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[bookmark: OLE_LINK14][bookmark: OLE_LINK13][bookmark: _Ref494215420]Introduction
In RAN#94e meeting, a new WID had been approved. And in RAN#95e meeting, this WID had been revised as the following:[1]
	4.1 Objective of SI or Core part WI or Testing part WI
To check in RAN#97 for objectives 1 and 3, taking into account the progress on objectives 2 and 4, aiming to have specification work for both objective 1 and 3.
......
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.
......



In this contribution, we focus on the physical channel design for sidelink in unlicensed spectrum, including  the impacts to physical channel and physical procedure.

[bookmark: OLE_LINK8][bookmark: OLE_LINK26][bookmark: OLE_LINK27]Discussion
Sidelink bandwidth part and resource pool 
In RAN1#110bis-e meeting, the following agreement was made: [2]
	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



For sub-7GHz unlicensed spectrum, such as band n46/n96/n102, NR-U/LAA or 802.11 ac/ax systems currently support 20MHz LBT bandwidth. In order to fairly co-exist with existing systems, a same LBT bandwidth of 20MHz is considered as the minimum LBT bandwidth for SL-U. Since the basic unit of LBT bandwidth is 20MHz, the concept of RB set is introduced accordingly, and one RB set is approximately equal to 20MHz. To overcome the out-of-band (OOB) emissions, some PRBs are introduced as intra-cell guard band between two adjacent RB sets. It had been agreed that PRBs within intra-cell guard band of two adjacent RB sets can be used for PSSCH transmission only when the UE performs wideband transmission (i.e., using multiple RB sets). However, it is controversial whether these PRBs can be used for PSFCH and S-SSB transmission. When PRBs within intra-cell guard band of two adjacent RB sets can be used for S-SSB transmission, this means that some S-SSB patterns are mapped into the intra-cell guard band. This will result in transmitting these S-SSBs with the need for successful LBT on both adjacent RB sets. And this will increase the probability of LBT failure, and thus reduce the chance of S-SSB transmission. The same is true for PSFCH transmissions. Regarding PSSCH transmission, the PRBs in the intra-cell guard band have the same interlace index(s) the PRBs in these two RB sets. 
[bookmark: OLE_LINK1]Proposal 1: For SL-U, PRBs within intra-cell guard band of two adjacent RB sets are not used for S-SSB/PSFCH transmission when UE’s LBT is successful on these two RB sets and the UE uses both of these two RB sets for transmission.
Proposal 2: For interlaced RB based transmission, 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.
 

Slot structure
In RAN1#111 meeting, the following working assumption was made: [3]
	Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, down-select one of the followings:
· Option 1: it is fixed as symbol#0
· Option 2: it is indicated by sl-StartSymbol as in R16 NR SL
· Regarding the location of 2nd starting symbol, down-select one of the followings:
· Option A: it is a fixed location
· FFS the location, e.g., symbol#4, #7, etc.
· Option B: it is a (pre-)configured location per resource pool
· FFS the details of candidate locations
· Note: assume symbol index in a slot starts from #0



Introducing more starting symbols in a slot for the PSCCH/PSSCH transmission ensures that SL-U UE can access the channel quickly and avoid COT loss. However, this increases the complexity for the UE to monitor the PSCCH channel, i.e. the more starting symbols, the higher the monitoring complexity for the UE. Therefore, two starting symbols are a good balance between performance and UE complexity.
Regarding the starting symbol index, the first starting symbol index can be determined by RRC signaling, such as sl-StartSymbol. The second starting symbol index can be fixed if all the symbols in a slot are used for sidelink transmission. Otherwise, if not all symbols in a slot are used for sidelink transmission, the second starting symbol index can be configured.   
Proposal 3: There are two starting symbols within a slot for the PSCCH/PSSCH transmission
· 1st starting symbol index is M1, and 2nd starting symbol index is M2
· The starting symbol(s) are used for AGC purpose
· M1 is fixed as symbol#0.
· M2 is a fixed value or (pre-)configured etc.

PSCCH/PSSCH
In RAN 1#110bis-e meeting, the following agreements were made:[2]
	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
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



Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, compared to option B, option A has a lower PAPR and reduces the overhead of frequency domain indication in SCI. However, the resource indication for option B is more flexible. Considering that some sidelink UE may only sense and transmit on a single RB set, the resource allocation on different RB sets may be different. Through flexible resource allocation, the resources are utilized more efficiently.  
Proposal 4: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support that the used interlace index(s) in different RB sets can be different.

Regarding PSCCH transmission in multiple RB sets, PSCCH locates in every RB set of corresponding PSSCH is beneficial for sidelink UEs that support only a single RB set. For those UEs, they can acquire the reservation information through the PSCCH transmitted in every RB set. Otherwise, they may consider resources used for PSSCH transmission to be available, which will lead to collisions.
Proposal 5: PSCCH locates in every RB set of corresponding PSSCH.

PSFCH
In RAN 1#111 meeting, the following agreement was made:[3]
	Agreement
To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· [bookmark: _Hlk119602860]Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· FFS other details, e.g., HARQ-ACK timeline
· Alt 2: PSFCH occasions are dynamically indicated
· FFS: Whether/how to handle the case where some TB’s corresponding PSFCH cannot be transmitted within the same or different COT
· FFS other details, e.g., dynamically indicate one or more PSFCH transmission(s), container of the indication, etc.
· FFS: Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH
· FFS: Whether/how to address PSFCH collision if any
· FFS: Whether/how to handle the linearly decreased PSFCH capacity



The sidelink HARQ feedback procedure is designed based on a deterministic timing relationship. For example, the Rx UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. Such an assumption may not apply to unlicensed spectrum, since the precise timing between PSSCH transmission and PSFCH feedback in unlicensed spectrum is subject to the success of channel access. This requires enhanced sidelink HARQ feedback design in sidelink unlicensed access system, just like the HARQ enhancements in NR-U. Five alternatives are proposed to address the impact of LBT failure on PSFCH transmission.
Regarding Alt 1, such a design may reduce the capacity of the PSFCH and possibly all relevant PSFCH occasions will still be blocked by transmissions from other UEs, since the COT duration is typically a few milliseconds. 
Regarding Alt 2, PSFCH occasion can be dynamically indicated by COT initiating UE during the COT. For example, PSFCH occasion can be indicated as being located at the end of the COT, which facilitates consecutive transmission, leaving no gaps in the COT. 
Proposal 6：PSFCH occasion is dynamically indicated during the COT by COT initiating UE. 

SSB transmission
[bookmark: _GoBack]In RAN 1#111 meeting, the following agreement was made:[3]
	Agreement
For S-SSB transmission, down-select one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· Option 1-2: Using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· Option 3-1: Repeat S-PSS/S-SSS/PSBCH N times in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of N (e.g., N=2)
· FFS gap of 0
· Option 3-2: Repeat only S-PSS/S-SSS K times in frequency domain, and PSBCH is rate matched. There is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of K
· FFS gap of 0
· FFS PSBCH resource
· Option 3-3: keep the legacy S-PSS/S-SSS/PSBCH while repeating PSBCH N times in frequency domain and rate-matching PSBCH to S-PSS/S-SSS symbols, and there is a gap between the PSBCH repetition(s) to meet OCB requirements
· FFS details, e.g. the length of gap is (pre-)configured or pre-defined, value of N
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· For Option 1-1 and 1-2 above
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set
· FFS: whether transient period issue exists and whether/how to address it



In NR Sidelink, even though an S-SS/PSBCH block occupies only 11 PRBs of the sidelink BWP, all the remaining PRBs in the slot where the S-SS/PSBCH block takes place cannot be used by any other sidelink transmission. The reason for this design is to ensure that, when sidelink UEs are performing their search for a synchronization source, they can detect the S-PSS and S-SSS signals more easily, since the S-SS/PSBCH block is the only signal present in the SL BWP. Regarding Option 3-1 and Option 3-2, more resources are used for S-SSB transmission to meet OCB  and PSD requirement. This option will reduce spectral efficiency and S-SSB capacity. In addition, this option can also increase power consumption of UEs. Regarding Option 3-3 and Option A, it cannot solve the issue of PSD limitation with 10 dBm/MHz. For example, the transmit power is 13dBm for 2MHz bandwidth, which is very low, and will affect the coverage of sideline transmission.
Proposal 7: For S-SSB transmission in shared spectrum, Option 1-1 should be supported.

Regarding the 4 symbol SSB, it is similar to the NR SSB and can be considered as only one symbol PSS and only one symbol SSS and two symbols PSBCH, respectively. Since the PSS symbol is the first symbol of the SSB, the receiving UE needs to perform AGC estimation based on the PSS symbol, which will degrade the performance of PSS synchronization. In addition, since the S-SSB will be transmitted by the UE, the PAPR and power limits need to be carefully studied. Considering the standardization workload and implementation complexity, it is not recommended to support 4-symbol SSB for SL-U. 
Proposal 8: 4 symbol SSB should not be supported for S-SSB transmission for SL-U.

Conclusion
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK40][bookmark: OLE_LINK3][bookmark: OLE_LINK39]In this contribution, we have discussed the physical channel design for sidelink in unlicensed spectrum, including the impacts to physical channel and physical procedure. Based on the discussion in section 2, we provide the following proposals:
Proposal 1: For SL-U, PRBs within intra-cell guard band of two adjacent RB sets are not used for S-SSB/PSFCH transmission when UE’s LBT is successful on these two RB sets and the UE uses both of these two RB sets for transmission.
Proposal 2: For interlaced RB based transmission, 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.
Proposal 3: There are two starting symbols within a slot for the PSCCH/PSSCH transmission
· 1st starting symbol index is M1, and 2nd starting symbol index is M2
· The starting symbol(s) are used for AGC purpose
· M1 is fixed as symbol#0.
· M2 is a fixed value or (pre-)configured etc.
Proposal 4: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support that the used interlace index(s) in different RB sets can be different.
Proposal 5: PSCCH locates in every RB set of corresponding PSSCH.
Proposal 6：PSFCH occasion is dynamically indicated during the COT by COT initiating UE.
Proposal 7: For S-SSB transmission in shared spectrum, Option 1-1 should be supported.
Proposal 8: 4 symbol SSB should not be supported for S-SSB transmission for SL-U.
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