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Introduction
In the Rel-18 WID for NR sidelink evolution [1], an objective to study and specify support of sidelink on unlicensed spectrum is as follows:

	2. 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]Focus on FR1 unlicensed bands (n46 and n96/n102).
· 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 RAN1 #111 [2], the following agreements were made: 

	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

Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length, down-select one of the followings:
· Option 1: The reference symbol length is dynamically indicated by Tx UE
· Option 2: The reference symbol length is determined based on 1st starting symbol
· Option 3: The reference symbol length is determined based on 2nd starting symbol
· Option 4: The reference symbol length is (pre-)configured 

Agreement
Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, RAN1 continues studying the following updated alternatives:
· Alt 1-1a: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· FFS: value of K3
· Alt 2-1a: each PSFCH transmission occupies 1 interlace, and further apply frequency-domain OCC
· FFS: details of FD-OCC, e.g., OCC length, RB-level, RE-level, etc.
· Alt 2-2a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE transmits dedicated cyclic shift on K1 dedicated PRB(s) within this interlace, and transmits common cyclic shift on other PRBs of this interlace
· FFS: value of K1
· Alt 2-3a: each PSFCH transmission occupies 1 interlace
· Alt 2-4a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE uses different cyclic shifts on different PRBs in the interlace
· Alt 3-1a: each PSFCH transmission occupies 1 dedicated PRB and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· The above dedicated PRB and common PRBs are within 1 interlace
· FFS: value of K2
· Alt 3-2a: each PSFCH transmission occupies 1 dedicated PRB and 2 common PRBs, where 2 common PRBs locate at the two edges of a RB set
· FFS: the impact of PSD limit, e.g., whether/how to handle the case when common PRB and dedicated PRB locate within the same 1 MHz bandwidth
· FFS: whether IBE issue exists and whether/how to address it 
· Note: in the above descriptions
· The dedicated PRB/cyclic shift conveys ACK/NACK information
· Note: as previously agreed: 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.

Agreement
Slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH.

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, RAN1 further study the followings:
· Option 1: 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
· Option 2: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 3: 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
· Option 4: 1 sub-channel is defined within 1 RB set or 2 adjacent RB sets, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 5: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly across different RB sets within the resource pool, then across different interlaces in the RB set 
· FFS: whether/how to use intra-cell guardband PRBs

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

Agreement
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
· If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, down-select one of the followings:
· Option A: The Rx UE always monitors two AGC symbols in such slot
· Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol
· FFS details
· Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot

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

Agreement
Regarding the number and location(s) of additional candidate S-SSB occasions, RAN1 further study the followings:
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
· Option 2: Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion, and the gap between them is (pre-)configured
· FFS details, e.g., value of K, details on gap length, etc.
· Option 3: The number and location(s) of additional candidate S-SSB occasions are separately (pre-)configured
· Option 4: Introduce M contiguous candidate S-SSB occasions in one S-SSB period
· Option 5: the number of candidate S-SSB occasions is (pre-)configured, and locations are determined based on the (pre-)configured number

Agreement
Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, RAN1 further study the followings:
· Alt 1: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s)
· Alt 2: UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 3: UE can attempt to transmit on all or some of additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 4: upon LBT failure on a (candidate) S-SSB occasion, a UE attempts to transmit on the subsequent additional candidate S-SSB occasion if within a period S-SSB transmission has not been transmitted in any prior occasions
· FFS details

Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, further study the following options:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: whether/how to use sub-channel(s) which include intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of the resource pool cannot be divided by sub-channel size
· Option 2 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set according to the sub-channel size
· FFS: whether/how to use intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of one RB set cannot be divided by sub-channel size
· Option 3 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set and/or guardband PRB according to the sub-channel size
· FFS: how to use intra-cell guardband PRBs
· FFS: how to use the subchannel including PRBs in guardband

Agreement
Regarding PSFCH transmission under 60 kHz SCS, further study the following alternatives:
· Alt 1: Each PSFCH transmission occupies K dedicated PRB(s) and some common PRBs
· FFS details
· Alt 2: Each PSFCH transmission occupies some dedicated PRBs
· FFS details

Agreement
Regarding S-SSB, RAN1 further study the following: 
· How to transmit S-SSB when a SL BWP contains multiple RB sets



In this contribution, we discuss physical channel design frame for supporting of sidelink on unlicensed spectrum.

Discussion
Slot structure
In SL-U, the LBT should be performed for PSCCH and PSSCH transmission and this LBT procedure can be performed at any symbol of the SL slot. If Rel-16 SL physical layer structure is reused for SL-U, the UE can transmit the PSCCH and PSSCH only after the LBT procedures is performed at the first symbol (i.e., AGC symbol) of the SL slot. However, if the LBT failure is occurred in Rel-16 SL structure, the latency until the next slot (i.e. next starting symbol) should necessary for PSCCH and PSSCH transmission. Thus, in order to reduce this latency, RAN1 support 2 candidate starting symbols for PSCCH and PSSCH transmission and an additional starting symbol can be located in all symbols (after the first starting symbol). From the RX UE perspective, if all symbols are used for the candidate starting symbols, the PSCCH BD (blind detection) complexity can be increased. Therefore, the location of 2 candidate starting symbols should be fixed as symbol#0 for first starting symbol and symbol#4 or #7 for second starting symbol. Alternatively, for resource flexibility, the location of second starting symbol can be (pre-) configured in symbol #4~#7. This configuration of second starting symbol should consider the several conditions including the PSSCH DMRS pattern and PSCCH position. Particularly, the location of second starting symbol should avoid PSSCH DMRS symbol. In addition, since the duration of PSSCH is reduced by second starting symbol (which is used for AGC symbol as decried below), the position and number of PSSCH DMRS determined by PSSCH duration should be redesigned for SL-U physical structure. Thus, in SL-U physical structure, it may be necessary to (pre-) configure the number and location of PSSCH DMRS.
When 2 candidate starting symbols is used for a PSCCH and PSSCH transmission, a TX UE can transmit the PSSCH from first starting symbol and another TX UE can transmit the PSSCH from second starting symbol. Since the RX UE does not know whether PSCCH and PSSCH transmission will start on the first or second starting symbol from TX UEs, both first and second starting symbols should be used as AGC symbols. Thus, from TX UE perspective, the PSCCH and PSSCH transmission should have 2 symbols for AGC purpose and RX UE should always monitor two AGC symbols in a slot.
On the other hand, since 2 candidate starting symbols for a PSCCH and PSSCH transmission can cause the different reference symbol length of SL slot, the TBS determination should be studied to ensure same TB size. If the TBS is determined based on the second starting position, the effective coding rate could be low (comparing based on the first starting position) and have better decoding performance. However, the peak data rate limited and not suitable for high data rate transmission. In addition, new higher layer parameter could be introduce for the reference symbol length of SL slot to determine the TBS. Thus, the TBS should be determined based on the first starting symbol.

Proposal #1: 
· For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of first starting symbol, it is fixed as symbol#0
· Regarding the location of second starting symbol, it is a fixed location (e.g., symbol#4, #7)
Observation #1: 
· If the location of second starting symbol is a (pre-) configured per resource pool, we could consider the several conditions including the PSSCH DMRS pattern and PSCCH position. 
Proposal #2: 
· For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length that is determined based on first starting symbol.
Proposal #3: 
· For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· From TX UE perspective, the PSCCH and PSSCH transmission has 2 symbols for AGC purpose.
· RX UE always monitors two AGC symbols in a slot.

S-SSB
Regarding the S-SSB transmission in SL-U, upon LBT failure on a (candidate) SSB occasion, a UE will attempt to transmit on the subsequent additional candidate S-SSB occasion within an S-SSB transmission period. However, there is a case (with 15 kHz SCS) one S-SSB per S-SSB transmission period in Rel-16 NR SL. In this case, if the LBT fails before the corresponding S-SSB transmission, S-SSB cannot be transmitted within S-SSB transmission period. To cope with this LBT failure, additional S-SSB occasion should be defined in SL-U and it can be easily achieved by supporting up to 4/8/16 as the number of S-SSB transmissions within one S-SSB period for 15/30/60 KHz SCS for FR1, respectively. In this case, we can reuse legacy NR SL design and higher layer parameter (e.g., sl-TimeOffsetSSB, or sl-TimeInterval) to define the gap between (additional) candidate S-SSB occasions as shown in figure 1. Meanwhile, the number of S-SSB occasion(s) per period may increase, but the S-SSB period should be fixed to 160ms for synchronization among UEs. In the same S-SSB period, UE should attempt to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)

[image: ]
Figure 1: Examples of additional S-SSB occasion
 
For PSCCH/PSSCH transmission in SL-U, both Rel-16 and Rel-17 NR SL interlace RB-based transmission is supported. The RB-based interlace is also supported for PSFCH transmission in SL-U. Thus, regarding the S-SSB transmission, to meet the OCB and PSD requirement for S-SSB transmission, the interlaced RB transmission for S-PSS/S-SSS/PSBCH could be also used similar to PSSCH/PSSCH/PSFCH transmission in SL-U.

Proposal #4: 
· Regarding the number and location(s) of additional candidate S-SSB occasions:
· The number of configurable S-SSB occasions support up to 4, 8 or 16 for 15 kHz, 30 kHz and 60 kHz SCS, respectively.
· The legacy NR SL higher layer parameter (e.g., sl-TimeOffsetSSB, or sl-TimeInterval) could be used to define the gap between (additional) candidate S-SSB occasions.
Proposal #5: 
· Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).
Proposal #6: 
· To meet the OCB and PSD requirement for S-SSB transmission, the interlaced RB transmission for S-PSS/S-SSS/PSBCH could be used in SL-U. 

PSFCH
Using Rel-16 PSFCH structure, as the LBT for PSFCH transmission fails, the time delay can be occurred up to 4 slots. For PSFCH in SL-U, a method for preventing frequent transmission of PSFCH due to failure of the LBT is required. Thus, in order to address PSFCH transmission dropping due to LBT failure, the PSFCH resources are dynamically indicated and located within the shared COT. For the frequency domain, to meet the OCB and PSD requirement, the interlace transmission is supported for PSFCH transmission in RAN1 #110. For this interlace transmission, the PRB set for the candidate PSFCH resource can be determined by the starting sub-channel used for the corresponding PSSCH. 

Proposal #7: 
· To address PSFCH transmission dropping due to LBT failure, PSFCH resources are dynamically indicated and located within the shared COT. 

Conclusion
In this contribution, the following conclusions were made:
Proposal #1: 
· For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of first starting symbol, it is fixed as symbol#0
· Regarding the location of second starting symbol, it is a fixed location (e.g., symbol#4, #7)
Observation #1: 
· If the location of second starting symbol is a (pre-) configured per resource pool, we could consider the several conditions including the PSSCH DMRS pattern and PSCCH position. 
Proposal #2: 
· For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length that is determined based on first starting symbol.
Proposal #3: 
· For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· From TX UE perspective, the PSCCH and PSSCH transmission has 2 symbols for AGC purpose.
· RX UE always monitors two AGC symbols in a slot.
Proposal #4: 
· Regarding the number and location(s) of additional candidate S-SSB occasions:
· The number of configurable S-SSB occasions support up to 4, 8 or 16 for 15 kHz, 30 kHz and 60 kHz SCS, respectively.
· The legacy NR SL higher layer parameter (e.g., sl-TimeOffsetSSB, or sl-TimeInterval) could be used to define the gap between (additional) candidate S-SSB occasions.
Proposal #5: 
· Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).
Proposal #6: 
· To meet the OCB and PSD requirement for S-SSB transmission, the interlaced RB transmission for S-PSS/S-SSS/PSBCH could be used in SL-U. 
Proposal #7: 
· To address PSFCH transmission dropping due to LBT failure, PSFCH resources are dynamically indicated and located within the shared COT. 
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