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In RAN1#114 meeting, for Rel-18 NR sidelink transmission on unlicensed spectrum (SL-U), the relevant physical layer design framework has been extensively discussed including some fundamental issues, e.g., structure for PSCCH/PSSCH/PSFCH, PSSCH frequency domain resource allocation, guard band usage, PSFCH enhancement as well as SSB designs. The reached agreements are listed below. 
Agreement
In “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”, regarding common interlace, index of common interlace is (pre-)configured per resource pool.

Agreement
Regarding PSFCH transmission, 
· For “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”
· Cyclic shift on each of K3 dedicated PRB(s) is the same
· Cyclic shift on each PRB of common interlace is up to UE implementation
· For “Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace”
· Support PRB-level cyclic shift hopping as in NR-U to reduce PAPR

Working Assumption
In “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”, regarding PSSCH-PSFCH mapping, down-select one of followings in RAN1#114:
· Alt 1: Map to a dedicated PRB subset
· Step 1: UE determines the (pre-)configured dedicated PRB set  for current PSFCH occasion
· Step 2: Index  dedicated PRBs, based on PRB index in an interlace first and interlace index second rule
· FFS: whether/how to consider RB set index
· Step 3: After indexing in Step 2, every K3 dedicated PRBs forms a dedicated PRB subset
· Step 4: Legacy PSSCH-PSFCH mapping is reused with changes that each PSCCH/PSSCH candidate is mapped to one or multiple dedicated PRB subset(s) above
· Note: “On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission” as per previous agreement
· FFS: detailed steps to determine PSFCH resources for each PSFCH transmission
· Alt 2: Map to anchor RB, and extend to a dedicated PRB subset
· Step 1: UE determines one anchor PRB for PSFCH transmission as per legacy PSSCH-PSFCH mapping rule 
· The set of anchor PRBs is the set of PRBs indicated as “1” as per (pre-)configured bitmap sl-PSFCH-RB-Set
· Step 2: Assume anchor PRB is in PRB index k, then UE determines K3 dedicated PRB(s) are PRB {k, k+z, …, k+(K3-1)*z}
· z is the number of interlaces, i.e., z=10 for 15kHz, z=5 for 30kHz
· Note: above PRB {k+z, …, k+(K3-1)*z} are subset of PRBs indicated as “0” as per (pre-)configured bitmap sl-PSFCH-RB-Set
· Note: it is up to (pre-)configuration of bitmap to ensure “PSSCH transmissions on non-overlapped resources are mapped to orthogonal dedicated PRBs for PSFCH transmission” as per previous agreement
· Note: UE expects the number of available dedicated PRBs based on (pre-)configured bitmap sl-PSFCH-RB-Set within one interlace is an integer multiple of K3

Agreement
Regarding “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”:
· Support Alt 1 below, further support:
· Legacy PSSCH-PSFCH mapping is reused by replacing “resource pool-level mapping” with “RB set-level mapping”, 
· Note:
· Alt 1: Associated PSFCH occasion(s) are within the RB set(s) occupied by PSSCH transmissions
· Alt 2: PSSCH transmission and its related PSFCH occasion(s) are in the same or different RB set(s) of the same resource pool

Working Assumption
Regarding “UE may transmit S-SSB repetition in more than one RB set”, down-select one of the followings in RAN1#114:
· Alt 1: At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets
· On anchor RB set, there is an offset  to limit the maximum power as below (changes to legacy NR SL is marked in red)
·  [dBm]
· FFS value range of  
· Note: if  is always 0 then the parameter does not need to be defined
· On non-anchor RB set, down-select one of the followings
· Alt 1-1:
· UE first allocates power to S-SSB repetitions on anchor RB set, assume the power of each S-SSB repetition is 
· Then, UE allocates remaining power  equally to other S-SSB repetitions on all other used RB sets subject to DL pathloss, where 
· Alt 1-2: 
· On non-anchor RB set, there is an offset  to limit the maximum power as below (changes to legacy NR SL is marked in red)
·  [dBm]
· FFS value range of  
· Alt 1-3:
· UE first allocates power to anchor RB set, assume the power is 
· Then, UE allocates remaining power  equally to all other used RB sets, where  (with N=1)
· Alt 2: The power for S-SSB transmission on each RB set does not change due to the number of used RB sets
· Alt 2-1: 
· There is an offset  to limit the maximum power as below (changes to legacy NR SL is marked in red)
·  [dBm]
· 
· In above Alts, M is the total number of RB sets within this SL-BWP, N is the number of S-SSB repetitions within one RB set
· Note: the above power for S-SSB transmission refers to power of one S-SSB repetition
· UE at least attempts to transmit on anchor RB set
· Note: anchor RB set refers to the RB set where S-SSB indicated by sl-AbsoluteFrequencySSB-r16 locates

Agreement
· Support PSFCH transmission over contiguous and non-contiguous RB sets
· Support S-SSB transmission over contiguous and non-contiguous RB sets
· Support of PSFCH/S-SSB transmission over contiguous and/or non-contiguous RB sets is subject to UE capability(ies)

Agreement
Regarding “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)” and “For one PSCCH/PSSCH transmission, at least support that its associated candidate PSFCH occasion(s) are in different slots of the same RB set(s)”, support:
· Slot index of 1st PSFCH occasion (denoted as slot k) of a PSCCH/PSSCH transmission is determined in the same way as legacy NR SL
· The nth PSFCH occasion is in slot 
· Alt 1: P is equal to the (pre-)configured PSFCH periodicity, i.e., P is provided by sl-PSFCH-Period
· 
· Within a slot including PSFCH, for each RB set, the (pre-)configured PRBs for PSFCH transmission on this RB set are divided into N different PRB sets (denoted as set#1, set#2, …, set#N), which are associated with N candidate PSFCH occasion(s)
· Within this RB set, for one sub-channel on one slot of PSCCH/PSSCH transmission, its nth PSFCH occasion includes PRBs belonging to above set#n in slot  
· FFS: whether to use 1 or N bitmaps to indicate resource for N candidate PSFCH occasion(s), respectively

Agreement
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding UE behaviour on transmitting PSFCH:
· Support Alt 2 below
· Note:
· Alt 1: For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) due to LBT failure
· Alt 2: For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) (e.g., due to LBT failure, or due to UL/SL prioritization, etc.)
· Alt 3: Do not specify additional UE behavior on transmitting PSFCH due to LBT failure. 

Agreement
Regarding “Option 2 (12): Each R16/R17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion(s) in different time slot(s), and the gap between them is (pre-)configured”, support:
· K is (pre-)configured per SL-BWP from {0, 1, 2, 3, 4}
· Gap_1 is (pre-)configured per SL-BWP from {0, 1, 2, 3, 4, …, 639} slots
· Gap_2 is fixed to Gap_1
· Note:
· Gap_1 is the gap between a R16/R17 NR SL S-SSB slot and its 1st corresponding additional candidate S-SSB occasion
· Gap_2 is the gap between any two adjacent additional candidate S-SSB occasions corresponding to one R16/R17 NR SL S-SSB slot when K>1

Agreement
Regarding “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”, and “Alt 3: the value of gap is (pre-)configured, and the value of N is (pre-)configured”, support:
· Gap is (pre-)configured per RB set from {[0], 1, 2, 3, …, 84} PRBs
· N is (pre-)configured per RB set from {2, 3, 4, 5, …, 9}
· The gap is between the lowest subcarrier of the upper PSBCH and the highest subcarrier of the lower PSBCH

Working assumption
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· The PSCCH modulation symbols are mapped sequentially over the PRBs of a sub-channel, regardless the number of interlace within one sub-channel
· The PSSCH modulation symbols are mapped sequentially over the PRBs among all the allocated PRBs for PSSCH transmission, regardless the number of interlace within one sub-channel and number of allocated sub-channels
Note: this working assumption will be automatically confirmed if no concern is raised before the end of RAN1#114.

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission:
· Alt A: MAC layer indicates both and  to PHY layer, where  is the number of used RB sets for one PSCCH/PSSCH transmission
· Regarding  in TS 38.214 Clause 8.1.4, down-select one of the followings in RAN1#114:
· Sub-Alt 1:  is “the number of sub-channels within each RB set to be used for the PSSCH/PSCCH transmission in a slot”
· Note: 
· Note:  is the number of used sub-channels within each RB set for one PSCCH/PSSCH transmission 
· Resources from the RB set where C-LBT failure was detected are not reported to MAC layer.
· Note: RAN1 assumes “MAC informs PHY of the RB set information where SL C-LBT failure was detected” as per RAN2’s LS in R1-2306174

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, the PSCCH/PSSCH transmission has at least 1 AGC symbol
· Regarding Rx UE behaviour:
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot
· Note: AGC symbol is duplication of next symbol

Agreement
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· For unicast: 
· FFS: Monitor: 
· Rx UE attempts to monitor candidate PSFCH occasion(s) until one PSFCH is detected or all candidate PSFCH occasion(s) are monitored. 
· If one PSFCH is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s).
· Report: 
· If Rx UE receives PSFCH, Rx UE reports same value as a value of HARQ-ACK information that the UE determines from the PSFCH reception to higher layers, otherwise re-ports NACK to higher layer.
· FFS: For groupcast option 1 (NACK only): 
· FFS: Monitor: 
· Rx UE attempts to monitor all candidate PSFCH occasions. 
· If NACK is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s).
· Report: 
· If Rx UE does not detect any PSFCH in all candidate PSFCH occasions, Rx UE reports ACK to higher layers; otherwise, reports NACK to higher layers.
· For groupcast option 2 (ACK/NACK): 
· FFS: Monitor: 
· Rx UE attempts to monitor PSFCH transmission occasions until PSFCH from all transmitters have been detected or all candidate PSFCH occasions are monitored. 
· If Rx UE detects PSFCH from one PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter. 
· Report: 
· If ACK has been detected from at least one PSFCH occasion of each of all expected PSSCH receivers, Rx UE reports ACK to higher layers; otherwise, reports NACK to higher layers.

Agreement
In “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”, regarding mapping between PSSCH and K3 dedicated PRB(s):
· Alt 1: Map to a dedicated PRB subset
· Within one RB set, for mapping between “one sub-channel on one slot” to “PRBs for PSFCH”
· Step 1: For nth PSFCH occasion, UE determines the (pre-)configured dedicated PRB set set#n
· , N refers to “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”
· Step 2: Index dedicated PRBs in set#n, based on PRB index in an interlace first and interlace index second rule
· Step 3: After indexing in Step 2, every K3 dedicated PRBs forms a dedicated PRB subset
· The total number of dedicated PRB subsets is  , and UE expects that  is a multiple of ().
·  is the number of sub-channels within one RB set
·  is the (pre-)configured PSFCH periodicity
· i is RB set index
· Step 4: Legacy PSSCH-PSFCH mapping is reused with changes that “one sub-channel on one slot” is mapped to one or multiple dedicated PRB subset(s) above
· Note: “On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission” as per previous agreement
· Let  denote the number of dedicated PRB subset(s) for “one sub-channel on one slot” on RB set i, i.e., 
· 
· For a PSCCH/PSSCH transmission, UE determines PSFCH resources as below
· For this PSCCH/PSSCH transmission, the total number of PSFCH resources is , where  is the number of (pre-)configured cyclic shift pairs
· if sl-PSFCH-CandidateResourceType is configured as startSubCH,
·  
· 
· and the  dedicated PRB subset(s) are associated with the lowest sub-channel index of lowest RB set of the corresponding PSSCH 
· if sl-PSFCH-CandidateResourceType is configured as allocSubCH,
·  
· X is the total number of all dedicated PRB subset(s) corresponding all allocated sub-channels on all allocated RB sets of the corresponding PSSCH
· and the X dedicated PRB subset(s) are associated with the  sub-channels of the corresponding PSSCH, where  is the total number of all allocated sub-channels on all allocated RB sets of the corresponding PSSCH
· The PSFCH resources are indexed according to dedicated PRB subset(s) first, RB set second, cyclic shift pair index third rule.
· The PSFCH resources are within the RB set(s) of PSCCH/PSSCH transmission
· UE determines an index of a PSFCH resource for a PSFCH transmission with HARQ-ACK information in response to a PSSCH reception as , where  are same as legacy
· UE expects the number of available dedicated PRBs based on (pre-)configured bitmap sl-PSFCH-RB-Set within one interlace within one RB set is an integer multiple of K3

Agreement
Regarding “UE may transmit S-SSB repetition in more than one RB set”:
· At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets
· On anchor RB set, there is a (pre-)configured offset  to limit the maximum power as below (changes to legacy NR SL is marked in red)
·  [dBm], where i is slot index as in legacy
· value range of  is: {10lg(N), [10lg(N)+2, 10lg(N)+4, …],}
· On non-anchor RB set
· UE first allocates power to S-SSB repetitions on anchor RB set, assume the power of each S-SSB repetition is 
· Then, UE allocates remaining power  equally to other S-SSB repetitions on all other used RB sets, where , where  and  are converted to linear unit (i.e, Watt) in this formula
· Note: for both anchor RB set and non-anchor RB set transmission, the same DL pathloss is taken into account
· M is the total number of RB sets within this SL-BWP, N is the number of S-SSB repetitions within the anchor RB set, W is the maximum total number of S-SSB repetitions on RB sets within the SL-BWP
· Note: the above power for S-SSB transmission refers to power of one S-SSB repetition
· UE at least attempts to transmit on anchor RB set
· Note: anchor RB set refers to the RB set where S-SSB indicated by sl-AbsoluteFrequencySSB-r16 locates
· For above Alts,  is determined according to TS 38.101-1 for transmission of all S-SSB repetitions on all used RB sets

Agreement
Regarding “For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, support only option 3” and “Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission”:
· Candidate resource, whose lowest sub-channel includes intra-cell guardband PRBs, is excluded
· Such exclusion is performed in PHY layer, and such candidate resource is excluded in Step 1

Agreement
For contiguous RB-based PSSCH transmission:
· MAC layer indicates only  to PHY layer as in legacy NR SL
·  is “the number of sub-channels within all used RB sets to be used for the PSSCH/PSCCH transmission in a slot”

Working assumption
In “Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace”, regarding mapping between PSSCH and 1 dedicated interlace:
· Alt 2: Map to a dedicated PRB subset interlace
· Within one RB set, for mapping between “one sub-channel on one slot” to “PRBs interlace for PSFCH”
· Step 1: For nth PSFCH occasion, UE determines the (pre-)configured dedicated PRB set interlace set#n using legacy PRB-level bitmap
· , N refers to “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”
· Step 2: Index dedicated PRBs interlace(s) in set#n, based on PRB index in an interlace first and interlace index second rule
· Step 3: After indexing in Step 2, every K3 dedicated PRBs forms a dedicated PRB subset
· The total number of dedicated PRB subsets interlace(s) is  , and UE expects that  is a multiple of ().
·  is the number of sub-channels within one RB set
·  is the (pre-)configured PSFCH periodicity
· i is RB set index
· Step 3: Legacy PSSCH-PSFCH mapping is reused with changes that “one sub-channel on one slot” is mapped to one or multiple dedicated PRB subset interlace(s) above
· Note: “On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission” as per previous agreement
· On the dedicated interlace, multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· Let  denote the number of dedicated PRB subset interlace(s) for “one sub-channel on one slot” on RB set i, i.e., 
· 
· For a PSCCH/PSSCH transmission, UE determines PSFCH resources as below
· For this PSCCH/PSSCH transmission, the total number of PSFCH resources is  , where  is the number of (pre-)configured cyclic shift pairs
· if sl-PSFCH-CandidateResourceType is configured as startSubCH,
·  
· 
· and the  dedicated PRB subset interlace(s) are associated with the lowest sub-channel index of lowest RB set of the corresponding PSSCH 
· if sl-PSFCH-CandidateResourceType is configured as allocSubCH,
·  
· X is the total number of all dedicated PRB subset interlace(s) corresponding all allocated sub-channels on all allocated RB sets of the corresponding PSSCH
· and the X dedicated PRB subset interlace(s) are associated with the  sub-channels of the corresponding PSSCH, where  is the total number of all allocated sub-channels on all allocated RB sets of the corresponding PSSCH
· The PSFCH resources are indexed according to dedicated PRB subset interlace (s) first, RB set second, cyclic shift pair index third rule.
· The PSFCH resources are within the RB set(s) of PSCCH/PSSCH transmission
· UE determines an index of a PSFCH resource for a PSFCH transmission with HARQ-ACK information in response to a PSSCH reception as  ,  where  are same as legacy
· UE expects the number of available dedicated PRBs based on (pre-)configured bitmap sl-PSFCH-RB-Set within one interlace within one RB set is an integer multiple of K3
· UE expects all the PRBs of one interlace within 1 RB set are available for PSFCH transmission


Agreement
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding Rx UE behaviour on receiving PSFCH for a PSCCH/PSSCH transmission, support:
· For unicast: 
· Monitor: 
· Alt 1: Rx UE attempts to monitor all candidate PSFCH occasion(s) 
· If one PSFCH is detected, Rx UE can omit monitoring following candidate PSFCH occasion(s), if any.
· PSFCH prioritization rule is used
· For groupcast option 2 (ACK/NACK): 
· Monitor: 
· Alt 1: Rx UE attempts to monitor all PSFCH transmission occasions. 
· If Rx UE detects PSFCH from a PSFCH transmitter, it can omit PSFCH detection for following PSFCH transmission occasions for this PSFCH transmitter, if any. 
· PSFCH prioritization rule is used

In this contribution, we further elaborate our views on remaining issues on physical layer design framework for sidelink transmission on FR1 unlicensed spectrum.

Discussion
Sidelink BWP and resource pool

Different to Rel-16 NR-U where the minimum resource allocation unit is a interlace, a concept of sub-channel is defined in existing NR sidelink as the minimum resource allocation unit, where a subchannel comprises of multiple contiguous PRBs. Sidelink transmission/reception happens in a resource pool which can be configured with ‘M’ sub-channels with each subchannel including ‘N’ contiguous PRBs. The possible sub-channel size can be configured within the set of {n10, n12, n15, n20, n25, n50, n75, n100}. A resource pool for sidelink does not span across entire sidelink carrier or LBT sub-band. Furthermore, each sub-channel is a self-contained structure containing PSCCH, PSSCH and PSFCH resources. 
· PSCCH is located in the lowest interlace of a sub-channel.  From Table 1, number of subchannels in a resource pool of 20MHz of bandwidth and number of remaining PRBs that may not meet the subchannel size are shown. Since the granularity of PSCCH/PSSCH scheduling is one subchannel size then we cannot ignore smaller subchannel size and RAN1 needs to discuss how to treat these remaining PRBs in an RB Set for PSCCH/PSSCH interlacing. 

Table 1 Sidelink resource pool structure with 20MHz BW (106 RBs@15KHz SCS)
	Subchannel size (PRBs)
	No of sub-channels in a resource pool with 20MHz BW (106PRBs @15KHz SCS) 
	Remaining PRBs (less than the subchannel size)  

	10
	10
	6

	12
	8
	10

	15
	6
	1

	20
	5
	6

	25
	4
	6

	50
	2
	6

	75
	1
	31

	100
	1
	6



In addition, there are multiple numerologies defined for NR including 15, 30, 60 kHz for FR1. Rel-16 NR-U has agreed the number of interlaces is determined according to the subcarrier spacing, i.e., 10 interlaces with 10 or 11 PRBs per interlace for 15 kHz subcarrier spacing and 5 interlaces with 10 or 11 PRBs per interlace for 30kHz subcarrier spacing. For 60 kHz subcarrier spacing, it is not specified in Rel-16 NR-U for interlace-based structure. 

Table 2 Max transmission bandwidth configuration NRB for FR1 (450 – 7125 MHz)
[image: ]

For the combination of 20MHz bandwidth and 60 kHz subcarrier spacing, candidate PRB-based interlace designs are listed in Table 3, wherein M is the number of interlaces and N is the number of PRBs per interlace. Generally, the combination of 4 interlaces and 6 PRBs per interlace can’t meet the regulation requirement of at least 80% occupancy ratio. The combination of 3 interlaces and 8 PRBs per interlace can nearly meet the occupancy ratio requirement. Instead, the combination of 2 interlaces and 12 PRBs per interlace can obviously meet the requirement. 

Table 3 Candidate interlace structure for 20MHz bandwidth and 60 kHz SCS
	SCS
	Candidate design
	Occupied channel bandwidth per interlace

	Percentage of occupied channel bandwidth per interlace over declared channel bandwidth

	60 kHz (total 24 PRBs)
	M = 4, N = 6	
	15.12MHz (21 PRBs) 
	75.6%

	
	M = 3, N = 8
	15.84MHz (22 PRBs)
	79.2%

	
	M = 2, N = 12
	16.56MHz (23 PRBs) 
	82.8%



Hence, for FR1 unlicensed spectrum, all the subcarrier spacings can be supported, i.e., 10 interlaces for 15kHz subcarrier spacing, 5 interlaces for 30kHz subcarrier spacing and 2 interlaces for 60kHz subcarrier spacing. 
The interlacing RB based structure for PSFCH interlace is agreed in the previous meeting for 15kHz and 30kHz SCS, the interlacing structure for PSFCH need not be the same as that of the corresponding PSCCH/PSSCH interlacing. The PSFCH interlacing can contain a greater number of interlaces compared to the PSCCH/PSSCH interlace in a resource pool to provide tradeoffs between the common interlace and dedicated interlace and to optimally use the interlaces to meet the OCB requirement. Considering that, then L PSFCH interlace can be equal to one PSCCH/PSSCH subchannel and L PSFCH interlace can be equal to one PSCCH/PSSCH interlace. After finalizing the PSFCH interlace design, then RAN1 needs to discuss how to configure common interlace and dedicated interlace for PSFCH and the placement of common interlace within an RB set and the content to be transmitted on the common interlace considering all cast type’s HARQ feedback options. 
Since the interlace design is already agreed for PSFCH design, then the interlace based RB transmission for PSFCH configuration contains both common and the dedicated interlace, which is provided by Alt-1. 
Based on above analysis, we have below proposals:
[bookmark: _Hlk127547088]Proposal 1: 2 RB-based interlaces are specified for subcarrier spacing of 60kHz for sidelink transmission in FR1 unlicensed spectrum. 
Resource pool configuration is usually up to RAN2 to decide and traditionally multiple resource pool considering different priority levels are supported and the selection of resource pool by MAC is according to the priority of the packet to be transmitted and the channel busy ratio. Although a resource pool configuration containing one or more RB sets were agreed at the previous meetings, a resource pool with subset of an RB set is for further study. In our understanding, multiple resource pools within an RB set is not precluded and hence there is no restriction on (pre-)configuring multiple resource pools within an RB set. RAN1 may further study on how to configure multiple resource pool in an RB set considering interlacing RB structure to meet the OCB requirement. 
[bookmark: _Hlk127547101]Proposal 2: Support configuring multiple resource pools within an RB set configured with interlaced RB-based structure.

Slot structure

When unlicensed spectrum is used for sidelink transmission, needless to say, the channel access procedure, also named LBT, is required before any sidelink transmission. Different to SCI decoding-based sensing mechanism, LBT procedure is performed based on energy detection in each sensing slot. In detail, if the detected energy on one channel in one sensing slot is lower than the energy detection threshold, then the channel is deemed as empty or clear or available in that sensing slot; otherwise, the channel is deemed as occupied or non-available in that sensing slot. 
For unlicensed spectrum, by performing channel access Type 1, a UE can obtain a channel occupancy (CO) and occupy the channel till the maximum channel occupancy time (MCOT). According to Table 4.2.1-1 in TS37.213, the MCOT is related to channel access priority class (CAPC) value. Consequently, when a UE performs a successful channel access Type 1, the UE can occupy the channel with maximum 2ms, 4ms, 6ms or 10ms, depending on the corresponding CAPC value which is determined based on the traffic priority. The higher the CAPC value, the longer the MCOT on the unlicensed spectrum. As shown in Table 4.2.1-1 in TS37.213, for CAPC value of 3 or 4, the MCOT can be 10ms, which is equivalent to 10 slots in case of 15kHz subcarrier spacing, 20 slots in case of 30kHz subcarrier spacing, 40 slots in case of 60kHz subcarrier spacing.
To avoid any risk of losing the channel, similar to DL burst and UL burst in TS37.213, a sidelink burst can be defined as a set of transmissions from a UE without any gaps greater than 16us. Multiple consecutive slots can be included in the sidelink burst. Each PSCCH/PSSCH starts from symbol 0 of a slot to avoid complicated designs at both Tx UE side and Rx UE side. One example is shown in Figure 1, where a UE initiates a COT via LBT Cat.4 using CAPC 2, then it can contiguously transmit 4 PSCCH/PSSCHs in the four consecutive slots without sensing. So the sidelink burst can include the four slots from symbol 0 of slot n to symbol 9 of slot n+3.
[image: ]
Figure 1 Burst based transmission for sidelink

When unlicensed spectrum is used for sidelink transmission, the channel access procedure is required before any sidelink transmission. It does make sense that a Tx UE initiated COT can be shared to one or more Rx UEs when the requirements of COT sharing is satisfied. One example is shown in Figure 2. After initiating a COT by performing Type 1 channel access procedure, Tx UE, named UE1 for simplicity, performs contiguous sidelink transmissions without any gap larger than 16us in time domain, and then can share some slots within the COT to Rx UE (e.g., UE2) for transmitting PSCCH and associated PSSCH. There are one or more symbols which may be used as gap between two consecutive PSSCHs. If HARQ-ACK feedback is enabled, then PSFCH transmission occasions should be contained within the COT with at least one symbol as gap before or after each PSFCH transmission. Therefore, the structure of the COT is needed for a Rx UE which intends to share the COT for transmitting PSCCH/PSSCH and/or PSFCH. The COT structure should contain the remaining channel duration in terms of number of slots, CAPC or logical channel priority value as indicated by higher layer, over-riding configuration to over-ride the gap symbol, AGC symbol and PSFCH symbol configured as part of the resource pool to perform PSSCH burst transmission, a dedicated configuration provides the placement location for gap symbol and CP-Ext symbol within the COT needed for COT sharing purpose. The COT structure can also provide the dedicated PSFCH symbol placement in a within a COT. The COT sharing indicator can also be transmitted with the COT structure signaling. The Rx UE determines the reference starting slot depending on the slot where the COT structure signaling is successfully received, which is needed to execute the placement of dedicated symbols, over-riding symbols and to calculate the remaining COT duration for the COT sharing purpose.
[image: ]
Figure 2 UE-to-UE COT sharing for sidelink transmission

Based on above analysis, we have below proposals:
[bookmark: _Hlk127547153]Proposal 3: PSCCH/PSSCH is transmitted only from symbol 0 of each of the remaining slots of COT other than initial slot.

PSSCH frequency resource allocation
As specified in Rel-16 NR-U, for 15kHz SCS where total 10 interlaces are supported, RIV based indication is used for indicating the first assigned interlace index and the number of contiguous interlace indices with some remaining RIV values are used to indicate predefined non-contiguous interlace combinations for power boosting (as shown in Table 6.1.2.2.3-1 in TS38.214); for 30kHz SCS where total 5 interlaces are supported, bitmap based indication is used for indicating the assigned interlaces. For RB set indication, RIV based indication is used to indicate the first assigned RB set index and the number of contiguous RB set indices.
[bookmark: _Hlk134641652]For Rel-18 SL-U, same frequency allocation scheme can be reuse, i.e., RIV can be used as well for 10 subchannel case (e.g., 15kHz SCS, 1 interlace per subchannel), while bitmap-based indication can be used for 5 subchannel case (e.g., 15kHz SCS, 2 interlaces per subchannel, 30kHz SCS). For 10 subchannel case, remaining RIV values can be used to indicate predefined non-contiguous subchannel combinations like Table 6.1.2.2.3-1.

Table 6.1.2.2.3-1: m0  and  for .
	
	m0
	


	0
	0
	{0, 5}

	1
	0
	{0, 1, 5, 6}

	2
	1
	{0, 5}

	3
	1
	{0, 1, 2, 3, 5, 6, 7, 8}

	4
	2
	{0, 5}

	5
	2
	{0, 1, 2, 5, 6, 7}

	6
	3
	{0, 5}

	7
	4
	{0, 5}



Proposal 4: Non-contiguous interlace allocations are supported and indicated by spare code points of FRIV field.

PSFCH and HARQ
Multiple PSFCH transmission occasions 
In Rel-16/17 sidelink transmission, a UE can be provided, by sl-PSFCH-Period, a number of slots in a resource pool for a period of PSFCH transmission occasion resources. If the number is zero, PSFCH transmissions from the UE in the resource pool are disabled. 
A UE expects that a slot  ) has a PSFCH transmission occasion resource if , where  is defined in [6, TS 38.214], and  is a number of slots that belong to the resource pool within 10240 msec according to [6, TS 38.214], and  is provided by sl-PSFCH-Period.
If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated SCI format 2-A or a SCI format 2-B has value 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH transmission in the resource pool. The 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. 
For Rel-18 sidelink transmission on unlicensed spectrum, by performing channel access Type 1, a UE can obtain a channel occupancy (CO) and occupy the channel till the maximum channel occupancy time (MCOT), e.g., occupy maximum several or tens of slots, depending on the corresponding CAPC value and subcarrier spacing. 
If legacy periodic PSFCH configuration is used for unlicensed spectrum, when a UE initiates a COT by performing Type-1 channel access procedure, the COT may be frequently interrupted by the periodic PFSCH occasion. This is especially true since the PSFCH period is relatively small, i.e., 1, 2 or 4 slots. One example is shown in Figure 3 with max 4 slots as one PSFCH periodicity. When the COT has a duration of more than 4 slots, like COT 3, it will be interrupted twice. This interruption brings below drawbacks:
(1) The Tx UE’s sidelink transmissions can’t be contiguously transmitted in time domain because the Tx UE needs to monitor the channel continuously and perform channel access type 2 before it resumes its sidelink transmission.
(2) Tx UE is quite likely to lose the channel. When the gap is larger than 16us, then there is risk of losing the channel. When the COT is interrupted by one PSFCH occasion and there is no any PSFCH transmitted during the occasion due to NACK-only based feedback or disabled HARQ-ACK feedback, considering one PSFCH occasion occupies 4 consecutive symbols about 280us, the probability of losing the channel is quite high.

[image: ]
Figure 3 Periodic PSFCH configuration

In RAN1#113 meeting, there is one FFS how to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions and COT initiating UE determines neither itself nor responding UE intends to transmit PSFCH on the PSFCH occasions. 
	Agreement
When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, select one or more of the followings:
· Option 1: COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s)
· FFS details, e.g., how PSSCH Rx UE knows such transmission, etc.
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· FFS details, e.g., signaling design, etc.
· Option 3: no optimization for this case




As analyzed above, the probability of losing the channel is quite high considering one PSFCH occasion occupies 4 consecutive symbols about 280us. To avoid the COT losing, the straightforward way is to perform contiguously transmission in the periodic PSFCH occasion if the COT initiator UE determines there is no PSFCH to be transmitted or received by itself based on HARQ-ACK feedback enabling/disabling and UE processing delay requirements, e.g., PSFCH occasion in slot 8 of COT 2 shown in Figure 5 can’t be used for transmitting or receiving PSFCH from COT initiator UE’s perspective. In that sense, the COT initiator UE shall contiguously transmit the ongoing PSSCH until the end of the slot for occupying the whole PSFCH occasion including the gap before and after the PSFCH occasion, or transmit a PSFCH-like signal from symbol 10 to symbol 13 for occupying the four symbols. Considering transmitting a PSFCH-like signal can’t have any benefit other than occupying the channel, it is better to repeat the last several symbols of the ongoing PSSCH on the PSFCH occasion so that it can not only occupy the channel but also enhance the reliability of the ongoing PSSCH.
Based on above analysis, we have below proposals:
Proposal 5: COT initiator UE continues the ongoing PSSCH transmissions in a PSFCH occasion if this PSFCH occasion is within its COT and the COT initiator UE determines there is no PSFCH to be transmitted or received by itself.

On the other hand, considering simultaneous PSFCH transmissions/receptions may be overlapped in time for a Rx UE, the Rx UE shall determine whether to transmit or receive PSFCHs by comparing the smallest priority field value among the corresponding PSFCH transmissions and the smallest priority field value among the corresponding PSFCH receptions. If the Rx UE determines to transmit PSFCHs, the UE transmits  PSFCHs corresponding to the smallest  priority field values indicated in all SCI formats 1-A associated with the PSFCH transmission occasion, wherein  is the number of PSFCH transmissions determined based on the Rx UE capability and UE transmit power. In that sense, some PSFCHs with higher priority field values indicated in the corresponding SCI formats 1-A may be dropped if the number of intended PSFCH transmissions is larger than the value of .
According to the latest RAN1 agreement, one sidelink HARQ-ACK feedback can have up to 4 PSFCH transmission occasions. Considering multiple PSSCHs may carry one TB and each PSSCH has its respective PSFCH transmission occasion, i.e., the TB may have up to 12 PSFCH transmission occasions in case 3 PSSCHs carry a same TB and each PSSCH has 4 candidate PSFCH occasions. One example is shown in Figure 4. Hence, when the Rx UE intends to transmit multiple PSFCHs in one PSFCH transmission occasion, it is not necessary to transmit more than one PSFCHs corresponding to a same TB. It is sufficient to transmit a single PSFCH for a single TB in one PSFCH occasion. It is worth noting that other PSFCHs for different TBs may have opportunity to be transmitted in the PSFCH occasion if the Rx UE only transmit a single PSFCH for each TB in the same PSFCH occasion.
Hence, before transmitting the PSFCHs, the Rx UE should firstly determine whether there are multiple PSFCHs targeting for a same TB, then determines to transmit a single PSFCH and drop other PSFCHs among the multiple PSFCHs for a same TB if any. In that sense, more PSFCHs for different TBs can be transmitted in one PSFCH occasion.

[image: ]
Figure 4: Multiple PSFCHs for a same TB

Proposal 6: For one PSFCH transmission occasion, Rx UE firstly determines whether there are multiple PSFCHs targeting for a same TB, then transmits a single PSFCH and drops other PSFCHs among the multiple PSFCHs for a same TB if any.

According to the latest RAN1 agreement, one sidelink HARQ-ACK feedback can have up to 4 PSFCH transmission occasions on unlicensed carrier. For resource allocation Mode 1, it is not clear whether there are up to 4 PUCCH transmission occasions on licensed carrier with one PUCCH corresponding to one PSFCH. If there is only one PUCCH transmission occasion for the multiple scheduled PSSCH transmissions, then this PUCCH is to be transmitted after the last PSFCH candidate transmission occasion of the last PSFCH of the multiple PSFCHs corresponding to the multiple scheduled PSSCH transmissions. In that sense, the RTT delay is a bit large and the Tx UE may wait a long time to transmit the HARQ-ACK information bit to gNB especially when the Tx UE transmits NACK to gNB for requesting retransmission resource. As a result, it is needed to have multiple PUCCH transmission occasions on licensed carrier corresponding to the multiple candidate PSFCH occasions for one PSCCH/PSSCH transmission.
Proposal 7: Multiple PUCCH transmission occasions are supported corresponding to the multiple candidate PSFCH occasions for one PSCCH/PSSCH transmission.

PSFCH structure
It may need to be further studied whether the definition of the existing PSFCH transmission capability psfch-TxNumber is in any way affected by the transmission of common PRBs. It should also be avoided that a UE is required to transmit on more than 2 common PRBs in an RB set, e.g. for the case that multiple RPs are in the same RB set.
[bookmark: _Hlk127547212]Observation 1: Further study may be needed whether the definition of the existing PSFCH transmission capability psfch-TxNumber is affected by the transmission of common PRBs. It should also be avoided that a UE is required to transmit on more than 2 common PRBs in an RB set, e.g. for the case that multiple RPs are in the same RB set.
Power on common PRB for PSFCH with structure Alt 1-1b
PSFCH with structure Alt 1-1b may have IBE issue since the common interlace is shared by all the Ues. One solution is to introduce the guardband PRB(s) between common PRB and dedicate PRB, however, it will reduce the number of dedicated PRBs. Common interlace/PRBs is introduced to meet the OCB requirement, to reduce the IBE issue we could limit the transmitting power of common interlace, for example, two sets of maximum transmitting power could be (pre-)configured. One is for the power control of common interlace, and the other one is for the power control of dedicated PRBs. With suitable (pre-)configuration the total power on common interlace may have no or marginal IBE issue to the dedicated PRBs. Another way is to (pre-)configure a power offset between the transmitting power of dedicated PRBs and PRBs within the common interlace.
Proposal 8: To reduce the IBE issue of PSFCH with structure Alt 1-1b, the transmitting power of common PRBs could be reduced, e.g., (pre-)configuration provides two sets of maximum transmitting power respectively  for common PRBs and dedicated PRBs or (pre-)configuration provides a power offset between transmitting power of common PRBs and dedicated PRBs.

Capacity of PSFCH with structure Alt2-3a
PSFCH with structure Alt 2-3a has capacity issue to support groupcast option 2, it will reduce the PSFCH capacity about 10 times compared to legacy sidelink PSFCH. To better support groupcast option 2 following options could be considered:
Option 1: The PSFCH structure with Alt 1-1b and Alt 2-3a is configured per resource pool. At least one resource pool shall be configured with PSFCH of structure Alt 1-1b, during the resource pool selection procedure only the resource pools configured with PSFCH of structure Alt 1-1b could be selected for groupcast option 2 or the UE could select one resource pool with PSFCH of structure Alt 2-3a only when the group size is not greater than the candidate PSFCH resources associated to the sidelink grant.
Option 2: If the UE selects a resource pool configured with PSFCH with structure Alt 2-3a for groupcast option 2, the higher layer selects the number of subchannels shall consider the number of candidate PSFCH resources since the number of candidate PSFCH resource is associated to the number of subchannels for the groupcast transmission.
Option 3: FD-OCC could be applied within each interlace to increase the capacity.
Option 4: Long sequence for each PSFCH, for example, length of 24 or 36 sequence could be mapped to more than 1 RB within each interlace.
Proposal 9: The capacity issue of PSFCH with structure Alt 2-3a for groupcast option 2 shall be addressed, e.g.,
· At least one resource pool shall be configured with PSFCH of structure Alt 1-1b, and the UE could only select the resource pool configured with structure Alt 1-1b for groupcast option 2
· The higher layer of the UE selects the number of subchannels for groupcast option 2 with the consideration of the group size and the number of candidate PSFCH resources associated to the sidelink grant
· FD-OCC could be applied within each interlace, or long sequence could be mapped to more than 1 RB within each interlace.

PSFCH transmissions
Relationship between LBT and multiple PSFCH transmissions/reception
In legacy sidelink system on licensed spectrum the maximum number of PSFCH transmission in one PSFCH transmission occasion is determined by the UE capability, and the UE selects the simultaneous PSFCH transmissions according to the priority field value. Due to the half-duplex if the UE would like to perform PSFCH transmission and PSFCH reception at the same time, the UE determines to transmit or receive the PSFCHs according to the highest priority in two sets of PSFCHs. However for SL-U the UE needs to perform LBT before the PSFCH transmissions, the relationship between LBT procedure and PSFCH TX/RX determination or selection of simultaneous PSFCH transmissions shall be specified. Two options could be considered:
Option 1: LBT is performed after the PSFCH TX/RX determination and selection of simultaneous PSFCH transmissions. In this option the UE firstly determines the transmission or reception status of PSFCHs, and if the UE determines to transmit PSFCHs, the UE may further select a set of simultaneous PSFCH transmissions. Before the PSFCH transmissions the UE needs to perform LBT, however the UE may fail to access the channel due to LBT failure and cannot transmit some PSFCH with higher priority, and the worst case is that UE fails to access all the channels associated to its selected simultaneous PSFCH transmissions, however the UE successes to access the other channels without any selected simultaneous PSFCH transmissions.
Option 2: LBT is performed before the PSFCH TX/RX determination and selection of simultaneous PSFCH transmissions. In this option if the UE would perform PSFCH transmission and PSFCH reception in one occasion, the UE firstly performs LBT procedure on the RB set(s) on which it has PSFCH transmissions, then the UE determines its transmission or reception status of PSFCHs based on the LBT result, for example, the UE only considers the highest priority among the PSFCHs with successful LBT to determine the TX/RX of PSFCH. If the UE determines to perform PSFCH transmissions the UE selects simultaneous PSFCH transmissions from the PSFCHs with successful LBT procedure.
Proposal 10: LBT is performed before the PSFCH TX/RX determination and selection of simultaneous PSFCH transmissions. The UE determines the transmission or reception of PSFCH according to the LBT result, and the UE selects simultaneous PSFCH transmissions only from the PSFCHs with successful LBT procedure.

In legacy sidelink the PSFCH is for sidelink HARQ feedback, however in SL-U beside the sidelink HARQ feedback the transmission or reception of PSFCH also have other purposes. For example, the PSFCH transmission could maintain a shared COT, and the PSFCH reception could be used for contention window adjustment. In legacy sidelink system the determination of PSFCH TX/RX is only based on the priority, and the selection of simultaneous PSFCH transmissions is also based on the priority. Considering the other purposes of PSFCH transmission/reception, new rules on the PSFCH transmission/reception and selection of simultaneous PSFCH transmissions shall be considered. For example, when the UE determines to transmit or receive PSFCHs in one occasion, if at least one PSFCH transmission is for COT maintenance the UE shall transmit PSFCHs in the occasion regardless the priority of the PSFCHs it would receive. During the selection of simultaneous PSFCH transmissions some PSFCHs may only for HARQ feedback and the other PSFCHs may be for both HARQ feedback and COT maintenance, the second type of PSFCHs shall be prioritized to the first type of PSFCHs.
Proposal 11: In SL-U besides sidelink HARQ feedback the PSFCH transmission/reception may have other purposes, e.g., COT maintenance, contention window adjustment. New rules on the determination of transmission or reception of PSFCHs and selection of simultaneous PSFCH transmissions shall be specified, for example,
· PSFCH transmission for both COT maintenance and HARQ feedback is prioritized to the PSFCH transmission only for HARQ feedback.
· PSFCH reception for both contention window adjustment is prioritized to the PSFCH reception only for HARQ feedback, and may be also prioritized to other PSFCH transmissions 
Common interlace/common PRBs dropping
In Alt 1-1b there are some common resources, e.g., common interlace, the common resources are used to meet the OCB requirement, if only one PSFCH is transmitted by the UE the transmission of common resources is necessary to meet the OCB requirement, however in sidelink one UE may need to transmit multiple PSFCHs in one PSFCH transmission occasion, if the transmissions of multiple PSFCHs could meet the OCB requirement themselves, the transmission on common resources is not necessary. The drawback of the transmission of common resources will limit the PSFCH coverage and cause IBE. So the UE could drop the transmission on the common resources if the transmissions of multiple PSFCHs could meet the OCB requirement themselves. Two approaches could be considered to drop the common resources, the first one is that UE performs multiple PSFCHs selection as legacy mechanism., based on the priority order, if the transmissions of selected PSFCHs could meet the OCB requirement the UE drops the transmission of common interlace/common PRB(s). The second approach is that the UE could firstly to select the PSFCHs to meet the OCB requirement.
Proposal 12: The UE could drop the transmission of common interlace/common PRBs if the transmission of multiple PSFCHs could meet the OCB requirement.

PSD requirement for multiple PSFCH transmissions
In the agreements for PSFCH with structure Alt 1-1b when a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB subject to meeting OCB requirements. When multiple PSFCHs will be transmitted by one UE some dedicated PRBs could be also located within the same 1MHz bandwidth, and the PSD requirement will limit the transmitting power of dedicated PRBs. To reduce the limitation of the transmitting power due to PSD requirement, when K3 is >1 one or more dedicated PRBs of one PSFCH with lower priority could be also dropped when they are within the same 1MHz bandwidth with the dedicated PRBs of the other PSFCH with higher priority. The number of the dedicated PRBs within one PSFCH could be dropped may depend on the measured SL-RSRP of the PSSCH/PSCCH associated with this PSFCH.
Proposal 13: For PSFCH with structure Alt 1-1b, the UE could drop the transmission of one or more dedicated PRBs of a PSFCH with lower priority when they locate within the same 1MHz bandwidth with the dedicated PRBs of the other PSFCH with higher priority.

S-SSB and synchronization design

Issue 1. On S-SSB Transmission 
Regarding S-SSB transmission, it has been agreed in previous to 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. The value range of associated parameters, i.e., gap and N, have also been determined. To determine the location of all reptations within an RB set, the staring position of the first repetition of S-SSB within an RB set is also needed. To this end, we propose to add a new parameter of starting position of the first repetition of S-SSB (e.g., denoted by StartPosition) within an RB set. The parameter is defined in units of PRBs and (pre-)configured per RB set.

Proposal 14: For S-SSB transmission within one RB set, a parameter indicating the starting position (StartPosition) of the first repetition of S-SSB within one RB set.
Proposal 15:  The parameter of StartPositioin can be defined in units of PRBs and (pre-)configured per RB set.

Congestion control mechanism
Congestion control mechanism was introduced in Rel-14 LTE-V2X and Rel-16/17 NR sidelink. The motivation of congestion control is that UE can adjust its transmission power and resource based on its own CBR measurement. In detailed, in mode 1, the network can adjust the resource configuration appropriately based on reported CBR from measurement UE. In mode 2, UE can autonomously adjust its own transmission parameters based on congestion control mechanism which is a function of CBR measurement. For SL-U, the resource pool may be not only used by 3GPP device, but the resource also can be obtained by other RAT, e.g., Wi-Fi system, based on channel access result. In this way, congestion control mechanism should be further supported to optimize in high traffic load for 3GPP system, and to study the potential measurement impact caused by the other RAT’s transmission.
[bookmark: _Hlk127547424]Proposal 16: To support congestion control mechanism for SL-U.

Conclusion
In this contribution, we focus on the physical layer framework for sidelink transmission on FR1 unlicensed spectrum and have below observations and proposals:
Observation 1: Further study may be needed whether the definition of the existing PSFCH transmission capability psfch-TxNumber is affected by the transmission of common PRBs. It should also be avoided that a UE is required to transmit on more than 2 common PRBs in an RB set, e.g. for the case that multiple RPs are in the same RB set.
Proposal 1: 2 RB-based interlaces are specified for subcarrier spacing of 60kHz for sidelink transmission in FR1 unlicensed spectrum. 
Proposal 2: Support configuring multiple resource pools within an RB set configured with interlaced RB-based structure.
Proposal 3: PSCCH/PSSCH is transmitted only from symbol 0 of each of the remaining slots of COT other than initial slot.
Proposal 4: Non-contiguous interlace allocations are supported and indicated by spare code points of FRIV field.
Proposal 5: COT initiator UE continues the ongoing PSSCH transmissions in a PSFCH occasion if this PSFCH occasion is within its COT and the COT initiator UE determines there is no PSFCH to be transmitted or received by itself.
Proposal 6: For one PSFCH transmission occasion, Rx UE firstly determines whether there are multiple PSFCHs targeting for a same TB, then transmits a single PSFCH and drops other PSFCHs among the multiple PSFCHs for a same TB if any.
Proposal 7: Multiple PUCCH transmission occasions are supported corresponding to the multiple candidate PSFCH occasions for one PSCCH/PSSCH transmission.
Proposal 8: To reduce the IBE issue of PSFCH with structure Alt 1-1b, the transmitting power of common PRBs could be reduced, e.g., (pre-)configuration provides two sets of maximum transmitting power respectively  for common PRBs and dedicated PRBs or (pre-)configuration provides a power offset between transmitting power of common PRBs and dedicated PRBs.
Proposal 9: The capacity issue of PSFCH with structure Alt 2-3a for groupcast option 2 shall be addressed, e.g.,
· At least one resource pool shall be configured with PSFCH of structure Alt 1-1b, and the UE could only select the resource pool configured with structure Alt 1-1b for groupcast option 2
· The higher layer of the UE selects the number of subchannels for groupcast option 2 with the consideration of the group size and the number of candidate PSFCH resources associated to the sidelink grant
· FD-OCC could be applied within each interlace, or long sequence could be mapped to more than 1 RB within each interlace.
Proposal 10: LBT is performed before the PSFCH TX/RX determination and selection of simultaneous PSFCH transmissions. The UE determines the transmission or reception of PSFCH according to the LBT result, and the UE selects simultaneous PSFCH transmissions only from the PSFCHs with successful LBT procedure.
Proposal 11: In SL-U besides sidelink HARQ feedback the PSFCH transmission/reception may have other purposes, e.g., COT maintenance, contention window adjustment. New rules on the determination of transmission or reception of PSFCHs and selection of simultaneous PSFCH transmissions shall be specified, for example,
· PSFCH transmission for both COT maintenance and HARQ feedback is prioritized to the PSFCH transmission only for HARQ feedback.
· PSFCH reception for both contention window adjustment is prioritized to the PSFCH reception only for HARQ feedback, and may be also prioritized to other PSFCH transmissions 
Proposal 12: The UE could drop the transmission of common interlace/common PRBs if the transmission of multiple PSFCHs could meet the OCB requirement.
Proposal 13: For PSFCH with structure Alt 1-1b, the UE could drop the transmission of one or more dedicated PRBs of a PSFCH with lower priority when they locate within the same 1MHz bandwidth with the dedicated PRBs of the other PSFCH with higher priority.
Proposal 14: For S-SSB transmission within one RB set, a parameter indicating the starting position (StartPosition) of the first repetition of S-SSB within one RB set.
Proposal 15:  The parameter of StartPositioin can be defined in units of PRBs and (pre-)configured per RB set.
Proposal 16: To support congestion control mechanism for SL-U.
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