider aspects including: S-SSB resource overhead, Tx/Rx UE behavior (e.g., whether any blind detection in Option 2), applicable scenarios, etc.
Agreement
RAN1 further study the followings:
· Whether/how to maintain a COT when the COT contains multiple RB sets and includes S-SSB slot(s), e.g., whether to transmit S-SSB repetitions in more than one RB set, etc.



In the RAN1#112, there is ongoing discussion on the PHY design of the S-SSB and no conclusion has been reached so far. It is discussed that if S-SSB is expected to meet the OCB requirement it can support interlaced transmission similar to PSCCH/PSSCH design framework or as an alternative approach it can be repeated N times in the frequency domain. Another argument is to apply OCB exemption to S-SSB subject to the fact that it is able to meet the minimum 2MHz requirement under 15kHz SCS. Regarding additional candidate S-SSB occasion discussion remains whether they belong to resource pool or not. RAN4 should wait for RAN1 outcome on SLSS design and resource allocation alternatives, as it may have impact on defining the SLSS unavailability or availability condition.
Proposal 2: RAN4 should wait for RAN1 agreements on the PHY design framework of S-SSB and whether to support additional S-SSB in the resource pool or not, before defining the condition for SLSS occasion unavailability or availability.
	<Agreement >: Other issues due to LBT
FFS: UE behavior when experiencing large number of missing SLSS due to LBT failures



On Initiation/Cease of SLSS transmission with SyncRef UE as synchronization reference source
Regarding the requirements that are applied when SyncRef UE is used as synchronization reference source and UE is expected to read SLSS from a SyncRef UE; in such case, the Rx UE may consistently miss the SLSS reception due to LBT failure at SyncRef UE. Thus, this requirement might be impacted for SL-U UEs.
Regarding the UE capability to measure the PSBCH-RSRP of the selected SyncRef UE used as synchronization reference source and evaluate it to initiate/cease SLSS transmissions within Tevaluate,SLSS, as shown in Table 12.3.1.4-1.
However, the availability of S-SSB at UE is subject to CCA at SyncRef  UE and can not be guaranteed.
Table 12.3.1.4-1: Tevaluate,SLSS when SyncRef UE is used as synchronization reference source [2]
	SL-DRX cycleNote 1 [ms]
	Tevaluate,SLSS [ms]

	No SL-DRX
	4 x S-SSB periods

	SL-DRX cycle ≤ 160ms
	4 x S-SSB periods 

	SL-DRX cycle > 160ms
	4 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: RAN4 should discuss if the measurement requirement Tevaluate,SLSS should be modified to cope with possible LBT failures at SyncRef UE, at least when additional S-SSBs are not configured.
Observation 5: RAN1 needs to study the UE behavior when UE is expected to receive SLSS from a SyncRef UE and consistently missing SLSS. 

On Selection / Reselection of V2X Synchronization Reference Source
Regarding the UE performing PSBCH-RSRP measurements, UE performs PSBCH-RSRP measurements for 3 identified intra-frequency SyncRef UE with the measurement period of Tmeasure,PSBCH-RSRP in Table 12.4-1, as defined in TS 38.133 [2]. It is assumed that the SyncRef UE do not drop or delay any SLSS transmission within the measurement period. Otherwise, the measurement period may be extended [2]. However, while the SyncRef UE is operating on a career frequency subject to CCA, at least one SLSS transmission cannot be guaranteed within 160ms periodicity, due to the LBT failure.
Table 12.4-1: PSBCH-RSRP measurement period for intra-frequency SyncRef UE [2]
	SL-DRX cycleNote 1 [ms]
	Tmeasure,PSBCH-RSRP [ms]

	No SL-DRX
	320

	SL-DRX cycle ≤ 160ms
	320 

	SL-DRX cycle > 160ms
	2 x SL-DRX cycle

	Note 1:	If multiple SL-DRX cycles are configured, the SL-DRX cycle is the shortest one.



Observation 6: SLSS transmission within the measurement period cannot be guaranteed due to LBT failure at the SyncRef UE.
Observation 7: The UE performing PSBCH-RSRP measurements on unlicensed spectrum might require changing its measurement period Tmeasure,PSBCH-RSRP due to possible LBT failure at the SyncRef UE.
Proposal 4:RAN4 should study and redefine the PSBCH-RSRP measurement period to accommodate LBT failure in either case when SL-DRX configured or not configured.
Table 1 – Overview of potential SL-U impacts on TS 38.133
	Section
	Comments

	12.2 UE Transmit Timing 
	In SL-U, a SyncRef UE transmitting sidelink synchronization signals may suffer LBT failure. Thus, this requirement might be impacted for SL-U when the UE transmit reference timing used for deriving sidelink transmission is from SyncRef UE. Hence, RAN4 should study the transmission timing error for sidelink transmissions and may define the timing error limit to cope with LBT failure.

	12.6 Congestion Control measurements
	Congestion control measurements requirements needs to be studied further as the SL-RSSI measurement performed for congestion control required to meet the SL-RSSI measurement accuracy requirements defined in Clause 10. RAN4 needs to study this aspect further and might need to align the SL-RSSI accuracy requirement similar to NR-U requirements.

	12.7 Interruption
	The changes to the interruption requirements would be minimal when compared to NR-U. Thus, for SL-U, NR-U interruption requirements can be reused as a baseline, accounting all the scenarios and interruption types applicable for SL-U are properly covered.



[bookmark: _Toc127524024]Proposal 5: In unlicensed carriers, UEs cannot expect regular transmission of control and reference signals due to the uncertainty of the outcome of the LBT procedure. Therefore, the RRM measurement and reporting may be impacted by the reduced transmission opportunity of reference signals due to LBT failure.
[bookmark: _Toc127524025] RAN4 should also study the potential RRM requirement impacts mentioned in Table 1 for sidelink unlicensed, based on RAN1 progression.
[bookmark: _Toc116995848]Conclusion

In the paper, the following Observations and Proposals were made:
Observation 1: The RAN4 RRM requirements for NR-U could be used as reference for SL-U as much as possible.
Proposal 1: RAN4 to study if the measurement accuracy requirement defined for NR-U for the CCA band can be reused.
Observation 2: Measurements periods and timings requirements need to account for LBT failure in SL-U.
Observation 3: The uncertainty of LBT access will impact all the procedures or features of SL-U, in a similar way that the NR-U got impacted.
Observation 4: In Rel-18, an SL-U is always operating in FR1, so all requirements for SL-U should only be defined for FR1.
Proposal 2: RAN4 should wait for RAN1 agreements on the PHY design framework of S-SSB and whether to support additional S-SSB in the resource pool or not, before defining the condition for SLSS occasion unavailability or availability.
Proposal 3: RAN4 should discuss if the measurement requirement Tevaluate,SLSS should be modified to cope with possible LBT failures at SyncRef UE, at least when additional S-SSBs are not configured.
Observation 5: RAN1 needs to study the UE behavior when UE is expected to receieve SLSS from a SyncRef UE and consistently missing SLSS. 
Observation 6: SLSS transmission within the measurement period cannot be guaranteed due to LBT failure at the SyncRef UE.
Observation 7: The UE performing PSBCH-RSRP measurements on unlicensed spectrum might require changing its measurement period Tmeasure,PSBCH-RSRP due to possible LBT failure at the SyncRef UE.
Proposal 4: RAN4 should study and redefine the PSBCH-RSRP measurement period to accommodate LBT failure in either case when SL-DRX configured or not configured.
Proposal 5: In unlicensed carriers, UEs cannot expect regular transmission of control and reference signals due to the uncertainty of the outcome of the LBT procedure. Therefore, the RRM measurement and reporting may be impacted by the reduced transmission opportunity of reference signals due to LBT failure.
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