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Introduction
In this contribution, we provide our views on the specification structure and the requirements for SL-U operation based on WF [1].

Specification Structure
Based on the Work Plan [2] for Rel-18 SL Evo RRM, RAN4 needs to discuss and finalize (draft) CR work split. So, RAN4 should conclude how to implement the requirements for Rel-18 SL-U in the specification. 
	<work plan [2]>
....
	RAN4#108
	Core part
· Discussion and finalization CR work split
· Sidelink on unlicensed spectrum
· Discussion on identified issues
· Agreement on technical aspects of identified issues 
· Co-channel coexistence for LTE sidelink and NR sidelink
· Continue discussion if RRM issues are identified 
· Sidelink CA operation 
· Discussion on identified issues
· Agreement on technical aspects of identified issues 


...


Our preference is to capture the RRM requirements for SL-U using the suffix in clause 12 in TS38.133 like NR-U.
· Proposal 1: Define RRM requirements for sidelink unlicensed spectrum in clause 12 with suffix 
· e.g., 12.3.E Initiation/Cease of SLSS Transmission under CCA
    12.4.E Selection / Reselection of V2X Synchronization Reference source under CCA

RRM requirements for SL-U
UE transmit timing
For transmit timing error requirements, RAN4 agreed to reuse existing requirements as follows. 
	<Agreement>
· Reuse existing Te requirements of UE transmit timing of SyncRef UE as a synchronization reference source for SL-U with 15kHz and 30kHz SCS, and FFS for 60kHz SCS
· The conditions to apply the requirements are 
· for non-DRX case when using SyncRefUE as the synchronization reference source, the SL UE shall meet the (Te) timing requirements provided that at least [one] S-SSB is available at the UE during the last [160] ms.


For 60kHz SCS, there is still no agreement for 60kHz SCS of S-SSB in RAN1, so RAN4 needs to wait for RAN1 decision.
For the condition to apply the requirements, the above agreement can be confirmed by removing the square bracket. 
· Proposal 2: Wait for RAN1 final agreement for 60kHz SCS to define Te requirement, and confirm the condition to apply the requirement below
· for non-DRX case when using SyncRefUE as the synchronization reference source, the SL UE shall meet the (Te) timing requirements provided that at least one S-SSB is available at the UE during the last 160 ms

Initiation / Cease of SLSS transmission
For Tevaluate,SLSS, RAN4 agreed to extend the measurement period considering LBT failure impact as below.
	Issue 3-1: 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. For x_max (LSLSS,max), it could be defined similarly to what has been defined in NR-U. LSLSS,max=7 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=5 for SL-DRX cycle > 160ms. 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, when the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), LSLSS,max=5 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=3 for SL-DRX cycle > 160ms; otherwise, LSLSS,max=7 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=5 for SL-DRX cycle > 160ms.
· Proposal 3: Introduce x_max (LSLSS,max) for initiation/cease of SLSS transmission requirements below 
· if the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), 
· LSLSS,max=5 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=3 for SL-DRX cycle > 160ms
· otherwise, 
· LSLSS,max=7 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=5 for SL-DRX cycle > 160ms.

	Issue 3-2: Requirement when exceeding the maximum allowed LBT failures during evaluation to initiate/cease SLSS transmission
<Agreement>
· From the requirement perspective, 
· UE is not required to meet the corresponding measurement requirements when exceeding the maximum unavailable S-SSB periods (allowed LBT failures) during the evaluation for Initiation/Cease of SLSS Transmission.
<FFS>
· From the UE behaviour/procedure perspective, 
· Option 1: UE should initiate the SLSS transmission after reaching maximum unavailable S-SSB periods and the source SyncRef UE is available at UE
· The term SyncRef UE in SL-U is not available at the UE refers to when all the candidate S-SSB positions in every S-SSB period are not available during the last y ms; otherwise the SyncRef UE in SL-U is considered as available at the UE.
· The term unavailable S-SSB period refers to the S-SSB period in which all the candidate S-SSB positions are not available.
· Option 2: The UE initiate SLSS transmission when x > x_max
· Option 3: Not to define additional behaviour / procedure
· Option 4: Upon exceeding the maximum allowed number of LBT failures over the Tevaluate,SLSS period of time, the UE has to restart the evaluation of PSBCH-RSRP


When exceeding the maximum allowed LBT failures during the evaluation period, RAN4 agreed that UE is not required to meet the requirements from the requirement perspective. For the UE behavior/procedure when exceeding the maximum allowed LBT failures during the evaluation period, it would be better to ask RAN2 since it is not RAN4 work scope.
· Proposal 4: Send LS to RAN2 asking for a clear procedure when exceeding the maximum allowed LBT failures during the evaluation period for initiation of SLSS transmission if needed.

	Issue 3-4: NR-U gNB as a synchronization reference source
<Agreement>
· No further discussion on this issue until following scenario is confirmed to be supported.
· Using NR-U gNB as a synchronization reference source for SL-U UE having synchronization signal detection function for NR-U gNB


In the last meeting, RAN4 agreed not to discuss until the following scenario is confirmed to be supported.
· Using NR-U gNB as a synchronization reference source for SL-U UE having synchronization signal detection function for NR-U gNB
Therefore, RAN4 should send LS[3] to ask RAN1 whether the scenario is supported in this release 
· Proposal 5: Send LS[3] to RAN1 whether NR-U gNB as a synchronization reference source is supported in Rel-18.

Selection/Reselection of V2X synchronization reference source
There are two options to define requirements for identifying SyncRef UE which agreed in the last RAN4 meeting as follows.
	Issue 4-1: Requirements for SyncRef UE that is synchronized to GNSS directly or in-directly
<Way forward for next meeting>
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 (A) at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of (B) for the purpose of selection/reselection to the SyncRef UE.
· 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.
· 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


Both options have pros and cons for detection time and dropping rate. For option 1, the maximum allowed dropping rate for SLSS transmission could be kept as 30% even if the unavailable S-SSB period is increased. However, the detection time for SyncRef UE linearly increases depending on the number of unavailable S-SSB periods. For example, Tdetect,SyncRef UE_V2X could be larger than 10 seconds if x1_max is 6. For option 2, even though the number of unavailable S-SSB periods is increased, the detection time for SyncRef UE does not increase significantly. However, the maximum allowed dropping rate for SLSS transmission could be larger than 50% if x1_max is larger than 6. Both the detection time and the dropping rate are important to maintain unlicensed band based sidelink communication operation. Under the assumption that the number of S-SSB occasions within S-SSB period is sufficiently guaranteed, the small number of unavailable S-SSB periods could be considered. So, the dropping rate could be limited. Depending on the number of S-SSB occasions within S-SSB period, both above options could be applied. If the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), the requirements could be defined based on option 2; otherwise, the requirements could be defined based on option 1.
· Proposal 6: Tdetect,SyncRef UE_V2X and dropping rate for the SyncRef UE that is synchronized to GNSS directly or in-directly are
· If the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4),
· A: (1.6+ 0.16*x1) seconds
· B: [(3+x1_max)/(10+x1_max)]*100% of its SLSS transmissions during Tdetect,SyncRef UE_V2X.
· Otherwise,
· A: (1.6+1.6*x1) seconds
· B: 30% of its SLSS transmissions during the Tdetect,SyncRef UE_V2X

	Issue 4-2: Requirements for other cases of Issue 4-1
<Way forward for next meeting>
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 (C) at S-SSB Ês/Iot ≥ 0 dB, provided that the UE is allowed to drop a maximum of (D) for the purpose of selection/reselection to the SyncRef UE.
· 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 other case of above Issue 4-1, both option 1 and option 2 are the same pros and cons as described in Issue 4-1, so it could follow similar approach to Issue 4-1. 
· Proposal 7: Tdetect,SyncRef UE_V2X and dropping rate for other case
· If the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4),
· C: (8+0.16*x2) seconds
· D: [(0.48+0.16*x2_max)/(8+0.16*x2_max)]*100% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X
· Otherwise,
· C: (8+8*x2) seconds
· D: 6% of its V2X data and SLSS transmissions during the Tdetect,SyncRef UE_V2X

	Issue 4-4: Requirement for Tmeasure, PSBCH-RSRP
For information what is the value ‘y’ and ‘y_max’, the agreement for requirements for Tmeasure,PSBCH-RSRP in the last RAN4 meeting is as follow:
	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


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.


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, when the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), LPSBCH,max=4 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LPSBCH,max=2 for SL-DRX cycle > 160ms; otherwise, LPSBCH,max=5 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LPSBCH,max=3 for SL-DRX cycle > 160ms.
· Proposal 8: Introduce y_max (LSLSS,max) for initiation/cease of SLSS transmission requirements below 
· if the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), 
· LSLSS,max =4 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max =2 for SL-DRX cycle > 160ms
· otherwise, 
· LSLSS,max =5 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max =3 for SL-DRX cycle > 160ms.

	Issue4-5: Requirement when exceeding the maximum allowed LBT failures
<FFS>
· Proposals
· Option 1: Not to define additional requirement or procedure when exceeding the maximum allowed LBT failure for selection/reselection of V2X synchronization source
· Option 2: The UE shall stop using that SyncRefUE as the synchronization reference source upon exceeding the maximum allowed LBT failures during Tmeasure,PSBCH-RSRP.


When exceeding the maximum allowed LBT failures, the UE would try to detect other sync sources, and TS38.331 has already a clear description as follows.
[image: ]
If a clear description of when exceeding the maximum allowed LBT failure is needed in RAN4 specification, following Note could be considered in the requirement Table similar to NR-U
· Upon exceeding LPSBCH,max over the period fo time Tmeasure,PSBCH-RSRP, the UE is onsidered not to have selected the SyncRef UE.

· Proposal 9: No further discussion on UE behavior when exceeding the maximum allowed LBT failures for selection/reselection of synchronization reference source is needed, and the followgin Note could be considered in the requirement Table similar to NR-U if needed.
· Upon exceeding LPSBCH,max over the period of time Tmeasure,PSBCH-RSRP, the UE is considered not to have selected the SyncRef UE.

Interruption
	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.


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 10: Allow interruption to WAN due to LBT operation during SL-DRX off duration, and the requirements in clause 12.7.4 in TS38.133 could apply.


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 11: When SL-DRX is configured, no interruption is allowed during COT duration if the COT is shared.

Impact on new S-SSB transmission design
	Issue 8-1: Impact on RRM requirement due to new S-SSB design
<FFS>
· Proposals
· Option 1: RAN4 to study and identify the impact of N repeated S-SSB transmissions on RRM requirements


RAN1 agreed on new S-SSB transmission design to meet OCB requirements and details are still FFS. However, N repeated S-SSB transmission in the frequency domain within a RB set has been agreed, and S-SSB repetition in more than one RB set is FFS as follows.
	<RAN1#113 agreements >
When the SL-BWP contains multiple RB sets, support the followings:
· When UE attempts to transmit S-SSB in a S-SSB occasion (e.g., R16/17 S-SSB occasion, R18 additional candidate S-SSB occasion)
· UE may transmit S-SSB repetition in more than one RB set
· Down-select one of the followings in RAN1#114:
· Alt 1: At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets
· FFS details, e.g., whether this can be satisfied by (pre-)configuration, whether the power for S-SSB transmission on other RB set(s) also does not change due to the number of used RB sets, etc.
· Alt 2: The power for S-SSB transmission on each RB set does not change due to the number of used RB sets
· FFS details, e.g., whether this can be satisfied by (pre-)configuration, etc.
· FFS: Locations of S-SSB repetitions in each RB set are the same as the locations of S-SSB repetitions in the anchor RB set
· FFS: how to (pre)configure resources for the S-SSB repetitions
· Note: anchor RB set refers to the RB set where S-SSB indicated by sl-AbsoluteFrequencySSB-r16 locates
· Note: whether UE can transmit S-SSBs over non-contiguous RB sets is subject to RAN4’s reply, details can be found in RAN1’s LS to RAN4 in R1-2304218, R1-2306198


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 since sync detection performance without combing N repeated S-SSB is degraded as shown in Fig. 2, 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)
Considering synchronization coverage, the UE might need to receive all N repeated S-SSB. Even though the main scenario of sidelink communication in ulicensed band is indoor environment and synchronization coverage could be shorter than the legacy case, the above situations could still be problematic since Tx power of each S-SSB transmission is reduced. Another thing to consider is maximum Tx power in ulicensed band. The maximum Tx power for SL-U has been defined by 20dBm (i.e., Power class 5) in RF session, and the actual maximum Tx power is limited by country-specific regulation. Especially, to operate SL-U in indoor in South Korea, the maximum Tx power is 14dBm, so if repeated S-SSB within one RB set or multiple RB sets are transmitted, combining N repeated S-SSB might need to be considered. 
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Figure 2 Probability of miss detection S-PSS and miss distinction S-SSS vs SNR for 4 repetitions (solid line is the results for non-coherent combining with all repeated S-SSB and dotted line is the results for one S-SSB among repeated S-SSB)

· Proposal 12: RAN4 needs to study combining repeated S-SSB when requirements are defined, and needs to wait for the final RAN1 conclusion for S-SSB design.

Conclusion 
In this contribution, we provide views on the specification structure and RRM requirements for sidelink unlicensed band operation based on WF [1], and we propose
· Proposal 1: Define RRM requirements for sidelink unlicensed spectrum in clause 12 with suffix 
· e.g., 12.3.E Initiation/Cease of SLSS Transmission under CCA
    12.4.E Selection / Reselection of V2X Synchronization Reference source under CCA
· Proposal 2: Wait for RAN1 final agreement for 60kHz SCS to define Te requirement, and confirm the condition to apply the requirement below
· for non-DRX case when using SyncRefUE as the synchronization reference source, the SL UE shall meet the (Te) timing requirements provided that at least one S-SSB is available at the UE during the last 160 ms
· Proposal 3: Introduce x_max (LSLSS,max) for initiation/cease of SLSS transmission requirements below 
· if the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), 
· LSLSS,max=5 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=3 for SL-DRX cycle > 160ms
· otherwise, 
· LSLSS,max=7 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max=5 for SL-DRX cycle > 160ms.
· Proposal 4: Send LS to RAN2 asking for the clear procedure when exceeding the maximum allowed LBT failures during the evaluation period for initiation of SLSS transmission if needed.
· Proposal 5: Send LS[3] to RAN1 whether NR-U gNB as a synchronization reference source is supported in Rel-18.
· Proposal 6: Tdetect,SyncRef UE_V2X and dropping rate for the SyncRef UE that is synchronized to GNSS directly or in-directly are
· If the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4),
· A: (1.6+ 0.16*x1) seconds
· B: [(3+x1_max)/(10+x1_max)]*100% of its SLSS transmissions during Tdetect,SyncRef UE_V2X.
· Otherwise,
· A: (1.6+1.6*x1) seconds
· B: 30% of its SLSS transmissions during the Tdetect,SyncRef UE_V2X
· Proposal 7: Tdetect,SyncRef UE_V2X and dropping rate for other case
· If the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4),
· C: (8+0.16*x2) seconds
· D: [(0.48+0.16*x2_max)/(8+0.16*x2_max)]*100% of its V2X data and SLSS transmissions during Tdetect,SyncRef UE_V2X
· Otherwise,
· C: (8+8*x2) seconds
· D: 6% of its V2X data and SLSS transmissions during the Tdetect,SyncRef UE_V2X
· Proposal 8: Introduce y_max (LSLSS,max) for initiation/cease of SLSS transmission requirements below 
· if the number of S-SSB occasions within the S-SSB period is larger than k (e.g, k=4), 
· LSLSS,max =4 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max =2 for SL-DRX cycle > 160ms
· otherwise, 
· LSLSS,max =5 for SL-DRX cycle ≤ 160ms and no SL-DRX, and LSLSS,max =3 for SL-DRX cycle > 160ms.
· Proposal 9: No further discussion on UE behavior when exceeding the maximum allowed LBT failures for selection/reselection of synchronization reference source is needed, and the followgin Note could be considered in the requirement Table similar to NR-U if needed.
· Upon exceeding LPSBCH,max over the period of time Tmeasure,PSBCH-RSRP, the UE is considered not to have selected the SyncRef UE.
· Proposal 10: Allow interruption to WAN due to LBT operation during SL-DRX off duration, and the requirements in clause 12.7.4 in TS38.133 could apply.
· Proposal 11: When SL-DRX is configured, no interruption is allowed during COT duration if the COT is shared.
· Proposal 12: RAN4 needs to study combining repeated S-SSB when requirements are defined, and needs to wait for the final RAN1 conclusion for S-SSB design.
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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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