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At RAN#98, the WI on sidelink evolution was updated for Rel-18 (RP-222806) [1]. In this WI, the objective on sidelink in unlicensed spectrum is specified as: 
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
· 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.
· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· No specific enhancements for existing NR SL feature
· 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 this contribution, we present our views on the PHY channel design aspects for sidelink transmission in unlicensed spectrum.  
Agreements RAN1#112bis-e
Agreement
Considering PSD limit in unlicensed spectrum regulation, RAN1 further study whether updates on power control is needed especially for PSFCH.

Agreement
Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:
· RAN1 down-select one of followings in RAN1#113:
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· K3 is (pre-)configured, FFS value range
· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB
· FFS: whether any impact on meeting OCB requirement
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· Alt 3-2b: each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· K2=2
· K4 is (pre-)configured, FFS value range
· FFS: how to meet PSD limitation
· FFS: whether to introduce any restrictions on the locations of K4 dedicated PRB(s) and/or K2 common PRBs, e.g., whether/how they are on the same interlace 
· R16 NR SL PSSCH-PSFCH mapping is reused as baseline, FFS details
· Note: companies are encouraged to give more details and analyze the specification impact
· E.g., whether PSSCH transmissions on non-overlapped resources are mapped to non-orthogonal PSFCH resources, i.e., whether PSFCH collision may happen and whether/how to address it, etc.
· E.g., whether introducing more than 6 CS pairs is needed
· E.g., for group cast option 2, what’s the maximum group size that can be supported
· E.g., how to support “more than 1 PSFCH occasion(s) per PSCCH/PSSCH”
· FFS: regardless of which Alt above is selected, whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR
· FFS: whether IBE issue exists and whether/how to address it
· E.g., whether to introduce guardband PRB/RE between common PRB and dedicated PRB


Working assumption
Additional candidate S-SSB occasions are excluded from resource pool

Agreement
A SL-BWP is (pre-)configured with either contiguous RB-based or interlace RB-based PSCCH/PSSCH transmission, i.e., not both.

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

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

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Option A: Support that for one PSSCH transmission, the used interlace index(s) in different used RB sets are always the same
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Frequency domain resource of PSSCH transmission is determined by an intersection of the resource blocks of the indicated sub-channel(s) and the union of the indicated set of RB sets and intra-cell guard bands between the indicated RB sets, if any
· For a TB, the initial transmission and reservation of the resource(s) for retransmission(s) use the same number of sub-channel(s) and same number of RB set(s)
· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· Use X bits for indicating sub-channel index(s), and use Y bits for indicating contiguous RB set index(s)
· R16 NR SL FRIV is reused as baseline
· FFS details, e.g., signaling design, bit size, whether to consider bitmap design, whether/how the used interlace(s) can be non-contiguous, etc.
· FFS others
· E.g., considering one PSSCH transmission may occupy one or multiple RB sets, whether or not to re-define single-slot candidate resource, and update resource selection and/or signaling from MAC to PHY, etc.

Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, down-select one or more of the followings in RAN1#113:
· Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
· Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
· Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
· FFS details, e.g., conditions to apply the above Option(s)
· FFS impacts on definition of candidate resource, and resource selection

Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference number of symbols (denoted as L_ref)
· Support the followings
· Alt 1: Support Option 4 only
· Note: the options are as below
· Option 4: The reference number of symbols is determined by (pre-)configuration 
· FFS details, e.g., in TS 38.214 Clause 8.1.3.2, whether L_ref replaces  or sl-LengthSymbols or other usage of L_ref, whether  is determined in the same way as in legacy NR SL, etc.

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, regarding details of mapping between sub-channel and interlace:
· In a resource pool with multiple RB sets, sub-channel with the same index is mapped to K interlace(s) with the same index(s) in different RB sets.
· In a resource pool, support the following
· At least for the agreed case where one SL resource pool can be (pre-)configured to include integer number of RB sets
· Option 2: sub-channel#0 is mapped to K interlace(s) starting from interlace#0
· sub-channel#1 is mapped to K interlace(s) starting from interlace #K, and so on
· At least support that the above K interlace(s) are contiguous
· FFS: whether/how to support the above K interlace(s) are non-contiguous
· FFS: if RAN1 agrees to support that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, the mapping between sub-channel and interlace for this case will be further discussed
· Interlace is indexed as per NR-U

Agreement
When the SL-BWP contains multiple RB sets, study the followings:
· When UE attempts to transmit S-SSB in a S-SSB occasion (e.g., R16/17 S-SSB occasion, R18 additional candidate S-SSB occasion)
· Alt 1: UE may transmit S-SSB repetition in more than one RB set 
· FFS details, e.g., location of such S-SSB repetition(s) (e.g., (pre-)configured and/or pre-defined), whether/how to address potential power reduction and/or potential fluctuation of PSBCH-RSRP
· FFS: the relationship with UE’s COT
· FFS: the scenario that UE may or may not transmit S-SSB repetition in more than one RB set
· Note: whether UE can transmit S-SSBs over non-contiguous RB sets is subject to RAN4’s reply, details can be found in RAN1’s LS to RAN4 in R1-2304218

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.

Conclusion
Regarding additional candidate S-SSB occasions, in the same S-SSB period, UE can attempt to transmit on additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s).

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, support the following:
· Option 1: lowest sub-channel is the sub-channel with smallest sub-channel index

Agreement
Regarding Tx UE behavior, at least when it initiates a COT:
· For the 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT.
· Note: in the same slot, Tx UE can use the 2nd starting symbol only if LBT fails at the 1st starting symbol
· FFS: whether/how to support that for the remaining slots of a COT, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission.
· FFS applicable scenarios
· e.g., at least for MCSt with no greater than 16us gap
· e.g., at least for transmission with no greater than 16us gap from the previous transmission by any UE
· FFS: Rx UE behavior
FFS: COT sharing case


PSFCH
In RAN1#112bis-e meeting it was agreed that additional PSFCH occasions should be introduced to cope with possible LBT failures. The additional occasions are to be (pre-)configured. 
A remaining open issue is 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. 
We note that COT is a dynamic process, which is initiated based on the LBT outcome. Once initiated, a COT may provide relative protection for the shared traffic. Therefore, it is expected that the PSFCH transmissions to be more deterministic during a COT sharing.  Thus, scheduling additional PSFCH occasions in a COT can be done dynamically with more success.  Enabling additional PSFCH occasions can be under the control of the COT initiator and indicated dynamically, or just (pre-)configured as the number of PSFCH occasions for a single transmission for inside a COT and for outside COT. The dynamic indication or a configuration could last for the entire duration of the COT. 
Proposal 1: Support that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions.
An example of such configuration selection, for instance, outside of COT there can a doubling of PSFCH occasions than inside of a COT. To this end, PSFCH periods of 1 slot can be supported outside of COT, and 2 slots inside of COT. The COT initiator may enable a 2-slot period PSFCH occasion, or if not, use the default 1-slot PSFCH occasion period, same as outside of COT.
Each resource pool may have its own PSFCH configuration, where each configuration includes a PSFCH period, RB set, minimum time gap between corresponding PSSCH, etc. 
The PSFCH period indicates the period of PSFCH resources in the unit of slots within the resource pool and may take values of {0,1,2,4} slots. Given that such configuration last relatively long term, some PSFCH occasions may overlap with a COT while some others may be outside COTs. 
When additional PSFCH are supported, two (pre-)configurations may be provided. One default configuration indicates the period of PSFCH resources. A second (pre-)configuration, which adds additional PSFCH occasions may be enabled/disabled dynamically by the COT initiator. For instance, a default configuration may indicate a two slot period, while a second configuration may indicate 4 slot period, which can be enabled dynamically by the COT initiator. Thus, the number of PSFCH occasions are reduced during a COT. 
Another option is to have two default (pre-)configurations, one for shared COT (4 slot period) and one for outside of COT sharing (2 slot period) given that the protection in COT is a little higher for non-interrupted transmissions.  
The unused PSFCH occasions during COT may be used for PSSCH transmission, thus increasing the data throughput.
Proposal 2: The unused additional candidate PSFCH occasion(s) within COT can be used for PSSCH transmissions.
Several possible solutions to satisfy the PSFCH OCB constraints were identified in the RAN1#112bis-e meeting. 
For 60kHz SCS there is no interlace defined. In the RAN1#112 meeting the solution where each PSFCH transmission occupies K dedicated PRB(s) and some common PRBs gained the most support for 60kHz SCS [R1-2301931]. We note that having a dedicated PRB is PSFCH format 0 [TS 38.211]. 
Using two common PRBs at the edges of an RB set would satisfy the OCB requirement. Using more than 2 common PRBs will decrease the power for dedicated PRBs and reduce the transmission range.
Proposal 3: For 60 kHz SCS each PSFCH transmission occupies 1 dedicated PRB and 2 common PRBs, where 2 common PRBs are located at the two edges of an RB set.
Based on RAN1 agreement for 15kHz and 30 kHz SCS the RB-based interlace solution is supported. 
During RAN1#112bis-e Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s), gained the most support. We observe that when K3=1 this option is the closest to the existing SL specs as well to the proposed 60kHz SCS solution, therefore is preferable.
Proposal 4: For PSFCH transmission under 15 kHz and 30 kHz SCS, support Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K dedicated PRBs.

Multi-consecutive slot transmission (MCSt)
As per a RAN1#111 agreement multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
The agreement does specify the definition of multi-consecutive slots transmission, leaving it for the interpretation. There can be at least two scenarios of multi-consecutive slot transmission. In one scenario a single SL UE transmits in consecutive slots, while in a second scenario there are two different SL UEs that transmit in consecutive slots.
The main issue to address is maintaining channel occupancy between two consecutive slots, i.e., during the last guard symbol of the first/previous slot. Without maintaining channel occupancy, FR1 consecutive slot transmissions do not qualify as part of the burst transmission (gaps <16us) and the channel may be highjacked by a different transmission (for instance another RAT).  One way to maintain channel occupancy is to use a cyclic prefix extension (CPE) such that a gap of 16 us between the consecutive slots is maintained.  When a single SL UE transmits in consecutive slots, the guard symbol may be filled in with a symbol repetition, thus achieving the continuity of channel occupancy.
Proposal 5: For MCSt support CPE and symbol repetition for maintaining channel occupancy between consecutive slots.
We note that a MCSt may be part of a COT sharing, therefore when MCSt is initiated, it should end prior to the COT duration expires. This can be done by truncating the transmission to a fewer number of slots, or just canceling the transmission all together.

PSCCH/PSSCH
In RAN1#111 the following agreement narrowed down the design options for AGC symbols for PSCCH/PSSCH transmission.
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
· [bookmark: _Hlk126398343]Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot

For the Tx UE behaviour, Option 2 is the legacy design. If the PSCCH/PSSCH transmission starts it occupies the entire slot and there is not a second AGC symbol. In the Option 1 a second AGC symbol must be transmitted even when the LBT is successful. This would increase overhead (decrease throughput).  Option 1 would be more advantageous when the number of transmissions starting in the second starting symbol is comparable with the number of transmissions starting in the first starting symbol. At this time there are no indications or simulations that show this can be the case. As most PSCCH/PSSCH transmissions will take place during (shared) COT, they will be more protected against LBT failures due to the access rules for unlicensed spectrum.  Thus, it is expected that most of PSCCH/PSSCH transmissions will start in the first starting symbol. Option 3 assumes additional details not yet presented will decide the number of AGC symbols. This option is unclear, and with no arguments for its benefit.  For this reason, Option 2 is preferable. 
[bookmark: _Hlk126397845]Proposal 6: 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, support Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose.
Regarding Rx UE behaviour, the UE may buffer an entire slot and then process it. A first starting symbol always is monitored for AGC purposes. Option B will correspond to Option 1. However, if only a single AGC symbol is transmitted when PSCCH/PSSCH transmission starts from 1st starting symbol, monitoring two AGC symbols is not necessary. We do not see why the AGC monitoring at Rx UE needs to be specified.  Rx UE behaviour will not impact the Tx UE behaviour, and all options A-D allows interoperability between Tx UE and Rx UE, therefore Rx UE behaviour should be left for implementation (Option D), with no spec impact.
Proposal 7: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, a Rx UE does not expect a second AGC symbol when PSCCH/PSSCH transmission starts from 1st starting symbol. It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot (Option D).

Conclusion
Proposal 1: Support that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions.
Proposal 2: The unused additional candidate PSFCH occasion(s) within COT can be used for PSSCH transmissions.
Proposal 3: For 60 kHz SCS each PSFCH transmission occupies 1 dedicated PRB and 2 common PRBs, where 2 common PRBs are located at the two edges of an RB set.
Proposal 4: For PSFCH transmission under 15 kHz and 30 kHz SCS, support Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K dedicated PRBs.
Proposal 5: For MCSt support CPE and symbol repetition for maintaining channel occupancy between consecutive slots.
Proposal 6: 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, support Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose.
Proposal 7: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, a Rx UE does not expect a second AGC symbol when PSCCH/PSSCH transmission starts from 1st starting symbol. It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot (Option D).
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