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Introduction
In the last meeting, RAN4 discussed and agreed on high-level approaches for each RRM requirement in SL-U operation. In this contribution, we provide our views on the requirements for SL-U operation based on WF [1].

Discussion
UE transmit timing
For transmit timing error requirements, RAN4 agreed to wait for RAN1 progress of S-SSB transmission design. 
	Issue 1-1: Transmit timing error requirement
· RAN4 needs to investigate if existing timing error requirement can be reused based on RAN1’s conclusion for S-SSB transmission design.



RAN1 had an agreement for S-SSB transmission design as below. S-SSB for SL-U is transmitted by legacy S-SSB N times repetition in the frequency domain. 
	<RAN1#112bis-e agreements >
For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, Alt6 is supported:
· Alt 6: Support both Option 3-1(revised) and Option B, and enable one of them by (pre-)configuration
Note: the Options are as below
· Option 3-1(revised): Transmit legacy 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 the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), whether/how to reduce PAPR.
· FFS gap of 0
· Option B: Legacy S-SSB
· RAN1 does not pursue further study on how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.


Since S-SSB is repeated N times in the frequency domain, existing transmit timing error can be reused.
· Proposal 1: Reuse existing transmit timing error requirement for SL-U

	Issue 1-2: (non-)Available condition for SyncRef UE
· New definition for (non-)availability of SyncRef UE for SL-U is required. 
· RAN4 needs to wait for RAN1’s conclusion for S-SSB transmission design.


RAN1 agreed to the additional candidate S-SSB occasions for S-SSB transmission as below.
	<RAN1#112bis-e Conclusion >
Regarding additional candidate S-SSB occasions, in the same S-SSB period, UE can attempt to transmit on additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).


Based on RAN1 conclusion, the UE receiving S-SSB would try to detect S-SSB for Rel-16/Rel-17 S-SSB occasion and additional candidate S-SSB occasion of Rel-18 SL-U. If the UE detects the S-SSB, UE does not need to attempt to detect S-SSB for the following S-SSB occasion within the S-SSB period. Therefore, the unavailable condition for SyncRef UE is when all S-SSB occasions are not available within the S-SSB period due to the LBT failure. 
· Proposal 2: The term SyncRef UE is not available at the UE refers to when all S-SSB occasions containing SLSS of the SyncRef UE are not available at the UE during one S-SSB period due to the CCA failure.

Initiation / Cease of SLSS transmission
For Tevaluate,SLSS, RAN4 agreed to extend the measurement period considering LBT failure impact as below.
	Issue 2-1: Requirements for SyncRef UE as synchronization reference source
· Extending the measurement period to 4+x S-SSB periods, x is the S-SSB periods in which the SLSS is not available due to LBT failures, and is capped by x_max. FFS for detailed description and x_max.


The value x (LSLSS) is the number of S-SSB periods in which the SLSS is not available due to LBT failure. RAN1 agreed to introduce additional S-SSB occasions within a S-SSB period to reduce LBT failure impact on S-SSB transmission, so the opportunity for SLSS transmission is increased. If the number of S-SSB occasions within the S-SSB period is larger than some threshold, LSLSS,max could be a small number. Therefore, LSLSS,max could be decided depending on the number of S-SSB occasions within the S-SSB period. 
· Proposal 3: 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. 

	Issue 2-2: Requirement when exceeding the maximum allowed LBT failures during evaluation to initiate/cease SLSS transmission
· RAN4 to continue discussion whether and how to define requirement and procedure when exceeding the maximum allowed LBT failure during evaluation to initiate/cease SLSS transmission


When exceeding the maximum allowed LBT failures during the evaluation period, UE is not required to meet the requirements. The procedure discussion when exceeding the maximum allowed LBT failures during the evaluation period is not RAN4 work scope. 
· Proposal 4: When exceeding the maximum allowed LBT failures during the evaluation period, UE is not required to meet the requirements.
· Proposal 5: The procedure discussion when exceeding the maximum allowed LBT failures during the evaluation period is not RAN4 work scope

	Issue 2-3: NR-U gNB as a synchronization reference source
· NR-U gNB as a synchronization reference source is out of scope in Rel-18.


In the last meeting, RAN4 agreed not to introduce NR-U gNB as a synchronization reference source. However, SL-U UE can only have synchronization signal detection function of NR-U gNB. For this type of SL-U UE, the requirements for NR-U gNB as a synchronization reference source should be introduced.
· Proposal 6: Consider NR-U gNB as a synchronization reference source for SL-U UE having synchronization signal detection function for NR-U gNB.

	Issue 2-4: First SLSS transmission
· RAN4 to continue discussion whether to introduce additional time or condition for initial SLSS transmission after evaluation period due to LBT failure.


When the conditions for SLSS transmission are met, the UE transmits SLSS within a S-SSB period after the evaluation period  (initiation delay of S-SSB transmission: Tevaluate,SLSS + S-SSB period). However, the UE cannot transmit SLSS due to LBT failure even if the conditions for SLSS transmission are met. Therefore, new requirements for initiation delay of S-SSB transmission should be defined. As commented in the last meeting, additional time duration (TCCA)for initiation delay of S-SSB transmission due to LBT failure could be considered. If the TCCA is exceeded, UE should re-evaluate it to initiate SLSS transmissions.
· Proposal 7: Initiation delay of S-SSB transmission should be Tevaluate,SLSS + S-SSB period + TCCA, and If the TCCA is exceeded, UE should re-evaluate it to initiate SLSS transmissions

Selection/Reselection of V2X synchronization reference source

	Issue 3-1: Requirements for Tdetect, SyncRef UE_V2X and allowed drop rate
· Extend detection period considering S-SSB not available due to LBT failure during the detection period
· FFS: allowed Tx dropping rate and Rx dropping rate
· FFS: Maximum allowed LBT failure
· For SL DRX and SL non-DRX case, it will be discussed based on above bullets.


Based on the above agreements, 
· when UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly, 
· the UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection/reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as (1.6+x1) seconds at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of y1% of its SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection/reselection to the SyncRef UE. x1 is the number of S-SSB periods of non-available SLSS where x1 < x1_max. 
· y1 depends on x1, and total dropping rate is [(0.48+x1)/(1.6+x1)]%.
· x1_max can be decided by the number of S-SSB occasions within a S-SSB period.
· in other cases (with non-SL-DRX and SL-DRX)
· The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection/reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as (8+x2) seconds at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of y2 % of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection/reselection to the SyncRef UE. x2 is the number of S-SSB periods of non-available SLSS where x2 < x2_max.
· y2 depends on x2, and total dropping rate is [(0.48+x2)/(8+x2)]%.
· x2_max can be decided by the number of S-SSB occasions within a S-SSB period.

For the Rx dropping rate, the dropping of V2X data reception is introduced due to PSBCH monitoring, but it is not affected by LBT failure. So, the existing Rx dropping rate could be reused for SL-U operation. 
 
· Proposal 8: Tdetect,SyncRef UE_V2X and dropping rate for the purpose of selection/reselection to the SyncRef UE are
· when UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly, 
· the UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection/reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as (1.6+x1) seconds at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of y1% of its SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection/reselection to the SyncRef UE. x1 is the number of S-SSB periods of non-available SLSS where x1 < x1_max. 
· y1 depends on x1, and total dropping rate is [(0.48+x1)/(1.6+x1)]%.
· x1_max can be decided by the number of S-SSB occasions within a S-SSB period.
· in other cases (with non-SL-DRX and SL-DRX)
· The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection/reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as (8+x2) seconds at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of y2 % of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection/reselection to the SyncRef UE. x2 is the number of S-SSB periods of non-available SLSS where x2 < x2_max.
· y2 depends on x2, and total dropping rate is [(0.48+x2)/(8+x2)]%.
· x2_max can be decided by the number of S-SSB occasions within a S-SSB period.
· Proposal 9: Existing Rx dropping rate can be reused for SL-U operation

	Issue 3-2: Requirement for Tmeasure, PSBCH-RSRP
· Tmeasure,PSBCH-RSRP during which the UE shall be capable of performing PSBSCH-RSRP measurements of 3 identified intra-frequency SyncRef UEs is defined as blow Table as a starting point. y is the S-SSB periods in which the SLSS is not available due to LBT failures and FFS for detailed description and y_max which is capped.
	SL-DRX cycle [ms]
	Tmeasure,PSBCH-RSRP [ms]

	No SL-DRX
	(2 + y)*160

	SL-DRX cycle ≤ 160ms
	(2 + y)*160

	SL-DRX cycle > 160ms
	(2 + y)*SL-DRX cycle





Similar to the description of the requirements for SyncRef UE as a synchronization reference source for initiate/cease of SLSS transmission above, the value y(LPSBCH) is the number of S-SSB periods in which the PSBCH is not available due to LBT failure. RAN1 agreed to introduce additional S-SSB occasions within a S-SSB period to reduce LBT failure impact on S-SSB transmission, so the opportunity for S-SSB transmission is increased. If the number of S-SSB occasions within the S-SSB period is larger than some threshold, LPSBCH,max could be a small number. Therefore, LPSBCH,max could be decided depending on the number of S-SSB occasions within the S-SSB period. 
· Proposal 10: The number of S-SSB occasions within the S-SSB period should be considered to define LPSBCH,max (y_max) for initiation/cease of SLSS transmission requirements, and LPSBCH,max can use the values of LSLSS,max.

	Issue 3-3: Requirement when exceeding the maximum allowed LBT failures
· RAN4 to continue discussion whether and how to define requirement and procedure when exceeding the maximum allowed LBT failure for selection/reselection of V2X synchronization source.


When exceeding the maximum allowed LBT failures, the UE would try to detect other sync sources, and this is up to UE implementation. Also, TS38.331 has already a clear description as follows.
[image: ]
· Proposal 11: No further discussion on UE behavior when exceeding the maximum allowed LBT failures for selection/reselection of synchronization reference source is needed.

Interruption

	Issue 6-1: Interruption
· RAN4 to continue discussion whether to introduce interruption requirements for 
· Proposal 1-1: 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.
· whether the interruption interval [1 ms] or definition of interrupt interval need to consider LBT failure or not.
· Proposal 1-2: Study and introduce the interruption requirements due to LBT operation during SL-DRX off duration.
· at the moment of performing LBT operation during DRX off duration, an interruption may occur to WAN.


The interruption interval due to synchronization source change and transitions between active and non-active duration DRX can be reused for SL-U operation since LBT failure would not affect the cause of interruption in these cases. But, additional interruption to WAN due to LBT operation for transmission during SL-DRX off duration could be considered as shown in Fig 1. If SL-DRX is configured, the SL-U Tx UE would try to perform LBT operation considering SL-DRX of SL-U Rx UE. When the LBT operation of SL-U Tx UE is performed during SL-DRX off duration, interruption to WAN could be introduced since the UE needs to turn on the Rx chain during SL-DRX off duration. 
· Proposal 12: Allow interruption to WAN due to LBT operation during SL-DRX off duration


Figure 1 Example of interruption due to LBT operation during SL-DRX off duration

If SL-U Tx UE shares COT with SL-U Rx UE when SL-DRX is configured, SL-U Rx UE would expect to receive the signal from SL-U Tx UE, so the SL-U Rx UE needs to keep Rx chain power on during COT duration. Therefore, no interruption is allowed during COT duration. 
· Proposal 13: When SL-DRX is configured, no interruption is allowed during COT duration if the COT is shared.

Impact on new S-SSB transmission design
RAN1 agreed on new S-SSB transmission design to meet OCB requirements.
	<RAN1#112bis-e agreements >
For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, Alt6 is supported:
· Alt 6: Support both Option 3-1(revised) and Option B, and enable one of them by (pre-)configuration
Note: the Options are as below
· Option 3-1(revised): Transmit legacy 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 the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), whether/how to reduce PAPR.
· FFS gap of 0
· Option B: Legacy S-SSB
· RAN1 does not pursue further study on how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.


If N times repetition of S-SSB in frequency domain within a RB set is transmitted, the transmission power per S-SSB would be reduced compared to legacy S-SSB transmission. If a UE detects only one S-SSB among N repeated S-SSB, synchronization coverage would be reduced, and PSBCH-RSRP and synchronization detection performance may be different from existing ones. And, the situations below often occur. 
· frequent selection/reselection of the synchronization source
· unnecessary SLSS transmissions
· interference due to increasing asynchronization cases (reduced synchronization coverage)
To maintain synchronization coverage as legacy SL, the UE might need to receive all N repeated S-SSB. 
· Proposal 14: RAN4 to study and identify the impact of N repeated S-SSB transmissions on RRM requirements.

Conclusion 
In this contribution, we provide views on sidelink unlicensed band operation based on WF [1], and we propose
· Proposal 1: Reuse existing transmit timing error requirement for SL-U
· Proposal 2: The term SyncRef UE is not available at the UE refers to when all S-SSB occasions containing SLSS of the SyncRef UE are not available at the UE during one S-SSB period due to the CCA failure.
· Proposal 3: 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. 
· Proposal 4: When exceeding the maximum allowed LBT failures during the evaluation period, UE is not required to meet the requirements.
· Proposal 5: The procedure discussion when exceeding the maximum allowed LBT failures during the evaluation period is not RAN4 work scope
· Proposal 6: Consider NR-U gNB as a synchronization reference source for SL-U UE having synchronization signal detection function for NR-U gNB.
· Proposal 7: Initiation delay of S-SSB transmission should be Tevaluate,SLSS + S-SSB period + TCCA, and If the TCCA is exceeded, UE should re-evaluate it to initiate SLSS transmissions
· Proposal 8: Tdetect,SyncRef UE_V2X and dropping rate for the purpose of selection/reselection to the SyncRef UE are
· when UE is synchronized to a SyncRef UE that is synchronized to GNSS directly or in-directly, 
· the UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection/reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as (1.6+x1) seconds at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of y1% of its SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection/reselection to the SyncRef UE. x1 is the number of S-SSB periods of non-available SLSS where x1 < x1_max. 
· y1 depends on x1, and total dropping rate is [(0.48+x1)/(1.6+x1)]%.
· x1_max can be decided by the number of S-SSB occasions within a S-SSB period.
· in other cases (with non-SL-DRX and SL-DRX)
· The UE shall be able to identify newly detectable intra-frequency SyncRef UE within Tdetect,SyncRef UE_V2X seconds if the SyncRef UE meets the selection/reselection criterion defined in TS 38.331[2]. Tdetect,SyncRef UE_V2X is defined as (8+x2) seconds at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of y2 % of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X for the purpose of selection/reselection to the SyncRef UE. x2 is the number of S-SSB periods of non-available SLSS where x2 < x2_max.
· y2 depends on x2, and total dropping rate is [(0.48+x2)/(8+x2)]%.
· x2_max can be decided by the number of S-SSB occasions within a S-SSB period.
· Proposal 9: Existing Rx dropping rate can be reused for SL-U operation
· Proposal 10: The number of S-SSB occasions within the S-SSB period should be considered to define LPSBCH,max (y_max) for initiation/cease of SLSS transmission requirements, and LPSBCH,max can use the values of LSLSS,max.
· Proposal 11: No further discussion on UE behavior when exceeding the maximum allowed LBT failures for selection/reselection of synchronization reference source is needed.
· Proposal 12: Allow interruption to WAN due to LBT operation during SL-DRX off duration
· Proposal 13: When SL-DRX is configured, no interruption is allowed during COT duration if the COT is shared.
· Proposal 14: RAN4 to study and identify the impact of N repeated S-SSB transmissions on RRM requirements.
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3> if the PSBCH-RSRP of the current SyncRef UE is less than the minimum requirement defined in TS
38.133 [14]:

4> consider no SyncRef UE to be selected;
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