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Background
[bookmark: _Hlk57107786]The WI on NR sidelink evolution [1] includes an objective to study and specify support for sidelink operation in the unlicensed bands with focus on the FR1 unlicensed bands, n46 and n96/n102. The agreements related to SL-U physical channel design at the 3GPP RAN WG1 #111 meeting are listed below [2].
Agreement
[bookmark: _Hlk127386024]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.
· [bookmark: _Hlk127388241]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:
· [bookmark: _Hlk127387203]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
[bookmark: _Hlk127387408]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 present our views on open and unaddressed issues on this topic.

Channel Design
PSCCH/PSSCH Aspects
The starting symbol for PSSCH has been enhanced to two candidates. The main motivation to configure two candidate positions is to give the UE two LBT attempts per slot. A simple example would be for a UE to attempt LBT before symbol #0 (1st candidate), and if unsuccessful, reattempt LBT before symbol #4 (2nd candidate). Allowing a large set of possible positions for the 2nd candidate is not helpful since a competing SL UE that grabbed the medium is unlikely to end its CO within one or two symbols. Pre-defining the 2nd candidate also eases SCI signaling and reception complexity.
Proposal 1: For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, Option 1: it is fixed as symbol#0. 
· Regarding the location of 2nd starting symbol, Option A: it is a fixed location (either #4 or #7).
· Regarding Rx UE behavior, Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot.

For interlace-based PSCCH/PSSCH transmission, we have at least K=1 and K=2 is supported for 15 kHz SCS, and K = 1 for 30 kHz SCS. If K is fixed to one, then one sub-channel spans 10/11 PRBs, which covers the minimum PSCCH allocation from Rel-16. Coding rate issues are not anticipated with K = 1 since a UE PSSCH can be assigned multiple sub-channels (equivalent to interlaces) from two to ten (all 106 or 51 PRBs). Next, one sub-channel need not be restricted to one RB set since NR-U interlaces can span adjacent RB sets during wideband transmission.
Proposal 2: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
Regarding mapping between sub-channel and interlace, support 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.
PSFCH Aspects
One open issue is PSFCH transmission dropping due to LBT failure. NR-U greatly expanded the flexibility and codebook construction of HARQ ACK/NACK feedback precisely to make it robust to transmission dropping due to PUCCH/PUSCH LBT failure. We propose to augment the single R16/17 pre-configured PSFCH resource following a PSSCH with an additional PSFCH occasion that is semistatic. 

Proposal 3: To address PSFCH transmission dropping due to LBT failure, prefer Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission. Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH is irrelevant since PSFCH LBT rules will cover both cases.
S-SSB Aspects
The support of additional candidate S-SSB occasions was agreed in the last meeting. The legacy S-SSB is 13 symbols in duration for normal CP and 12 symbols for ECP. Within a S-SSB period of 16 frames, 1, 2, 4, 8, 16, 32, or 64 S-SSB transmissions can currently be indicated to the UE. Thus, there is ample white space within a S-SSB period to introduce additional S-SSB occasions and choosing the option with the lowest spec and UE complexity impact is preferred. Flexibility in additional S-SSB transmission is further preferred in order to maintain robust synchronization.
Proposal 4: Regarding the number and location(s) of additional candidate S-SSB occasions, support Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS.
Proposal 5: Regarding additional candidate S-SSB occasions: support Alt 3
•	In the same S-SSB period 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)

Next, we examine frequency-domain allocation. Legacy S-SSB spans 132 subcarriers, which equates to 1.98 MHz and 3.96 MHz for 15 kHz and 30 kHz SCS, respectively. From previous meetings we have a combination or permutations of the following choices 
· 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

Option 2 is a high-priority approach that is similar to the DRS multiplexing rules defined for NR-U. Option 1 is not preferred due to the need for link-level performance analysis, and there is no precedent for interlaced SSB in NR-U. Options 3 and 4 were also considered for NR-U but ultimately not supported with a tacit understanding that the temporary OBW relaxation allowance and multiplexing by scheduling are sufficient.

Proposal 6: For S-SSB transmission in frequency domain for 15 kHz and 30 kHz SCS: support Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH.
Summary of Proposals
This contribution presented the following proposals for SL-U physical channel design.
Proposal 1: For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, Option 1: it is fixed as symbol#0. 
· Regarding the location of 2nd starting symbol, Option A: it is a fixed location (either #4 or #7).
· Regarding Rx UE behavior, Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot.

Proposal 2: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
Regarding mapping between sub-channel and interlace, support 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.
Proposal 3: To address PSFCH transmission dropping due to LBT failure, prefer Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission. Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH is irrelevant since PSFCH LBT rules will cover both cases.
Proposal 4: Regarding the number and location(s) of additional candidate S-SSB occasions, support Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS.
Proposal 5: Regarding additional candidate S-SSB occasions: support Alt 3
•	In the same S-SSB period 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)

Proposal 6: For S-SSB transmission in frequency domain for 15 kHz and 30 kHz SCS: support Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH.
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