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[bookmark: OLE_LINK13][bookmark: OLE_LINK14][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_LINK27][bookmark: OLE_LINK26][bookmark: OLE_LINK8]Discussion
[bookmark: _GoBack]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#112 meeting, the following proposal was discussed and no consensus was achieved: [3]
	Proposal 2-3
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour, support the following:
· If PSCCH/PSSCH transmission starts from 1st starting symbol,
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Regarding Rx UE behaviour, support the following:
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot



For the behavior of Tx UE, the 2 AGC symbols overhead for all sidelink slots is too large. And the Rx UE implementation will most likely not take advantage of it, because the AGC adjustment of the second starting symbol can impair the phase continuity of the channel estimation within the whole sidelink slot. In the case of the RX UE performing the second AGC (option D), the Tx UE can transmit only the first AGC symbol for transmission from the first starting symbol, while the RX UE can choose (or not) to puncture the PSSCH corresponding to the second AGC position for AGC adjustment.
Proposal 3: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour, support the following:
· If PSCCH/PSSCH transmission starts from 1st starting symbol,
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, support the following:
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot

PSCCH/PSSCH
In RAN 1#110bis-e meeting, the following agreements were made:[2]
	
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 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 4: PSCCH locates in every RB set of corresponding PSSCH.

In RAN 1#112bis-e meeting, the following agreements were made:[4]
	Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, considering 1 sub-channel equals K interlace(s), support the followings:
· Option A: 
· TBS is determined based on a reference number of PRBs of one interlace within 1 RB set (denoted as N_ref), down-select one of the followings in RAN1#113:
· Option A1: N_ref is a fixed value, e.g., 10, 11
· Option A2: N_ref is (pre-)defined
· e.g., N_ref is the average number of PRBs per interlace, which is determined by total number of PRBs of the RP divided by the number of interlaces.
· Option A3: N_ref is (pre-)configured
· Option A4: N_ref is dynamically indicated by Tx UE
· Note: The number of PRBs within a sub-channel can be different among sub-channels in a single resource pool subject to (pre-)configuration.
· FFS: for TBS determination, whether/how to handle the impact of additional available  PRB(s) in intra-cell guard band(s) for PSCCH/PSSCH transmission across multiple RB sets




It is agreed that for a TB, the number of subchannels and RB set(s) used for the initial transmission and retransmission is the same. However, the used subchannels and RB set(s) may vary between the initial transmission and retransmission. And different subchannels have different interlaces, while different interlaces may have different numbers of RBs. To ensure that the initial transmission and retransmission have the same TBS, a reference number of PRBs of one interlace a introduced in last meeting. Meanwhile, four options are proposed for the determination of the reference number of PRBs of one interlace.  Among the four options, the difference in performance is very small, as quantization is required for TBS determination, and 10 or 11 RBs do not make a significant change in code rate. Therefore, option A1 can simplify the whole design with minimal performance degradation.
Proposal 5: TBS is determined based on a reference number of PRBs of one interlace within 1 RB set (denoted as N_ref), and N_ref is a fixed value, e.g., 10.

PSFCH
In RAN 1#112bis-e meeting, the following agreement was made:[4]
	Agreement
Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
· One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration
· FFS value range of N
· FFS detailed design of such N associated candidate PSFCH occasion(s)
· E.g., they are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof, etc.
· E.g., whether PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s)
· FFS: whether to support that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions. 
· FFS: whether other associated candidate PSFCH occasion(s) within its COT are used for PSSCH transmissions, and applicable scenarios.
· FFS: whether AGC issue and PSFCH/PSSCH collision issue exist, and whether/how to address them
· FFS other details
· E.g., how to meet the HARQ RTT restriction
· E.g., UE behavior on transmitting PSFCH
· E.g., how to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions




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. Two alternatives are proposed to address the impact of LBT failure on PSFCH transmission.
More than one PSFCH occasion can be configured, and these PSFCH occasions can be dynamically indicated as available or unavailable by the UE initiating the COT during the COT. For example, PSFCH occasion can be indicated as being located at the end of the COT via SCI, which facilitates consecutive transmission, leaving no gaps in the COT. Candidate PSFCH occasions other than the indicated available PSFCH occasion can be indicated as unavailable. And the resources of these candidate PSFCH occasions indicated as unavailable can be used for PSSCH transmission.
Proposal 6：PSFCH occasion(s) are (pre-)configured and dynamically indicated during the COT by COT initiating UE. 
Proposal 7:  The resources of candidate PSFCH occasions indicated as unavailable can be used for PSSCH transmission.

SSB transmission
In RAN 1#112bis-e meeting, the following working assumption was achieved:[4]
	Working assumption
Additional candidate S-SSB occasions are excluded from resource pool



In NR Sidelink, even though an S-SSB occupies only 11 PRBs of the sidelink BWP, all the remaining PRBs in the slot where the S-SSB 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-SSB is the only signal present in the SL BWP. Following the same principle, the additional candidate S-SSB occasions should be excluded from resource pool.
Proposal 8: Confirm the working assumption that additional candidate S-SSB occasions are excluded from resource pool.

In RAN 1#112bis-e meeting, the following agreement was made:[4]
	Agreement
For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, Alt6 is supported:
· Alt 6: Support both Option 3-1(revised) and Option B, and enable one of them by (pre-)configuration
Note: the Options are as below
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set, e.g. whether 1 or 2 interlaces will be used for S-SSB
· Option 3-1(revised): Transmit legacy S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), whether/how to reduce PAPR.
· FFS gap of 0
· Option A: Legacy S-SSB
· Continue studying how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.
· Option B: Legacy S-SSB
· RAN1 does not pursue further study on how to meet the minimum 2 MHz requirements under 15 kHz SCS for OCB exemption.
Note: Option A and B are applicable in region with no OCB requirement, or with OCB exemption.



Regarding Option 3-1, more resources should be used for S-SSB transmission to meet OCB and PSD requirement. Considering that the total transmit power of SL UE is limited, repeating S-SSB many times in frequency domain will accumulate noise, which will reduce the SINR of S-SSB and thus lead to the degradation of the reception performance of S-SSB. Therefore, the legacy S-SSB can be transmitted in the edge of the RB set, and its repetition can be transmitted in the opposite edge of the RB set to fulfill the OCB requirement. 
Proposal 9: For Option 3-1:
· Transmit legacy S-PSS/S-SSS/PSBCH 2 times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement.

Conclusion
[bookmark: OLE_LINK39][bookmark: OLE_LINK40][bookmark: OLE_LINK6][bookmark: OLE_LINK3][bookmark: OLE_LINK4][bookmark: OLE_LINK5]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: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour, support the following:
· If PSCCH/PSSCH transmission starts from 1st starting symbol,
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, support the following:
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot
Proposal 4: PSCCH locates in every RB set of corresponding PSSCH.
Proposal 5: TBS is determined based on a reference number of PRBs of one interlace within 1 RB set (denoted as N_ref), and N_ref is a fixed value, e.g., 10.
Proposal 6：PSFCH occasion(s) are (pre-)configured and dynamically indicated during the COT by COT initiating UE. 
Proposal 7:  The resources of candidate PSFCH occasions indicated as unavailable can be used for PSSCH transmission.
Proposal 8: Confirm the working assumption that additional candidate S-SSB occasions are excluded from resource pool.
Proposal 9: For Option 3-1:
· Transmit legacy S-PSS/S-SSS/PSBCH 2 times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement.
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