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1. Introduction
In RAN1#110bis-e meeting [1], followings are agreed for channel access mechanism for SL-U:
	Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding 1 sub-channel equals K interlace(s)
· At least K=1 and K=2 is supported for 15 kHz SCS
· At least K=1 is supported for 30 kHz SCS
· FFS: details related to multiple RB sets

Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH

Agreement
To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:
· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH
· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported
FFS: how to handle 60 kHz SCS (if needed, not limited to option 1 or option 3)

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, down-select one of the followings
· Option A: Support that the used interlace index(s) in different RB sets are always the same
· Option B: Support that the used interlace index(s) in different RB sets can be different
· FFS details

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· Down-select one of the followings
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Option 2: Support explicitly indicating at least the used sub-channel index(s)
· At least RB set index(s) is not explicitly indicated
· FFS details

Agreement
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details

Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission

Agreement
At least R16/R17 NR SL S-SSB slots are excluded from SL resource pool.
· Note: whether or not additional candidate S-SSB occasions are excluded from resource pool will be discussed after the details of additional candidate S-SSB occasions are clearer

[bookmark: _Hlk117151683]Agreement
At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 

Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:
· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Alt 2: PSFCH resources are dynamically indicated
· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE
· Alt 4: drop PSFCH transmission
· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB
· Combination of above alternatives are not precluded 
· FFS details of above alternatives

Agreement
Regarding additional candidate S-SSB occasions:
· Their number and time domain locations are (pre-)configured or pre-defined


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

2. Discussion
2.1. SL BWP and SL resource pool configuration
In NR-U, BWP is configured to be aligned with RB set(s) in boundaries. Moreover, according to the agreement made in RAN1#109-e meeting, a SL resource pool can be (pre)configured to include integer number of RB sets. In those of points of view, it would be necessary that the SL BWP is also (pre)configured to be aligned with RB set(s) in boundaries. 
Considering that the BWP in NR-U is always aligned with RB set(s) in boundaries, it is unclear benefit of supporting that a SL resource pool includes sub-set of PRBs of one RB set. Moreover, considering that the granularity of the channel sensing operation is a RB set, it would be better in terms of resource utilization not to restrict available resource into a certain subset of resources in the RB set. In Rel-16, since the granularity of the number of frequency resources belonging to a SL resource pool is a PRB, there is no problem to align the boundary of the SL resource pool with the boundary of RB set(s). 
     Depending on the regulation, the occupied bandwidth would need to be larger than 80% over the total bandwidth. Moreover, power spectral density for any 1MHz could be limited. In NR-U, to meet these regulations, interlaced RB-based transmission is supported. In RAN1#109-e meeting, it is agreed that at least for PSCCH and PSSCH, both NR SL contiguous RB-based and interlaced RB-based transmissions are considered. In this case, it is necessary to decide the granularity of (pre)configuration to enable or disable the interlaced RB-based transmission. In NR-U, the interlaced RB-based transmission is a part of UE capability, and enabling/disabling interlaced RB-based transmission is cell-specific. Meanwhile, if the interlaced RB-based transmission is (pre)configured per SL BWP or SL carrier, then UE(s) without the interlaced RB-based TX capability would not be supported on the SL carrier. In our view, since S-SSB transmission still be a form of interlaced structure, it would be unclear the benefit of allowing the coexistence between contiguous RB-based transmission and interlaced RB-based transmission in a SL carrier. To be specific, even if the contiguous RB-based transmission is allowed in a SL carrier with OCB requirement, the UEs without interlaced RB-based transmission capability cannot transmit S-SSB transmission. 
Observation 1: If S-SSB transmission is a form of interlace structure, the benefit of the coexistence between contiguous RB-based transmission and interlaced RB-based transmission in a SL carrier is unclear. 
Proposal 1: For SL BWP configuration on shared spectrum, 
· Starting PRB of SL BWP is aligned with the lowest PRB of the lowest RB set within SL BWP
· Ending PRB of SL BWP is aligned with the highest PRB of the highest RB set within SL BWP
· Either contiguous RB-based transmission or interlaced RB-based transmission is (pre)configured
Proposal 2: For SL resource pool configuration in frequency domain on shared spectrum, 
· Starting PRB (i.e., sl-StartRB-Subchannel) is aligned with the lowest PRB of the lowest RB set within the resource pool
· The number of PRBs (i.e., sl-RB-Number) is set so that the ending PRB is aligned with the highest PRB of the highest RB set within the resource pool

In case of SL communication on licensed spectrum, for TDD, cell-specific UL slots can be belonging to a resource pool. For flexible slots, if the SL symbol group in a slot is set to cell-specific UL, then the flexible slots can be belonging to a resource pool as well. For simplicity, even for unlicensed spectrum operation, the same principle could be adopted for candidate slots that can be belonging to a resource pool. If it is allowed that other flexible slots or DL slots to belong to a resource pool, it would be further discuss how to define prioritization rule between DL reception (e.g., DL discovery burst, PDCCH monitoring, CSI measurement) and SL transmission/reception. If the UE is configured with tdd-UL-DL-ConfigurationCommon for the unlicensed carrier, it seems straightforward to use it as in Rel-16/17 NR SL. 
Proposal 3: For SL communication on shared spectrum, a resource pool excludes following slots:
· Slots whose symbols from sl-StartSymbol to sl-StartSymbol + sl-LengthSymbols – 1 are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if provided
· S-SSB slots
· Reserved slot as specified in section 8 of TS 38.214

2.1.1. Contiguous RB-based transmission
According to NR-U, the granularity of channel sensing operation is RB set, and the size of the RB set is between 100 and 110 for 15kHz SCS or between 50 and 55 except for at most one RB set which may contain 56 RBs for 30kHz SCS. Moreover, depending on the carrier, there could exist guard-band between two adjacent RB sets. If UE accesses two RB sets, then the UE can transmit UL channel/signal on resources belonging to guard bands as well to ensure contiguous UL transmission in frequency domain. 
For contiguous RB-based PSCCH/PSSCH transmission, since the granularity of PSCCH/PSSCH transmission is sub-channel, it would be necessary to investigate the relationship between RB sets and sub-channels. If Rel-16 NR SL sub-channelization is applied to the multiple RB sets, sub-channels would not be aligned with RB sets in boundaries. In this case, it would be possible that a subset of PRBs belonging to a sub-channel is outside the RB set, and these PRBs would not be used for PSCCH/PSSCH transmissions. For instance, in Figure 1, only two sub-channels are fully confined within a RB set#1, and the parts of the other sub-channels are outside the RB set. In this case, when UE transmits PSCCH/PSSCH on RB set#1, then the only two sub-channels can be used. In this case, a number of resources within the RB set cannot be utilized. Moreover, for 60kHz SCS, if the contiguous RB-based PSCCH/PSSCH transmission is used, the OCB requirement would not be fulfilled especially when the sub-channels overlapping with guard band or another RB set are not used. 
Observation 2: If sub-channels are not aligned with RB sets in boundaries, a number of resources within a RB set would not be utilized especially for single RB set transmission.
Observation 3: For 60 kHz SCS, contiguous RB-transmission may or may not fulfill the OCB requirements especially when the truncated sub-channel is not used for PSCCH/PSSCH transmission.
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Figure 1: Examples of sub-channelization for contiguous RB-based PSCCH/PSSCH transmission.

     Alternatively, sub-channels could be defined to be aligned with RB set(s) in boundaries. To be specific, for each RB set belonging to a SL resource pool, sub-channels can be allocated to be fully confined within the RB sets as shown in Figure 2. Meanwhile, the remaining PRBs after allocating the sub-channel of each RB set and PRBs belonging to a guard band can be automatically used for PSCCH/PSSCH transmission only if the adjacent RB sets are allocated for PSCCH/PSSCH transmission. Moreover, to ensure enabling the same TB size regardless of whether or not to use these remaining PRBs, it can be considered that the remaining PRBs are not counted for TBS determination. 
[image: ]
Figure 2: Examples of sub-channelization for contiguous RB-based PSCCH/PSSCH transmission.
Proposal 4: For contiguous RB-based transmission, 
· Sub-channels are defined to be aligned with RB set(s) in boundaries. 
· PRBs between sub-channels belonging to different RB sets can be used automatically for PSCCH/PSSCH transmission when the sub-channels belonging to different RB sets are used for the PSCCH/PSSCH transmission. 
· PRBs not belonging to a sub-channel is not counted for TBS determination. 

2.1.2. Interlaced RB-based transmission
In RAN1#109-e meeting, it is agreed that at least for PSCCH and PSSCH, interlaced RB-based transmissions are considered. Since the granularity of PSCCH/PSSCH scheduling is a sub-channel, it would be necessary to discuss how to define sub-channel for the RB-based interlace structure. Or, it would be necessary how to modify FRIV indication to indicate RB set(s) and/or interlace index for the current resource and the reserved resources. 
First of all, sub-channel can consists of PRBs belonging to one or multiple interlaces within a RB set. In this case, it can be considered that sub-channel indexing is done in increasing order of first the interlace index, and then the RB set index as shown in Figure 3. In this case, the UE can use multiple interlaces within a RB set by using the existing contiguous sub-channel allocation indicator, and it would be beneficial in terms of channel availability. However, if the UE uses more than one RB sets for PSCCH/PSSCH transmission, it would not guarantee that the same set of interlaces are used. In this case, PAPR for PSCCH/PSSCH transmission over multiple RB sets would be increased further. Since the same set of interlace index(s) over different RB sets is assumed in NR-U PUSCH, if it is allowed to support different set of interlace index(s) over different RB set in SL-U, RAN4 specification work will be additionally needed. Moreover, considering PSD requirement, if the unequal number of interlace index(s) over different RB sets are allowed as in this approach, total transmit power of PSCCH/PSSCH will be limited. For instance, for 30kHz SCS, if 5 interlaces are used for the 1st RB set and 1 interlace is used for the 2nd RB set, and if the PSD requirement is 10dBm/1MHz, the maximum transmit power will be limited 13dBm. On the other hand, if 3 distributed interlaces over the 1st and 2nd RB sets are used instead, the maximum transmit power will be increased into 21 dBm. Due to the reduced transmit power, the applicable scenario of SL-U will be restricted. 
Moreover, as per agreement, when a UE uses PRBs within intra-cell guard band of two adjacent RB sets for SL transmission, it would be more complicated which interlace will be used in the guard band if different set of interlace index(s) over different RB set is allowed. 
Observation 4: If a subchannel consists of PRBs corresponding to an interlace index within a RB set, and if the subchannel indexing is done in increasing order of first the interlace index, and then the RB set index, and if more than one RB sets are scheduled for PSSCH transmission, the same set of interlaces across different RB sets would not be guaranteed. It will cause additional RAN4 specification work, limitation on applicable scenario due to reduced transmit power, and high PAPR. 
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Figure 3: Examples of sub-channelization for interlaced RB-based PSCCH/PSSCH transmission.
Alternatively, sub-channel indexing can be done in increasing order of first the RB set index, and then the interlace index as shown in Figure 4. In this case, when the UE uses more than one RB sets for PSCCH/PSSCH transmission, the same set of interlaces could be guaranteed. However, in this approach, even though the number of sub-channels is small, multiple RB sets will be used, and it would not be good in terms of channel availability. 
Observation 5: If a subchannel consists of PRBs corresponding to an interlace index within a RB set, and if the subchannel indexing is done in increasing order of first the RB set index, and then the interlace index, and if more than one interlaces are scheduled for PSSCH transmission, it may need to use multiple RB sets for PSSCH transmission. In this case, the UE needs to access both RB sets for a PSSCH transmission. 
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Figure 4: Examples of sub-channelization for interlaced RB-based PSCCH/PSSCH transmission.
Meanwhile, considering PSD requirement, it would be necessary to support the distributed mapping of PSSCH transmission as shown in Figure 4. For instance, when a UE uses sub-channel#0 and sub-channel#1 for a PSSCH transmission, according to PSD requirement, 10 dBm will be distributed into a PRB of subchannel#0 and a PRB of subchannel#1 in Figure 3 while 10 dBm will be allocated to both a PRB of subchannel#0 and a PRB of sub-channel#1. In the above example, the mapping of Figure 4 can use TX power twice more than the mapping of Figure 3. 
Observation 6: Due to PSD requirement (e.g.., 10 dBm/MHz), depending on the number of interlaces, it would be useful using multiple RB sets rather than using single RB set for PSSCH transmission for the same number of PRBs or interlaces. 
Observation 7: If contiguous sub-channel allocation indicator is reused for interlaced RB-based PSSCH transmission, depending on the sub-channelization method, the resource allocation could be inefficient in terms of channel accessibility, PAPR, and/or TX power restriction. 
     Since the sub-channelization without a separate indication of allocated RB set(s) will lose scheduling flexibility, it would be better to consider indicating RB set(s) separately from indicating interlace(s) or sub-channel(s). In this case, a single sub-channel can consists of PRBs belonging to a single or multiple interlaces across RB set(s). The final PRBs allocated for PSSCH transmission will be determined by intersection between the indicated sub-channel(s) and the indicated RB set(s) like NR-U resource allocation type 2. Since it would be necessary to consider how to indicate reserved resources in NR SL, FRIV can be used to indicate RB set(s) instead of RIV. In this approach, we can maximizes the scheduling flexibility and can guarantee the same set of interlaces across different RB sets when more than one RB sets are used for PSSCH transmission. 
Proposal 5: For interlaced RB based PSSCH transmission, 
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· SCI indicates FRIV for subchannel allocation and FRIV for RB set allocation.
· Subchannel indexing is done in increasing order of the interlace index.
· PSSCH transmission resource(s) are determined by the intersection of indicated sub-channel(s) and indicated RB set(s).

2.2. Time domain resource assignment for PSCCH/PSSCH on shared spectrum
2.2.1. Additional starting symbol(s) within a slot
In RAN1#110bis-e meeting [1], it was agreed to introduce additional starting symbol within a slot for PSCCH/PSSCH transmission to mitigate LBT failure as working assumption. Meanwhile, even for the single starting symbol within a slot for PSCCH/PSSCH transmission, which is already agreed, it is necessary to decide how to set the starting symbol position for PSCCH/PSSCH transmission. Considering multi-consecutive slots transmission for skipping channel sensing operation in the middle of the transmission, it would be better to always fix the starting symbol index into 0. However, considering coexistence with NR-U and forward compatibility, it can be considered to set the starting symbol index based on the (pre)configured parameter as in Rel-16/17 NR SL. In our understanding, even though the starting symbol index is (pre)configured, it also allows the possibility of setting the value into 0. 
Proposal 6: For starting symbols within a slot for a PSCCH/PSSCH transmission,
· 1st Starting symbol index is M1
· M1 is indicated by sl-StartSymbol as in R16 NR SL
· 2nd Starting symbol index is M2
· M2 is (pre)configured in a resource pool so that M2>M1
· A Single ending symbol index is used in a slot as in R16 NR SL

     On multiple starting positions of slot-based PSCCH/PSSCH transmission, when UE fails to access channel before the earlier starting position, then the UE attempt to access the channel for the next starting position for a PSCCH/PSSCH transmission. When UE prepares the PSCCH/PSSCH transmission with later starting position after determining LBT failure for the earlier starting position, the processing time budget would not be sufficient. 
Alternatively, it can be considered that the UE prepares multiple OFDM waveforms for multiple starting positions in advance. However, in this case, the UE needs to have sufficient storage to store multiple waveforms with multiple starting positions. Even for this case, it is necessary to have sufficient processing time budget for switching proper waveforms. To alleviate this problems, it can be considered that the time gap between the 1st starting position and the 2nd starting position is sufficiently large to accommodate the processing time budget for re-encoding.  
Moreover, it is necessary to check whether or how to ensure enabling the same TB size among PSSCH transmission candidates with different starting positions. For TBS determination, if the TBS is determined based on the 1st starting position, the effective code rate of the PSSCH transmission with 2nd starting position could be too high. In this case, the UE still need to transmit retransmission for the same TB. If the TBS is determined based on the 2nd starting position, the peak data rate will be limited. 
Proposal 7: For multiple starting symbols within a slot for a PSCCH/PSSCH transmission, TBS is determined based on PSCCH/PSSCH with the 1st starting symbol index. 

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, 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. 
Proposal 8: 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 8: candidate starting symbol(s) intended for AGC purpose does not imply that REs on other symbol will be duplicated in the AGC symbol. 
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, in a resource pool with PSFCH resources, both starting symbols need to guarantee the existence of PSFCH resources at least in PSFCH occasion as shown in Figure 5. Note that PSSCH duration including AGC symbol needs to be greater than or equal to 6 to have PSFCH resource in the same slot. Otherwise, PSFCH resource for 1st starting symbol will collide with PSCCH/PSSCH with 2nd starting symbol. Alternatively, it can be considered that the additional starting symbol of PSCCH/PSSCH is not allowed in slot(s) with PSFCH resources. 
Observation 9: For PSFCH slot, both candidate starting symbols need to guarantee the existence of PSFCH resources. Alternatively, additional starting symbol will not allowed in PSFCH slot. 
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Figure 5: Example of the additional starting position of PSCCH/PSSCH to ensure PSFCH resrouce in the same slot. 
Next, 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 6, the RX UE can effectively use only one symbol for PSCCH decoding. 
Observation 10: 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. 
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Figure 6: 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 11: 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. 
Considering channel estimation performance for 2nd SCI and PSSCH, it would be better to avoid possible time location(s) of PSSCH DMRS for the 1st starting symbol. However, if the 2nd starting symbol is always overlapping with data symbol of PSSCH with the 1st starting smybol, the RX UE will fail to decode certain code block(s) mapped on the data symbol as shown in Figure 7. Since NR SL does not support CBG-based retransmission, the TX UE may need to retransmit the whole TB until the all the code blocks are not skipped due to additional AGC procedure. For instance, if the TX UE transmit PSCCH/PSSCH with the 1st starting symbol, the TX UE still need to retransmit the PSCCH/PSSCH with different starting symbol and/or PSSCH DMRS pattern and/or beta offset to recover the punctured code block. To avoid this situation, it can be considered that the 2nd starting symbol can be overlapping with a certain PSSCH DMRS symbol of PSCCH/PSSCH with the 1st starting symbol as shown in Figure 7. If the number of PSSCH DMRS symbols is large enough, performance degradation on channel estimation due to puncturing PSSCH DMRS symbol would be marginal. For instance, if the 1st starting symbol index of PSCCH/PSSCH is 0, and if the number of SL symbols in a slot is 14, and if the number of PSSCH DMRS symbols can be 2 or 4 in the resource pool, the 2nd starting symbol of PSCCH/PSSCH could be set to OFDM symbol index 4 which is the second DMRS symbol position for the 1st starting symbol. If the TX UE determines that the additional AGC procedure can be performed in the data symbol, the TX UE will select the number of PSSCH DMRS symbols as 2 for the 1st starting symbol. On the other hand, if the TX UE determines that the additional AGC procedure needs to be performed to avoid the data symbol, the TX UE will select the number of PSSCH DMRS symbols as 4 for the 1st starting symbol. 
Observation 12: Considering a certain code block(s) can be consistently dropped, it can be considered that the 2nd starting symbol of PSCCH/PSSCH is set to PSSCH DMRS symbol index of a certain DMRS pattern for PSCCH/PSSCH with the 1st starting symbol. 
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Figure 7: Example of the additional starting position of PSCCH/PSSCH overlapping with or without PSSCH DMRS symbol of PSCCH/PSSCH with the 1st starting position. 
Proposal 9: For multiple starting symbols within a slot for a PSCCH/PSSCH transmission, the 2nd starting symbol is selected to be overlapping with the 2nd PSSCH DMRS symbol of a DMRS pattern with more than 2 DMRS symbols (pre)configured for PSCCH/PSSCH with the 1st starting symbol in a resource pool. 

2.2.2. SL transmission burst structure
To minimize overhead for channel sensing operation, it can be considered to introduce SL burst transmission for the same TB and/or different TBs. According to TS 37.213 [2], for burst transmission, 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.
Meanwhile, according to SL slot structure, the last SL symbol is used for TX-RX switching period, and any SL channel/signals is not mapped on the last SL symbol. In this case, at least for SL burst transmission, it would be necessary how to reduce or remove TX-RX switching period in SL slot. One simply way is that whether or not to use the last SL symbol for SL transmission is implicitly or explicitly indicated by PSCCH/PSSCH TX UE. In this case, the TX UE will perform rate-matching for the last SL symbol as shown in Figure 8-(a). However, in this approach, since the PSSCH symbol duration will be changed, it would be necessary to update or newly define PSSCH DMRS pattern for the increased PSSCH symbol duration. Moreover, since the number of available REs will increase, it may also have impact on the TBS determination. To be specific, especially when initial transmission and retransmission differently use the last SL symbol, it would not be guaranteed enabling the same TBS between initial transmission and retransmission. 
Another approach is to perform CP extension to use all or a subset of TX-RX switching symbol of the earlier SL transmission of the TX UE as shown in Figure 8-(b). 
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(a)
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(b)
Figure 8: Example of SL burst transmission.
Proposal 10: For SL transmission burst, time gap between adjacent PSCCH/PSSCH transmissions is not greater than 16usec by applying CPE to the later PSCCH/PSSCH transmission.
In SL slot structure, PSFCH resource is TDMed with PSCCH/PSSCH resource within a slot, and the maximum PSFCH resource period is 4 logical slots. In this case, the maximum duration of SL burst transmission would be also limited to 4 slots. To extend the time duration of the SL burst transmission, one way is to increase the maximum PSFCH resource period. Alternatively, it can be considered that the TX UE transmit any signal in a PSFCH occasion to ensure the time gap between transmission(s) is no greater than 16usec. 
Proposal 11: For SL transmission burst, down-select one or more of followings:
· Option 1: Maximum size of SL transmission burst is determined by PSFCH resource period.
· Option 2: PSSCH TX UE can transmit any signal in a PSFCH occasion to ensure the time gaps between transmissions within a SL transmission burst is no greater than 16usec. 

2.3. SL HARQ procedure
In RAN1#109-e meeting, it was discussed that the possibility of introducing new PSFCH format and/or introducing multiple chances of PSFCH transmission in response of a PSSCH transmission. 
Unlike Uu link, a TX UE can transmit PSSCH transmissions to different RX UEs, and then the TX UE can receive a number of SL HARQ-ACK feedbacks from different RX UEs. In this case, each RX UE will transmit one SL HARQ-ACK information to the same TX UE. In this case, rather than new PSFCH format with large payload size, the existing PSFCH format 0 is sufficient for the container of the SL HARQ-ACK feedback. Moreover, since new PSFCH format with large payload size would have no or small multiplexing capacity, the overall PSFCH resource overhead would be too large. In those points of view, it is not preferable to support non-numerical HARQ FB and one shot HARQ FB. Moreover, it is unclear how to use it for LS HARQ-ACK feedback in response of groupcast PSCCH/PSSCH. 
Observation 13: Since PSSCH TX UE can receive a number of SL HARQ-ACK feedbacks from different PSSCH RX UEs, R16 NR SL PSFCH format 0 is sufficient for the container of the SL HARQ-ACK feedback. In this case, it is not preferable to support non-numerical HARQ FB and one shot HARQ FB. 
In Rel-16 PSSCH-to-PSFCH mapping, the implicit mapping rule is adopted rather than dynamic indication of PSFCH resources. It is motivated from the fact that if the dynamic indication is adopted, the PSSCH TX UE needs to perform sensing operation for PSFCH further. Since the SL HARQ-ACK enabling/disabling and SL-HARQ-ACK feedback option indicators are present in 2nd SCI, the TX UE would need to success to decode 2nd SCI of other UEs as well for sensing operation. If the TX UE does not perform such sensing operation for PSFCH, even though PSSCH resource collision does not occur, PSFCH resource can be collided. It was discussed the possibility that the PSCCH/PSSCH TX UE indicates PSFCH resource to be inside the shared COT duration. However, since the existing PSSCH-to-PSFCH mapping already targets the case where the PSCCH/PSSCH RX UE transmits PSFCH as soon as possible upon PSCCH/PSSCH reception, it is still unclear the necessity of dynamic indication. If the dynamic indication targets to indicate PSFCH resource inside the COT duration in the future, it is also ambiguous since the future COT duration would not be always guaranteed. 
Observation 14: If the locations of PSFCH resources are dynamically indicated, UE needs to perform sensing operation for PSFCH further. Otherwise, even though PSSCH resources are not overlapping each other, PSFCH resource collision can occur. 
Observation 15: For PSFCH resource inside the current COT duration, it seems enough to use the existing implicit PSSCH-to-PSFCH mapping since the existing mapping rule targets the case when the RX UE transmits PSFCH as soon as possible upon PSCCH/PSSCH reception. 
Observation 16: For dynamic indication of PSFCH resource to be inside the future COT duration, since the future COT duration is not always guaranteed, it is unclear whether it can mitigate PSFCH transmission dropping due to LBT failure. 
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. Figure 9 shows an example of PSSCH-to-PSFCH mapping for each RB set. In this example, the PSSCH transmission with index n is associated with PSFCH resource with index n.
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Figure 9: Example of PSSCH-to-PSFCH mapping for handling PSFCH TX dropping due to LBT failure.
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. Figure 10 shows an example of PSSCH-to-PSFCH mapping for each timeline. In this example, the PSSCH transmission with index n is associated with PSFCH resource with index n. This approach may not be suitable for the case when the PDB is limited. Alternatively, instead of multiple PSFCH slots, it can be considered to allow multiple PSFCH occasions in a slot. However, it would require the huge specification work for multiplexing PSCCH/PSSCH/PSFCH in a slot. 
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Figure 10: Example of PSSCH-to-PSFCH mapping for handling PSFCH TX dropping due to LBT failure.
In the above approaches, it requires additional frequency resources for PSFCH transmissions. Therefore, this approach would be applicable when a single PRB is used for PSFCH transmission. On the other hand, if a number of PRBs are used for PSFCH transmission as in interlaced RB-based PSFCH transmission, it would not be possible to reserve frequency domain resources for PSFCH transmission further for this purposes. In other words, mechanisms for handling PSFCH TX dropping due to LBT failure would not be applicable to all the type of PSFCH transmissions. 
Proposal 12: For more than 1 PSFCH occasion per PSCCH/PSSCH transmission, followings can be discussed: 
· Option 1: UE tries to transmit SL HARQ-ACK feedback on PSFCH resource in the next RB set.
· R16 NR SL PSSCH-to-PSFCH resource determination rule is applied to each RB set.
· UE can use PSFCH resource in the RB set which UE successes to access.
· Option 2: UE tries to transmit SL HARQ-ACK feedback on PSFCH resource in the next PSFCH occasion. 
· For each min-PSSCH-to-PSFCH timing, UE is (pre)configured with different PRB groups for PSFCH resources. 
· R16 NR SL PSSCH-to-PSFCH resource determination rule is applied to each PSFCH occasion. 
· FFS: PSFCH occasions are present in the same slot or different slots.
· UE can use PSFCH resource in the earliest PSFCH occasion which UE successes to access the channel. 
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 PSFCH with high priority fails to access the channel while the PSFCH with low priority can access the channel but it is already dropped. In this case, UE may not transmit any PSFCH transmissions due to LBT failure and PSFCH TX/TX or TX/RX prioritization. Moreover, it would be necessary to clarify whether the UE performs PSFCH RX if the UE drops PSFCH TX with high priority 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 msec, and the UE may need to regenerate OFDM waveform based on the selected PSFCH transmissions during the few msec. 
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. 
Proposal 13: For more than 1 PSFCH occasion per PSCCH/PSSCH transmission, RAN1 discusses when and how to perform PSFCH TX/TX or TX/RX prioritization.
· e.g., whether PSFCH TX/TX or TX/RX prioritization is performed before or after channel sensing operation.
· e.g., whether a UE can transmit PSFCH on additional PSFCH occasion if PSFCH on a PSFCH occasion is dropped due to PSFCH TX/TX or TX/RX prioritization.
In case of PSFCH transmission, considering multiplexing capacity, the interlaced transmission could be considered rather than wideband transmission. Since the PSFCH format 0 is designed based on PUCCH format 0, and the PUCCH format 0 have interlaced transmission form, it can be considered that interlaced transmission form of PUCCH format 0 is considered as a baseline for interlaced PSFCH transmission. Since the number of PRBs for a single PSFCH transmission would be highly increased, it would be necessary to check whether the number of PSFCH resources are sufficient. To increase the number of PSFCH resources, it can be considered to apply time-domain and/or frequency-domain OCC to PSFCH transmission. In case of time-domain OCC, it would be necessary to carefully investigate the impact of power imbalance across different symbols due to OCC. To be specific, when PSFCH transmission(s) with OCC [+1 +1] will be CDMed with PSFCH transmission(s) with OCC [+1 -1], the total received power at the RX UE side will be changed across different OFDM symbols. For instance, if the channel phase is the same for all the PSFCH transmission(s) with different OCC, the received signals will be positively combined on the first OFDM symbol while the received signals will be canceled out on the second OFDM symbol. The power imbalance in time domain would have negative impact on the AGC performance. Moreover, since first symbol will be used for AGC, time-domain OCC would not be always feasible for all the UEs. In case of frequency-domain OCC, PAPR needs to be checked. Alternatively, it can be considered to introduce comb structure for the interlaced PSFCH transmission. However, in this case, the number of cyclic shift pairs could be reduced, so total number of PSFCH resources would not be large enough. Another approach is to additionally use common interlace. However, in this case, most TX power will not be used to convey HARQ-ACK information. In other words, due to PSD restriction, SL HARQ-ACK detection performance will be highly degraded. 
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, subchannel 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 interlaced PSFCH transmission, it would be necessary to define how RB set index and interlace index of PSFCH are derived from PSSCH resource and source ID. Due to limited number of frequency resources of the interlaced RB-based PSFCH transmission, subgrouping would need to be extended to code-domain resources. For instance, the UE can determines the subset of interlaces and RB sets and cyclic shifts pairs 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. 
Proposal 14: For interlaced RB-based PSFCH transmission with 15kHz SCS or 30kHz SCS, 
· Interlaced PUCCH format 0 is considered as a baseline.
· For PSSCH-to-PSFCH determination rule, 
· Among (pre)configured set of interlaces, RB sets, and cyclic shift pairs for PSFCH transmission, PSFCH resource indexing is done in increasing order of first interlace index, and then RB set index, and then cyclic shift pair index. 
· Set of PSFCH resources is partitioned by the RB set of PSSCH, and then is partitioned by the interlace of PSSCH, and then is partitioned by PSSCH slot. 
· Within the subset of PSFCH resources, the UE selects final PSFCH resource index based on source ID and/or M_ID. 
In this approach, unlike Rel-16 NR SL, it will allows CDM among PSFCH resources associated with PSSCH transmission of which resources are TDMed and/or FDMed. 
Meanwhile, for 60kHz SCS, since there is no definition for RB-based interlace structure in NR-U, it is necessary to discuss how to meet the OCB and PSD requirements for PSFCH transmission with 60kHz SCS. Rather than specifying new RB-based interlaced structure for 60kHz SCS, it can be considered to support 2-RB PSFCH transmission to meet the OCB and PSD requirement. 
Proposal 15: For PSFCH transmission with 60kHz SCS, to meet the OCB and PSD requirements, 
· R16 PSFCH are mapped on 2 PRBs equally distributed over a RB set.
· PRB gap is implicitly or explicitly determined. 
· A (pre)configuration provides the RB set(s) and/or PRB gap for PSFCH mapping.
In RAN1#110 meeting, it was discussed the possibility of introducing common PRB or common interlace to meet the OCB requirement for PSFCH transmission. However, since the common PRBs are not used to convey actual information, the coverage of PSFCH will be highly restricted. Due to the PSD requirement, the PSFCH coverage will be further restricted. Considering that the PSCCH/PSSCH will use RB-based interlaced structure, even though the PSFCH format 0 is sequence-based transmission, their coverage would be largely different, and the reduced coverage will limit the applicable scenario of SL-U as well. Moreover, since a number of UE can transmit signals on the common PRBs in SFN manner, it will make IBE issue worsened. 
Observation 17: For PSFCH transmission to meet OCB requirement, the usage of common PRBs or common interlace has the limited PSFCH coverage issue, and IBE issue. 

2.4. Synchronization procedure and channels
Depending on the regulation, S-SSB transmission also needs to meet the OCB requirement and PSD requirement. For this purpose, a number of options are listed up in RAN1#109-e meeting. 
On the time domain resources for S-SSB, unlike NR-U, S-SSB transmission is performed by a UE of which TX power would be limited. In Rel-16 NR SL, 2-symbol duration of S-PSS and S-SSS could achieve energy combining gain. In that point of view, at least for S-PSS and S-SSS needs to have 2 symbol duration as in Rel-16 NR SL. Moreover, considering that the first symbol of S-SSB is used for AGC, even if 1 symbol duration is used for both S-PSS and S-SSS, only one symbol will be effectively used to decode PSBCH for the 4 symbol duration of S-SSB transmission. It will restrict SL communication coverage and make SL transmissions asynchronous. 
Observation 18: Considering coverage of SL communication the S-SSB structure in time domain (i.e., 2-symbol S-PSS and 2-symbol S-SSS) needs to be kept to achieve energy combining gain.
Proposal 16: For S-SSB in SL-U, 
· R16 S-SSB structure in time domain is reused (i.e., 14-symbol duration of S-SSB for normal CP, and 12-symbol duration of S-SSB for extended CP).
In our view, the typical scenario of S-SSB transmission is to use Type 2A channel access procedure rather than Type 1 channel access procedure with a help of SCSt exemption. In this case, the additional candidate S-SSB occasions could be simply achieved by modifying the description of the higher layer parameter sl-NumSSB-WithinPeriod to allow more S-SSB occasions for each SCS or by adding more candidate values for the higher layer parameter sl-NumSSB-WithinPeriod. In this approach, the specification impact or workload could be minimized. Otherwise, to design new S-SSB occasions, it would be necessary to further discuss how to modify sl-SSB-TimeAllocation1, sl-SSB-TimeAllocation2, sl-SSB-TimeAllocation3, and UE behavior for the usage of additional S-SSB occasions. 
Proposal 17: For additional candidate S-SSB occasions, the higher layer parameter sl-NumSSB-WithinPeriod is modified to allow more candidate values for each SCS. 
In RAN1#110bis-e meeting [1], it was discussed how a UE uses additional S-SSB occasions for S-SSB transmission. Unlike NR-U discovery burst, S-SSB is transmitted by a number of UEs in SFN manner. It is motivated by the fact that the synchronization is important even for UEs who are not actually communicated each other to identify and avoid reserved resources of other UEs. Moreover, the periodicity of DL discovery burst could be shorter than 160msec, but the periodicity of S-SSB is fixed to 160msec. In those points of views, it is necessary to maximize the case when a number of UEs transmit S-SSB on the same occasion in SFN manner. If the usage of additional S-SSB occasions can be different depending on the channel sensing results or other factor, it will cause the case where small number of UEs will transmit S-SSB on the same S-SSB occasion, and it will reduce the coverage of S-SSB as well. Extremely, it would be possible that no one transmit S-SSB on a certain S-SSB occasion while RX UEs still expect to receive S-SSB. It could cause false alarm issue as well. 
Proposal 18: Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, 
· Alt 2’: UE always attempts to transmit on all the additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
According to EN 301 893 [3], within a COT duration, the UE may not need to fulfil the OCB requirement temporarily as follows:
· During a Channel Occupancy Time (COT), equipment may operate temporarily with an occupied bandwidth of less than 80 % of its nominal channel bandwidth. The occupied bandwidth shall not be less than 2 MHz.
Since S-PSS and S-SSS start from the second symbol of S-SSB, it is understood that both S-PSS and S-SSS would be within the COT duration. In this case, it would be possible to reuse the existing S-PSS and S-SSS sequences without a consideration of the OCB requirement. However, in this case, due to the PSD requirement, the total power of the S-PSS and S-SSS would be too small, and it will restrict the coverage of S-SSB. 
Observation 19: According to EN 301 893, the temporary exemption of OCB requirement can be applicable at least for S-PSS and S-SSS. However, due to PSD requirement, the coverage of S-SSB would be too restrictive. 
Moreover, if the transmission BW is quite different across different symbols, it requires transient period between these symbols. Signal distortion due to the transient period will degrade the detection performance of S-SSB. If the transient period is set on the S-PSS symbol, the UE may use only one S-PSS symbol for S-PSS detection. If the transient period is set on the 1s OFDM symbol of S-SSB, it is necessary to carefully check the impact on the AGC performance. To mitigate the transient period issue, it would be necessary to change S-SSB structure. For instance, the number of S-PSS symbols can be increased to 3 symbols. Alternatively, if the SL-U target only on the short-distance scenario, it can be considered to introduce comb-type S-PSS/S-SSS. In this case, since the S-PSS will be repeated twice in time domain, the transient period would be accommodated. Moreover, comb-type mapping will ensure the 2MHz requirement. 
Observation 20: If the temporary exemption of OCB requirement is applied to S-PSS and S-SSS, it is necessary to how to handle the additional transient period issue. 
Proposal 19: Temporary exemption of OCB requirement for part of S-SSB is not supported in Rel-18 SL. 
     In case of interlaced RB-based S-SSB transmission, it would be possible to reuse the existing sequences if the number of PRBs belonging to one interlace within a RB set is 11. Otherwise, it would be necessary to use two interlaces for S-SSB transmission. If two interlaces within a RB set is used for S-SSB transmission, due to PSD requirement, the TX power would be limited compared to the case when one interlace is used. 
Observation 21: For interlaced RB-based transmission for S-SSB, depending on the number of PRBs associated with a single interlace, it would be necessary to use two interlaces for S-SSB transmission to ensure bandwidth of 11 PRBs. 
Observation 22: For interlaced RB-based transmission for S-SSB, if two interlaces are used, the PSD would be halved compared to the case when single interlace is used due to PSD requirement. 
In NR-U, the interlaced structure is defined for 15 kHz SCS and 30 kHz SCS, but not for 60 kHz SCS. Meanwhile, in Rel-16 NR SL, for FR1, S-SSB transmission is supported for 60 kHz. For 60 kHz SCS, it would be necessary to define interlaced structure or to adopt another approach for the OCB requirement. The PRB gap between interlaces is 10 or 5 for 15 kHz or 30 kHz, respectively. Since 5/2 is not an integer, it seem not straightforward to design interlace structure for 60 kHz. 
Observation 23: For 60 kHz SCS, since interlace structure is not defined in NR-U, interlaced RB-based S-SSB transmission would not be straightforward. 
Moreover, in NR-U, since the interlaced RB-based transmission is a part of the UE capability, it would be possible that UEs without the capability cannot relay the received S-SSB transmission. In this case, the system performance of the synchronization procedure and the subsequent Mode 2 operation would be degraded further due to the synchronization error.  
Observation 24: For interlaced RB-based S-SSB transmission, UEs without interlaced RB-based transmission cannot relay the received S-SSB transmission, and it will cause system performance degradation due to synchronization error. 
For the OCB and PSD requirement, repetition of S-SSB in frequency domain also discussed in RAN1#109-e meeting. However, in this case, PARP could be highly increased. To alleviate this high PAPR problem, at least S-PSS and S-SSS could be repeated with phase adjustment while a PSBCH is transmitted in wideband transmission manner. Moreover, since S-PSS and S-SSS has guard band within 11 PRB, the repetition in frequency domain can be seen as simultaneous SL transmissions, so PAPR/CR analysis needs to be investigated first. 
Observation 25: Repetition of S-SSB in frequency domain would increase PAPR, and it will further reduce coverage. 
Considering that the S-SSB transmission will not be FDMed with other SL channel(s), it seems that the RB-based interlace structure for S-SSB transmission does not need to be the same as that of PSCCH/PSSCH, or PSFCH transmission. For unified design across different SCS, it can be considered that R16 S-PSS/S-SSS/PSBCH are mapped on 11 PRBs which are equally distributed over a RB set. We compares misdetection probability of S-PSS and S-SSS between R16 mapping rule and the proposed mapping rule as shown in Figure 11. According to Figure 11, for the all the SCS, the proposed scheme achieves the comparable detection performance compared to R16 S-SSB. Moreover, we observed that the PAPR/CM of the proposed scheme does not affect the S-SSB detection performance and S-SSB coverage. 
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(c) 60 kHz SCS
Figure 11: Detection performance of S-PSS and S-SSS.
Proposal 20: For S-SSB in SL-U, support Option 1 to meet OCB and PSD requirement for S-SSB transmission:
· Option 1: Using interlaced RB transmission. For details, down-select one of followings: 
· Option 1-1: 
· R16 S-PSS/S-SSS/PSBCH are mapped on 11 PRBs associated with one or two interlaces within a RB set.
· A (pre)configuration provides the RB set(s) and interlace(s) for S-SSB mapping. 
· Option 1-2: 
· R16 S-PSS/S-SSS/PSBCH are mapped on PRBs associated with one interlace within a RB set.
· If the number of PRBs associated with the interlace within the RB set is smaller than 11 PRBs, parts of sequences can be truncated. 
· A (pre)configuration provides the RB set(s) and interlace(s) for S-SSB mapping. 
· Option 1-3: 
· R16 S-PSS/S-SSS/PSBCH are mapped on 11 PRBs equally distributed over a RB set.
· PRB gap is implicitly or explicitly determined. 
· A (pre)configuration provides the RB set(s) and/or PRB gap for S-SSB mapping.

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: If S-SSB transmission is a form of interlace structure, the benefit of the coexistence between contiguous RB-based transmission and interlaced RB-based transmission in a SL carrier is unclear. 
Observation 2: If sub-channels are not aligned with RB sets in boundaries, a number of resources within a RB set would not be utilized especially for single RB set transmission.
Observation 3: For 60 kHz SCS, contiguous RB-transmission may or may not fulfill the OCB requirements especially when the truncated sub-channel is not used for PSCCH/PSSCH transmission.
Observation 4: If a subchannel consists of PRBs corresponding to an interlace index within a RB set, and if the subchannel indexing is done in increasing order of first the interlace index, and then the RB set index, and if more than one RB sets are scheduled for PSSCH transmission, the same set of interlaces across different RB sets would not be guaranteed. It will cause additional RAN4 specification work, limitation on applicable scenario due to reduced transmit power, and high PAPR. 
Observation 5: If a subchannel consists of PRBs corresponding to an interlace index within a RB set, and if the subchannel indexing is done in increasing order of first the RB set index, and then the interlace index, and if more than one interlaces are scheduled for PSSCH transmission, it may need to use multiple RB sets for PSSCH transmission. In this case, the UE needs to access both RB sets for a PSSCH transmission. 
Observation 6: Due to PSD requirement (e.g.., 10 dBm/MHz), depending on the number of interlaces, it would be useful using multiple RB sets rather than using single RB set for PSSCH transmission for the same number of PRBs or interlaces. 
Observation 7: If contiguous sub-channel allocation indicator is reused for interlaced RB-based PSSCH transmission, depending on the sub-channelization method, the resource allocation could be inefficient in terms of channel accessibility, PAPR, and/or TX power restriction. 
Observation 8: candidate starting symbol(s) intended for AGC purpose does not imply that REs on other symbol will be duplicated in the AGC symbol. 
Observation 9: For PSFCH slot, both candidate starting symbols need to guarantee the existence of PSFCH resources. Alternatively, additional starting symbol will not allowed in PSFCH slot. 
Observation 10: 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 11: 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 12: Considering a certain code block(s) can be consistently dropped, it can be considered that the 2nd starting symbol of PSCCH/PSSCH is set to PSSCH DMRS symbol index of a certain DMRS pattern for PSCCH/PSSCH with the 1st starting symbol. 
Observation 13: Since PSSCH TX UE can receive a number of SL HARQ-ACK feedbacks from different PSSCH RX UEs, R16 NR SL PSFCH format 0 is sufficient for the container of the SL HARQ-ACK feedback. In this case, it is not preferable to support non-numerical HARQ FB and one shot HARQ FB. 
Observation 14: If the locations of PSFCH resources are dynamically indicated, UE needs to perform sensing operation for PSFCH further. Otherwise, even though PSSCH resources are not overlapping each other, PSFCH resource collision can occur. 
Observation 15: For PSFCH resource inside the current COT duration, it seems enough to use the existing implicit PSSCH-to-PSFCH mapping since the existing mapping rule targets the case when the RX UE transmits PSFCH as soon as possible upon PSCCH/PSSCH reception. 
Observation 16: For dynamic indication of PSFCH resource to be inside the future COT duration, since the future COT duration is not always guaranteed, it is unclear whether it can mitigate PSFCH transmission dropping due to LBT failure. 
Observation 17: For PSFCH transmission to meet OCB requirement, the usage of common PRBs or common interlace has the limited PSFCH coverage issue, and IBE issue. 
Observation 18: Considering coverage of SL communication the S-SSB structure in time domain (i.e., 2-symbol S-PSS and 2-symbol S-SSS) needs to be kept to achieve energy combining gain.
Observation 19: According to EN 301 893, the temporary exemption of OCB requirement can be applicable at least for S-PSS and S-SSS. However, due to PSD requirement, the coverage of S-SSB would be too restrictive. 
Observation 20: If the temporary exemption of OCB requirement is applied to S-PSS and S-SSS, it is necessary to how to handle the additional transient period issue. 
Observation 21: For interlaced RB-based transmission for S-SSB, depending on the number of PRBs associated with a single interlace, it would be necessary to use two interlaces for S-SSB transmission to ensure bandwidth of 11 PRBs. 
Observation 22: For interlaced RB-based transmission for S-SSB, if two interlaces are used, the PSD would be halved compared to the case when single interlace is used due to PSD requirement. 
Observation 23: For 60 kHz SCS, since interlace structure is not defined in NR-U, interlaced RB-based S-SSB transmission would not be straightforward. 
Observation 24: For interlaced RB-based S-SSB transmission, UEs without interlaced RB-based transmission cannot relay the received S-SSB transmission, and it will cause system performance degradation due to synchronization error. 
Observation 25: Repetition of S-SSB in frequency domain would increase PAPR, and it will further reduce coverage. 

Proposal 1: For SL BWP configuration on shared spectrum, 
· Starting PRB of SL BWP is aligned with the lowest PRB of the lowest RB set within SL BWP
· Ending PRB of SL BWP is aligned with the highest PRB of the highest RB set within SL BWP
· Either contiguous RB-based transmission or interlaced RB-based transmission is (pre)configured
Proposal 2: For SL resource pool configuration in frequency domain on shared spectrum, 
· Starting PRB (i.e., sl-StartRB-Subchannel) is aligned with the lowest PRB of the lowest RB set within the resource pool
· The number of PRBs (i.e., sl-RB-Number) is set so that the ending PRB is aligned with the highest PRB of the highest RB set within the resource pool
Proposal 3: For SL communication on shared spectrum, a resource pool excludes following slots:
· Slots whose symbols from sl-StartSymbol to sl-StartSymbol + sl-LengthSymbols – 1 are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if provided
· S-SSB slots
· Reserved slot as specified in section 8 of TS 38.214
Proposal 4: For contiguous RB-based transmission, 
· Sub-channels are defined to be aligned with RB set(s) in boundaries. 
· PRBs between sub-channels belonging to different RB sets can be used automatically for PSCCH/PSSCH transmission when the sub-channels belonging to different RB sets are used for the PSCCH/PSSCH transmission. 
· PRBs not belonging to a sub-channel is not counted for TBS determination. 
Proposal 5: For interlaced RB based PSSCH transmission, 
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· SCI indicates FRIV for subchannel allocation and FRIV for RB set allocation.
· Subchannel indexing is done in increasing order of the interlace index.
· PSSCH transmission resource(s) are determined by the intersection of indicated sub-channel(s) and indicated RB set(s).
Proposal 6: For starting symbols within a slot for a PSCCH/PSSCH transmission,
· 1st Starting symbol index is M1
· M1 is indicated by sl-StartSymbol as in R16 NR SL
· 2nd Starting symbol index is M2
· M2 is (pre)configured in a resource pool so that M2>M1
· A Single ending symbol index is used in a slot as in R16 NR SL
Proposal 7: For multiple starting symbols within a slot for a PSCCH/PSSCH transmission, TBS is determined based on PSCCH/PSSCH with the 1st starting symbol index. 
Proposal 8: 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 9: For multiple starting symbols within a slot for a PSCCH/PSSCH transmission, the 2nd starting symbol is selected to be overlapping with the 2nd PSSCH DMRS symbol of a DMRS pattern with more than 2 DMRS symbols (pre)configured for PSCCH/PSSCH with the 1st starting symbol in a resource pool. 
Proposal 10: For SL transmission burst, time gap between adjacent PSCCH/PSSCH transmissions is not greater than 16usec by applying CPE to the later PSCCH/PSSCH transmission.
Proposal 11: For SL transmission burst, down-select one or more of followings:
· Option 1: Maximum size of SL transmission burst is determined by PSFCH resource period.
· Option 2: PSSCH TX UE can transmit any signal in a PSFCH occasion to ensure the time gaps between transmissions within a SL transmission burst is no greater than 16usec. 
Proposal 12: For more than 1 PSFCH occasion per PSCCH/PSSCH transmission, followings can be discussed: 
· Option 1: UE tries to transmit SL HARQ-ACK feedback on PSFCH resource in the next RB set.
· R16 NR SL PSSCH-to-PSFCH resource determination rule is applied to each RB set.
· UE can use PSFCH resource in the RB set which UE successes to access.
· Option 2: UE tries to transmit SL HARQ-ACK feedback on PSFCH resource in the next PSFCH occasion. 
· For each min-PSSCH-to-PSFCH timing, UE is (pre)configured with different PRB groups for PSFCH resources. 
· R16 NR SL PSSCH-to-PSFCH resource determination rule is applied to each PSFCH occasion. 
· FFS: PSFCH occasions are present in the same slot or different slots.
· UE can use PSFCH resource in the earliest PSFCH occasion which UE successes to access the channel. 
Proposal 13: For more than 1 PSFCH occasion per PSCCH/PSSCH transmission, RAN1 discusses when and how to perform PSFCH TX/TX or TX/RX prioritization.
· e.g., whether PSFCH TX/TX or TX/RX prioritization is performed before or after channel sensing operation.
· e.g., whether a UE can transmit PSFCH on additional PSFCH occasion if PSFCH on a PSFCH occasion is dropped due to PSFCH TX/TX or TX/RX prioritization.
Proposal 14: For interlaced RB-based PSFCH transmission with 15kHz SCS or 30kHz SCS, 
· Interlaced PUCCH format 0 is considered as a baseline.
· For PSSCH-to-PSFCH determination rule, 
· Among (pre)configured set of interlaces, RB sets, and cyclic shift pairs for PSFCH transmission, PSFCH resource indexing is done in increasing order of first interlace index, and then RB set index, and then cyclic shift pair index. 
· Set of PSFCH resources is partitioned by the RB set of PSSCH, and then is partitioned by the interlace of PSSCH, and then is partitioned by PSSCH slot. 
· Within the subset of PSFCH resources, the UE selects final PSFCH resource index based on source ID and/or M_ID. 
Proposal 15: For PSFCH transmission with 60kHz SCS, to meet the OCB and PSD requirements, 
· R16 PSFCH are mapped on 2 PRBs equally distributed over a RB set.
· PRB gap is implicitly or explicitly determined. 
· A (pre)configuration provides the RB set(s) and/or PRB gap for PSFCH mapping.
Proposal 16: For S-SSB in SL-U, 
· R16 S-SSB structure in time domain is reused (i.e., 14-symbol duration of S-SSB for normal CP, and 12-symbol duration of S-SSB for extended CP).
Proposal 17: For additional candidate S-SSB occasions, the higher layer parameter sl-NumSSB-WithinPeriod is modified to allow more candidate values for each SCS. 
Proposal 18: Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, 
· Alt 2’: UE always attempts to transmit on all the additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
Proposal 19: Temporary exemption of OCB requirement for part of S-SSB is not supported in Rel-18 SL. 
Proposal 20: For S-SSB in SL-U, support Option 1 to meet OCB and PSD requirement for S-SSB transmission:
· Option 1: Using interlaced RB transmission. For details, down-select one of followings: 
· Option 1-1: 
· R16 S-PSS/S-SSS/PSBCH are mapped on 11 PRBs associated with one or two interlaces within a RB set.
· A (pre)configuration provides the RB set(s) and interlace(s) for S-SSB mapping. 
· Option 1-2: 
· R16 S-PSS/S-SSS/PSBCH are mapped on PRBs associated with one interlace within a RB set.
· If the number of PRBs associated with the interlace within the RB set is smaller than 11 PRBs, parts of sequences can be truncated. 
· A (pre)configuration provides the RB set(s) and interlace(s) for S-SSB mapping. 
· Option 1-3: 
· R16 S-PSS/S-SSS/PSBCH are mapped on 11 PRBs equally distributed over a RB set.
· PRB gap is implicitly or explicitly determined. 
· A (pre)configuration provides the RB set(s) and/or PRB gap for S-SSB mapping.

Reference
[1] RAN1 Chair’s Notes, RAN1#110bis-e.
[2] 3GPP TS 37.213, “Physical layer procedures for shared spectrum channel access”.
[3] ETSI EN 301 893, “5 GHz WAS/RLAN; Harmonised Standard for access to radio spectrum”.
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