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1 	Introduction
RAN4#107 had some discussion on the RRM requirements for NR SL-U. There are still some open issues [1]. In this contribution, we would like to share our view on the remaining issues.
2 Discussion
2.1 Initiation / Cease of SLSS transmission
In RAN4#106bis-e, RAN4 had agreed to extend the evaluation period from 4 S-SSB periods to 4 + x S-SSB periods. There are mainly two issues left for further discussion. One is the maximum value of x, another is UE’s behavior when exceeding the maximum allowed LBT failures during evaluation to initiate/cease SLSS transmission.

Before going to the two issues, we would like to discuss UE’s behavior based on RAN1’s agreement on S-SSB. 

	Conclusion (RAN1#112bis)
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).

Agreement (RAN1#113)
Regarding the number and location(s) of additional candidate S-SSB occasions, support:
· Option 2 (12): Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion(s) in different time slot(s), and the gap between them is (pre-)configured
· FFS details, e.g., value of K, details on gap length (including possibility of being 0), etc.



Assume there is one additional candidate S-SSB occasion. From the point of Tx UE, its behavior can be as below:
· LBT success at the first occasion. UE only transmits SLSS at the first occasion no matter LBT success or failure at the second occasion (as period#1 in Fig.1)
· LBT success at the first occasion. UE transmits SLSS at the second occasion too, if LBT success at the second occasion (as period#2 in Fig.1)
· LBT failure at the first occasion. UE transmits SLSS at the second occasion if LBT success at the second occasion (as period#3 in Fig.1)
· LBT failure at both the first and second occasions. UE will not transmit SLSS both the occasions (as period#4 in Fig.1)
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Fig.1

As Tx UE is not mandatory to transmit SLSS at the second occasion, Rx UE should assume Tx UE not transmitting SLSS at the second occasion if SLSS is successfully transmitted at the first occasion. If there is no SLSS detected at the first occasion, Rx UE should try the second occasion.

Regarding the maximum value of x, as shown above, RAN1 agreed to introduce additional S-SSB occasions within a S-SSB period to reduce LBT failure impact on S-SSB transmission but had no conclusion on how many additional occasions yet. In general, the more the additional occasions agreed in RAN1, the less S-SSB periods needed here. Even there is only one additional S-SSB occasion within a S-SSB period, the probability of at least 4 S-SSB period transmitted by SyncRef source would be exceed 99.9% if LBT successful rate is 75% (used in NR-U test case) and x_max=4 (The calculation is as the following table). We think x_max=4 is long enough.
	· The probability of one S-SSB period available (S-SSB is transmitted at least on one occasion): 
1-(1-0.75)^2=0.9375
· At least 4 S-SSB periods available in 8 S-SSB periods:
1-{C(8,3)*0. 9375^3*0.0625^5+C(8,2)*0. 9375^2*0.0625^6+C(8,1)*0. 9375*0.0625^7+0.0625^8}>99.9%



When exceeding the maximum allowed LBT failures during evaluation to initiate/cease SLSS transmission, as shown above, the probability of LBT failure at more than 4 out 8 samples is very low, so it is a corner case. We suggest not over-optimizing for this case. 
We want to clarify that legacy requirement does not force UE to use 4 samples. If UE can reach the accuracy requirements with less samples, UE can use less samples. For example, if x_max=4 and 5 out of 8 S-SSB periods are not available due to LBT failure at SyncRef source, but if UE can still satisfy the accuracy requirements with three available samples, UE can still decide to transmit S-SSB or not based on the measured RSRP of its SyncRef source. For the UE that needs 4 samples, UE may not be able to make the decision on SLSS transmission or not. We think these UEs should be allowed to evaluate the quality of its SyncRef source again. Some company proposed to ask UE to start SLSS transmission when exceeding the maximum allowed LBT failure. As there may be several UEs using the same SyncRef source, requiring them to transmit SLSS will cause a lot if interference to UEs which are at the edge of the coverage of the SyncRef source. 
Proposal 1: The value of x_max in the evaluation period requirements for initiate/cease SLSS transmission can be 4.
[bookmark: _Hlk134870976]Proposal 2: When exceeding the maximum allowed LBT failure during evaluation to initiate/cease SLSS transmission, UE is allowed to evaluate the quality of its SyncRef source again.
[bookmark: _Hlk134812229]2.3 Selection / Reselection of V2X synchronization Reference source
As shown in the justification part of WID, the motivation to introduce SL-U is for commercial applications. In our understanding, for commercial applications, UE doesn’t travel across different sync clusters very often. It is important to keep synchronized to the UEs that are communicating with.
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RAN4#107 discussed how to extend the detection time considering the impact of LBT failure on Selection / Reselection of V2X synchronization Reference source.

	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 

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

FFS on Rx dropping rate of its V2X data reception during Tdetect,SyncRef UE_V2X for the purpose of selection / reselection to the SyncRef UE.



There are two options on table now. We prefer Option 1, i.e., extend the detection time to (1.6+1.6*x1) seconds for synchronized search and (8+8*x2) seconds for asynchronized search. In our understanding, option 1 is as shown in Fig.2 and option 2 is as shown in Fig.3. Option 2 is to ask UE to search new SyncRef UE using the subsequent S-SSB periods. It has the advantage of detecting the new SyncRef UE more quickly than Option 1. But there will be several contiguous SLSS periods dropped due to detecting new SyncRef UE and will have impact on the UEs which use the UE as SyncRef source. In addition, even in license band, SyncRef UE may drop its SLSS transmission due to searching for better SyncRef source. When it comes to SL-U, Rx UE can not know why the SyncRef UE does not transmit SLSS, e.g., due to LBT failure or collision with searching for new SyncRef UE. With Option 1, no matter SLSS is not transmitted due to LBT failure or other reasons, UE can have aligned behavior. 
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Fig.2
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Fig.3
[bookmark: _Hlk134871051]Proposal 3: The detection period should be extended to (1.6+1.6*x1) seconds for synchronized search and (8+8*x2) seconds for asynchronized search.
Since the detection period is extend by several legacy requirements, legacy dropping rate still apply.
Proposal 4: Legacy dropping rate defined for synchronized search and asynchronized search also apply to SL-U.
Last meeting, RAN4 also discussed how to extend the measurement period on SyncRef UE due to LBT failure.
	Issue 4-4: Requirement for Tmeasure, PSBCH-RSRP
<FFS>
	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.


· Proposals 
· Option 1: More RAN1 progress is necessary to determine the value of y in Tmeasure, PSBCH-RSRP.
· Option 2: 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.
· Option 3: 
· y is the number of S-SSB occasions not available at the UE during Tevaluate,SLSS,SL-U for S-SSB evaluation, where y ≤ y_max.
· y_max = 3 for no SL-DRX or SL-DRX cycle ≤ 160ms, y_max = 2 for SL-DRX cycle > 160ms
· Option 4: RAN4 should consider extending the Tmeasure,PSBCH-RSRP by y, capped by y_max. where UE can consider y and y_max based on the priority level of synchronization source, others solution can be also considered.
· Option 5: The maximum number of allowed LBT failures during the measurement period Tmeasure,PSBCH-RSRP in reselection requirements of SyncRef UE is defined as 16 for all DRX cycles



We propose y_max as 2. 
Assume there is only one additional S-SSB occasion within a S-SSB period, LBT successful rate is 75% (used in NR-U test case). The probability of at least 2 S-SSB period out of 4 periods transmitted by SyncRef source would be exceed 99%. The calculation is as the following table. We think y_max=2 is long enough.
	· The probability of one S-SSB period available (S-SSB is transmitted at least on one occasion): 
1-(1-0.75)^2=0.9375
· At least 2 S-SSB periods available in 4 S-SSB periods:
1-{C(4,3)*0. 9375*0.0625^3+ 0.0625^4}>99%


[bookmark: _Hlk134871073]Proposal 5: y_max =2 in Tmeasure, PSBCH-RSRP for SL-U.
When exceeding the maximum allowed LBT failures, as shown above, the probability is very low, so it is a corner case. We suggest not over-optimizing for this case. If it happens, UE can perform the measurement again.
Proposal 6: Not to define additional requirement or procedure when exceeding the maximum allowed LBT failure for selection/reselection of V2X synchronization source.
2.4 SL-RSRP measurement
In last meeting, RAN4 had some discussion on whether MCSt (Multi-consecutive slot transmission) and two candidate starting symbols of PSCCH&PSSCH would have impact on SL-RSRP requirements. In the next, we would like to share our views.
	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



SL-RSRP measurement requirements are defined for resource sensing and resource (re)selection. The legacy requirements are defined based on one shot measurement on one slot.
The agreement in RAN1 is copied here for information. According to the agreement in RAN1#112bis-e, there are still several alternatives to implement/achieve MCSt. In our understanding, the number of consecutive slots to select is based on TB size and number of TBs. The number of consecutive slots selected may be different for each transmission. No matter which approach RAN1 adopted at last, UE should perform SL-RSRP measurement per slot. Based on the per-slot measurement results, it is possible to select different number of consecutive slots for different transmissions. As SL-RSRP should be performed per slot, legacy requirements still apply.
	RAN1#112bis-e
Agreement
Send an LS to RAN2 according to the following content for the LS:
	RAN1 has discussed the following approaches to implement/achieve MCSt for SL-U communication. RAN1 would like to seek RAN2’s opinion on the following questions.

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.
· 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).

Question 1 (for Approach 1/ Approach 2): feasibility of selecting the resource for a single TB in MAC layer (single-slot under Approach 1, multi-slot under Approach 2) with the principle of “concatenating” across separate resource selection triggers (across TBs)

Question 2 (for Approach 3): feasibility of triggering the resource selection procedures for multiple SL processes at the same time

Question 3 (Approach 2/ Approach 3): feasibility of providing a new parameter “number of slots for MCSt” to L1 when triggering resource (re-)selection for MCSt






Regarding the impact of two candidate starting symbols of PSCCH&PSSCH, we think it is straight forward that there will be no impact on the delay requirements of SL-RSRP. For accuracy requirements, the legacy accuracy requirements are defined assuming 2 DM-RS symbols. Till now, RAN1 has no agreement to reduce the number of DM-RS symbols to one. So there will be no impact on the accuracy requirements of SL-RSRP.
[bookmark: _Hlk134871113]Proposal 7: Legacy SL-RSRP measurement requirements also apply to SL-U.
2.5 Congestion control measurement
In last meeting, RAN4 had some discussion on whether MCSt (Multi-consecutive slot transmission) and two candidate starting symbols of PSCCH&PSSCH would have impact on SL-RSSI requirements. In the next, we would like to share our views.
	Issue 6-1: RSSI measurement
<FFS>
· Proposals
· Option 1: 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.
· Option 2: The SL RSSI definition need to be revisited for SL-U considering the 2 candidate starting symbols for a PSCCH/PSSCH transmission


[bookmark: OLE_LINK84][bookmark: OLE_LINK85]Similar as SL-RSRP, the legacy requirements are defined based on one shot measurement. As specified in legacy requirements, UE shall perform a single-shot SL-RSSI measurement in all the slots configured as transmission pools. We don’t think MCSt would have any impact on SL-RSSI requirements.
Regarding the impact of two candidate starting symbols of PSCCH&PSSCH, we think RAN1 only plans to have different starting symbols but not to reduce the whole length. Even in R16 SL, there are also 5~12 symbols PSSCH slot structures. And RAN4 has defined a unified requirement. Similarly, we don’t think changing the starting point would have impact on SL-RSSI requirements. Some company pointed out that in TS 38.215 SL-RSSI is defined as the linear average of the total received power (in [W]) observed in the configured sub-channel in OFDM symbols of a slot configured for PSCCH and PSSCH, starting from the 2nd OFDM symbol. In our understanding, the reason to have the limitation “starting from the 2nd OFDM symbol” in 38.215 is to exclude the first symbol which is used for AGC. With two candidate starting symbols of PSCCH&PSSCH, we think it is not RAN4 spec to update but 38.215.
[bookmark: _Hlk134871129]Proposal 8: 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.
2.6 Interruption
In last meeting, RAN4 had some discussion on whether LBT operation will cause more interruption on WAN. In our understanding, RF on/off does cause interruption on WAN. But we don’t think LBT operation is totally deterministic. We are not sure how to define a requirement for a behaviour with much uncertainty. But we are open for further discussion.
[bookmark: _Hlk134871143]Proposal 9: Open to discuss whether and how to consider the interruption on WAN due to LBT operation.
3 Summary
In this paper, we have some discussion on R18 Sidelink unlicensed evolution. We have the following proposals:
Proposal 1: The value of x_max in the evaluation period requirements for initiate/cease SLSS transmission can be 4.
Proposal 2: When exceeding the maximum allowed LBT failure during evaluation to initiate/cease SLSS transmission, UE is allowed to evaluate the quality of its SyncRef source again.
Proposal 3: The detection period should be extended to (1.6+1.6*x1) seconds for synchronized search and (8+8*x2) seconds for asynchronized search.
Proposal 4: Legacy dropping rate defined for synchronized search and asynchronized search also apply to SL-U.
Proposal 5: y_max =2 in Tmeasure, PSBCH-RSRP for SL-U.
Proposal 6: Not to define additional requirement or procedure when exceeding the maximum allowed LBT failure for selection/reselection of V2X synchronization source.
Proposal 7: Legacy SL-RSRP measurement requirements also apply to SL-U.
Proposal 8: 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 9: Open to discuss whether and how to consider the interruption on WAN due to LBT operation.
4 Reference 
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Although NR sidelink was initially developed for V2X applications, there is growing interest in the industry to expand
the applicability of NR sidelink to commercial use cases. For _ two key requirements
have been identified:«

- Increased sidelink data rate <
- Support of new carrier frequencies for sidelink«

Increased sidelink data rate is motivated by applications such as sensor information (video) sharing between vehicles
with high degree of driving automation. Commercial use cases could require data rates in excess of what is possible in
Rel-17. Increased data rate can be achieved with the support of sidelink carrier aggregation and sidelink over unlicensed
spectrum. Furthermore, by enhancing the FR2 sidelink operation, increased data rate can be more efficiently supported

on FR2. While the support of new carrier frequencies and larger bandwidths would also allow to improve its data rate,
the main benefit would come from m: sidelink more applicable for a wider range of applications. More
specifically, with

since uflization of the ITS band is limited to ITS safety related applications.<




