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Introduction
The WI NR sidelink evolution was approved in RAN#94-e meeting, which is further discussed in RAN#97-e meeting and the objective of sidelink on unlicensed spectrum was unchanged as follows [1]:
	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.
· Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.


In this contribution, we will further discuss the design aspects of sidelink physical channel structure on SL-U operation, including the resource pool, the slot structure, PSCCH/PSSCH structure, S-SSB and PSFCH channels.

Physical channel structure of SL-U
Bandwidth part and resource pool
In RAN1#109-e meeting, the following agreement related to BWP and resource pool was achieved [2]. The usage of guard band and the granularity of resource pool in term of RB set were discussed in RAN1#110 meeting, but no agreements were made because of divergent views. In this section, we will further discuss these unresolved issues.
	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.


One remaining issue is whether resource pool can include sub-set of PRBs of one RB set. If the new design is adopted, it means UE needs to sense more frequency resources outside the resource pool. Because the granularity of channel access operation is RB set, the channel availability within the resource pool will be effected by the channel occupancy outside the resource pool, so resource pool including sub-set of PRBs of one RB set should not be supported. 
[bookmark: _GoBack]Proposal 1: One SL resource pool should always include integer number of RB set(s).

Regarding the usage of guard band, the same principle as that in R16 NR-U can be used, i.e., the intra-cell band can only be used when transmission resource spans two RB sets and the LBT of the corresponding two RB sets are successful.
Proposal 2: The intra-cell band between two RB sets can only be used when transmission resource spans these two RB sets and the LBT of the corresponding two RB sets are successful.

Slot structure of SL-U
In RAN1#109-e meeting, the slot structure in SL-U was discussed with following agreement. And several proposals were given in RAN1#110 meeting, but no agreement was achieved.
	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


According to the WID scope of SL-evo[2], there is no specific enhancements for existing NR SL feature in SL-U objectives. 
	· No specific enhancements for existing NR SL feature


Therefore, the slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. Mini-slot design should not be introduced in R18 SL-U. 
Proposal 3: The slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. 

Regarding the remaining issues on “whether/how to support additional starting symbol(s)s within a slot for the PSCCH/PSSCH transmission”, the benefits of introducing additional starting symbols within a slot can increase the channel access opportunity and improve SL-U performance, but the main concern is the increased PSCCH blind decoding complexity due to additional starting positions within a slot. From our understanding, if additional starting positions within a slot are supported, it requires that all the receiving UEs should be capable of monitoring multiple starting positions for PSCCH blind decoding. Since the target use case of SL-U is infotainment-likely services, the UE’s complexity should not larger than that of V2X UEs. So we prefer to support only one starting position within a slot for PSCCH/PSSCH transmission in a given resource pool, and the staring symbol is indicated by sl-StartSymbol as Rel-16 NR sidelink to guarantee the flexibility, where sl-StartSymbol can still be (pre-)configured as zero to avoid channel pre-emption by other RATs.
Proposal 4: From resource pool perspective, only one starting symbol within a slot is supported for PSCCH/PSSCH transmission, which is indicated by sl-StartSymbol as Rel-16 sidelink.

PSCCH/PSSCH structure of SL-U
In RAN1#110 meeting, the PSCCH/PSSCH structure in SL-U were discussed with the following agreements [3]:
	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
· [bookmark: OLE_LINK1][bookmark: OLE_LINK2]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


In order to have a unified design for contiguous RB-based and interlace RB-based PSCCH/PSSCH structure, the sub-channel concept of NR sidelink was agreed to be inherited in SL-U. One remaining point is the definition of sub-channel for IRB-based structure. Regarding the quantitative relationship between sub-channel and IRB, one sub-channel is preferred to include one interlace consisted by at least 10 PRBs, which can guarantee the consistence as the minimum granularity as R16 NR-V2X and provide more flexibility for resource allocation. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Regarding one sub-channel spans within only one RB set or the whole resource pool, considering the following two aspects, sub-channel defined in RB set domain is the preference:
· Firstly, it has achieved agreement that resource pool includes integer number of RB set(s), and if one sub-channel spans over the whole resource pool, then the granularity might be too large for PSCCH/PSSCH transmissions, such as 100MHz is allocated for SL-U, then one IRB at least includes 50 PRBs, which will reduce the flexibility of resource allocation and is not suitable for all the applied traffic overhead. 
· Secondly, if sub-channel spans over the whole resource pool, which means UE needs to perform LBT for all the RB sets within the resource pool for any PSCCH/PSSCH transmission, hence the probability of successful channel access will be reduced largely. But if the sub-channel is defined within RB set, then UE can firstly choose transmission resources within one RB set which can reduce the processing complexity of channel access. 
Observation 1:  For IRB structure, if sub-channel is defined in the resource pool domain, it will reduce the flexibility of resource allocation and channel availability.
Proposal 5: For IRB structure, one sub-channel should equal one IRB confined within one RB set.

Regarding the sub-channel indexing if one resource pool includes multiple RB sets, the following two options are proposed: 
· Option 1: RB set indexing is prioritized.
[bookmark: OLE_LINK5][bookmark: OLE_LINK6]Sub-channel indexing is in ascending order from the perspective of IRB index ranking of each RB set, i.e., the sub-channels are firstly indexed by the IRB indexing of the first RB set and then by the IRB indexing of the second RB set and so on. As shown in Figure 1, sub-channel #1 is the IRB #1 part confined within RB set #1, sub-channel #2 is the IRB #2  also confined within RB set #1.


[bookmark: _Ref101371451][bookmark: _Ref115249961]Figure 1 Sub-channel indexing where RB set indexing is prioritized
· Option 2: IRB indexing is prioritized.
In this way, sub-channel indexing is in ascending order by increasing the IRB indexing firstly within all the RB sets, i.e., the sub-channels are firstly indexed for the lowest IRB by increasing RB set number, then by the second IRB and the same RB set increasing order is applied. As shown in Figure 2, sub-channel #1 is the IRB #1 confined within RB set #1, sub-channel #2 is the IRB #1 confined within RB set #2.


[bookmark: _Ref115250010]Figure 2 Sub-channel indexing where IRB indexing is prioritized
Regarding option 2, if the legacy resource indication is used in frequency domain, where only the continuous sub-channels can be indicated, it means any PSCCH/PSSCH transmissions will occupied at least two RB sets if the transmission need more than one sub-channels, where UE need to perform channel access procedure for multiple RB sets and will reduce the channel availability. Besides, if a new frequency indication is designed so that non-continuous sub-channels can be indicated, such as sub-channel #1 and sub-channel #3 in Figure 2, it will cause much resource indication overhead. Alternatively, the legacy resource indication can be reused for option 1, where UE can firstly choose resources within one RB set if less than one RB set is needed for PSCCH/PSSCH transmission, and is favorable terms for channel access.
Observation 2: If IRB indexing is prioritized in sub-channel indexing where sub-channel indexing is in ascending order by increasing the IRB indexing firstly within all RB sets, it will reduce the channel availability if PSCCH/PSSCH transmission needs more than one sub-channels.
Proposal 6: For sub-channel indexing, it is preferred that RB set indexing is prioritized, where sub-channel indexing is in ascending order from the perspective of IRB index ranking of each RB set.

S-SSB structure of SL-U
In RAN1#110 meeting, the S-SSB structure in SL-U was discussed with following agreements [3]:
	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 NR sidelink design, the S-SSB is transmitted on dedicated time resources, it is not multiplexed with other sidelink transmission in frequency domain.  There are mainly two reasons with this operation: One is the half-duplex issue, when a Tx UE transmits S-SSB and PSCCH/PSSCH during S-SSB slot, its intended Rx UE may also need to transmit S-SSB during the S-SSB slot due to distributed synchronization procedure, the intended Rx UE cannot perform PSCCH/PSSCH reception. Another one is power sharing of S-SSB, it will reduce the reliability of S-SSB transmission, which are not desirable due to importance of S-SSB. Furthermore, there could be also some further impacts on the sidelink resource selection mechanism for PSCCH/PSSCH transmission. Therefore, it is preferred that S-SSB is not multiplexed with other sidelink transmission in the same slot.
Proposal 7: In SL-U, S-SSB shall not be multiplexed with other SL transmission in the same slot.  

Based on above discussion, there are three remaining alternative channel structures for S-SSB to meet the OCB requirement, as illustrated in Figure 3. They are option 1(interlaced RB structure), option 3(frequency repetition structure) and option 4(S-SSB with wider bandwidth).  Both option 3 and option 4 can provide better S-SSB performance, and option 3 can reuse most of design aspects in R16/R17 NR sidelink. Therefore, it is preferred to use the frequency repetition structure for S-SSB transmission. 

 
Figure 3 Alternatives of S-SSB structures of SL-U
Proposal 8: For S-SSB channel structure, if OCB requirement is required, the frequency repetition structure is preferred. 

Currently, S-SSB is distributed with the same interval in time domain within a synchronization period, which is configured by higher layer parameters sl-NumSSB-WithinPeriod-r16, sl-TimeOffsetSSB-r16 and sl-TimeInterval-r16. In RAN1#110 meeting, it has been achieved agreement that additional S-SSB occasions should be introduced for channel availability. Two alternatives are proposed as follows: 
· Alt.1: Introducing continuous S-SSB transmission window, as shown in Figure 4
A S-SSB transmission window is proposed instead of single transmission slot, where UE can perform S-SSB transmission at any slot within each transmission window after successful channel access. One additional parameters should be additionally added to indicate the duration of S-SSB transmission window.


Figure 4 Introducing continuous S-SSB transmission window
· Alt.2: Introducing non-contiguous S-SSB transmission slots additionally, as shown in Figure 5
Additional candidate S-SSB slots for each legacy S-SSB slot are introduced. And considering the complexity of indication, the same interval between each legacy S-SSB slot and corresponding additional S-SSB slots can be configured by new higher layer parameter. 


Figure 5 Introducing non-contiguous S-SSB transmission slots additionally
Considering the characteristics of Wi-Fi system where UE will continuously occupy the channel after successful channel access, SL-U UEs still cannot use the channel if the transmission windows of Wi-Fi UE and the S-SSB transmission window are fully overlapped. But for alt.2, the channel availability can be guaranteed because S-SSB slots are non-contiguous and the duration of one S-SSB transmission set (one legacy S-SSB slot and additional configured S-SSB slots corresponding to the legacy S-SSB slot) will be larger even if the same additional slots are designed as alt.1. Besides, the number of additional S-SSB slots should not too large to avoid resource wasting, so the number of additional non-contiguous S-SSB transmission slots can be configured as {2,3,4}.
Proposal 9: Additional {2,3,4} non-contiguous S-SSB slots should be introduced for each legacy S-SSB slot.

Regarding the transmission behavior, for each S-SSB transmission set, UE don’t need to perform S-SSB transmissions on the remaining slots as long as UE accesses channel and performs S-SSB transmission successfully at any slot, i.e., the total transmission number for SL-U is the same as that in Rel-16 S-SSB transmissions. The reception behavior should apply similar principles as transmission, where UE don’t need to perform reception on additional S-SSB slots after successful reception within a S-SSB transmission set.  
Proposal 10: Regarding the S-SSB transmission behavior, UE don’t need to perform S-SSB transmissions on the remaining slots as long as UE accesses channel and performs S-SSB transmission successfully at one slot within a S-SSB transmission set.
Proposal 11: Regarding the S-SSB reception behavior, UE don’t need to perform reception on additional S-SSB slots after any successful reception within a S-SSB transmission set.

PSFCH structure of SL-U
In RAN1#110 meeting, the PSFCH structure in SL-U were discussed with following agreement [3]:
	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 
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]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


In order to meet OCB and PSD requirement for PSFCH transmission, at interlaced RB transmission for PSFCH is agreed to applied for 15kHz and 30kHz and the other three candidate alternatives are proposed last meeting. 
For alt 1, if the number of dedicated PRB is zero, i.e., each PSFCH transmission only shares a common interlace, the PSFCH resource capacity will be problematic, and it will also increase the interference for PSFCH transmissions. Besides, if other number of dedicated PRB(s) is configured, the dedicated PRB(s) are used for carry the corresponding SL HARQ information, but the transmission power of the dedicated PRB(s) will be shared by the common interlace, which will largely reduce the coverage and reliability of PSFCH transmission. Therefore, alt 1 is not our preference. 
For alt 2, each PSFCH occupies an interlace, if the PSFCH sequence is fully repeated in each RB of the interlace, the PSFCH capacity would be a potential issue. In order to increase the PSFCH capacity, the code domain enhancements should be studied which need more specification work.
For alt 3, in order to meet the OCB requirement, at least 2 common RBs are necessary which are located at the two edges of a RB set. The dedicated RB(s) can be used to carry the SL HARQ information. Comparing between alt 2 and alt 3, alt 3 can provide better PSFCH capacity than that of alt 2 without code domain enhancement. Even alt 3 may not be an interlaced RB structure, but at least it can be studied for 60KHz SCS. 
Proposal 12: Regarding PSFCH transmission, at least the following alternatives should be further studied:
· Alt 2: each PSFCH transmission occupies an interlace, and the code domain enhancement should be further studied.
· Alt.3(at least for 60KHz SCS): each PSFCH transmission occupies 2 common PRBs and some dedicated PRB(s) should be studied, the two common PRBs are located at the two edges of a RB set.

Regarding the determination of PSFCH resource, considering the characteristic of distributed system, only dynamic indication should not be supported, which will cause PSFCH collisions. The implicit mapping of PSFCH resource between the PSCCH/PSSCH transmission should be supported, but if one to multiple mapping between PSSCH and PSFCH is adopted, the combination of dynamical indication and (pre-)configuration can be further studied, such as SCI can indicate the corresponding PSFCH transmissions information.
Proposal 13:  The (pre-)configured mapping for PSFCH resource(s) determination should be supported, and whether/how to combine with dynamic indication of PSFCH resource could be further studied.

Conclusion
In this contribution, the physical channel structures of SL-U are discussed. Partially, we have following proposals and observations.
Proposal 1: One SL resource pool should always include integer number of RB set(s).
Proposal 2: The intra-cell band between two RB sets can only be used when transmission resource spans these two RB sets and the LBT of the corresponding two RB sets are successful.

Proposal 3: The slot structure of R16/R17 NR sidelink should be reused, i.e. AGC, DMRS pattern, GP symbol. 
Proposal 4: From resource pool perspective, only one starting symbol within a slot is supported for PSCCH/PSSCH transmission, which is indicated by sl-StartSymbol as Rel-16 sidelink.
Observation 1:  For IRB structure, if sub-channel is defined in the resource pool domain, it will reduce the flexibility of resource allocation and channel availability.
Proposal 5: For IRB structure, one sub-channel should equal one IRB confined within one RB set.
Observation 2: If IRB indexing is prioritized in sub-channel indexing where sub-channel indexing is in ascending order by increasing the IRB indexing firstly within all RB sets, it will reduce the channel availability if PSCCH/PSSCH transmission needs more than one sub-channels.
Proposal 6: For sub-channel indexing, it is preferred that RB set indexing is prioritized, where sub-channel indexing is in ascending order from the perspective of IRB index ranking of each RB set.
Proposal 7: In SL-U, S-SSB shall not be multiplexed with other SL transmission in the same slot.  
Proposal 8: For S-SSB channel structure, if OCB requirement is required, the frequency repetition structure is preferred. 
Proposal 9: Additional {2,3,4} non-contiguous S-SSB slots should be introduced for each legacy S-SSB slot.
Proposal 10: Regarding the S-SSB transmission behavior, UE don’t need to perform S-SSB transmissions on the remaining slots as long as UE accesses channel and performs S-SSB transmission successfully at one slot within a S-SSB transmission set.
Proposal 11: Regarding the S-SSB reception behavior, UE don’t need to perform reception on additional S-SSB slots after any successful reception within a S-SSB transmission set.
Proposal 12: Regarding PSFCH transmission, at least the following alternatives should be further studied:
· Alt 2: each PSFCH transmission occupies an interlace, and the code domain enhancement should be further studied.
· Alt.3(at least for 60KHz SCS): each PSFCH transmission occupies 2 common PRBs and some dedicated PRB(s) should be studied, the two common PRBs are located at the two edges of a RB set.
Proposal 13:  The (pre-)configured mapping for PSFCH resource(s) determination should be supported, and whether/how to combine with dynamic indication of PSFCH resource could be further studied.
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