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Introduction
In 3GPP TSG RAN meeting #94, a new work item related to NR Sidelink (SL) evolution was approved, whose description has been recently updated during the latest RAN meeting [1]. As part of the objectives of this working item (WI), that following aspects were included:
	Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.



In the context of enhancements to enable NR SL to operate in the FR-1 unlicensed band, which we will refer to as SL-U in the remaining of this document, during the past RAN1 meetings [2-4] the agreements captured at the end of this document within the Appendix were made. 
In this contribution, a few topics related to enhancements to the physical channel design will be discussed, while view on other aspects are provided in our companion contribution [5]:
· Considerations on RB set and resource pool design
· Considerations on PSSCH/PSCCH design
· PSFCH Design and HARQ consideration
· Considerations on S-SSB design
· Considerations on SL slot design
Considerations on RB Set and Resource Pool Design
During prior RAN1 meeting [2], it was agreed that the SL resource pool in Rel. 16/17 NR SL and the RB set in Rel.16 NR-U would be used as a baseline for SL-U design:
	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.



However, many aspects have been left for further study. Among them, it was left as an FFS (1st FFS of above agreement) whether to support one SL resource pool including a sub-set of PRBs of one RB set. In this matter, given that in regions where the ETSI BRAN [6] requirements must be fulfilled an RB set should have the form of an RB-based interlace, and the location of the RBs and their number is defined so that 80% of the channel bandwidth is occupied, it is quite unclear what benefit it may bring to support in an RB set only a portion of those RBs since the OCB requirements mandated by the ETSI BRAN [6] may not be met.
Observation 1: 
· When 80% OCB must be met, supporting a sub-set of PRBs of one RB set would not meet regulatory requirements, and therefore the benefit in supporting a sub-set of PRBs in one RB set is unclear. 
Another aspect that was also left for further study (2nd FFS of above agreement) is whether to support both contiguous RB and RB-based interlaced allocation in the same resource pool. Given that either one or the other type of allocation can be used at a given time based on the regional regulatory requirements, there is no technical reason to support both in the same resource pool.
Observation 2: 
· There is no technical reason to support both contiguous RB and RB-based interlaced allocation in the same resource pool, since either one or the other can be used at a given time based on the regional regulatory requirements.
Another aspect to be finalized (3rd FFS of above agreement) is regarding on whether any restrictions should be applied to a sub-channel in terms of size and how many sub-channels should be supported in a resource pool. In our view, given that an LBT BW is equivalent to 20 MHz, which is the granularity over which an LBT is performed, a sub-channel should not be exceeding this BW, and a resource pool should be configured so that it is also smaller or equal to such BW.
Proposal 1: 
· The sub-channel size should never exceed the LBT BW, i.e., 20 MHz and a resource pool should be configured so that the resource pool is smaller or equal to it.
In prior RAN1 meeting [2], in the context of the RB set design it was agreed that similarly as in Rel.16 NR-U no filtering is required to ensure that the transmission from one RB set won’t cause significant interference to the adjacent RB sets by having intra-cells guard bands between them. Furthermore, it was agreed that PRBs within an intra-cell guard band of two adjacent RB sets belong to a resource pool, if the resource pool includes the two adjacent RB sets, but it was left for further study (4th FFS in above agreement) how such PRBs should be used. In this matter, during last RAN1 meeting [4] the following agreement was reached: 
	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


Among other aspects, it was left for further study on whether or not different interlace index(s) should be supported between the PRBs in the intra-cell guard band and the PRBs for PSSCH transmission. However, there is no clear technical reason to do so, while this may deteriorate PAPR, increase signalling overhead and significantly complicate the design. 
Observation 3: 
· There is no clear technical reason to support different interlace index(s) for PRBs in the intra-cell guard band compared to PRBs for PSSCH transmission.
Furthermore, while during last meeting it was concluded that PRBs in the intra-cell guard band of two adjacent RB sets cannot be used for PSCCH transmission, it was left for further study on whether these can be used for PSFCH/S-SSB transmission especially in light of meeting the OCB requirements. As discussed later along this document, for S-SSB transmissions a temporary OCB exemption could be applied to meet the OCB requirements mandated by the ETSI BRAN, and therefore there is no motivation in needing additional PRBs for such type of transmission. Similarly, as for PSFCH, even if this is mapped to an RB-based interlace, a PSFCH transmission could be mapped over a 10 RBs interlace without needing any additional PRBs for such type of transmission. 
Proposal 2: 
· The use of the PRBs within an intra-cell guard band of two adjacent RB sets is precluded for both S-SSB and PSFCH transmissions.
In prior agreement listed at the top of this section another FFS to be discussed (5th FFS in above agreement) is related on whether the S-SSB slots should or should not be excluded from the resource pool configuration. During prior RAN1 meetings [3-4], it was agreed that in addition to the S-SSB occasions defined in Rel.16/17, additional candidate S-SSB occasions will be defined, and also that at least the legacy S-SSB slots would be excluded from the SL resource pool:
	Agreement
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 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


Given that in Rel.16 SL, the S-SSB slots are excluded from the resource pool to enhance the detection performance of the S-SSB blocks by ensuring that no other transmissions take place in those slots, we believe same principle and rationale can be applied for SL-U for either Rel.16/17 S-SSB occasions and additional occasions.
Proposal 3: 
· Any additional S-SSB slots used for additional occasions are excluded from the resource pool configuration.
In agreement at the top of this section, another aspect that was left for FFS (6th FFS in above agreement) is on how to determine which slots belong to a resource pool, and whether to consider SL-U/NR-U operating in the same carrier. In this matter, the legacy SL design principles could be reused, where a bitmap is used to indicate the time domain resource of a resource pool through which the S-SSB slots, slots without enough UL symbols, and slots indicated as 0 by the bitmap are excluded from the resource pool. Furthermore, while a bitmap indication can be reused, for SL-U the case of bitmap value of all “1”s should be also allowed. As for simultaneous SL-U and NR-U operation in same unlicensed carrier, we do not see any motivation for this, since we believe in practice they will be operated once at the time.
Proposal 4: 
· Similarly, as in Rel.16 SL a bitmap is used to indicate the available time domain resources of a resource pool, where bitmap value of all “1”s is allowed.
Finally, in above agreement last aspect that was left as FFS (7th FFS in above agreement) is on the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration. In this matter, in order to reduce amount for blind decoding at the UE side to determine where a PSSCH/PSSCH transmission has been mapped, it may be preferable to simplify the design by having a 1:1 mapping between one sub-channel and one RB set.
Proposal 5: 
· A sub-channel is contained within a single RB set.
Considerations on PSSCH/PSCCH Design
In prior RAN1 meetings [2-4], several agreements have been made regarding PSSCH/PSCCH design. In particular, while it has been agreed that an RB-based interlaced structure is used to meet the 80% OCB requirements mandate by ETSI BRAN [6], it has been still left as FFS on whether different resource allocation mapping should be additionally supported. In this matter, we believe that additional resource allocation mapping with different granularity is not needed since we do not expect any significant IBE advantage from it, while this may negatively impact multiplexing capability and require a significant specification impact.
Observation 4: 
· Other candidate frequency domain resource allocation granularities for the interlaced resource block structure may lead to insignificant IBE advantages, while lowering possible multiplexing capabilities and introducing very large specification impact.
To strive to have a unified design for the cases with and without OCB requirements, a logical mapping between a SL sub-channel and an interlace is defined, and the relationship between the two could be dictated based upon the frequency span of a SL sub-channel. In particular, in prior RAN1 meetings [2-3] it has been agreed that one sub-channel may be equal to K interlaces, where it was left as FFS on whether K is fixed to 1 or (pre-) configured. However, during last meeting [4], it has been concluded that K could be pre-configured and K= {1,2} and K={1} has been supported for 15 kHz and 30 kHz subcarrier spacing (SCS):
	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


However, considering that in Rel.16 a sub-channel could be configured to have 20, 50 and 100 PRBs, K= {5,10} for 15 kHz SCS and K={2, 5} for 30 kHz SCS could be additionally supported to achieve higher flexibility and support similar configurability as Rel.16. 
Proposal 6: 
· K= {5,10} for 15 kHz SCS and K= {2,5} for 30 kHz SCS are supported, where K is the number of interlaces within a single sub-channel.
While during prior RAN1 meeting [3], it has been agreed that to indicate the time/frequency domain resources for PSCCH/PSSCH the Rel.16 NR SL TRIV is used as a baseline for time domain resource indication, while for frequency domain resource indication the indication was left as an FFS. However, during last meeting [4], two options have been identified:
	Agreement
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
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


In this matter, in our view the Rel.16 NR SL FRIV could be also reused. However, when an RB-based interlace structure is used, the sub-channel index field may be refurbished and may jointly indicate the interlace index within an RB set and the RB set index within a resource pool.
Proposal 7: 
· The legacy Rel.16 NR SL FRIV indication is reused, and when an RB-based interlaced structure is used the sub-channel index field is refurbished and jointly indicates the interlace index within an RB set and the RB set index within a resource pool (Option 2).
Furthermore, during prior RAN1 meeting [4] it has been discussed on whether the same or different interlace indexes could be assigned to different RB sets when more than one RB set is used for transmissions: 
	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


In this matter, there is no strong technical reason to support different interlace index(s) in different RB sets when more than one RB set is used for transmissions, while this may deviate from Rel.16 NR-U principles, but more importantly have severe negative impact on PAPR and signaling overhead. 
Proposal 8: The interlace index is the same across different RB sets when a UE uses more than one RB set for transmission (Option A).
Considerations on PSFCH and HARQ Design
In prior RAN1 meeting [3], it has been agreed that to meet the 80% OCB requirements mandated by the ETSI BRAN [6] an RB-based interlaced structure would be supported for at least 15 and 30 kHz SCS when this requirement must be met. Furthermore, different alternatives have been identified on how to map a PSFCH when an RB-based interlaced structure is used and some of them have been defined with the intention to enhance capacity, given that this may reduce when more RBs are associated for single PSFCH transmission: 
	Agreement
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
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


In this matter, as indicated in our companion paper [5] whether to support FDM operation should be further discussed, since with current sensing structure FDM cannot be supported for SL due to mutual blocking issues deriving from an aggregation of possible propagation delays and synchronization errors. If RAN1 conveys that FDM operation cannot be supported, Alt-2 is preferred, since no capacity issue is foreseen. However, if RAN1 conveys that FDM operation can be supported, Alt-1 is instead preferred, where capacity can be increased by using a common RB-based interlace with the solely intention to meet the OCB requirements, while as in Rel.16 SL design a single dedicated RB could be used for PSFCH transmission. 
Proposal 9: 
· Each PSFCH transmission occupies an entire interlace (Alt-2). 
As discussed in our companion contribution [5], it is beneficial to transmit a PSFCH transmission within a shared COT and may be possible in some cases to aim for an LBT free design if the UE appends a properly long cyclic prefix extension before a PSFCH transmission so that a gap between any prior burst within the COT and this transmission may be less than 16 us. Despite on the case when a gap smaller than 16 us could be supported, a PSFCH transmission may be still subject to LBT if the gap is larger than 16 us, and in this case a PSFCH may not be transmitted due to LBT failure. In order to mitigate this issue, enhancements to the HARQ-feedback procedure defined in Rel.16 SL may be needed, and in this case a PSSCH/PSSCH slot could be associated to multiple PSFCH occasions through a one-to-many mapping, as illustrated in Figure 1, in order to allow a RX SL UE multiple opportunities to perform LBT and transmit the related PSFCH.


Figure 1 - Illustration of one-to-many mapping from PSCCH/PSSCH slot to a PSFCH occasion.
Proposal 10: 
· In SL-U, multiple PSFCH occasions for a PSSCH/PSCCH slot are supported. 
In prior RAN1 meeting [3], it was further discussed how the PSFCH resources should be indicated, and whether a (pre-)configured or dynamic indication would be needed. During the meeting, it was argued that in order to cope with changes in MCOT length and likelihood that PSFCH occasions may fall outside of a COT, and then be subject to higher level of congestion, a more dynamic indication of the PSFCH occasions may be preferred. In this matter, while as indicated in our companion document [5] we agree that PSFCH outside a COT should be avoided by design, given that to cope with possible LBT failures multi PSFCH occasions could be defined, there is no necessity to dynamically configure the resources and these could be still (pre-)configured as in Rel.16 SL design, while cross-COT PSFCH occasions should not be allowed.
Proposal 11: 
· The PSFCH resources are (pre-)configured.
Proposal 12: 
· Cross-COT PSFCH occasions are not allowed. 
Another important aspect that should be discussed is related to the ambiguity that may be created between UEs in case PSFCH may be subject to LBT failures for a SL groupcast option 1. As indicated in our companion document [5], in this case in Rel.16 SL a NACK-only reporting is employed. However, if in this case the legacy reporting is supported, an LBT failure of a PSFCH transmission carrying a ‘NACK’ may be reflected and interpreted by the TX UE as an ‘ACK’.In order to avoid the situation where a UE may assume a transmission has been successfully received while the RX UE was unable to perform a PSFCH transmission due to LBT failure, when in fact a retransmission should be performed, for groupcast option 1 PSSCH, the NACK-only procedure should not be supported and a ACK-only procedure should be instead supported. 
Proposal 13: 
· For SL groupcast option 1 transmissions, NACK-only procedure is not supported, and an ACK-only procedure is employed instead.
In Rel.16 NR SL design, due to half-duplexing issues of which SL UEs may suffer, it has been established a procedure according with a UE in RA mode 1 may generate a NACK when the UE does not receive PSFCH in any PSFCH reception occasions associated with a PSSCH transmission in a resource provided by either scheduling DCI or configured grant. Furthermore, a UE in RA mode 1 may additionally generate a NACK when the UE does not transmit PSSCH in any resource provided by either scheduling DCI or configured grant. Since in SL-U a UE may additionally not receive a PSFCH and may not transmit a PSSCH due to an LBT failure, this aspect should be also reflected in this Rel.16 NR SL procedure.
Proposal 14: 
· A UE in RA mode 1 may report a NACK if
· it does not receive PSFCH due to an LBT failure in any PSFCH reception occasions associated with a PSSSCH transmission in a resource provided by DCI or for a configured grant.
· it is unable to transmit PSSCH due to LBT failure in any of the resource provided by DCI or for a configured grant.
Considerations on S-SSB Design 
In prior RAN1 meeting, in order to overcome the latency effect that an LBT failure may have on an S-SSB transmission, RAN1 has conveyed to introduce additional S-SSB occasions. Furthermore, in order to meet the regulatory requirements in terms of OCB, which are mandated by the ETSI BRAN [6], several design options have been identified:
	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

Agreement
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
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



In this matter, one aspect that may require discussion is related on whether a 4 symbols S-SSB may need to be introduced or not. On this aspect, while we agree that this is a desirable from channel perspective since a larger number of S-SSB opportunities could be defined within the same set of slots, same coverage and reliability as legacy design is not possible with none of the options identified by RAN1 especially for 60 kHz SCS. With that said, 4 symbols S-SSB is not a preferred solution. Furthermore, given that ETSI BRAN [6] allows for an OCB exemption for transmissions which may occur in a temporal manner as long as a minimum of 2 MHz BW occupancy is guaranteed, and given that as per third agreement listed above no spec impact is needed when this exemption is applied to S-SSB for 30 kHz and 60 kHz SCS (in this case S-SSB does occupy more than 2 MHz), and considering that legacy S-SSB transmissions may be infrequent and may in fact qualify as a short control signaling, it seems proper to apply such exemption to this channel:
[image: ]
Proposal 15: 
· The 2 MHz exemption defined by ETSI BRAN is applied to the legacy S-SSB transmission.
While as mentioned above, if the OCB exemption is applied to legacy S-SSB, its physical structure can be reused as is for 30 and 60 kHz, for 15 kHz SCS the legacy S-SSB spans over 11 PRBS and for 15 kHz this corresponds to 1.92 MHz. If RAN1 conveys that 15 kHz SCS is needed, in order to limit specification, impact the PSBCH could be mapped and wrapped around S-PSS/S-SSS so that to occupy 12 RBs as illustrated in Figure 2. 


Figure 2 – Illustration of PSBCH mapping for 15 kHz SCS in order to meet the 2 MHz minimum BW occupancy
Proposal 16: 
· In order to support 15 kHz SCS, PSBCH is mapped so that to span over 12 RBs, and is wrapped around S-PSS and S-SSS.
During prior RAN1 meetings [3-4], it was agreed to introduce additional S-SSB occasions (conditional on whether LBT would be performed for S-SSB transmissions), and it was left for further discussion on the specific number and location of these additional occasions:
	Agreement
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
Regarding additional candidate S-SSB occasions
· Their number and time domain locations are (pre-)configured or pre-defined 


In this matter, it is important to note that the legacy SL allows to configure up to three allocations for S-SSB resources within a fixed periodicity of 160 ms and for each resource allocation depending on SCS it allows 1, 2 or 4 occasions for 15, 30 and 60 kHz SCS, respectively. In order to still qualify S-SSB as short control signaling, while allowing additional S-SSB occasions the total number of legacy occasions could be doubled while the framework could remain the same. So, in this case, the additional number of occasions would be dependent on the SCS and number of configured allocated S-SSB resources and would be up to 6, 12 or 24 for 15 kHz, 30 kHz and 60 kHz SCS, respectively. Also the specific location of the occasions would be (pre-)configured.
Proposal 17: 
· The Rel.16 SL framework to configure multiple S-SSB occasions is reused, so that a pre-configured number and location of additional S-SSB transmissions may be defined so that total number of configurable S-SSB occasions (including legacy occasions) would be up to 6, 12 or 24 for 15 kHz, 30 kHz and 60 kHz SCS, respectively. 
Considerations on SL Slot Design
During prior RAN1 meeting [4], the following working assumption has been made related to the SL slot design:
	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


In this matter, RAN1 converged in supporting a maximum of 2 candidate starting symbols within a slot for PSCCH/PSSCH. This working assumption is a good and feasible compromise between complexity due to AGC adaptation and overall performance given that the additional starting symbol may allow to reduce latency deriving from possible LBT failures and allow better spectrum utilization.
Proposal 18: 
· RAN1 confirms the working assumption according with a maximum of 2 candidate starting symbols are supported within a slot for a PSCCH/PSSCH transmission.
While the above working assumption could be confirmed, it is also important to discuss in which scenarios 2 candidate starting symbols should be used. In this context, different considerations should be drawn based on the deployment and whether an incumbent technology is absent. If the network can guarantee the absence of an incumbent technology, there would not be no impact on the spectrum utilization if all SL transmissions have a predefined starting position as in Rel.16 NR SL, and this will even more beneficial to mitigate possible mutual blocking across devices. However, when the absence of the incumbent technology cannot be guaranteed, 2 candidate starting symbols would be beneficial.
Proposal 19: 
· For dynamic channel access mode, a SL UE has at most two opportunities to start a transmission (i. e. at most two starting positions within a SL slot).
Proposal 20: 
· For semi-static channel access mode, no additional opportunities within a slot are defined.
One aspect that was left for further discussion in the above working assumption is related on whether 2 candidate starting symbols should be supported for slots with PSFCH. In this matter, it is important to note that having 2 candidate starting symbols may negatively impact spectrum utilization, since 4 Tx/Rx or RX/TX switching symbols would be needed, which may also potentially lead in SL-U to additional LBT overhead, and possible LBT failures. Additionally, only small PSSCH/PSCCH slots could be configured to guarantee no resource overlapping between PSSCH/PSCCH slots and PSFCH slots.
Proposal 21: 
· Only a single candidate starting symbol is supported for slots with PSFCH.
Conclusions
In this contribution, we have provided our views on the physical structure for SL operation in the unlicensed band. In summary, we have the following list of proposals and observations:
Observation 1: 
· When 80% OCB must be met, supporting a sub-set of PRBs of one RB set would not meet regulatory requirements, and therefore the benefit in supporting a sub-set of PRBs in one RB set is unclear. 

Observation 2: 
· There is no technical reason to support both contiguous RB and RB-based interlaced allocation in same resource pool, since either one or the other can be supported due to regional requirements

Proposal 1: 
· The sub-channel size should never exceed the LBT BW, i.e., 20 MHz and a resource pool should be configured so that the resource pool is smaller or equal to it.

Observation 3: 
· There is no clear technical reason to support different interlace index(s) for PRBs in the intra-cell guard band compared to PRBs for PSSCH transmission.

Proposal 2: 
· The use of the PRBs within an intra-cell guard band of two adjacent RB sets is precluded for both S-SSB and PSFCH transmissions.

Proposal 3: 
· Any additional S-SSB slots used for additional occasions are excluded from the resource pool configuration.

Proposal 4: 
· Similarly, as in Rel.16 SL a bitmap is used to indicate the available time domain resources of a resource pool, where bitmap value of all “1”s is allowed.

Proposal 5: 
· A sub-channel is contained within a single RB set.

Observation 3: 
· Other candidate frequency domain resource allocation granularities for the interlaced resource block structure may lead to insignificant IBE advantages, while lowering possible multiplexing capabilities and introducing very large specification impact.

Proposal 6: 
· K= {5,10} for 15 kHz SCS and K= {2,5} for 30 kHz SCS are supported, where K is the number of interlaces within a single sub-channel.

Proposal 7: 
· The legacy Rel.16 NR SL FRIV indication is reused, and when an RB-based interlaced structure is used the sub-channel index field is refurbished and jointly indicates the interlace index within an RB set and the RB set index within a resource pool (Option 2).

Proposal 8: 
· The interlace index is the same across different RB sets when a UE uses more than one RB set for transmission (Option A).

Proposal 9: 
· Each PSFCH transmission occupies an entire interlace (Alt-2)

Proposal 10: 
· In SL-U, multiple PSFCH occasions for a PSSCH/PSCCH slot are supported. 

Proposal 11: 
· The PSFCH resources are (pre-)configured.

Proposal 12: 
· Cross-COT PSFCH occasions are not allowed. 

Proposal 13: 
· For SL groupcast option 1 transmissions, NACK-only procedure is not supported, and an ACK-only procedure is employed instead.

Proposal 14: 
· A UE in RA mode 1 may report a NACK if
· it does not receive PSFCH due to an LBT failure in any PSFCH reception occasions associated with a PSSSCH transmission in a resource provided by DCI or for a configured grant.
· it is unable to transmit PSSCH due to LBT failure in any of the resource provided by DCI or for a configured grant.

Proposal 15: 
· The 2 MHz exemption defined by ETSI BRAN is applied to the legacy S-SSB transmission.

Proposal 16: 
· In order to support 15 kHz SCS, PSBCH is mapped so that to span over 12 RBs, and is wrapped around S-PSS and S-SSS.

Proposal 17: 
· The Rel.16 SL framework to configure multiple S-SSB occasions is reused, so that a pre-configured number and location of additional S-SSB transmissions may be defined so that total number of configurable S-SSB occasions (including legacy occasions) would be up to 6, 12 or 24 for 15 kHz, 30 kHz and 60 kHz SCS, respectively. 

Proposal 18: 
· RAN1 confirms the working assumption according with a maximum of 2 candidate starting symbols are supported within a slot for a PSCCH/PSSCH transmission.

Proposal 19: 
· For dynamic channel access mode, a SL UE has at most two opportunities to start a transmission (i. e. at most two starting positions within a SL slot).

Proposal 20: 
· For semi-static channel access mode, no additional opportunities within a slot are defined.

Proposal 21: 
· Only a single candidate starting symbol is supported for slots with PSFCH.
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Appendix – RAN1 Agreements
This section captures all the agreements made during the past RAN1 meetings [2-4]:
	RAN1 #109-e:

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

RAN1 #110:

Agreement
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
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool

Agreement
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
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
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
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
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
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
RAN1 #110b-e:

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

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 
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