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Introduction
In RAN4#106 meeting, the RRM impacts for R18 SL evolution were discussed, and it was agreed to identify and specify RRM requirements for SL-U operation and co-existence for LTE SL and NR SL. In this contribution, we will provide the discussion on the RRM requirements of R18 NR SL evolution.
Discussion
Sidelink Unlicensed Operation
In WF [1], it has been captured that RAN4 discuss whether and how to define the following requirements for 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


The current UE SL transmit timing requirements with SyncRef UE as synchronization reference source are defined based on the assumption that S-SSB is transmitted every 160ms. However, due to SL-U operation, S-SSB transmission every 160ms cannot be guaranteed. If the S-SSB for SyncRef UE has not been detected for a long time, then the SyncRef UE may not be considered as reliable synchronization reference source. RAN4 need to study the conditions when the selected SyncRef UE is considered as non-available for synchronization reference source.
For NR-U operation on Uu link, the reference cell for deriving uplink transmit timing is not available under the following conditions
· At the UE refers to when at least one SSB is configured by gNB, but the first two successive candidate SSB positions for the same SSB index within the discovery burst transmission window are not available during at least one discovery burst transmission window
· At the UE due to DL CCA failures at gNB during the last 1280 ms
According to RAN1 agreements, channel access procedure, transmission gap and LBT sensing idle time requirements for NR-U operation are taken as baseline for SL-U operation. Then, the current non-available conditions for the reference cell in NR-U operation can be used as baseline for the SyncRef UE in SL-U operation.
Proposal 1: For UE SL transmit timing requirements with SyncRef UE as synchronization reference source under SL-U operation, RAN4 need to study the non-available conditions for the SyncRef UE used for deriving sidelink transmit timing, and the current non-available conditions defined for the reference cell used for deriving uplink transmit timing in NR-U operation can be used as baseline.
For initiation/Cease of SLSS transmission with SyncRef UE as synchronization reference source, UE measures the PSBCH-RSRP on S-SSBs of the selected SyncRef UE and evaluate it to initiate/cease SLSS transmissions. The evaluation period Tevaluate,SLSS for legacy S-SSB transmission is assumed to include 4 S-SSB measurement occasions, which is defined as follows:
Table 12.3.1.4-1: Tevaluate,SLSS when SyncRef UE is used as synchronization reference source
	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.


If LBT is performed for S-SSB transmissions, the evaluation period Tevaluate,SLSS for SyncRef UE as synchronization reference source under SL-U operation needs to be extended due to non-available S-SSB occasions, and  can be defined as Tevaluate,SLSS,SL-U the following table.
	SL-DRX cycleNote 1 [ms]
	Tevaluate,SLSS,SL-U [ms]

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

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

	SL-DRX cycle > 160ms
	(4 + LSLSS) 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.
Note 2:	LSLSS is the number of S-SSB occasions not available at the UE during Tevaluate,SLSS,SL-U for S-SSB evaluation,


RAN4 need to study the maximum value of non-available S-SSB occasions during the evaluation period.
Proposal 2: For initiation/cease of SLSS transmission requirements with SyncRef UE as synchronization reference source under SL-U operation, the evaluation period of PSBCH-RSRP measured on S-SSBs needs to be extended due to non-available S-SSB(s), where the evaluation period under SL-U operation can be defined as:
	SL-DRX cycleNote 1 [ms]
	Tevaluate,SLSS,SL-U [ms]

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

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

	SL-DRX cycle > 160ms
	(4 + LSLSS) 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.
Note 2:	LSLSS is the number of S-SSB occasions not available at the UE during Tevaluate,SLSS,SL-U for S-SSB evaluation,


Where, RAN4 need to study the maximum value of LSLSS.
For R16/R17 SyncRef UE detection, UE perform SyncRef UE detection with three 160ms search windows during Tdetect,SyncRef UE_V2X (=50 S-SSB periods, or  50 S-DRX cycles). 
[image: ]
Figure 1: Example of SyncRef UE detection procedure in legacy
As shown in Figure 1, based on the assumption that S-SSB is transmitted every 160ms, one S-SSB occasion for a detectable SyncRef UE can be guaranteed during each search window. The time location of each search window is also up to UE implementation.
However, if LBT is performed for S-SSB transmissions, a 160ms search window cannot guarantee one SSB occasion for SyncRef UE. Considering the worst case, it may occur that SSB occasion is not available for all three search windows, which can be shown as Figure 2.
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Figure 2: Example of SyncRef UE detection procedure under SL-U operation
It can be observed that the above issue cannot be solved by extending the SyncRef UE detection time.
Observation 1: For SL-U operation, if the 160ms blind search window is still assumed to be used for SyncRef UE detection, then it could occur that S-SSB occasion can be not available for all search windows, which leads to SyncRef UE detection failure.
Proposal 3: In R18, the 160ms blind search window used for SyncRef UE detection in R16/R17 may not be suitable for SyncRef UE detection under SL-U operation, and RAN4 need to study how to perform SyncRef UE detection under SL-U operation.
For mode 2 resource (re-)selection procedure, UE performs L1 SL-RSRP measurements based on the DMRS of decoded PSCCH/PSSCH. In RAN4, single-shot L1 SL-RSRP measurement requirements are defined for resource (re-)selection procedure on V2X carrier. For resource (re-)selection procedure under SL-U operation, the enhancement is mainly focused on how to set the candidate resources for sensing. UE still needs to perform single-shot L1 SL-RSRP measurements on the decoded PSCCH/PSSCH slot. 
Proposal 4: The existing single-shot based L1 SL-RSRP measurement requirements can be applied for mode 2 resource (re-)selection procedure under SL-U operation.
For congestion control procedure, UE performs L1 SL-RSRP measurements based on the DMRS of decoded PSCCH/PSSCH. In RAN4, single-shot L1 SL-RSRP measurement requirements are defined for resource (re-)selection procedure on V2X carrier. For resource (re-)selection procedure under SL-U operation, the enhancement is mainly focused on how to set the candidate resources for sensing. UE still needs to perform single-shot L1 SL-RSRP measurements on the decoded PSCCH/PSSCH slot. 
Proposal 5: There is no impacts on congestion control requirements due to SL-U operation, and the existing single-shot SL-RSSI measurement requirements can be applied.
[bookmark: _Hlk131779710]Co-channel coexistence between LTE SL and NR SL
[bookmark: _Hlk131781066]For co-channel coexistence in Rel-16, LTE and NR resource pools do not overlap in time with each other in the TDM-based semi-static resource pool partitioning. In RF session, the transient period requirements are defined due to switching between LTE SL and NR SL. In RRM session, the scheduling availability requirements for UE switching between LTE SL and NR SL are defined for the co-channel coexistence between LTE SL and NR SL accordingly. 
For co-channel coexistence in Rel-18, Rel-16 in-device coexistence framework is reused. The solution on dynamic resource pool sharing between LTE SL transmission and NR SL transmission is still under discussion in RAN1, which define how to select resources for LTE or NR SL transmission. The dynamic resource pool sharing enhancement has no impacts on the current scheduling availability requirements for UE switching between LTE SL and NR SL.
Proposal 6: The existing scheduling availability requirements for UE switching between LTE SL and NR SL can be reused for co-channel coexistence in Rel-18.
Conclusions
In this paper we provided our analysis on RRM impacts for R18 sidelink evolution. The followings are provided.
Proposal 1: For UE SL transmit timing requirements with SyncRef UE as synchronization reference source under SL-U operation, RAN4 need to study the non-available conditions for the SyncRef UE used for deriving sidelink transmit timing, and the current non-available conditions defined for the reference cell used for deriving uplink transmit timing in NR-U operation can be used as baseline.
Proposal2: For initiation/cease of SLSS transmission requirements with SyncRef UE as synchronization reference source under SL-U operation, the evaluation period of PSBCH-RSRP measured on S-SSBs needs to be extended due to non-available S-SSB(s), where the evaluation period under SL-U operation can be defined as:
	SL-DRX cycleNote 1 [ms]
	Tevaluate,SLSS,SL-U [ms]

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

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

	SL-DRX cycle > 160ms
	(4 + LSLSS) 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.
Note 2:	LSLSS is the number of S-SSB occasions not available at the UE during Tevaluate,SLSS,SL-U for S-SSB evaluation,


Where, RAN4 need to study the maximum value of LSLSS.
Observation 1: For SL-U operation, if the 160ms blind search window is still assumed to be used for SyncRef UE detection, then it could occur that S-SSB occasion can be not available for all search windows, which leads to SyncRef UE detection failure.
Proposal 3: In R18, the 160ms blind search window used for SyncRef UE detection in R16/R17 may not be suitable for SyncRef UE detection under SL-U operation, and RAN4 need to study how to perform SyncRef UE detection under SL-U operation.
Proposal 4: The existing single-shot based L1 SL-RSRP measurement requirements can be applied for mode 2 resource (re-)selection procedure under SL-U operation.
Proposal 5: There is no impacts 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 scheduling availability requirements for UE switching between LTE SL and NR SL can be reused for co-channel coexistence in Rel-18.
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