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Introduction
In RAN4#107 meeting, the RRM impacts due to SL-U operation were discussed and the progress has been captured in WF [1], we will provide the discussion on the RRM requirements for SL-U operations in R18.
Discussion
In WF [1], it has been captured that RAN4 discuss whether and how to define the following requirements for SL-U operation
Initiation/Cease of SLSS transmission
For initiation/Cease of SLSS transmission with SyncRef UE as synchronization reference source, RAN4 agree to extend the evaluation period of PSBCH-RSRP measurements to (4+ x) S-SSB periods, where x is the number of S-SSB which is not available due to LBT failures during the evaluation period. The value of x is up to x_max. The definition of x_max needs to be further studied and the following options were captured in WF [1].
	· Proposals 
· Option 1: More RAN1 progress is necessary to determine the value of x_max in the measurement period requirements
· Option 2: The number of S-SSB occasions within the S-SSB period should be considered to define LSLSS,max (x_max) for initiation/cease of SLSS transmission requirements.
· Option 3: RAN4 to introduce x_max= [4] for requirements of SyncRef UE as synchronization reference source.
· Option 4
· x is the number of S-SSB occasions not available at the UE during Tevaluate,SLSS,SL-U for S-SSB evaluation, where x ≤ x_max
· x_max = 5 for no SL-DRX or SL-DRX cycle ≤ 160ms, x_max = 3 for SL-DRX cycle > 160ms
· Option 5
· RAN4 can consider extending the evaluation period Tevaluate,SLSS  by x S-SSB periods or SL-DRX cycles, where x and x_max could be determined, for example, based on the priority level of the synchronization source or other criteria for associating values for x and x_max.
· RAN4 should also consider extending the measurement period requirement based on the S-SSB design consideration once agreed in RAN1.
· Option 6: The maximum number of allowed LBT failures during the evaluation period to initiate/cease SLSS (X_max) is defined as 32 for all DRX cycles.


How to define measurement/evaluation period requirements belongs to RAN4 work. How to extend the measurement/evaluation period does not depend on RAN1 work. So, there is no need to wait RAN1 progress. 
For NR-U operation, the maximum values of non-available SSB occasions for L3 RRM measurements and L1-RSRP measurements can be summarized as Table 1.
Table 1: maximum number of not available SMTC/SSB occasions defined for NR-U
	Condition
	PSS/SSS detection time,
 L3 Measurement period
	Time index detection

	Max(TDRX, TSMTC/TSSB) ≤ 40ms
	Lmax =7
	Lmax =5

	40ms<Max(TDRX, TSMTC/TSSB) ≤ 320ms
	Lmax =5
	Lmax =3

	320ms<Max(TDRX, TSMTC/TSSB)
	Lmax =3
	Lmax =2


The definition of Lmax for NR-U operation can be used as starting point for deriving the value of x_max for SL-U operations. It can be observed that the value of Lmax decreases accordingly with the SSB period or DRX cycle. The value of Lmax is usually close to the sample number assumed within the measurement period or the detection time. Similarly, for PSBCH-RSRP measurements, the value of x_max can be defined the sample number assumed within the measurement/evaluation period of PSBCH-RSRP measurements for initiation/Cease of SLSS transmission. So, the value of x_max is suggested to be defined as 4.
Proposal 1: For initiation/cease of SLSS transmission requirements with SyncRef UE as synchronization reference source under SL-U operation, the maximum number of S-SSB occasions not available within the evaluation period can be defined as x_max=4.
Selection/Reselection of V2X synchronization reference source
For V2X synchronization reference source selection/reselection, RAN4 has agreed to extend the SyncRef UE detection time and the PSBCH-RSRP measurement period. 
For sync case, UE is required to identify newly detectable SyncRef UE which is synchronized to the reference timing, and the detection time is defined as 1.6 seconds. The detection time for sync case includes 10 S-SSB periodicities, and it is up to UE to select three occasions for searching. For async case, UE is required to identify newly detectable SyncRef UE which is synchronized or asynchronized to the reference timing, and the detection time is defined as 8 seconds. UE performs SyncRef UE detection with three 160ms search windows during the detection time, and the time location of each search window is also up to UE implementation. In RAN4, the following options were considered for how to extend SyncRef UE detection time.
	Sync case
· Option 1: 
· A: (1.6+1.6*x1) seconds 
· B: 30% of its SLSS transmissions during the Tdetect,SyncRef UE_V2X
· [bookmark: _Hlk142491894]The values x1 is the number 1.6s detection windows with at least 1 unavailable S-SSB period in the three selected S-SSB period for S-SSB search, and which of the three S-SSB periods in the 1.6s detection window are selected is up to UE implementation. x1 < x1_max, and FFS on x1_max.
· Option 2: 
· A: (1.6+ 0.16*x1) seconds
· Option B-1: [(3+x1_max)/(10+x1_max)]*100% of its SLSS transmissions during Tdetect,SyncRef UE_V2X.
· Option B-2: [(3+x1)/(10+x1)]*100% of its SLSS transmissions during Tdetect,SyncRef UE_V2X.
· x1 is the number of S-SSB period is not available where x1 < x1_max, and FFS on x1_max 

Async case
· Option 1:
· C: (8+8*x2) seconds 
· D: 6% of its V2X data and SLSS transmissions during the Tdetect,SyncRef UE_V2X
· The value x2 is the number of 8s detection windows with at least 1 unavailable S-SSB period in the 480ms search windows in each 8s period, and the location of the 480ms search windows is up to UE implementation. x2 < x2_max, and FFS on x2_max.
· Option 2:
· C: (8+0.16*x2) seconds
· Option D-1: [(0.48+0.16*x2_max)/(8+0.16*x2_max)]*100% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X
· Option D-2: [(0.48+0.16*x2)/(8+0.16*x2)]*100% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X
· x2 is the number of S-SSB period is not available where x2 < x2_max, and FFS on x2_max



For option 1, the SyncRef UE detection time is extended based on the number of unavailable S-SSB in three selected searching windows for SyncRef UE detection. For option 2, the SyncRef UE detection time is extended based on the number of unavailable S-SSB during detection time.
In SL-U operation, S-SSB signals is not transmitted for every S-SSB occasion.
[image: ]
Figure 1: Example of SyncRef UE detection procedure under SL-U operation
[bookmark: _Hlk142500441]Figure 1 shows an example of SyncRef UE detection procedure under SL-U operation. Even the detection time is extended according to the unavailable S-SSB periods, UE may still not get enough sample number for SyncRef UE detection. The number of available S-SSBs in three searching windows for SyncRef UE detection can be different for each detectable SyncRef UE, e.g. the number of available S-SSBs in three searching windows is two for SyncRef UE#1 and one for SyncRef UE#2/3. In the first selected S-SSB occasions, S-SSB is unavailable for all three SyncRef UEs. So, even the detection time is extended based on the unavailable S-SSBs during detection time, it also cannot guarantee available S-SSBs in three searching windows for SyncRef UE detection due to that the occasion without available S-SSB may be included into any searching window for SyncRef UE detection. Hence, we suggest that the SyncRef UE detection time is extended based on the number of unavailable S-SSB occasions in the searching windows for SyncRef UE detection.
Proposal 2: For SyncRef UE detection under SL-U operation, it is suggested that the SyncRef UE detection time is extended according to the number of unavailable S-SSB occasions in the searching windows for SyncRef UE detection, i.e. option 1, where
	Sync case
· Option 1: 
· A: (1.6+1.6*x1) seconds 
· B: 30% of its SLSS transmissions during the Tdetect,SyncRef UE_V2X
· The values x1 is the number 1.6s detection windows with at least 1 unavailable S-SSB period in the three selected S-SSB period for S-SSB search, and which of the three S-SSB periods in the 1.6s detection window are selected is up to UE implementation. x1 < x1_max, and FFS on x1_max.
Async case
· Option 1:
· C: (8+8*x2) seconds 
· D: 6% of its V2X data and SLSS transmissions during the Tdetect,SyncRef UE_V2X
· The value x2 is the number of 8s detection windows with at least 1 unavailable S-SSB period in the 480ms search windows in each 8s period, and the location of the 480ms search windows is up to UE implementation. x2 < x2_max, and FFS on x2_max.


For SL-U operation, RAN4 agreed to extend PSBCH-RSRP measurement period to (2+ y) S-SSB periods where y is the number of S-SSB which is not available due to LBT failures during the measurement period. The value of y is up to y_max. The definition of y_max needs to be further studied. As we discussed for how to extend the evaluation period of PSBCH-RSRP measurements, the value of y_max can be defined the sample number assumed within the measurement period of PSBCH-RSRP measurements. So, the value of y_max is suggested to be defined as 2.
Proposal 3: For SyncRef UE selection/reselection under SL-U operation, the maximum number of unavailable S-SSB occasions within the measurement period of PSBCH-RSRP measurements can be defined as y_max=2.
L1 SL-RSRP measurement
For NR SL resource (re)selection procedure, RAN4 needs to investigate whether to have L1 SL-RSRP requirement impact depending on RAN1’s conclusion for procedure design. In RAN4, the following options has been captured in [1] for L1 SL-RSRP measurement requirements in SL-U operation. 
	Issue 5-1: SL-RSRP measurement requirement
<FFS>
· Proposals
· Option 1: More RAN1 progress is necessary for further discussion on the impact on SL-RSRP due to MCSt.
· Option 2: Two candidate starting symbols of PSCCH&PSSCH have no impact on both the delay requirements and accuracy requirements of SL-RSRP
· Option 3: The legacy requirements for L1 SL-RSRP measurement could be reused for SL-U.
· Option 4: The L1 SL-RSRP measurement period to be extended to account for the LBT failures detected during the measurement period


In RAN1, several approaches to implement/achieve MCSt for SL-U communication have been captured in LS [2] as follows:
	Approach 1: “best effort for multiple TBs”
· Step 1: Higher layer triggers L1 resource selection for one TB with one set of parameters (, remaining PDB,  and ) - R16/17 behavior.
· Step 2: L1 report a set of candidate single-slot resource (SA) according to existing L1 resource allocation procedure - R16/17 behavior.
· Step 3: Higher layer selects a set of resources either randomly (R16/17 behavior) or according to a consecutive-slots criterion (new behavior) to achieve MCSt.
· Step 4: Repeat Step 1-3 for different TB if required. 

Approach 2: “guarantee MCSt for single TB and best effort for multiple TBs”
· Step 1: Higher layer triggers L1 resource selection for one TB with one set of parameters (, remaining PDB,  and ) + “number of slots for MCSt” which could be derived based on CAPC of the logical channel/TB or other means.
· Step 2: L1 report a set of candidate multi-slot resource (SA) according to most of the existing L1 resource allocation procedure (FFS: RSRP calculation / threshold may need to change)
· Step 3: Higher layer selects a candidate multi-slot resource either randomly (R16/17 behavior) or according to a consecutive-slots criterion (new behavior).
· Step 4: Repeat Step 1-3 for different TB if required. 

Approach 3: “guarantee MCSt for multiple TBs”
· Step 1: Higher layer triggers L1 resource (re-)selection one time for one or multiple TBs with one set of parameters (, remaining PDB,  and ) + “number of slots for MCSt” which could be derived based on CAPC of the multiple TBs.
· [bookmark: _Hlk134292335]Step 2: L1 report a set of candidate multi-slot resource (SA) according to most of the existing L1 resource allocation procedure (FFS: RSRP calculation / threshold may need to change)
· Step 3: Higher layer selects transmission resource for the one or multiple TB(s) from the reported set of candidate multi-slot resource (SA).


[bookmark: _Hlk142501463]For approach 1, almost the legacy resource (re-)selection behaviour are reused, and the existing L1 SL-RSRP measurement requirements need to be applied. However, for approach 2 and approach 3, whether RSRP calculation for resource allocation will be changed is still FFS. For now, RAN1 has no further conclusion on NR SL resource (re)selection procedure, and RAN4 needs to wait RAN1 finally agreements.
Proposal 4: For SL-U operation, whether to have L1 SL-RSRP requirement impact needs to wait for RAN1’s conclusion on NR SL resource (re)selection procedure.
Congestion control measurement
[bookmark: _Hlk134266437]For congestion control procedure, UE performs single-shot SL-RSSI measurement of each sub-channel included in the resource pool for estimating the channel busy ratio. In RAN4, single-shot L1 SL-RSSI measurement requirements are defined for congestion control procedure. For resource (re-)selection procedure under SL-U operation, there have the enhancement on sub-channel design. However, UE still needs to perform single-shot L1 SL-RSSI measurements.
Proposal 5: There is no impact on congestion control requirements due to SL-U operation, and the existing single-shot SL-RSSI measurement requirements can be applied.
Interruption
In RAN4, the following options has been captured in [1] for interruption requirements in SL-U operation. 
	Issue 7-1: Interruption
<FFS>
· Proposals
· Option 1: Further study and discussion are needed
· Option 1-1: Open to discuss whether and how to consider the interruption on WAN due to LBT operation
· Option 1-2: RAN4 needs to study the impacts on current SL-DRX operation due to LBT operation and UE behaviour after LBT failure before deciding whether to introduce any interruption requirements for LBT operation
· Option 2: 
· Allow interruption to WAN due to LBT operation during SL-DRX off duration
· When SL-DRX is configured, no interruption is allowed during COT duration if the COT is shared
· Option 3: No impact on interruption requirements due to sidelink operation on a unlicensed carrier.


For SL-U operation, the some SLSS or data transmissions may be unavailable on some slot. However, the missing occasions of SLSS or data transmissions have no impacts on the interruption on WAN. For the interruptions to sidelink due to WAN actions, the interruption length will not be changed due to SL-U operation and the current interruption requirements can be reused.
Proposal 6: The existing interruption requirements for legacy sidelink communication can be reused under SL-U operations.
Conclusions
In this paper we provided our analysis on RRM impacts for R18 SL-U operations. The followings are provided.
Proposal 1: For initiation/cease of SLSS transmission requirements with SyncRef UE as synchronization reference source under SL-U operation, the maximum number of S-SSB occasions not available within the evaluation period can be defined as x_max=4.
Proposal 2: For SyncRef UE detection under SL-U operation, it is suggested that the SyncRef UE detection time is extended according to the number of unavailable S-SSB occasions in the searching windows for SyncRef UE detection, i.e. option 1, where
	Sync case
· Option 1: 
· A: (1.6+1.6*x1) seconds 
· B: 30% of its SLSS transmissions during the Tdetect,SyncRef UE_V2X
· The values x1 is the number 1.6s detection windows with at least 1 unavailable S-SSB period in the three selected S-SSB period for S-SSB search, and which of the three S-SSB periods in the 1.6s detection window are selected is up to UE implementation. x1 < x1_max, and FFS on x1_max.
Async case
· Option 1:
· C: (8+8*x2) seconds 
· D: 6% of its V2X data and SLSS transmissions during the Tdetect,SyncRef UE_V2X
· The value x2 is the number of 8s detection windows with at least 1 unavailable S-SSB period in the 480ms search windows in each 8s period, and the location of the 480ms search windows is up to UE implementation. x2 < x2_max, and FFS on x2_max.


Proposal 3: For SyncRef UE selection/reselection under SL-U operation, the maximum number of unavailable S-SSB occasions within the measurement period of PSBCH-RSRP measurements can be defined as y_max=2.
Proposal 4: For SL-U operation, whether to have L1 SL-RSRP requirement impact needs to wait for RAN1’s conclusion on NR SL resource (re)selection procedure.
Proposal 5: There is no impact on congestion control requirements due to SL-U operation, and the existing single-shot SL-RSSI measurement requirements can be applied.
Proposal 6: The existing interruption requirements for legacy sidelink communication can be reused under SL-U operations.
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