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Introduction
In last RAN1 meeting, following agreements associated with SL-U physical layer channel design were achieved:
	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
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In this contribution, we discuss further details on the physical channel design framework for SL-U based on previous agreements.
[bookmark: _Toc72163958][bookmark: _Toc72164083][bookmark: _Toc72164151][bookmark: _Toc72164281][bookmark: _Toc72166021][bookmark: _Toc72166096][bookmark: _Toc72166120][bookmark: _Toc72166132][bookmark: _Toc72166144][bookmark: _Toc72166215][bookmark: _Toc72166223][bookmark: _Toc72764097][bookmark: _Toc72764105][bookmark: _Toc72764113][bookmark: _Toc72764121]Discussion
2.1 SL bandwidth part and resource pool
In NR sidelink, resource pool plays a very important role. Resource pool is configured inside a BWP and UE performs transmission or reception within resource-pool-level time frequency resource region. On the other hand, nominal bandwidth part (i.e., RB set, 20MHz) is defined in NR-U as a basic frequency region for UE to perform LBT. Therefore, the relationship between RB set and resource pool should be studied in SL-U. In our view, in order to allow SL-U UE has enough frequency resources compared to NR sidelink, one resource pool should contain multiple RB sets. Besides, one resource pool should comprise integer number of RB sets for better resource utilization. In last meeting, some companies mentioned that one resource pool can also includes sub-set of PRBs of one RB set to allow more flexibility for resource pool configuration. However, we think if a resource pool comprises of non-integer number RB sets, at least the resource allocation scheme will be much more complicated compared to NR sidelink and NR-U. From this point of view, we think SL-U should not support one SL resource pool includes sub-set of PRBs of one RB set or it should be with low priority.
[bookmark: _Toc109908158][bookmark: _Toc101266197][bookmark: _Toc101270788][bookmark: _Toc101353713][bookmark: _Toc101353733][bookmark: _Toc101429934][bookmark: _Toc101445836][bookmark: _Toc101446052][bookmark: _Toc111109164]One SL resource pool includes sub-set of PRBs of one RB set is not supported or assigned with low priority. 
Although S-SSB structure for SL-U is still under discussion, whether the S-SSB slot should be excluded from SL resource pool is a separated issue. In order to follow NR sidelink principle as much as possible, we prefer to exclude S-SSB slots from the SL-U resource pool which can make SL-U design simpler. Moreover, we does not see any severe issues by doing so.
[bookmark: _Toc109908159][bookmark: _Toc111109165]S-SSB slots should be excluded from SL-U resource pool.
2.2 Slot structure
In NR sidelink, a BWP level configuration defines the start symbol and length of symbol for all of the sidelink slots in the BWP. In other words, a certain sidelink start symbol is indicated by higher layer parameter "SL-startsymbol" and thus only one start position is configured in a slot in the resource pools belongs to the BWP. However, in unlicensed band, UE may face LBT failure issue for the solo one start symbol position and can not perform transmission until next start symbol in next slot. Hence, we think it’s beneficial to enable multiple sidelink start symbols for one transmission slot in SL-U to make UE has more channel access opportunities. E.g., a simple adjustment may be allowing "SL-StartSymbol" to indicate multiple values among. In addition, to avoid too much blind detection complexity at receiver UE, additional 1 starting symbols (2 starting symbols in total) will be a compromise.
[bookmark: _Toc101353714][bookmark: _Toc101353734][bookmark: _Toc101429935][bookmark: _Toc101445837][bookmark: _Toc101446053][bookmark: _Toc109908160][bookmark: _Toc111109166]In SL-U, support additional one starting symbol in a slot.
2.3 PSCCH/PSSCH
Regarding PSCCH and PSSCH resource mapping, we had agreement that frequency domain resource allocation granularity is one sub-channel for PSSCH transmission and one sub-channel equals K interlaces if sub-channel is supported. However, PSCCH mapping is till open. In legacy NR-V, PSCCH resource doesn’t always occupy the one entire lowest subchannel. Moreover, if one subchannel contains K contiguous interlace is agreed, one subchannel may have a large number of PRBs, which may be too much for PSCCH transmission. For PSCCH in SL-U, to reuse NR-V principle and make the resources for PSCCH flexible/configurable, one option is PSCCH occupies the multiple PRBs of the lowest sub-channel of associated PSSCH frequency resource. i.e., frequency domain resource allocation granularity is one PRB for PSCCH. 
[bookmark: _Toc109908161][bookmark: _Toc111109167]Frequency domain resource allocation granularity is one PRB for PSCCH.
In last meeting, one sub-channel equals K interlaces is agreed without any details. For the definition of one sub-channel, two options could considered: 
· Option 1: one sub-channel comprises K interlaces within a single RB set.
· Option 2: one sub-channel comprises K interlaces across multiple RB sets.
Where option 1 has benefits for UE to access the channel and suitable for small BW transmission; while option 2 has benefits to have larger resources, which is suitable for larger BW transmission.
[bookmark: _Toc109908162][bookmark: _Toc111109168]Support following options to define sub-channel:
Option 1: one sub-channel comprises K interlaces within a single RB set.
Option 2: one sub-channel comprises K interlaces across multiple RB sets.
2.4 PSFCH and SL-HARQ
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In last meeting, we discussed how to design the locations of PSFCH resources, e.g., (pre-) configured, dynamically indicated, etc. From our perspective, (pre-) configured PSFCH resource is easier for all the UEs have an aligned understanding of the PSSCH-PSFCH mapping and can avoid unnecessary resource collision between PSFCH and PSSCH. However, dynamically PSFCH has benefits to adjust the PSFCH location and make the PSSCH-PSFCH mapping more flexible to fit different COT. We think both scheme could be supported and more study is needed.
[bookmark: _Toc109908163][bookmark: _Toc111109169]Support and further study (pre-) both configured and dynamically indicated PSFCH resources.
In NR sidelink, each UE transmits PSFCH in one RB, which obviously can not fulfill OCB requirement. To meet OCB and PSD requirement for PSFCH transmission, interlaced RB transmission of PSFCH is an efficient solution. However, considering each interlace contains 10 PRBs which make PSFCH at least need 10 PRBs which is 10 times compared to NR sidelink. This will cause small PSFCH capacity issue especially for groupcast HARQ-ACK option 2. To solve this problem and to reuse Release 16 PSFCH as much as possible, we can design a common interlace for all receiver UEs to achieve OCB requirement and other remaining PSFCH resource could be used by legacy NR sidelink PSFCH format (one RB).
[bookmark: _Toc101353722][bookmark: _Toc101353742][bookmark: _Toc101429943][bookmark: _Toc101445845][bookmark: _Toc101446061][bookmark: _Toc109908164][bookmark: _Toc111109170]Design one common interlace for PSFCH transmission to meet OCB requirement with legacy one RB PSFCH in SL-U.
Regarding LBT failure issue, similar issue also exist in PSFCH transmission. Hence, it's worthy studying how to enhance PSFCH transmission to mitigate impacts brought by LBT failure. From our perspective, multiple PSFCH occasions associated with one PSSCH could be a straightforward way to provide more opportunities for PSFCH transmission.
[bookmark: _Toc101353724][bookmark: _Toc101353744][bookmark: _Toc101429945][bookmark: _Toc101445847][bookmark: _Toc101446063][bookmark: _Toc109908165][bookmark: _Toc111109171]Study one PSSCH to multiple PSFCH mapping.
Beside, when TX UE fails to transmit PSSCH in any of the resources provided by DCI/CG due to LBT failure, then how to report to gNB is an issue we need to consider. From our perspective, the legacy procedure could be reused, i.e., TX UE generates a NACK when, due to channel access failure (e.g., LBT failure).
[bookmark: _Toc109908166][bookmark: _Toc111109172]To reuse R16 procedure, TX UE generates a NACK when, due to channel access failure (e.g., LBT failure), fails to transmit PSSCH in any of the resources provided by DCI/CG.
2.5 S-SSB and synchronization
In last meeting, four options for S-SSB enhancement in frequency domain are agreed. From our understanding, S-SSB slots in option 2 belongs to SL resource pool which is not aligned with legacy sidelink design and we support to exclude S-SSB slots from the resource pool as we said in proposal 2. 
Option 1 and option 3 are two possible solutions to solve OCB requirement, while we have concerns on the MCL performance and detection performance of the interlaced structure and higher PAPR issue of repetition structure of S-SSB sequence. As we known, PRB/RE-interlaced PRACH is not considered in NR-U design for the same reason. Option 4 seems to design a new longer sequence for S-SSB, we think it's a candidate solution if the performance of option 1 and option 3 are deemed not well enough. 
[bookmark: _Toc109908167][bookmark: _Toc111109173]Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth is a candidate solution considering detection performance.
The above proposal for SSB mainly focus on frequency domain. On the other hand for time domain, legacy S-SSB occurs 1/2/4/8/16/32/64 times every 160ms according to different subcarrier spacing and (pre-) configuration. It's observed that available S-SSB transmission occasions are relatively limited and sparse compared with other physical channel transmission. However, S-SSB transmission may similarly face LBT failure situation. Therefore, how to enhance S-SSB transmission considering LBT failure should be studied. For example, support multiple candidate S-SSB occasions in an S-SSB burst. 
[bookmark: _Toc101353721][bookmark: _Toc101353741][bookmark: _Toc101429942][bookmark: _Toc101445844][bookmark: _Toc101446060][bookmark: _Toc109908168][bookmark: _Toc111109174]Study how to support multiple candidate S-SSB occasions in an S-SSB burst.
In NR-U, CP extension is designed to reserve channel when LBT success at a positon ahead of the boundary of an available Uu transmission. To follow the same principle, when SL-U UE’s LBT succeed within a symbol preceding the start symbol of SL transmission (e.g., AGC symbol), a reservation signal could also be transmitted ahead of time and the reservation signal could be CPE of the subsequent AGC signal. In another case, the time required for AGC training may be less than one symbol, whether it is possible for a UE to access to the channel within the AGC symbol is also need further study.
[bookmark: _Toc101353715][bookmark: _Toc101353735][bookmark: _Toc101429936][bookmark: _Toc101445838][bookmark: _Toc101446054][bookmark: _Toc109908169][bookmark: _Toc111109175]Study how to design CPE and AGC for SL-U.
In NR sidelink, there is always one symbol at the end of each sidelink transmission slot served for TX/RX transition purpose. Besides, if PSFCH resource is configured, one additional guard symbol exists before PSFCH symbol. However, in unlicensed band, these guard symbols will make UE lose the channel access and may interrupt a complete sidelink slot transmission, which is undesirable for sidelink transmission. Hence, how to handle the legacy guard symbols in NR sidelink slot should be studied by considering both CO maintenance and TX/RX transition purpose.
[bookmark: _Toc101353716][bookmark: _Toc101353736][bookmark: _Toc101429937][bookmark: _Toc101445839][bookmark: _Toc101446055][bookmark: _Toc109908170][bookmark: _Toc111109176][bookmark: _Toc100924993][bookmark: _Toc100925915][bookmark: _Toc100925930][bookmark: _Toc101266192][bookmark: _Toc101270783][bookmark: _Toc101353719][bookmark: _Toc101353739][bookmark: _Toc101429940][bookmark: _Toc101445842][bookmark: _Toc101446058]Study how to maintain CO within guard symbols in SL-U.
Conclusion
In this contribution, we shared views about SL-U physical structure by considering the impacts brought by LBT failure and OCB requirement. We proposed that, 
Proposal 1:	One SL resource pool includes sub-set of PRBs of one RB set is not supported or assigned with low priority.
Proposal 2:	S-SSB slots should be excluded from SL-U resource pool.
Proposal 3:	In SL-U, support additional one starting symbol in a slot.
Proposal 4:	Frequency domain resource allocation granularity is one PRB for PSCCH.
Proposal 5:	Support following options to define sub-channel:
Option 1: one sub-channel comprises K interlaces within a single RB set.
Option 2: one sub-channel comprises K interlaces across multiple RB sets.
[bookmark: _GoBack]Proposal 6:	Support and further study (pre-) both configured and dynamically indicated PSFCH resources.
Proposal 7:	Design one common interlace for PSFCH transmission to meet OCB requirement with legacy one RB PSFCH in SL-U.
Proposal 8:	Study one PSSCH to multiple PSFCH mapping.
Proposal 9:	To reuse R16 procedure, TX UE generates a NACK when, due to channel access failure (e.g., LBT failure), fails to transmit PSSCH in any of the resources provided by DCI/CG.
Proposal 10:	Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth is a candidate solution considering detection performance.
Proposal 11:	Study how to support multiple candidate S-SSB occasions in an S-SSB burst.
Proposal 12:	Study how to design CPE and AGC for SL-U.
Proposal 13:	Study how to maintain CO within guard symbols in SL-U.
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