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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
For the specification structure of SL-U, since it is operated in unlicensed band, RRM requriements for SL-U can be captured by using the suffix A in clause 12 in TS38.133 like NR-U. 
· Proposal 1: Define RRM requirements for sidelink unlicensed spectrum in clause 12 with suffix A. 
	12.2A          UE Transmit Timing under CCA
12.3A          Initiation/Cease of SLSS Transmissions under CCA
12.4A          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 for 60kHz SCS according to RAN1 final decision as follows; 
	<Agreement>
· Te requirements of UE transmit timing of SyncRef UE as a synchronization reference source
· If RAN1 has agreement for 60kHz SCS for S-SSB, existing Te requirement can be reused for SL-U.


Based on RAN1 agreements for S-SSB design, there was no clear agreements or conclusion whether to support 60kHz SCS for S-SSB in SL-U, so RAN4 does not need to introduce 60kHz SCS for SL-U. However, RAN4 needs to make it clear and send LS to RAN1 whether 60kHz SCS of S-SSB is supported in Rel-18 SL-U if needed.
· Proposal 2: Do not introduce 60kHz SCS requirements for SL-U, and send LS to RAN1 whether to support 60kHz SCS of S-SSB in Rel-18 SL-U to make it clear if needed.

Initiation / Cease of SLSS transmission
For Tevaluate,SLSS, RAN4 agreed x_max with [4 or 6] with FFS as below;
	Issue 3-1: Requirements for SyncRef UE as synchronization reference source (x_max)
	For information what is the value ‘x’ and ‘x_max’, the agreement for requirements for initiation/cease of SLSS transmission in the last RAN4 meeting is as follow:
· 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.


· x_max = [4 or 6]
· FFS if further updates are needed subject to RAN1 agreements on the number of additional SSB occasions.


FFS for above agreements is whether x_max is single or two value depending on the number of additional S-SSB occasions. For the number of additional S-SSB occasions in time domain, RAN1 had agreemets as follows;
	<RAN1#114 Agreement>
Regarding “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”, support:
· K is (pre-)configured per SL-BWP from {0, 1, 2, 3, 4}
· Gap_1 is (pre-)configured per SL-BWP from {0, 1, 2, 3, 4, …, 639} slots
· Gap_2 is fixed to Gap_1
· Note:
· Gap_1 is the gap between a R16/R17 NR SL S-SSB slot and its 1st corresponding additional candidate S-SSB occasion
· Gap_2 is the gap between any two adjacent additional candidate S-SSB occasions corresponding to one R16/R17 NR SL S-SSB slot when K>1


The maximum 4 additional S-SSB occasions could be (pre-)configured. If the K value is large number, less x_max could be considered since the probability of LBT failure would be low. Therefore, two x_max values should be introduced depending on (pre-)configured K value considering overall measurement time. 
· Proposal 3: Define two x_max values; x_max=2 for K={3, 4}, and x_max=4 for K={0, 1, 2}.

Selection/Reselection of V2X synchronization reference source
The high-level principle for defining SyncRef UE detection requirement was agreed in the last RAN4 meeting as follows.
	Issue 4-1: Detection requirements for SyncRef UE that is synchronized
<Agreement>
· For SyncRef UE synchronized to GNSS directly or indirectly when GNSS is of higher priority
· 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.
· A: (1.6+1.6*x1) seconds 
· B: 30% of its SLSS transmissions during the Tdetect,SyncRef UE_V2X
· FFS: 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.
· For other cases
· 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.
· C: (8+8*x2) seconds 
· D: 6% of its V2X data and SLSS transmissions during the Tdetect,SyncRef UE_V2X
· FFS: 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 the x1_max (x2_max) value in FFS part, to avoid longer detection time, different x1_max (x2_max) values could be considered depending on the K value which is the number of additional S-SSB occasions. 
· Proposal 4: Define x1_max/x2_max values depending on the K values; 
· x1_max=2 for K={3, 4}, and x1_max=4 for K={0, 1, 2}
· x2_max=2 for K={3, 4}, and x2_max=4 for K={0, 1, 2}

	Issue 4-4: Requirement for Tmeasure, PSBCH-RSRP
<Agreement>
	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.


· y_max = [2 or 4]
· FFS if further updates are needed subject to RAN1 agreements on the number of additional SSB occasions


As mentioned above issue in Initiation/Cease of SLSS transmission requiremenets, similar approach could be used for y_max value for PSBCH-RSRP requiremnets.
· Proposal 5: Define two y_max values; y_max=2 for K={3, 4}, and y_max=4 for K={0, 1, 2}. 

L1 SL-RSRP measurement
Unlike legacy NR sidelink, 2 candidate starting symbols for a PSCCH/PSSCH transmission is introduced in SL-U. 
	<RAN1#112 Agreement>
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· The location of 1st starting symbol can be (pre)configured from {#0,#1,#2,#3,#4,#5,#6} per BWP
· By default (if no (pre)configuration), the location of the 1st starting symbol is symbol#0
· The location of 2nd starting symbol is (pre-)configured from {#3,#4,#5,#6,#7} per BWP
· It shall be configured such that within a slot, the number of symbols used for PSCCH/PSSCH transmission from 2nd starting symbol is not smaller than 6
· It shall be configured such that within a slot, the 2nd starting symbol is later than the 1st starting symbol
· PSCCH/PSSCH transmission starting from 1st or 2nd starting symbol shall have the same ending symbol within a slot
· Note: assume symbol index in a slot starts from #0
<RAN1#112bis-e Agreement>
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference number of symbols (denoted as L_ref)
· Support the followings
· Alt 1: Support Option 4 only
· Note: the options are as below
· Option 4: The reference number of symbols is determined by (pre-)configuration 
· FFS details, e.g., in TS 38.214 Clause 8.1.3.2, whether L_ref replaces  or sl-LengthSymbols or other usage of L_ref, whether  is determined in the same way as in legacy NR SL, etc.
<RAN1#113 Agreement>
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, for TBS determination and 2nd SCI overhead, in TS 38.214 Clause 8.1.3.2:
· L_ref replaces sl-LengthSymbols
· Value range of L_ref is {7, 8, 9, 10, 11, 12, 13, 14} symbols
·  is determined in the same way as in legacy NR SL

<RAN1#114 Agreement>
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, the PSCCH/PSSCH transmission has at least 1 AGC symbol
· Regarding Rx UE behaviour:
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot
· Note: AGC symbol is duplication of next symbol


For resource (re)selection and resource pre-emption, UE has to measure L1 SL-RSRP on the carrier operating sidelink unlicensed spectrum. If two starting symbols transmission is configured, the L1 SL-RSRP measurement based on both 1st starting symbol and 2nd starting symbol should be performed. And legacy measurement accuracy should be met. 
· Proposal 6: Introduce both 1st starting symbol and 2nd starting symbol based L1 SL-RSRP measurement within a slot in the specification if two starting symbol transmission is configured, and reuse legacy measurement accuracy requirements.
· e.g., The L1 SL-RSRP measurement period corresponds to one slot, and if [startingSymbolFirst and startingSymbolSecond] is configured, the both L1 SL-RSRP measurements shall be performed based on the configuration. The measurements shall meet the L1 SL-RSRP measurement accuracy requirement in Clause 10.

RSSI measurement
For SL-RSSI measurement in SL-U, UE still needs to perform a single-shot SL-RSSI measurement for each sub-channel included in all the slots configured as transmission pools. Therefore, There is no different from legacy SL-RSSI measurement.
· Proposal 7: Reuse existing SL-RSSI measurement requirements for SL-U

Interruption
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 8: 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 9: 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 as follows.
	<RAN1#114 agreements >
Agreement
Regarding “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”, and “Alt 3: the value of gap is (pre-)configured, and the value of N is (pre-)configured”, support:
· Gap is (pre-)configured per RB set from {[0], 1, 2, 3, …, 84} PRBs
· N is (pre-)configured per RB set from {2, 3, 4, 5, …, 9}
· The gap is between the lowest subcarrier of the upper PSBCH and the highest subcarrier of the lower PSBCH


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, and considering MPR/A-MPR for S-SSB, the transmission power per S-SSB is further reduced. If a UE detects only one S-SSB among N repeated S-SSB, synchronization coverage would be dramatically decreased since sync detection performance without combing N repeated S-SSB is degraded as shown in Fig. 2. 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 needs to receive all N repeated S-SSB. Even though the main scenario of sidelink communication in ulicensed band is indoor environment and shorter synchronization coverage than the legacy case could be considered, 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 with large A-MPR [3]. 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. 
[image: ]  [image: ]
Figure 2 Probability of miss detection S-PSS and miss distinction S-SSS based on 4 repeated S-SSB

· Proposal 10: RAN4 needs to consider combining all repeated S-SSB for anchor RB set when requirements are defined, e.g., the sidecondition for selection/reselection of synchronization referece source Es/Iot ≥ 
-3dB
For the PSBCH-RSRP, the accuracy for combining repeated S-SSB based RSRP is be better than that for one S-SSB based RSRP as shown in Fig. 3, so the enhanced RSRP accuracy could be considered. 
[image: ]
Figure 3 PSBCH-RSRP measurement accuracy in AWGN based on 4 repeated S-SSB

· Proposal 11: Introduce combining all repeated S-SSB for anchor RB set based PSBCH-RSRP measurement accuracy requriements 

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 A. 
	12.2A          UE Transmit Timing under CCA
12.3A          Initiation/Cease of SLSS Transmissions under CCA
12.4A          Selection / Reselection of V2X Synchronization Reference Source under CCA


· Proposal 2: Do not introduce 60kHz SCS requirements for SL-U, and send LS to RAN1 whether to support 60kHz SCS of S-SSB in Rel-18 SL-U to make it clear if needed.
· Proposal 3: Define two x_max values; x_max=2 for K={3, 4}, and x_max=4 for K={0, 1, 2}.
· Proposal 4: Define x1_max/x2_max values depending on the K values; 
· x1_max=2 for K={3, 4}, and x1_max=4 for K={0, 1, 2}
· x2_max=2 for K={3, 4}, and x2_max=4 for K={0, 1, 2}
· Proposal 5: Define two y_max values; y_max=2 for K={3, 4}, and y_max=4 for K={0, 1, 2}. 
· Proposal 6: Introduce both 1st starting symbol and 2nd starting symbol based L1 SL-RSRP measurement within a slot in the specification if two starting symbol transmission is configured, and reuse legacy measurement accuracy requirements.
· e.g., The L1 SL-RSRP measurement period corresponds to one slot, and if [startingSymbolFirst and startingSymbolSecond] is configured, the both L1 SL-RSRP measurements shall be performed based on the configuration. The measurements shall meet the L1 SL-RSRP measurement accuracy requirement in Clause 10.
· Proposal 7: Reuse existing SL-RSSI measurement requirements for SL-U
· Proposal 8: 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 9: When SL-DRX is configured, no interruption is allowed during COT duration if the COT is shared.
· Proposal 10: RAN4 needs to consider combining all repeated S-SSB for anchor RB set when requirements are defined, e.g., the sidecondition for selection/reselection of synchronization referece source Es/Iot ≥ 
-3dB
· Proposal 11: Introduce combining all repeated S-SSB for anchor RB set based PSBCH-RSRP measurement accuracy requriements 
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