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1. Introduction
In RAN1#113 meeting [1], followings are agreed for channel access mechanism for SL-U:
	Agreement
Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:
· One of the following alternatives is (pre-)configured:
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· K3 is (pre-)configured
· Value range for K3 at least includes {1, 2, 5}
· K3 dedicated PRB(s) are on the same interlace
· There can be some guardband PRB(s) between common PRB and dedicated PRB
· FFS details, e.g., whether/how to derive the number of guardband PRB(s), whether to additionally introduce a (pre-)configured gap (including 0), or whether this can be satisfied by (pre-)configuration and there is no additional specification impact (e.g., setting proper bit values in bitmap for PSFCH PRB allocation), etc.
· FFS whether to additionally introduce guardband RE between common PRB and dedicated PRB
· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB subject to meeting OCB requirements
· FFS: whether to reduce power on common PRBs
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· PSSCH transmissions on non-overlapped resources are mapped to orthogonal dedicated PRBs for PSFCH transmission
· FFS: whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR
· FFS: whether to drop common PRBs if the dedicated PRBs can already satisfy OCB requirement

Agreement
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

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”:
· Support:
· Alt 3: the value of gap is (pre-)configured, and the value of N is (pre-)configured
· FFS: value range for gap and N
· FFS: whether N for different RB sets can be different
· FFS: whether to apply any restriction on sl-AbsoluteFrequencySSB-r16 for 60 kHz
· FFS: whether/how to support reducing PAPR of S-SSB transmission, at least considering the following options
· Option 1: use different  across the different S-SSB repetitions to determine the initial scrambling seed of PSBCH, and the sequence shift for S-SSS and S-PSS
· Option 2: phase adjustment among repetitions
· Option 3: no specification impact to reduce PAPR
· Option 4: use S-SSB repetition index to scramble different S-SSB repetition(s)

Agreement
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.

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, support the followings:
· Option A3: N_ref is (pre-)configured
· The value range for N_ref at least includes {10, 11}
· FFS: whether to additionally include other values

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

Working assumption
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Use  to indicate used sub-channel index(s)
·  is conveyed in 1st stage SCI
·  is calculated as below
· If sl-MaxNumPerReserve is 2 then
· 
· If sl-MaxNumPerReserve is 3 then
· 
· where
·  denotes the starting sub-channel index for the second resource
·  denotes the starting sub-channel index for the third resource
·  is the number of sub-channels for each RB set
·  is the number of used sub-channels for each RB set for each of the indicated resources
· FFS: whether/how to use spare states of  to indicate using non-contiguous interlaces
· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· FFS: whether additionally support using bitmap

Working assumption
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Use  to indicate used RB set index(s)
·  is conveyed in 1st SCI
·  is calculated as below
· If sl-MaxNumPerReserve is 2 then
· 
· If sl-MaxNumPerReserve is 3 then
· 
· where
·  denotes the starting RB set index for the second resource
·  denotes the starting RB set index for the third resource
·  is the number of RB sets in a resource pool
·  is the number of used RB sets for each of the indicated resources

Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, support only option 3.
· FFS other details, e.g., impacts on resource selection, PSCCH mapping, etc.
· Note:
· Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
· Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
· Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
·  : the number of remaining PRBs of a sub-channel belonging to a RB set after excluding the PRBs belonging to intra-cell guardband
·  : the number of PRBs for PSCCH transmission

Agreement
When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, select one or more of the followings:
· Option 1: COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s)
· FFS details, e.g., how PSSCH Rx UE knows such transmission, etc.
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· FFS details, e.g., signaling design, etc.
· Option 3: no optimization for this case

Agreement
Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
· Regarding locations of candidate PSFCH occasion(s):
· Down-select at RAN1#114:
· Alt 1 (15): Associated PSFCH occasion(s) are within the RB set(s) occupied by PSSCH transmissions
· FFS details
· Alt 2 (2): PSSCH transmission and its related PSFCH occasion(s) are in the same or different RB set(s) of the same resource pool
· For one PSCCH/PSSCH transmission, at least support that its associated candidate PSFCH occasion(s) are in different slots of the same RB set(s)
· FFS: whether to support its associated candidate PSFCH occasion(s) are in different RB sets of the same slot

Agreement
Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
· Value range of N at least includes {1, 2, 3, 4}
· When N>1, N associated candidate PSFCH occasion(s) for one PSCCH/PSSCH transmission have different time and/or frequency resource with the candidate PSFCH occasion(s) for another PSCCH/PSSCH transmission, at least if these two PSCCH/PSSCH transmissions are on non-overlapped resources

Agreement
Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
· Regarding UE behaviour on transmitting PSFCH:
· Down-select at RAN1#114:
· Alt 1: For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) due to LBT failure
· Alt 2: For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) (e.g., due to LBT failure, or due to UL/SL prioritization, etc.)
· Alt 3: Do not specify additional UE behavior on transmitting PSFCH due to LBT failure. 
· FFS: UE behaviour on receiving PSFCH
· Regarding HARQ RTT restriction:
· Further study whether/how to update the followings:
· The minimum time gap Z=a+b between any two selected resources of a TB in case PSFCH is configured for this resource pool 
· The reference slot n for PUCCH transmission to report HARQ in Mode 1


In this contribution, we discuss remaining issues on the physical channel design for NR sidelink transmission on unlicensed band. 

2. Discussion
2.1. Interlaced RB-based transmission
The non-contiguous mapping seems not related to the PSD requirement. To be specific, for 15kHz SCS, the 1MHz is roughly 6 PRB gaps, and then the PRB patterns of non-contiguous interlaces still allow the different PRBs located within 1MHz. If the time is not permitted, it would be better to deprioritize this issue due to the huge specification work. 
Proposal 1: For interlaced RB-based transmission, RAN1 deprioritize supporting allocation of interlaces with non-contiguous indexes. 
Proposal 2: Confirm the following working assumption with changes:
Working assumption
· Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Use  to indicate used sub-channel index(s)
·  is conveyed in 1st stage SCI
·  is calculated as below
· If sl-MaxNumPerReserve is 2 then
· 
· If sl-MaxNumPerReserve is 3 then
· 
· where
·  denotes the starting sub-channel index for the second resource
·  denotes the starting sub-channel index for the third resource
·  is the number of sub-channels for each RB set
·  is the number of used sub-channels for each RB set for each of the indicated resources
· FFS: whether/how to use spare states of  to indicate using non-contiguous interlaces
· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· FFS: whether additionally support using bitmap

Proposal 3: Confirm the following working assumption:
Working assumption
· Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Use  to indicate used RB set index(s)
·  is conveyed in 1st SCI
·  is calculated as below
· If sl-MaxNumPerReserve is 2 then
· 
· If sl-MaxNumPerReserve is 3 then
· 
· where
·  denotes the starting RB set index for the second resource
·  denotes the starting RB set index for the third resource
·  is the number of RB sets in a resource pool
·  is the number of used RB sets for each of the indicated resources

According to Rel-16/17 NR SL, for contiguous RB-based transmission, if the sub-channel size is smaller than 20 PRBs and the PSCCH PRBs is less than the sub-channel size, PSSCH DMRS pattern(s) to make FDM between PSCCH and PSSCH DMRS are not supported due to the UE complexity for channel estimation. In this case, it would be necessary whether or how to apply this principle for interlaced RB-based transmission.
When a single interlace is scheduled for a single PSSCH transmission, the resource allocation form would be already non-contiguous with RB granularity, so the channel estimation itself would be done with RB granularity. On the other hand, if more than one interlaces are scheduled and they are contiguous in frequency domain, and if the PSCCH occupies a single or smaller number of interlaces, the PSSCH resource allocation form would be contiguous but the PSCCH resource allocation form would be non-contiguous as shown in Figure 1. In this case, the channel estimation could be inefficient or cause high UE complexity due to the unequal PRG (preconding RB group) sizes. 
[image: ]
Figure 1: Example of multiplexing between PSCCH and PSSCH DMRS for interlaced RB-based transmission.
Observation 1: For contiguous RB-based transmission, considering channel estimation complexity, FDM between PSCCH and PSSCH DMRS is allowed for a limited case depending on the remaining PRBs after mapping PSCCH in a sub-channel. It would be necessary to clarify whether or how this kind of restriction is adopted for interlaced RB-based transmission. 


2.2. Contiguous RB-based transmission
In RAN1#113 meeting, it is agreed that the sub-channel(s) which include intra-cell guardband PRBs cannot be used for PSCCH transmission, and can be used for PSSCH transmission. In this case, the SL resource (re)selection procedure needs to be updated accordingly. To be specific, in SL resource (re)selection, candidate resource starting from such sub-channel(s) needs to be excluded and this exclusion should not be canceled. To do this, the exclusion process needs to be performed in Step 4. In this case, even though the UE goes to Step 5a, the above resource exclusion will not be canceled. 
Proposal 4: For contiguous RB-based transmission, candidate single-slot resources of which the lowest sub-channel including intra-cell guardband PRBs are excluded from the initial set S_A in Step 4.


2.3. Time domain resource assignment for PSCCH/PSSCH on shared spectrum
2.3.1. Additional starting symbol(s) within a slot
Since PSCCH transmission will be confined within the PSSCH transmission, if more than one starting positions are allowed, the PSCCH transmission candidates would be also increased. In this case, the PSSCH RX UE needs to perform blind decoding for multiple starting positions. Once multiple starting symbols in a slot for a PSCCH/PSSCH transmission is supported, UE should be capable of performing blind decoding for multiple starting symbols as well. 
It was discussed the possibility that the UE skips blind decoding for PSCCH with the 2nd starting symbol when the UE success to detect PSCCH on the 1st starting symbol. However, it will have negative impact on the SL sensing operation. Due to the hidden-node issue or frequency reuse, it is possible that two different PSCCH/PSSCH transmissions with different starting symbols are overlapping in the same slot. Since each PSCCH will contain SCI indicating reserved resources, it would be beneficial for a UE to decode both PSCCH with different starting symbols for SL Mode 2 operation. 
On the other hand, it was discussed the possibility of reducing the PSCCH candidates for each starting position. However, since the PSCCH will be located on the lowest sub-channel of the corresponding PSSCH, reducing the number of PSCCH candidates will reduce the amount of the candidate single-slot resources for PSSCH transmission as well. It will increase the resource collisions among SL transmissions. In those points of views, once the additional starting position is supported for PSCCH/PSSCH transmission in a slot, it is understood that the UE with a capability for the increased PSCCH BD attempts is supported as well. 
Proposal 5: UE monitors PSCCHs on two starting symbols within a slot where 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission is supported regardless of detection of PSCCH on the 1st starting symbol.
 As per working assumption, the PSSCH RX UE will perform additional AGC procedure for the 2nd starting position since PSCCH/PSSCH transmission with different starting positions can be FDMed in a system perspective. Since these additional AGC symbol would be not be used for decoding or channel estimation, the throughput performance would be also degraded. In Rel-16/17 NR SL, REs used for the PSSCH in the second OFDM symbol is duplicated in AGC symbol. However, AGC procedure itself is RX UE behavior, and it does not always implies such duplication shall be used as TX UE behavior. 
Observation 2: Starting symbol candidates intended for AGC purpose does not imply that REs on other symbol will be duplicated in the AGC symbol at the TX UE side. 
To alleviate performance degradation due to additional AGC procedure at the additional starting position, it is necessary to decide which symbol needs to be avoided or to be selected as the additional starting symbol. First of all, at least PSCCH symbol duration of PSCCH/PSSCH with the 1st starting symbol needs to be avoided to be 2nd starting symbol to guarantee PSCCH detection performance. If the 2nd starting symbol is overlapping with PSCCH symbol duration of PSCCH/PSSCH with the 1st starting position as shown in Figure 2, the RX UE can effectively use only one symbol for PSCCH decoding. 
Observation 3: The 2nd starting symbol of PSCCH/PSSCH is not overlapping with PSCCH symbol duration for the 1st starting symbol of PSCCH/PSSCH to guarantee PSCCH detection performance. 

[image: ]
Figure 2: Example of the additional starting position of PSCCH/PSSCH overlapping with PSCCH symbol duration of PSCCH/PSSCH with the 1st starting position. 
In a similar manner, the 2nd starting symbol needs to avoid the time location(s) for the 2nd SCI of PSCCH/PSSCH with the 1st starting position. To do this, the 2nd starting position would be located later than the upper limit of the 2nd SCI mapping. Alternatively, beta offset indicator needs to be adjusted to ensure that the 2nd SCI mapping of PSCCH/PSSCH with the 1st starting position is not overlapping with the 2nd starting position. 
Observation 4: It is necessary to carefully investigate whether or how the 2nd starting symbol of PSCCH/PSSCH is overlapping with the time location(s) for the 2nd SCI mapping for the 1st starting symbol of PSCCH/PSSCH. 
     According to the agreement, the 1st starting position can be (pre)configured from {#0, #1, #2, … , #6} while the 2nd starting position can be (pre)configured from {#3, #4, #5, #6, #7}. In this case, if the 1st starting position is #0 and the PSSCH symbol duration is 3, then the 2nd starting symbol is overlapping with PSCCH symbol duration of PSCCH/PSSCH with the 1st starting position since it is allowed to (pre)configure #3 for the 2nd starting symbol. This kind of improper configuration needs to be restricted. 
Proposal 6: For multiple starting symbols within a slot for a PSCCH/PSSCH transmission, UE does not expects that the 2nd starting symbol is overlapping with PSCCH duration for the 1st starting symbol. 

2.3.2. SL structure for multi-channel access
To minimize overhead for channel sensing operation, it can be considered to introduce SL TX burst for the same TB and/or different TBs. According to TS 37.213 [2], for a TX burst, gNB or UE can skip LBT operation for consecutive DL or UL transmissions without gaps after the gNB or UE accesses the channel according to channel access procedure, respectively.
S-SSB slot(s) could be located in the middle of SL TX burst. In this case, if the UE does not transmit the S-SSB, the SL TX burst will be separated due to the time gap greater than 16us. For the separated SL TX bursts, the UE may need to perform Type 1 channel access procedure separately. Moreover, if the SL TX burst occupies more than one RB sets, and if the S-SSB transmission occupies only one RB set, the SL TX burst on other RB sets would be interrupted by other RAT. 
According to Rel-16/17 NR SL, only one synch reference is allowed for a UE for NR SL communication. In this case, if different UEs have different synch reference and if they are asynchronous, NR SL communication between these UEs are not currently possible. If UE1 transmits S-SSB, and if UE2 selects UE1 as its SynchRef UE, SL communication between UE1 and UE2 is possible. Meanwhile, depending on the PSBCH-RSRP measurement results, the UE selects or reselects SL synchronization reference. 
	TS 38.331 Section 5.8.6.2
2>	if the UE has selected a SyncRef UE:
3>	if the PSBCH-RSRP of the strongest candidate SyncRef UE exceeds the minimum requirement TS 38.133 [14] by sl-SyncRefMinHyst and the strongest candidate SyncRef UE belongs to the same priority group as the current SyncRef UE and the PSBCH-RSRP of the strongest candidate SyncRef UE exceeds the PSBCH-RSRP of the current SyncRef UE by syncRefDiffHyst; or
3>	if the PSBCH-RSRP of the candidate SyncRef UE exceeds the minimum requirement TS 38.133 [14] by sl-SyncRefMinHyst and the candidate SyncRef UE belongs to a higher priority group than the current SyncRef UE; or
3>	if GNSS becomes reliable in accordance with TS 38.101-1 [15] and TS 38.133 [14], and GNSS belongs to a higher priority group than the current SyncRef UE; or
3>	if a cell is detected and gNB/eNB (if sl-NbAsSync is set to true) belongs to a higher priority group than the current SyncRef UE; or
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;
<…>
2>	if the UE has not selected any synchronization reference:
3>	if the UE detects one or more SLSSIDs for which the PSBCH-RSRP exceeds the minimum requirement defined in TS 38.133 [14] by sl-SyncRefMinHyst and for which the UE received the corresponding MasterInformationBlockSidelink message (candidate SyncRef UEs), or if the UE detects GNSS that is reliable in accordance with TS 38.101-1 [15] and TS 38.133 [14], or if the UE detects a cell, select a synchronization reference according to the following priority group order:
<…>



For PSBCH-RSRP measurement, L3-filtered RSRP results are used, and the UE will use RSRP measurement when the UE success to detect SLSSID (it implies that the UE success to detect S-PSS/S-SSS). Considering that the TX UE may fails to access the channel for S-SSB transmission, to enhance the accuracy of the PSBCH-RSRP, it can be considered that the UE can use RSRP measurement when the UE success to decode PSBCH. When the number of RB sets for S-SSB transmission from a UE can be varying, the PSBCH-RSRP measurement results could be fluctuated since the total transmit power could be distributed over multiple RB sets. To be specific, if the number of RB sets is large, the PSBCH-RSRP measurement results could be much smaller than the PSBCH-RSRP measurement results when the S-SSB is transmitted in a single RB set. For instance, four RB sets are opportunistically used for S-SSB transmission, the PSBCH-RSRP measurement could be fluctuated up to 6dB. According to InH – Office pathloss model and cluster-based UE deployment, this underestimated PSBCH-RSRP could be seen as 8 meters difference for NLOS or 19 meters difference for LOS as shown in Figure 3. Without any handling of this problem, the UE may change the synchronization reference to the other cluster or to the UE itself. In this case, even though two UEs are actually belonging to the same cluster, SL communication between these two UEs are not possible. 


Figure 3: Example of the effect of the underestimated PSBCH-RSRP. 

In this case, following cases needs to be carefully investigated:
· Case 1: Due to the decreased PSBCH-RSRP measurement results, the UE cancels its current synchronization reference and performs reselecting the synchronization reference. 
· Case 2: UE1 and UE2 are no longer in synchronous for SL communication since UE1 and UE2 select asynchronous synchronization references even though they are within the same synchronization cluster in the perspective of single-RB set S-SSB transmission. 
· Case 3: Unintended UE relays the received S-SSB due to the decreased PSBCH-RSRP measurement results, and it can increase UE power consumption unnecessarily.

For Case 1, the UE cannot perform any SL communication until the synchronization reference reselection procedure is completed. If the PSBCH-RSRP level is maintained, this reselection procedure would not occur frequently. However, if the PSBCH-RSRP level is fluctuated, it can occur more frequently. Due to the SL communication interruption, the UPT, latency, and PRR performance would be worsened even though the UE1 and UE2 can be synchronous after the reselection procedure. 
For Case 2, the UE1 cannot transmit or receive SL channel(s)/signal(s) form UE2. Depending on the application scenario, this SL communication interruption cannot be accepted. As mentioned before, currently, UE1 and UE2 are in asynchronous, SL communication between them is not possible. Moreover, even though UE1 and UE2 are not communicated each other, when they are in asynchronous, resource collision avoidance via SL Mode 2 operation no longer works properly. To be specific, in SL Mode 2 operation, a UE can avoid resource collision based on the reserved resource information indicated by the received SCI. However, UE cannot receive SCI from other asynchronous synchronization cluster even though they are closed to the UE and their transmission can cause high interference. In Case 2, it is also possible that the UE1 selects UE1 itself and the UE2 also selects UE2 itself as SynchRef UE. 
For Case 3, if the S-SSB is transmitted in a single RB set, UE who is far away from the SynchRef UE will relay the received S-SSB (if the PSBCH-RSRP is below a threshold) as specified in TS 38.331. On the other hand, if the UE can transmit S-SSB over multiple RB sets in certain S-SSB time resource(s), the PSBCH-RSRP at the RX UE side could be underestimated. In this case, even the central UE within a synchronization cluster can try to transmit S-SSB unnecessarily. In this case, the UE(s) will consume its transmit power unnecessarily. Considering the commercial use case, the power consumption issue could be critical. 
Observation 5: When the PSBCH-RSRP measurement results are fluctuated due to the variations on the number of RB sets for S-SSB transmission(s), 
· UE will perform synchronization reference reselection procedure. SL communications will be interrupted until the reselection procedure is completed. 
· UE1 and UE2 can choose different synchronous references which are asynchronous, and then SL communication between UE1 and UE2 will be interrupted regardless of how UE1 is near from UE2. 
· UEs near the SynchRef UE consumes a large power for S-SSB transmission unnecessarily.

To alleviate the PSBCH-RSRP measurement fluctuation issue, two approaches are discussed: Alt 1 is to keep the power for S-SSB transmission on anchor RB set regardless of the number of used RB sets, and Alt 2 is to keep the power of S-SSB transmission on each RB set regardless of the number of used RB sets. 
For Alt 1, S-SSB coverage will be mainlined since the UE can use its maximum transmit power for S-SSB transmission in more than one RB sets. Even if only S-SSB transmission on the anchor RB set is used for synchronization, the S-SSB coverage will be kept since its power will be maintained. On the other hand, it will cause unequal PSD across multiple RB sets, it may or may not have RAN4 impact. Moreover, in Alt 1, for power-limited case, the UE may not transmit the S-SSB repetition in RB set(s) other than the anchor RB set. 
For Alt 2, the PSD of S-SSB transmission(s) on each RB set would be determined with a assumption that all the RB sets are used for S-SSB transmissions. In this case, even though the smaller number of RB sets are used for actual S-SSB transmission, the total transmit power of S-SSB could be small, and it will cause S-SSB coverage reduction. 
Observation 6: For S-SSB repetition in more than one RB sets, if the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets, it can cause unequal PSD across multiple RB sets. Meanwhile, S-SSB coverage could be maintained even if only the S-SSB transmission on anchor RB set is used for synchronization procedure. 
Observation 7: For S-SSB repetition in more than one RB sets, to achieve that the power for S-SSB transmission on each RB set does not change due to the number of used RB sets, the transmit power of S-SSB repetition would be determined by assuming all the RB sets are used for S-SSB transmissions. In this case, when the total number of RB sets is large, then the transmit power of S-SSB transmission on anchor RB set could be too small, and it will cause S-SSB coverage reduction.

In RAN1#113 meeting, it was discussed that the possibility that the proper (pre)configuration avoids the PSBCH-RSRP measurement fluctuation. To be specific, if the number of S-SSB repetition is 2 for each RB set, the maximum number of S-SSB repetitions would be 10 for 5 RB sets. In this case, if the PSD requirement is set to 10 dBm/MHz, the total transmit power will be 19.95dBm for 15kHz or 22.96dBm for 30kHz SCS, respectively. Even for this case, depending on MPR, these values may or may not cause PSBCH-RSRP measurement fluctuation issue. 
Moreover, if the PSD requirement is not present, or if the number of S-SSB repetitions in frequency domain is enabled for S-SSB coverage, the (pre)configuration itself would not avoid the PSBCH-RSRP measurement fluctuation issue. 
Observation 8: If there is no PSD requirement, or if the number of S-SSB repetitions can be large, the power restriction cannot be achieved by the (pre)configuration. 
Proposal 7: For S-SSB repetition in more than one RB sets, support Alt 1 with details:
· 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.
· UE allocates the transmit power to S-SSB transmission on anchor RB set, then the remaining power can be evenly distributed over S-SSB transmission(s) on the other RB set(s). 

Next, PSFCH resource can be TDMed with PSCCH/PSSCH resource within a slot, and the maximum PSFCH resource period is 4 logical slots. Moreover, if the PSFCH transmission occupies only one RB set, the SL TX burst on multiple RB set will be (partially) broken as well. Unlink S-SSB occasions, the PSFCH occasions are present more frequently. If maintaining SL TX burst consisting of multiple RB set is necessary, it would be necessary to design a single PSFCH transmission over multiple RB sets. To do this, for the same PSSCH resource, multiple PSFCH resource groups across multiple RB sets needs to be mapped. Alternatively, it can be considered that the UE can transmit dummy signals on certain RB set(s) in PSFCH occasion for the purpose of maintaining SL TX burst. 
It was discussed that when neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s) to avoid COT interruption. However, since the PSFCH-like signal from the responding UE does not target the COT initiating UE, the responding UE cannot utilize the shared COT, so it cannot avoid the COT interruption. On the other hand, the COT initiating UE can utilize its own COT regardless of the destination of the signal. So, it would be straightforward that the PSFCH-like signal is transmitted by the COT initiating UE. 
When the COT initiating UE tries to transmit PSFCH-like signal on a certain PSFCH occasion, it would be necessary to avoid collision with other PSFCH on the PSFCH occasion. For simplicity, it can be considered that the PSFCH-like signal is transmitted on PRBs outside the PSFCH resource set. Alternatively, it can be considered that the PSFCH resource associated with the PSSCH with SL HARQ-ACK feedback disabled transmitted by the COT initiating UE can be used for PSFCH-like signal transmission. For the sequence mapping, it could be simply up to UE implementation. If the common interlace is configured, the common interlace without dedicated PRB(s) can be used for PSFCH-like transmission. 
Another approach was to that the COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s). However, in this case, the extended PSSCH could be collided with the PSFCHs on the PSFCH occasion. 
Proposal 8: When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, support Option 2 with changes:
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· FFS details, e.g., signaling design, etc.
· Unused resources for actual control information signaling (e.g., PRBs outside PSFCH resource set, PSFCH resource associated with the transmitted PSSCH, common interlace) can be used
· Sequence mapped on the PSFCH-like signal is up to UE implementation


2.4. SL HARQ procedure
If we consider multiple PSFCH transmission chances to handle PSFCH transmission dropping due to LBT failure, there could be two domains to be considered. To be specific, since the sensing results could be different across different RB sets, it can be considered that the UE attempts to access multiple RB sets to transmit a single PSFCH transmission. In this case, once the UE successes to access at least one RB set, then the UE can use the PSFCH resource within the RB set for PSFCH transmission. To avoid sensing operation for PSFCH, the implicit mapping rule can be used. For instance, PRB groups for PSFCH transmission is (pre)configured in each RB set, and Rel-16 PSSCH-to-PSFCH resource determination rule is applied to each RB set. If the PSFCH repetition for maintaining a COT is supported, this approach would be needed for the case when the COT consists of multiple RB sets. 
Another domain is to increase the PSFCH time-domain occasions associated with the same PSSCH slot. To do this, it can be considered that UE is (pre)configured with more than one sl-MinTimeGapPSFCH and the difference between minimum timing values will be larger than or equal to the value of PSFCH resource period. In this case, for a given PSSCH slot, there could be more than one PSFCH time-domain occasions to be associated with the PSSCH slot. To avoid PSFCH resource collisions between different PSSCH-to-PSFCH timeline, PRB groups for PSFCH transmission is (pre)configured in each timeline, and Rel-16 PSSCH-to-PSFCH resource determination rule is applied to each timeline. 
In the above approaches, it requires additional frequency resources for PSFCH transmissions. Therefore, this approach would be applicable mainly when a single PRB is used for PSFCH transmission. On the other hand, if a number of PRBs are used for PSFCH transmission, it would not be possible to reserve frequency domain resources for PSFCH transmission further for this purposes. 
Proposal 9: Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
· The i-th candidate PSFCH occasion is on the RB set(s) occupied by the corresponding PSSCH transmission in a slot i* sl-PSFCH-Period + sl-MinTimeGapPSFCH after the corresponding PSSCH slot, where i=0, 1, …, N-1
· R16 NR SL PSSCH-to-PSFCH resource determination rule is applied to each min-PSSCH-to-PSFCH timing
· When the PSSCH transmission occupies more than one RB sets, the UE can transmit the corresponding PSFCH in all or a sub set of the used RB sets

[image: ]
Figure 4: Example of PSSCH-to-N PSFCH resource mapping.

Meanwhile, when we consider more than one PSFCH occasions per PSCCH/PSSCH transmission, it is necessary to investigate when and how to perform PSFCH TX/TX or TX/RX prioritization rule with respect to the PSFCH occasion to be used for actual PSFCH transmission. For instance, if PSFCH TX/TX prioritization is performed first, it would be possible that the prioritized PSFCH is dropped due to LBT failure while the UE can access the channel associated with the deprioritized PSFCH. In this case, UE may not transmit any PSFCH transmissions due to the combination of LBT failure and PSFCH TX/TX or TX/RX prioritization. 
Moreover, it would be necessary to clarify whether the UE performs deprioritized PSFCH RX if the UE drops prioritized PSFCH TX due to LBT failure. Alternatively, if PSFCH TX/TX prioritization is performed after channel sensing operation for each PSFCH or each RB set, the processing time for preparing PSFCH transmissions may not be sufficient. To be specific, after channel sensing, the UE may have few usec, and the UE may need to perform power control based on the candidate PSFCH transmissions after the LBT operation within the duration. 
Another issue is that when a UE fails to transmit PSFCH on the 1st PSFCH occasion due to LBT failure, it is also possible that the PSFCH on the 2nd PSFCH occasion is dropped again due to PSFCH TX/TX or TX/RX prioritization. In this case, it would be better to use additional PSFCH occasion(s) even for the PSFCH dropping due to prioritization rules. Or, it can be considered to prioritize the dropped PSFCH when the UE tries to transmit the PSFCH in the next PSFCH occasion. Moreover, it would be needed to clarify that once UE transmit or receive a certain PSFCH, then the SL priority of the PSFCH will not be considered in the subsequent PSFCH occasion(s). 
According to agreement on UE-to-UE COT sharing, when performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE. In this case, if the PSFCH transmission to the COT initiating UE is dropped, the UE may not use the COT for PSFCH transmission(s). In this case, it can be considered that the PSFCH transmission to the COT initiating UE is prioritized over other PSFCH transmission(s). 
Proposal 10: For N associated candidate PSFCH per PSCCH/PSSCH transmission,
· TX/RX prioritization and power control including PSFCH TX/TX prioritization is performed before LBT operation.
· Transmit power of PSFCH transmission within each RB set is determined before LBT operation
· If UE success to transmit or receive a certain PSFCH in earlier PSFCH occasion(s), then the UE does not consider SL priority of the corresponding PSFCH during the remaining PSFCH occasion(s) for SL prioritization
· For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) (e.g., due to LBT failure, or due to UL/SL prioritization, etc.)
· PSFCH transmission to the COT initiator UE is prioritized over other PSFCH transmission(s). 


2.5. PSFCH structure for OCB requirement 
For OCB requirement and PSD requirement, following alternatives are agreed to be supported: 
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· K3 is (pre-)configured
· Value range for K3 at least includes {1, 2, 5}
· K3 dedicated PRB(s) are on the same interlace
· There can be some guardband PRB(s) between common PRB and dedicated PRB
· FFS details, e.g., whether/how to derive the number of guardband PRB(s), whether to additionally introduce a (pre-)configured gap (including 0), or whether this can be satisfied by (pre-)configuration and there is no additional specification impact (e.g., setting proper bit values in bitmap for PSFCH PRB allocation), etc.
· FFS whether to additionally introduce guardband RE between common PRB and dedicated PRB
· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB subject to meeting OCB requirements
· FFS: whether to reduce power on common PRBs
· FFS: whether to drop common PRBs if the dedicated PRBs can already satisfy OCB requirement
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· FFS: whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR

On the guardband PRB(s) between common PRB and dedicated PRB in Alt 1-1b, in our understanding, the PRBs for common interlace will be automatically dropped when the gap between common PRB and the dedicated PRB is within 1MHz bandwidth. In this case, it would not be necessary to additionally (pre)configure the guardband PRB(s). Considering that the NR operation is done in per-RB basis in general, it is not preferable to introduce guardband RE between common PRB and dedicated PRB as well. 
Even for the Alt 1-1b, the UE can transmit multiple SL HARQ-ACK feedbacks simultaneously. In this case, different cyclic shift will be mapped on different dedicated PRB(s). Meanwhile, the UE can use a single common interlace regardless of the number of SL HARQ-ACK feedbacks. In this point of view, for simplicity, it can be considered that it is up to UE implementation that the sequence mapped on the common PRBs. 
Proposal 11: When UE attempts to transmit PSFCH with common interlace, sequence and/or cyclic shift to be applied to the common interlace is up to UE implementation.

Next, in Alt 1-1b, the common interlace may not include any information while the actual information will be conveyed by dedicated PRB(s). In this case, considering SL HARQ-ACK feedback or control information coverage, it would be better to minimize the power to be allocated to the common PRBs. On the other hand, to meet the OCB requirement, PSFCH transmission without common interlace would not be desirable. In this point of view, for power control for the PSFCH with common interlace, it would be possible that the UE allocates the transmit power to the common PRBs according to the (pre)configured minimum PSD, and then allocates the transmit power to the dedicated PRBs. 
Proposal 12: When UE attempts to transmit PSFCH with common interlace, 
· UE allocates the transmit power to the PRBs of common interlace first, then the UE allocates the transmit power to the dedicated PRBs
· For the common interlace, the minimum PSD is pre-defined or (pre)configured

In Alt 1-1b, the implicit PSSCH-to-PSFCH resource determination rule will be reused to determine the (anchor) dedicated PRB for PSFCH transmission. Next, the UE determines other dedicated PRB(s) by selecting consecutive PRBs belonging to the same interlace with the anchor dedicated PRB. To avoid complicated discussion time, alternatively, it can be considered to (pre)configure (relative) location(s) of the other dedicated PRBs. In case of the common interlace, it can be considered that a single interlace will be (pre)configured per resource pool regardless of PSSCH-to-PSFCH timing. In other words, when UE transmit multiple PSFCHs with different PSFCH occasion order, the UE would use a single common interlace rather than using separate common interlace for each PSFCH occasion order. 
Proposal 13: For PSFCH with common interlace, 
· A single common interlace is (pre)configured per resource pool
· For multiple PSFCH transmissions with the same or different minimum PSSCH-to-PSFCH timing, the UE uses a single common interlace
· Implicit PSSCH-to-PSFCH resource determination is used to determine the anchor dedicated PRB
· UE selects K3 – 1 dedicated PRB(s) from the consecutive PRBs belonging to the same interlace with the anchor dedicated PRB

For Alt 2-3a, selecting dedicated interlace can be equivalent to selecting the anchor dedicated PRB and deriving other dedicated PRBs from the anchor PRB. 
Proposal 14: For PSFCH with dedicated interlace, 
· Implicit PSSCH-to-PSFCH resource determination is used to determine the anchor dedicated PRB
· UE selects the dedicated interlace which includes the anchor dedicated PRB

When the PSFCH resource is associated with RB set index and interlaced index, it would be necessary to modify the implicit PSSCH-to-PSFCH resource determination rule as well. According to Rel-16 NR SL, sub-channel index and slot index of PSSCH are used to determine RB sub-group of PSFCH, and source ID of PSSCH is used to determine RB index within the RB sub-group and cyclic shift pair index. 
For PSFCH with OCB/PSD requirement, it would be necessary to define how RB set index and (dedicated) interlace index of PSFCH are derived from PSSCH resource and source ID. For instance, the UE can determines the subset of (dedicated) interlaces/dedicated PRBs and RB sets based on subchannel, RB set, and slot associated with PSSCH transmission. Then, the UE finally selects PSFCH resource within the subset of PSFCH resource candidates based on source ID and/or M_ID. For the groupcast HARQ-ACK feedback Option 2, the PSFCH resource groups associated with the allocated subchannels and RB sets could be used like Rel-16/17 NR SL PSFCH resource determination rule. 
Proposal 15: For implicit PSSCH-to-PSFCH resource determination to select the anchor dedicated PRB, down-select one of followings:
· Alt 1: 
· RB set(s) for PSFCH are selected based on the RB set(s) occupied by the corresponding PSSCH
· For each selected RB set, applying Rel-16/17 PSSCH-to-PSFCH determination rule to determine PSFCH PRB sub-group based on sub-channel index and slot index of PSSCH.
· Within the selected PSFCH PRB sub-group, applying Rel-16/17 PSSCH-to-PSFCH determination rule to determine the anchor dedicated PRB and cyclic shift pair based on the L1 source ID and/or M_ID
· Alt 2: 
· Among (pre)configured group of PRBs within (pre)configured RB sets for PSFCH transmission, the PSFCH PRB group is partitioned into the number of RB sets * the sub-channels * the PSFCH period. 
· PSFCH PRB subgroup indexing is done in increasing order of slot index, sub-channel index, RB set index. 
· Within the subset of PSFCH resources, the UE selects the anchor dedicated PRB and cyclic shift pair based on L1 source ID and/or M_ID. 
· The UE either use the lowest selected RB set or all or a subset of selected RB sets for PSFCH transmission 
Our preference is Alt 1 for simplicity, and it would be related to the decision on whether associated PSFCH occasion(s) are within the RB set(s) occupied by PSSCH transmissions or not. If we allow different RB sets between PSFCH and the corresponding PSSCH is allowed, Alt 2 can be supported. 

In NR-U interlaced PUCCH format, to reduce PAPR, PRB-level cyclic shift hopping is supported. However, unlike NR Uu link, the UE can transmit multiple PSFCH simultaneously, and they could be crossover. In this case, PAPR reduction scheme for a single transmission would be no longer valid for multi-transmission. 
Observation 9: Considering the simultaneous transmissions of more than one PSFCH, PAPR reduction scheme for a single PSFCH transmission is not essentially needed. 


2.6. Synchronization procedure and channels
In this contribution, we analyze the MCL (maximum coupling loss) for S-SSB repetitions with or without gaps to compare their coverage according to link performance given in [3]. For the S-SSB link budget performance, as the number of S-SSB repetitions increases, 3dB offset is applied to roughly reflect the repetition gain. Meanwhile, according to TS 38.101-4 [3], the time offset of 0us and the frequency offset of 0Hz are assumed. In this analysis, it is assumed that the resource pool consists of a single RB set with 50 PRBs for 30kHz SCS. For PSD requirement, 10 dBm/MHz is considered. Table 1 summarizes the MCL comparison between S-SSB repetition with or without gaps for 15kHz SCS and 30kHz SCS. 
Table 1: MCL comparison between S-SSB repetitions with/without gap.
	Physical channel name
	S-SSB repetition with gap 
	S-SSB repetition without gap 

	Transmitter
	
	

	(1) Tx power (dBm)
	18.99
	21.99

	Receiver
	
	

	(2) Thermal noise density (dBm/Hz)
	-174
	-174

	(3) Receiver noise figure (dB)
	5
	5

	(4) Interference margin (dB)
	0
	0

	(5) Occupied channel bandwidth (Hz)
	7920000
(11*2 PRBs)
	15840000
(11*4 PRBs)

	(6) Effective noise power
= (2)+(3)+(4)+10log((5)) (dBm)
	-100.01
	-97.00

	(7) Required SINR (dB)
	-2.9
	-5.9

	(8) Receiver sensitivity = (6)+(7) (dBm)
	-102.91
	-102.90

	(9) Rx processing gain
	0
	0

	(10) MCL
=(1)-(8)+(9) (dB)
	121.89
	124.89



According to the MCL analysis, the coverage of the contiguous S-SSB repetitions is much better than that of non-contiguous S-SSB repetitions, but the coverage of the non-contiguous repetitions is still larger compared to other SL channel types. However, as mentioned before, the required SINR in TS 38.101-4 assumes no time offset and no frequency offset. In other words, considering realistic assumption on the time offset and the frequency offset, the required SINR would be further increased, and then the MCL would be decreased accordingly. Moreover, considering that the edge UE(s) of each synchronization cluster can relay the received S-SSB and the frequency offset could increase as the number of hop increases, it would be better to have the wide coverage of the S-SSB as much as possible. In those points of views, it is preferable to support contiguous S-SSB repetitions without gap. 
Observation 10: MCL of contiguous S-SSB repetition is larger than MCL of non-contiguous S-SSB repetition by 3dB.
Observation 11: Considering the margin for the time and/or frequency error and the benefits of having wide coverage for S-SSB transmission, it is preferable to support at least contiguous S-SSB repetitions without gap for S-SSB transmission with OCB/PSD requirement. 
It was discussed that the possibility that the RX UE monitors only one S-SSB repetition in frequency domain for synchronization. However, the MCL would be reduced into 118.89, and then, considering the time offset and the frequency offset, the MCL for the S-SSB could be smaller compared to other SL channels. Moreover, according to our evaluation results as shown in Table A.2, when the UE uses only one S-SSB repetition among the multiple transmitted S-SSB repetition, we observe the detection performance degradation compared to the case when the UE combines all the received S-SSB repetitions for the detection. To be specific, the detection performance degradation is 3.9dB, 6.5dB, or 9.7 dB for 2 repetitions, 4 repetitions, or 8 repetitions, respectively. 
Observation 12: It would be beneficial in terms of S-PSS+S-SSS detection to use all the transmitted S-SSB repetitions rather than using only one S-SSB repetition for the synchronization. 
Regarding the (pre)configuration of the value of N and the value of the gap for S-SSB repetition, it would be necessary to consider the case where different RB sets consist of different number of PRBs. In this case, a single set of N and gap would not be suitable to meet the OCB/PSD requirements for all the RB sets. In this point of view, the value of N and the value of the gap can be simply (pre)configured for each RB set of SL BWP. For the value of N, considering that the number of RB sets for 15kHz SCS could be 100~110, the value of N needs to include 8. For the value of the gap, considering that the the number of RB sets for 15kHz SCS could be 100~110, to occupy 88 PRBs using at least two 11PRB-S-SSB, the value of 66 needs to be included. 
Observation 13: Since RB sets can consists of different number of PRBs, the value of gap and the value of N needs to be separately (pre)configured for each RB set
Proposal 16: For S-SSB repetition(s) for each RB set to meet OCB requirement, 
· Value of N is (pre)configured per RB set among 1, 2, …, 8
· Value of gap is (pre)configured per RB set among 0, 1, 2, 3, …, 66

It was discussed that the necessity of having PARR reduction scheme for S-SSB repetition. When the PAPR is high, then due to the non-linearity of the power amplifier, the S-SSB repetition could suffer from the signal distortion. Due to the signal distortion, the S-SSB detection performance at the RX UE side could be degraded. Alternatively, the TX UE reduces the effective maximum transmit power to utilize only the linear region of the power amplifier, but it will reduce the S-SSB coverage as well. 
To minimize PAPR of the S-SSB repetition with a RB set, following options are discussed:
· Option 1: use different  across the different S-SSB repetitions to determine the initial scrambling seed of PSBCH, and the sequence shift for S-SSS and S-PSS
· Option 2: phase adjustment among repetitions
· Option 3: no specification impact to reduce PAPR
· Option 4: use S-SSB repetition index to scramble different S-SSB repetition(s)

In this contribution, we provide the S-PSS+S-SSS joint detection performance to compare the PARR reduction scheme with an assumption that the UE does not reduce the UE maximum transmit power considering PAPR. So, as the PAPR increases, the miss detection probability increases due to the signal distortion at the same SINR. Therefore, as the detection performance is worsened, it can be seen that the S-SSB coverage to get the proper detection performance is smaller. The detailed link-level evaluation parameters are present in Appendix-A. In the evaluation, it is assumed that the non-coherent detection is used for the S-SSB repetitions with the phase adjustment while the coherent detection is used for the S-SSB repetitions with different N_IDs. 
According to the evaluation results as shown in Table A.2, the phase adjustment outperforms over the usage of different N_IDs. To be specific, the SINR difference for 1% miss detection probability for S-PSS+S-SSS between the phase adjustment and usage of different N_IDs is 2.1 dB for 8 repetitions. 
Moreover, due to the diversity gain with the compatible PAPR level, the S-SSB repetition with the phase adjustment has the compatible detection performance compared to the Rel-16/17 S-SSB. 
Observation 14: S-SSB repetition with the phase adjustment outperforms over S-SSB repetition with different N_IDs in the S-PSS+S-SSS detection performance. Moreover, S-SSB repetition with the phase adjustment has the compatible detection performance compared to the Rel-16/17 S-SSB. 

Meanwhile, the form of the S-SSB repetition in a RB set could be different depending on the value of N and the value of gap. Moreover, for each combination of N and the gap, the proper combination of N_IDs or phase adjustment across different S-SSB repetitions would be different as well. If RAN1 specifies the explicit PAPR reduction scheme, RAN1 needs to find all the combinations to reduce PAPR, and it will cause huge specification work even though only one meeting is left to complete this WI. 
Observation 15: For reducing PAPR of S-SSB repetition, the proper N_ID combinations and/or phase adjustment combinations would be different across a variety of combinations of the value of gap and the value of N. If the PAPR reduction scheme is specified for all the cases, it will cause huge specification work. 
Moreover, S-SSB repetition in more than one RB set is supported, and the possible combinations of the used RB sets could be various as well. Meanwhile, the PARP reduction scheme for a single RB set may not be valid for the multi-RB set case. 
Observation 16: For reducing PAPR of S-SSB repetition, the PARP reduction scheme for a single RB set transmission would be no longer effective for multi-RB set transmission. Moreover, for multi-RB set transmission, the proper PAPR reduction scheme would be different across a variety of RB sets combinations which can forms contiguous or non-contiguous. 

Alternatively, if RAN1 does not specify the explicit combination(s) of N_IDs or phase adjustment for PARP reduction, the RX UE cannot use the S-SSB repetition on RB set(s) other than the anchor RB set for synchronization, and it will reduce the S-SSB coverage especially for the power limited cases. 
Observation 17: If more than one S-SSB repetition is used for S-SSB detection to achieve suitable S-SSB coverage, if different N_IDs are used for different S-SSB repetitions, the RX UE needs to know the N_ID combinations in advance. On the other hand, if the phase adjustment among repetitions is applied, the RX UE can perform non-coherent combining detection without knowledge of the phase adjustment. 
On the other hand, in case of the phase adjustment, the RX UE may use the S-SSB repetition on other RB sets by using non-coherent combining. Moreover, it would be possible that the TX UE adjust phase of each S-SSB repetition as a part of the pre-coding, and it may not need to be specified in the specification. Meanwhile, if the different precoding or phase adjustment is applied to the each S-SSB repetition, at least the RX UE behavior needs to be specified not to perform soft combining of multiple S-SSB repetition. 
Observation 18: Considering cyclic precoding generally used in NR, it can perform phase adjustment for each repetition, and it does not need to be explicitly specified in the specification. 
Proposal 17: For reducing PAPR of S-SSB transmission, no specification impact to reduce PAPR


3. Conclusions
In this contribution, we discussed physical channel design framework for sidelink on unlicensed spectrum. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: For contiguous RB-based transmission, considering channel estimation complexity, FDM between PSCCH and PSSCH DMRS is allowed for a limited case depending on the remaining PRBs after mapping PSCCH in a sub-channel. It would be necessary to clarify whether or how this kind of restriction is adopted for interlaced RB-based transmission. 
Observation 2: Starting symbol candidates intended for AGC purpose does not imply that REs on other symbol will be duplicated in the AGC symbol at the TX UE side. 
Observation 3: The 2nd starting symbol of PSCCH/PSSCH is not overlapping with PSCCH symbol duration for the 1st starting symbol of PSCCH/PSSCH to guarantee PSCCH detection performance. 
Observation 4: It is necessary to carefully investigate whether or how the 2nd starting symbol of PSCCH/PSSCH is overlapping with the time location(s) for the 2nd SCI mapping for the 1st starting symbol of PSCCH/PSSCH. 
Observation 5: When the PSBCH-RSRP measurement results are fluctuated due to the variations on the number of RB sets for S-SSB transmission(s), 
· UE will perform synchronization reference reselection procedure. SL communications will be interrupted until the reselection procedure is completed. 
· UE1 and UE2 can choose different synchronous references which are asynchronous, and then SL communication between UE1 and UE2 will be interrupted regardless of how UE1 is near from UE2. 
· UEs near the SynchRef UE consumes a large power for S-SSB transmission unnecessarily.
Observation 6: For S-SSB repetition in more than one RB sets, if the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets, it can cause unequal PSD across multiple RB sets. Meanwhile, S-SSB coverage could be maintained even if only the S-SSB transmission on anchor RB set is used for synchronization procedure. 
Observation 7: For S-SSB repetition in more than one RB sets, to achieve that the power for S-SSB transmission on each RB set does not change due to the number of used RB sets, the transmit power of S-SSB repetition would be determined by assuming all the RB sets are used for S-SSB transmissions. In this case, when the total number of RB sets is large, then the transmit power of S-SSB transmission on anchor RB set could be too small, and it will cause S-SSB coverage reduction.
Observation 8: If there is no PSD requirement, or if the number of S-SSB repetitions can be large, the power restriction cannot be achieved by the (pre)configuration. 
Observation 9: Considering the simultaneous transmissions of more than one PSFCH, PAPR reduction scheme for a single PSFCH transmission is not essentially needed. 
Observation 10: MCL of contiguous S-SSB repetition is larger than MCL of non-contiguous S-SSB repetition by 3dB.
Observation 11: Considering the margin for the time and/or frequency error and the benefits of having wide coverage for S-SSB transmission, it is preferable to support at least contiguous S-SSB repetitions without gap for S-SSB transmission with OCB/PSD requirement. 
Observation 12: It would be beneficial in terms of S-PSS+S-SSS detection to use all the transmitted S-SSB repetitions rather than using only one S-SSB repetition for the synchronization. 
Observation 13: Since RB sets can consists of different number of PRBs, the value of gap and the value of N needs to be separately (pre)configured for each RB set
Observation 14: S-SSB repetition with the phase adjustment outperforms over S-SSB repetition with different N_IDs in the S-PSS+S-SSS detection performance. Moreover, S-SSB repetition with the phase adjustment has the compatible detection performance compared to the Rel-16/17 S-SSB. 
Observation 15: For reducing PAPR of S-SSB repetition, the proper N_ID combinations and/or phase adjustment combinations would be different across a variety of combinations of the value of gap and the value of N. If the PAPR reduction scheme is specified for all the cases, it will cause huge specification work. 
Observation 16: For reducing PAPR of S-SSB repetition, the PARP reduction scheme for a single RB set transmission would be no longer effective for multi-RB set transmission. Moreover, for multi-RB set transmission, the proper PAPR reduction scheme would be different across a variety of RB sets combinations which can forms contiguous or non-contiguous. 
Observation 17: If more than one S-SSB repetition is used for S-SSB detection to achieve suitable S-SSB coverage, if different N_IDs are used for different S-SSB repetitions, the RX UE needs to know the N_ID combinations in advance. On the other hand, if the phase adjustment among repetitions is applied, the RX UE can perform non-coherent combining detection without knowledge of the phase adjustment. 
Observation 18: Considering cyclic precoding generally used in NR, it can perform phase adjustment for each repetition, and it does not need to be explicitly specified in the specification. 

Proposal 1: For interlaced RB-based transmission, RAN1 deprioritize supporting allocation of interlaces with non-contiguous indexes. 
Proposal 2: Confirm the following working assumption with changes:
Working assumption
· Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Use  to indicate used sub-channel index(s)
·  is conveyed in 1st stage SCI
·  is calculated as below
· If sl-MaxNumPerReserve is 2 then
· 
· If sl-MaxNumPerReserve is 3 then
· 
· where
·  denotes the starting sub-channel index for the second resource
·  denotes the starting sub-channel index for the third resource
·  is the number of sub-channels for each RB set
·  is the number of used sub-channels for each RB set for each of the indicated resources
· FFS: whether/how to use spare states of  to indicate using non-contiguous interlaces
· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· FFS: whether additionally support using bitmap
Proposal 3: Confirm the following working assumption:
Working assumption
· Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Use  to indicate used RB set index(s)
·  is conveyed in 1st SCI
·  is calculated as below
· If sl-MaxNumPerReserve is 2 then
· 
· If sl-MaxNumPerReserve is 3 then
· 
· where
·  denotes the starting RB set index for the second resource
·  denotes the starting RB set index for the third resource
·  is the number of RB sets in a resource pool
·  is the number of used RB sets for each of the indicated resources
Proposal 4: For contiguous RB-based transmission, candidate single-slot resources of which the lowest sub-channel including intra-cell guardband PRBs are excluded from the initial set S_A in Step 4.
Proposal 5: UE monitors PSCCHs on two starting symbols within a slot where 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission is supported regardless of detection of PSCCH on the 1st starting symbol.
Proposal 6: For multiple starting symbols within a slot for a PSCCH/PSSCH transmission, UE does not expects that the 2nd starting symbol is overlapping with PSCCH duration for the 1st starting symbol. 
Proposal 7: For S-SSB repetition in more than one RB sets, support Alt 1 with details:
· 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.
· UE allocates the transmit power to S-SSB transmission on anchor RB set, then the remaining power can be evenly distributed over S-SSB transmission(s) on the other RB set(s). 
Proposal 8: When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, support Option 2 with changes:
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· FFS details, e.g., signaling design, etc.
· Unused resources for actual control information signaling (e.g., PRBs outside PSFCH resource set, PSFCH resource associated with the transmitted PSSCH, common interlace) can be used
· Sequence mapped on the PSFCH-like signal is up to UE implementation
Proposal 9: Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
· The i-th candidate PSFCH occasion is on the RB set(s) occupied by the corresponding PSSCH transmission in a slot i* sl-PSFCH-Period + sl-MinTimeGapPSFCH after the corresponding PSSCH slot, where i=0, 1, …, N-1
· R16 NR SL PSSCH-to-PSFCH resource determination rule is applied to each min-PSSCH-to-PSFCH timing
· When the PSSCH transmission occupies more than one RB sets, the UE can transmit the corresponding PSFCH in all or a sub set of the used RB sets
Proposal 10: For N associated candidate PSFCH per PSCCH/PSSCH transmission,
· TX/RX prioritization and power control including PSFCH TX/TX prioritization is performed before LBT operation.
· Transmit power of PSFCH transmission within each RB set is determined before LBT operation
· If UE success to transmit or receive a certain PSFCH in earlier PSFCH occasion(s), then the UE does not consider SL priority of the corresponding PSFCH during the remaining PSFCH occasion(s) for SL prioritization
· For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) (e.g., due to LBT failure, or due to UL/SL prioritization, etc.)
· PSFCH transmission to the COT initiator UE is prioritized over other PSFCH transmission(s). 
Proposal 11: When UE attempts to transmit PSFCH with common interlace, sequence and/or cyclic shift to be applied to the common interlace is up to UE implementation.
Proposal 12: When UE attempts to transmit PSFCH with common interlace, 
· UE allocates the transmit power to the PRBs of common interlace first, then the UE allocates the transmit power to the dedicated PRBs
· For the common interlace, the minimum PSD is pre-defined or (pre)configured
Proposal 13: For PSFCH with common interlace, 
· A single common interlace is (pre)configured per resource pool
· For multiple PSFCH transmissions with the same or different minimum PSSCH-to-PSFCH timing, the UE uses a single common interlace
· Implicit PSSCH-to-PSFCH resource determination is used to determine the anchor dedicated PRB
· UE selects K3 – 1 dedicated PRB(s) from the consecutive PRBs belonging to the same interlace with the anchor dedicated PRB
Proposal 14: For PSFCH with dedicated interlace, 
· Implicit PSSCH-to-PSFCH resource determination is used to determine the anchor dedicated PRB
· UE selects the dedicated interlace which includes the anchor dedicated PRB
Proposal 15: For implicit PSSCH-to-PSFCH resource determination to select the anchor dedicated PRB, down-select one of followings:
· Alt 1: 
· RB set(s) for PSFCH are selected based on the RB set(s) occupied by the corresponding PSSCH
· For each selected RB set, applying Rel-16/17 PSSCH-to-PSFCH determination rule to determine PSFCH PRB sub-group based on sub-channel index and slot index of PSSCH.
· Within the selected PSFCH PRB sub-group, applying Rel-16/17 PSSCH-to-PSFCH determination rule to determine the anchor dedicated PRB and cyclic shift pair based on the L1 source ID and/or M_ID
· Alt 2: 
· Among (pre)configured group of PRBs within (pre)configured RB sets for PSFCH transmission, the PSFCH PRB group is partitioned into the number of RB sets * the sub-channels * the PSFCH period. 
· PSFCH PRB subgroup indexing is done in increasing order of slot index, sub-channel index, RB set index. 
· Within the subset of PSFCH resources, the UE selects the anchor dedicated PRB and cyclic shift pair based on L1 source ID and/or M_ID. 
· The UE either use the lowest selected RB set or all or a subset of selected RB sets for PSFCH transmission 
Proposal 16: For S-SSB repetition(s) for each RB set to meet OCB requirement, 
· Value of N is (pre)configured per RB set among 1, 2, …, 8
· Value of gap is (pre)configured per RB set among 0, 1, 2, 3, …, 66
Proposal 17: For reducing PAPR of S-SSB transmission, no specification impact to reduce PAPR

Reference
[1] RAN1 Chair’s Notes, RAN1#113.
[2] 3GPP TS 37.213, “Physical layer procedures for shared spectrum channel access”.
[3] 3GPP TS38.101-4, “User Equipment (UE) radio transmission and reception; Part 4: Performance requirements”.


Appendix –A
Table A.1 Link-level simulation parameters.
	Parameter
	Unit
	Values

	Carrier frequency
	GHz
	6

	SCS
	kHz
	15/30/60

	Channel bandwidth
	MHz
	20

	S-SSB configuration
	
	2/4/8 repetitions

	Antenna configuration
	
	1TX – 2RX

	Channel model
	
	TDL-C with 30ns, 1400Hz

	Power amplifier model
	
	Enabled



Table A.2 SINR for 1% probability of miss detection S-PSS and miss distinction S-SSS.
	PARP reduction scheme
	Using all the S-SSB repetitions
	Using only one S-SSB repetition

	Number of S-SSB repetitions
	2
	4
	8
	2
	4
	8

	Reference
	-4.6
	-4.8
	-5.7
	-4.6
	-4.8
	-5.7

	Phase adjustment
(Non-coherent)
	-5.5
	-5.5
	-6.2
	-1.6
	1
	3.1

	Different N_IDs
(Coherent)
	-5.5
	-5.5
	-4.1
	-1.8
	1
	5.5
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