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1 Introduction
In the RAN1#109-e, the following agreements regarding the physical channel design framework for supporting sidelink on FR1 unlicensed spectrum were made: 

Agreement
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
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· 1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.

Agreement
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
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
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

This contribution discusses aspects related to the physical channel design framework for supporting sidelink on FR1 unlicensed spectrum. 
2 Interlace Based Resource Pool
In legacy sidelink (e.g. Rel-16 and Rel-17), resource allocation for sidelink transmission and reception (other than S-SS/PSBCH block) is based on a (pre-)configured resource pool, wherein the frequency domain unit for constructing the resource pool is a sub-channel. The sub-channel is a set of contiguous RBs, with the number of contiguous RBs in the set (pre-)configured. Typically, the bandwidth of a sub-channel may not be as large as or even comparable to the carrier bandwidth, and reusing the legacy sidelink sub-channel and resource pool may require a large number of sub-channels allocated for a sidelink transmission to meet the OCB and PSD requirements, which may not be efficient or practical in real implementation for unlicensed operation. 
Similar issue was observed and discussed in Rel-16 NR-U (or back in Rel-14 eLAA), and interlace based resource allocation was supported for uplink in unlicensed spectrum. In Rel-16 NR-U, an interlace is a set of non-contiguous and uniformly distributed RBs, with the inter-RB distance and number of RBs in the set specified for 15 kHz and 30 kHz. It has been justified that the interlace based uplink resource allocation can satisfy the OCB and PSD requirements on unlicensed spectrum. 
For Rel-18 SL-U, similar approach to that of Rel-16 NR-U can be considered for sidelink sub-channel and resource pool. For example, a sub-channel can be defined based on at least one interlace, wherein the definition of interlace can use the one in Rel-16 NR-U as a baseline, e.g. fixed inter-RB distance for a given subcarrier spacing. RAN1 can further study whether enhancement to the Rel-16 NR-U interlace is needed for sidelink operation, including sub-RB interlace, e.g. to resolve the potential capacity and flexibility issues.  
Moreover, a resource pool can be constructed based on sub-channels, wherein one sub-channel is defined based on interlace(s), then naturally, the resource pool is also defined based on interlace(s). An illustration of the interlace based sub-channel and resource pool is shown in Figure 1. Then, the sidelink transmission and reception in the interlace based resource pool, e.g. PSSCH, PSCCH, PSFCH, and sidelink RS, can be supported, including the potential enhancement to the indication of the resources (e.g. interlace index(es)), and the transmission and reception procedures. 
It is also observed that by defining the sub-channel as one or more interlaces, the resource allocation for PSSCH and PSCCH can try to maintain the same principles of legacy SL systems. For example, PSSCH can still occupy one or multiple sub-channels, subject to the indication of frequency domain resource allocation, and PSCCH can still occupy a number of RBs within the set of sub-channels for PSSCH. For SL-U interlace based resource pool, the set of RBs for PSCCH may not be contiguous, and the selection of RBs can be according to an ascending order first from lowest RB to highest RB in a sub-channel, then from the lowest sub-channel to the highest sub-channel in the resource pool. 
The resource allocation for PSFCH can also be enhanced from one RB to an interlace, in order to meet the OCB and PSD requirement. To this end, the mapping between the time and frequency domain resource for PSSCH and the frequency domain (e.g. interlace) and code domain (e.g. cyclic shift) information for the associated PSFCH occasion can be further investigated. Meanwhile, due to the larger size of RBs for one PSFCH occasion, the capability for frequency domain multiplexing can be reduced (e.g. reduced by around 10 times for one LBT bandwidth), and whether and how to compensate the capability loss should also be further investigated, as part of the study for interlace based PSFCH. 


[bookmark: _Ref101271228]Figure 1 Illustration of interlace based sub-channel and resource pool.
Proposal 1: Support interlace based sub-channel and resource pool for sidelink on unlicensed spectrum.
· The structure of the interlace can use Rel-16 NR-U as a baseline.
· Further study whether enhancement for the structure of the interlace is needed (e.g. sub-RB interlace).
· One interlace based sub-channel is a number of interlaces, subject to (pre-)configuration.
· One interlace-based resource pool is a number of sub-channels, subject to (pre-)configuration.
· Resource allocation of PSSCH can be a number of sub-channels in the resource pool.
· Resource allocation of PSCCH can be a number of RBs in the sub-channels for PSSCH.
· The RBs are selected in an ascending order first from lowest RB to highest RB in an sub-channel, then from the lowest sub-channel to the highest sub-channel in the resource pool.
· Resource allocation for PSFCH can be one interlace in the resource pool.
· Further study the mapping between time and frequency domain resource for PSSCH and the interlace and cyclic shift for PSFCH;
· Further study the capacity issue for interlaced-RB based PSFCH.
3 Frequency domain enhancement for S-SS/PSBCH block
In legacy sidelink (e.g. Rel-16 and Rel-17), an S-SS/PSBCH block (shown in Figure 2) has 132 contiguous subcarriers (e.g. 11 RB) in the frequency domain, which corresponds to 1.98 MHz for 15 kHz and 3.96 MHz for 30 kHz, and is much smaller than the nominal bandwidth of 20 MHz. Hence, the standalone transmission of a legacy S-SS/PSBCH block cannot meet the OCB and PSD requirements for unlicensed spectrum.  


[bookmark: _Ref101271238]Figure 2 Illustration of legacy S-SS/PSBCH block structure. 
In the last meeting, agreement was made to investigate options for S-SS/PSBCH block enhancement, in order to meet the OCB and PSD requirements, and an illustration of the options is shown in Figure 3. 
· 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



[bookmark: _Ref101271965]Figure 3 Illustration of enhancements to S-SS/PSBCH block to meet OCB and PSD requirements.
Option 1 (interlaced S-SSB) follows similar design of the interlace based resource allocation, and 11 RBs of the S-SS/PSBCH block can be mapped into an interlace with 11 RBs in a 20 MHz channel. Since the interlace has already been well defined in the specification, the further specification impact of this approach could be relatively small for this option. The issue with Option 1 is, a 20 MHz channel may not always have each interlace including 11 RBs, and RAN1 needs to study the mapping of the SS/PSBCH block for such cases, e.g. not supporting such cases or supporting such cases with modification to the mapping (truncation of 1 RB). 
Option 2 (multiplexing with other SL transmission) has similar intention as in Rel-16 NR-U, wherein the transmission of SS/PBCH block can be multiplexed with other signals (e.g. CSI-RS) or channels (e.g. PDCCH and/or PDSCH), and the multiplexed transmission can meet the OCB and PSD requirements for unlicensed spectrum. In particular, the concept of “discovery burst” was supported for Rel-16 NR-U, wherein the “discovery burst” is a set of signals/channels multiplexed without any gap in time domain, and components of “discovery burst” must include SS/PBCH block as the basic one, and optionally include PDCCH/PDSCH of RMSI and CSI-RS, up to configuration. Such mechanism can be also considered for SL-U, but may need to further study how to multiplex sidelink signal/channel with S-SS/PBCH block, and its potential impact to the resource pool. 
Option 3 (repeated S-SSB) can also meet the OCB and PSD requirements for unlicensed spectrum, but it requires a large amount of resources mapped for multiple copies of the S-SS/PSBCH blocks in the frequency domain, which may not be efficient from the resource allocation perspective. Also, with repetitions, it may not be possible to support frequency domain multiplexing of S-SS/PSBCH blocks transmitted from multiple UEs. 
Option 4 (new S-SSB with wider bandwidth) is another option for meeting the OCB and PSD requirements for unlicensed spectrum, but the specification impact of this option is expected to be larger than the other options. Especially, it’s expected to involve potentially new sequence design for S-PSS, S-SSS, DM-RS of PSBCH, or scrambling of PSBCH, and new resource mapping for S-PSS, S-SSS, DM-RS of PSBCH, or PSBCH, which may need more RAN1 effort than the other options. 
Based on above analysis, RAN1 shall down-select one option with comprehensive considerations on the technical justification and specification impact. If at least one option can be justified, RAN1 shall try to avoid using the temporary exemption rule for OCB requirement. 
Proposal 2: Support frequency domain enhancement to S-SS/PSBCH block, and adopt one option below to avoid using the temporary exemption rule for OCB requirement:
· 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.
4 Multiple SL Transmission Starting Occasions in a Slot
In legacy sidelink, the starting symbol for SL transmission in a slot is (pre-)configured (and the starting symbol of PSSCH and PSCCH is determined based on the starting symbol for SL transmission accordingly), and can be controlled in a semi-static manner. However, the channel access procedure is dynamic, in the sense that the channel could be sensed to be idle at any time. Then, for SL-U, there exist scenarios that a UE is able to complete the channel access procedure (e.g. Type 1 channel access procedure) before the allowed starting symbol for SL transmission, and has to perform self-defer (e.g. delaying backoff counter decrement) to wait for the next allowed starting location. There also exist scenarios that the UE completes the channel access procedure (e.g. Type 1 channel access procedure) after the allowed starting symbol for SL transmission, and has to drop the transmission in the corresponding slot. Both scenarios can happen frequently for SL-U, and they remarkably decrease the efficiency on channel utilization. In particular, for unlicensed spectrum, it’s very likely that the channel could be potentially accessed by other nodes or another RAT during the delay of waiting for next available allowed starting location, since there may not be such restriction on the transmission starting location by other nodes or other RAT. Hence, the study needs to consider enhancement to allow immediate transmission after successful channel access procedure. 
To resolve this issue, multiple starting locations for SL transmission within a slot can be investigated. The UE can start the sidelink transmission according to the next allowed starting locations within the slot, which can reduce the latency for waiting for the single starting location of the next slot as in the legacy sidelink. The tradeoff between the number of starting locations in a slot and the complexity in searching the SL transmission (e.g., PSSCH/PSCCH) within the slot should be studied, since a large number of starting locations typically implies better flexibility in starting sidelink transmission in the slot, but also leads to higher complexity in searching the transmission at the receiver side. 
To compensate the increased complexity due to blind detection of multiple starting locations, a wake-up-signal (WUS) can be investigated for SL-U. For example, the UE can immediately transmit the WUS after successfully performing the channel access procedure such that no delay is required in contrast to the legacy sidelink. It could be further investigated that the number of symbols for WUS can be fixed as one or flexible. By supporting a sequence-based WUS, the receiver UE may not need to blind decode the multiple starting locations for PSCCH, and can perform a sequence detection of the WUS instead, which has much lower complexity. Also, by supporting a message-based WUS, the receiver UE can early acquire control information from the WUS.
An illustration of the above mentioned approaches is shown in Figure 4. 


[bookmark: _Ref101280366]Figure 4 Illustration of multiple starting locations for SL transmission and the WUS.
Proposal 3: Support multiple starting locations for SL transmission (including PSSCH and PSCCH) in a slot:
· Further investigate sidelink wake-up-signal to resolve the blind detection of PSCCH on the multiple starting locations;
· Further study sidelink wake-up-signal is sequence based or control message based.
5 PSFCH Transmission Occasion Enhancement
For operation with shared spectrum channel access, a transmission could be dropped due to failed channel access procedure (i.e., LBT failure). For those transmissions with high importance, e.g. PSFCH, mechanisms shall be considered to compensate the loss, e.g. allowing extra transmission in a later transmission occasion and/or associating the transmission occasions in a flexible way. 
In legacy sidelink, the transmission occasions for PSFCH can periodically show up in the time domain within a resource pool, with a (pre-)configured period. A PSSCH transmission in a  sub-channel in the resource pool and a slot in the time-domain is mapped to one or multiple RBs in the set of available RBs for PSFCH transmission. In this sense, one PSSCH transmission is only associated with a single transmission occasion for PSFCH, and if the channel access procedure fails before this transmission occasion, the HARQ-ACK feedback associated with the PSSCH cannot be transmitted and will be dropped. To mitigate the impact from channel access failure, the study can investigate flexible PSFCH transmission occasion mapping to allow multiple transmission occasions associated with a PSSCH resource, and the UE has flexibility to choose one of the multiple transmission occasions for PSFCH transmission subject to a successful channel access procedure. For example, if a channel access procedure before a PSFCH transmission occasion fails, the UE can select another transmission occasion, e.g. in the next period or in the next channel occupancy, to transmit the HARQ-ACK feedback. Potential collision issue of the transmission occasions with this approach may need to be further studied, depending on the design of extra transmission occasions. An illustration of this example is shown in Figure 5.  


[bookmark: _Ref101281845]Figure 5 Illustration of allowing multiple and flexible transmission occasions for PSFCH.
Proposal 4: Support flexible association for PSFCH transmission occasions, and allow extra transmission occasion for a HARQ-ACK feedback to compensate channel access procedure failures.
6 S-SSB Transmission Occasion Enhancement
In legacy sidleink, the transmission occasions for S-SS/PSBCH block occur within a period according to a (pre-)configured pattern, wherein the pattern is given by an offset, an interval, and a number of transmitted S-SS/PSBCH blocks. When the interval is not taking a value of 0, the burst of S-SS/PSBCH blocks are not contiguous in the time domain, and very likely it requires to perform channel access procedure before the transmission for each of the S-SS/PSBCH blocks within the burst. If any of the channel access procedures fails, the corresponding S-SS/PSBCH block transmission is dropped, and the number of actually transmitted S-SS/PSBCH blocks are smaller than the (pre-)configured number. To address this issue, similar approach of discovery burst transmission window from Rel-16 NR-U can be investigated, and a number of slots more than the number of actually transmitted S-SS/PSBCH blocks can be reserved in the period, such that even a S-SS/PSBCH block is not transmitted due to channel access failure, it still has extra transmission opportunities in the later slots of the same period. An illustration of this example is shown in Figure 6. 


[bookmark: _Ref101282889]Figure 6 Illustration of allowing extra transmission occasions for S-SS/PSBCH block.
Proposal 5: Support S-SS/PSBCH block transmission window with extra transmission occasions to mitigate the impact of channel access procedure failures.
7 Wideband Operation
In Rel-16 NR-U, wideband operation (e.g. a carrier with bandwidth as integer multiple of 20 MHz) was supported, and a gNB can configure a set of RB-sets within the carrier, wherein each RB-set corresponds to a 20 MHz channel. Intra-cell guard band was supported between neighboring RB-sets, wherein the size of the intra-cell guard band is configurable. An illustration of RB-sets configured for wideband operation is shown in Figure 7. 


[bookmark: _Ref110244401]Figure 7 Illustration of RB-sets for wideband operation.
For SL-U, RAN1#109e agreed the RB-set from NR-U will be reused as a baseline, and the SL BWP shall be able to be configured to include a set of RB-sets. Moreover, the concept of resource pool is unique for sidelink operation, and its relationship with RB-sets should be specified, especially for interlace based resource pool. To achieve similar flexibility as contiguous RB based resource pool, interlace based resource pool should be able to be IFDMed with another interlace based resource pool in the SL BWP, and one resource pool should have the flexibility to be confined within a RB-set or across multiple RB-sets. When the resource pool overlap with a RB-set, the resource pool shall contain all the RBs of an interlace that overlap with the RB-set, and when RBs of one interlace in the neighboring RB-sets are included in the resource pool, the RBs of the interlace overlapping with the intra-cell guard band shall also be included in the resource pool. Examples of the interlace based resource pool in the SL BWP are shown in Figure 8.   
Proposal 6: For wideband operation:
· The SL BWP can be configured to include a number of RB-sets;
· For interlaced-RB based resource pool:
· One resource pool can be IFDMed with another resource pool in the BWP;
· When a resource pool overlaps with a RB-set, the resource pool includes all RBs of an interlace that overlaps with the RB-set;
· When RBs of an interlace overlapping with two contiguous RB-sets are included in the resource pool, the RBs of the interlace overlapping with the intra-cell guard band between the two contiguous RB-sets are also included in the resource pool.


[bookmark: _Ref110245618]Figure 8 Illustration of interlace based resource pool for wideband operation.
8 Conclusion
The proposals made in this contribution are summarized below: 
Proposal 1: Support interlace based sub-channel and resource pool for sidelink on unlicensed spectrum.
· The structure of the interlace can use Rel-16 NR-U as a baseline.
· Further study whether enhancement for the structure of the interlace is needed (e.g. sub-RB interlace).
· One interlace based sub-channel is a number of interlaces, subject to (pre-)configuration.
· One interlace-based resource pool is a number of sub-channels, subject to (pre-)configuration.
· Resource allocation of PSSCH can be a number of sub-channels in the resource pool.
· Resource allocation of PSCCH can be a number of RBs in the sub-channels for PSSCH.
· The RBs are selected in an ascending order first from lowest RB to highest RB in an sub-channel, then from the lowest sub-channel to the highest sub-channel in the resource pool.
· Resource allocation for PSFCH can be one interlace in the resource pool.
· Further study the mapping between time and frequency domain resource for PSSCH and the interlace and cyclic shift for PSFCH;
· Further study the capacity issue for interlaced-RB based PSFCH.

Proposal 2: Support frequency domain enhancement to S-SS/PSBCH block, and adopt one option below to avoid using the temporary exemption rule for OCB requirement:
· 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.

Proposal 3: Support multiple starting locations for SL transmission (including PSSCH and PSCCH) in a slot:
· Further investigate sidelink wake-up-signal to resolve the blind detection of PSCCH on the multiple starting locations;
· Further study sidelink wake-up-signal is sequence based or control message based.

Proposal 4: It’s beneficial to support mechanisms to reduce the number of channel access procedures for SL-U, and RAN1 shall investigate at least the following in the study:
· Mechanism to eliminate or shorten the time domain gap in sidelink transmissions, e.g. symbol repetition and CP extension.
· Mechanism to support multi-slot based PSSCH/PSCCH transmission.

Proposal 4: Support flexible association for PSFCH transmission occasions, and allow extra transmission occasion for a HARQ-ACK feedback to compensate channel access procedure failures.

Proposal 5: Support S-SS/PSBCH block transmission window with extra transmission occasions to mitigate the impact of channel access procedure failures.

Proposal 6: For wideband operation:
· The SL BWP can be configured to include a number of RB-sets;
· For interlaced-RB based resource pool:
· One resource pool can be IFDMed with another resource pool in the BWP;
· When a resource pool overlaps with a RB-set, the resource pool includes all RBs of an interlace that overlaps with the RB-set;
· When RBs of an interlace overlapping with two contiguous RB-sets are included in the resource pool, the RBs of the interlace overlapping with the intra-cell guard band between the two contiguous RB-sets are also included in the resource pool.
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