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1 Introduction
From the RAN1#109-e meeting to RAN1#110bis-e meeting, the followings were agreed on physical channel design framework for SL-U [1]-[3].
	Agreement at RAN1#109-e
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.
Agreement at RAN1#109-e
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission
Agreement at RAN1#109-e
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 
Agreement at RAN1#109-e
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure

Agreement at RAN1#110
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported
Agreement at RAN1#110
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.
Agreement at RAN1#110
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior
Agreement at RAN1#110
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives
Agreement at RAN1#110
If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied
· Alt 1: PSFCH resources are (pre-)configured
· Alt 2: PSFCH resources are dynamically indicated
· Combination of above alternatives are not precluded 
· FFS details of above alternatives
Agreement at RAN1#110
For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS
Agreement at RAN1#110
For PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission

Agreement at RAN1#110bis-e
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
Agreement at RAN1#110bis-e
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 at RAN1#110bis-e
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 at RAN1#110bis-e
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 at RAN1#110bis-e
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 at RAN1#110bis-e
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 RAN1#110bis-e
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 RAN1#110bis-e
At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 
Agreement at RAN1#110bis-e
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 at RAN1#110bis-e
Regarding additional candidate S-SSB occasions:
· Their number and time domain locations are (pre-)configured or pre-defined



In this contribution, we discuss a PHY channel design for NR sidelink on unlicensed spectrum and provide our views.

Discussion on channel access for NR sidelink on unlicensed spectrum
From the RAN guidance, RAN1 study phase should focus on FR1 unlicensed bands such as n46 and n96/n012 and is to be completed by RAN#98. According to the regulation on FR1 unlicensed spectrum, devices shall meet Occupied Channel Bandwidth (OCB) requirement that transmissions in a channel shall occupy 80% or more of the channel bandwidth. From the coverage perspective, it might be beneficial for the device to maintain the high output power and fulfill the regulations on maximum EIRP, and power spectral density. For these aspects, the interlaced allocation as one of resource allocation mechanisms was adopted in NR-U Rel-16 and LTE-LAA Rel-14. Considering available subchannel size(s) for each transmission of PSCCH/PSSCH which can be allocated on one or more contiguous sub-channels, PSCCH/PSSCH in sidelink unlicensed cannot satisfy the OCB requirement. Therefore, it was agreed at the previous RAN1#110 meeting that interlaced RB-based transmission for PSCCH/PSSCH on unlicensed spectrum is supported. The details how to support interlaced transmission such as RB based interlaced transmission or sub-channel based interlaced transmission was discussed at the previous RAN1#110 meeting. Similar to the method in which RB-based interlaced defined in NR-U is allocated across RB-sets regardless of RBs for intra-cell guard band, when one subchannel can occupy at least one or K interlaced in SL-U, it might be desirable to be able to span 1 or multiple RB set(s) allocated in a resource pool, rather than being confined within 1 RB set.
· Proposal 1: For interlace RB-based transmission for PSCCH and PSSCH in SL-U,
· 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool
· Support that the used interlace index(s) in different RB sets are always the same

[bookmark: _Hlk111235745]Considering that LBT is performed per 20 MHz channel bandwidth for a fair-coexistence on shared spectrum with other existing technologies such as Wi-Fi, LAA, and NR-U, interlaced allocation should be reused for PSSCH resource allocation and RB set indication might be also reused if intra-cell guard configuration is configured for PSSCH resource allocation for wideband operation on SL-U. Therefore, we support to explicitly indicating the used sub-channel index(s) and RB set index(s) regarding frequency domain resource indication for interlace RB-based PSSCH transmission. 
· Proposal 2: For interlace RB-based transmission for PSCCH and PSSCH in SL-U,
· Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· The RB set indication might be used for wideband operation on SL-U if intra-cell guard configuration is configured for PSSCH resource allocation.

[bookmark: _Hlk118756121]And it was agreed that PRBs within intra-cell guard band of two adjacent RB sets are used in the same way as Rel-16 NR-U. The receiver UE cannot know whether or not channel access procedures by the transmitter UE to transmit PSCCH/PSSCH is successful. From the perspective of the UE receiving the PSCCH, it would be difficult to know in which RB set the transmitter UE transmits the PSCCH or whether the transmission is performed in one or more RB sets after the transmitter UE performs channel access successfully. In order to reduce blind detection for determining the number of RB sets in which the PSCCH is transmitted from the standpoint of the UE receiving the PSCCH, to limit the transmission of the PSCCH to at least one RB set except intra-cell guard band PRBs was agreed at the previous meeting. However, it was not concluded yet whether or not such PRBs within intra-cell guard band of two adjacent RB sets are used for PSFCH/S-SSB transmission. If the RB-based interlaced transmission for PSFCH/S-SSB transmission is not introduced for SL-U and repetition for PSFCH/S-SSB over multiple RB sets is introduced, it would not be necessary to discuss on this. Therefore, after conclusion of the method regarding the transmission of S-SSB within the RB set to satisfy OCB and PSD, it may be desirable to determine whether to use PRBs within intra-cell guard band of two adjacent RB sets. And similarly, with respect to whether to use PRBs within intra-cell guard band of two adjacent RB sets for the PSFCH transmission, it seems desirable to further discuss after deciding whether to transmit the PSFCH in multiple RB sets or not.
· Proposal 3: Regarding whether or not to use PRBs within intra-cell guard band of two adjacent RB sets for S-SSB and/or PSFCH transmission
· After conclusion of the method regarding the transmission of S-SSB within the RB set to satisfy OCB and PSD, it may be desirable to determine whether to use PRBs within intra-cell guard band of two adjacent RB sets.
· With respect to whether to use PRBs within intra-cell guard band of two adjacent RB sets for the PSFCH transmission, it seems desirable to further discuss after deciding whether to transmit the PSFCH in multiple RB sets or not.

Different from PSCCH/PSSCH which can be allocated on one or more contiguous sub-channels, each PSFCH associated with PSSCH is occupied with 1 PRB using PUCCH format 0. To meet OCB requirement, it may be desirable to allocate the PSFCH in the form of an RB-based interlaced transmission. In Rel-16 NR-U, enhanced PUCCH format 0 can be considered as a starting point for RB-based interlaced PSFCH transmission. Unlike the method in NR-U in which PUCCH resources are dynamically indicated by scheduling DCI, in NR sidelink, a set of continuous PRBs for PSFCH occasions is used for PSFCH transmission. This is to simplify the sidelink HARQ-ACK feedback procedure by allowing all sidelink UEs to have a common understanding of HARQ-ACK feedback, and to improve the reliability of SL HARQ-ACK feedback by avoiding interference from non-HARQ feedback SL transmission to HARQ feedback SL transmission. Therefore, PUCCH format 0 is considered as a starting point for RB-based interlace PSFCH transmission, but it should be further studied and investigated how to indicate PSFCH resource for HARQ-ACK corresponding PSSCH for NR sidelink unlicensed operation.
· Proposal 4: PUCCH format 0 using RB-based interlace for PSFCH transmission should be supported, but it should be further discussed and investigated how to indicate PSFCH resource for HARQ-ACK corresponding PSSCH for SL-U.
· Proposal 5: To meet OCB and PSD requirement for PSFCH transmission, each PSFCH transmission occupies an interlace similar to PUCCH in NR-U. Different PRBs within an interlace should be applied to allocate rotating CS shift for the PAPR/CM reduction.
· Proposal 6: Considering LBT failure for PSFCH transmission, it should be adopted that PSFCH resource is dynamically indicated.

When having one RB based interlaced structure and one interlace has the same index between different RB sets, PSFCH transmission can be transmitted to multiple RB sets. If the NR-U downlink-based multiple channel access method is considered as the transmission of S-SSB and transmission of PSFCH in the previous meeting, when channel access is successful in at least one RB set, the design method of the RB based interlaced PSFCH should be considered so that a PRB to which at least one PSFCH is allocated exists in multiple RB sets in order to allow transmission of the PSFCH.
· Proposal 7: The method of the RB based interlaced PSFCH should be considered so that a PRB to which at least one PSFCH is allocated exists in multiple RB sets in order to allow transmission of the PSFCH when channel access is successful in at least one RB set from the perspective of the channel access by a given UE.

Conclusion
In this contribution, we have discussed a PHY channel design for NR sidelink on unlicensed spectrum. As a conclusion, we summarize our view as follows:
· Proposal 1: For interlace RB-based transmission for PSCCH and PSSCH in SL-U,
· 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool
· Support that the used interlace index(s) in different RB sets are always the same
· Proposal 2: For interlace RB-based transmission for PSCCH and PSSCH in SL-U,
· Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· The RB set indication might be used for wideband operation on SL-U if intra-cell guard configuration is configured for PSSCH resource allocation.
· Proposal 3: Regarding whether or not to use PRBs within intra-cell guard band of two adjacent RB sets for S-SSB and/or PSFCH transmission
· After conclusion of the method regarding the transmission of S-SSB within the RB set to satisfy OCB and PSD, it may be desirable to determine whether to use PRBs within intra-cell guard band of two adjacent RB sets.
· With respect to whether to use PRBs within intra-cell guard band of two adjacent RB sets for the PSFCH transmission, it seems desirable to further discuss after deciding whether to transmit the PSFCH in multiple RB sets or not.
· Proposal 4: PUCCH format 0 using RB-based interlace for PSFCH transmission should be supported, but it should be further discussed and investigated how to indicate PSFCH resource for HARQ-ACK corresponding PSSCH for SL-U.
· Proposal 5: To meet OCB and PSD requirement for PSFCH transmission, each PSFCH transmission occupies an interlace similar to PUCCH in NR-U. Different PRBs within an interlace should be applied to allocate rotating CS shift for the PAPR/CM reduction.
· Proposal 6: Considering LBT failure for PSFCH transmission, it should be adopted that PSFCH resource is dynamically indicated.
· Proposal 7: The method of the RB based interlaced PSFCH should be considered so that a PRB to which at least one PSFCH is allocated exists in multiple RB sets in order to allow transmission of the PSFCH when channel access is successful in at least one RB set from the perspective of the channel access by a given UE.
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