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1. Introduction
In RAN1#112-bis meeting, the following agreements were reached for physical channel structure in SL-U [1].
	[bookmark: _Hlk131662770]
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



In this contribution, we continue discussing remaining issues of physical structure and physical procedure. 

2. Discussion
2.1 NR sidelink resource pool configuration in unlicensed channels 
The resource pool configuration in Rel-18 SL can follow the design principle of resource pool configuration in Rel-16 NR V2X. A bitmap with length of 10~160 bits is used for each resource pool to indicate the time domain resources. To avoid non-contiguous time resource of one resource pool, the bitmap can be set to all “1”, which is also supported in legacy mechanism and without specification impact. 
Proposal 1: For Rel-18 SL-U, the legacy bitmap configuration of resource pool(s) can be followed to indicate time domain resources
Furthermore, it is beneficial to support FDM multiplexing multiple resource pools within one RB set. In legacy NR SL, multiple transmission pools is supported, including at least one exceptional pool and one normal resource pool. This mechanism should also be applicable and supported in SL-U. 
Observation 1: Multiple transmission resource pools is supported in legacy NR SL and also applicable to SL-U. 
If SL BWP includes one RB set and if FDM resource pool is not supported, multiple resource pools should be TDM multiplexed which will destroy continuous time resource for each resource pool. If FDM multiplexing of resource pools can be supported within one RB set, it will benefit to maintain the continuity in time domain of each resource pool. Furthermore, FDM resource pools is supported for legacy NR SL mechanism, and it should also be supported at least for contiguous RB based mechanism in SL-U. 
Proposal 2: For Rel-18 SL-U, FDM multiplexing of multiple resource pools within one RB set should be supported.

2.2 Physical structure for SL-U
2.2.1 Interlaced RB based structure for PSCCH/PSSCH transmission
In this section, we discuss remaining open issues for interlaced RB based structure for PSCCH/PSSCH.
· Frequency domain resource indication for PSSCH transmission
How to indicate frequency domain resource was discussed in RAN1#112-bis, and the following agreements were reached [1]:
	
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
· [bookmark: _Hlk134437960]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
· [bookmark: _Hlk134434424]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.



There are some remaining FFS to be discussed for resource indication. For the first FFS, we don’t think it is necessary to introduce such enhancement. The fundamental mechanism for SL mode 2 resource allocation is based on sensing and reservation. A UE needs to indicate its reserved resource to assist other UE’s sensing procedure so that the reserved resource can be excluded by other UE to avoid potential collision. If the number of RB set for different transmission occasions is different, it is hardly for the TX UE to indicate the reserved resource, in which case other UE cannot avoid such resource and potential collision cannot be avoided.
Proposal 3: Different number of RB set(s) for different transmissions of a TB of PSSCH is not supported in R18.
For the second FFS, whether bitmap indication can be supported for frequency resource indication, we don’t think it is needed. Bitmap indication for RB set in case of 30kHz SCS is supported in NR-U. While it is not feasible to be applied to SL-U since up to 3 transmission resources need to be indicated in SL-U while only one resource is indicated in NR-U. If bitmap indication is applied for RB set indication similar as NR-U, there should be one bitmap indication for one resource respectively, and up to 3 bitmaps are needed if maximal 3 resources need to be indicated. In that case, payload size using bitmap indication cannot be reduced, and even increased compared to FRIV based resource indication.
Observation 2: Bitmap indication for frequency domain resource will increase payload size of SCI or DCI.
Proposal 4: Bitmap indication for frequency domain resource is not supported in R18.
For the second FFS, whether/how the used interlace(s) can be non-contiguous, we don’t think it is necessary. Non-continuous interlace indication is more suitable for bitmap based indication. As explained in previous paragraph, bitmap indication is not suitable for SL-U. Therefore, non-contiguous interlace is not suitable for SL-U either. Furthermore, if the interlace is non-contiguous, the frequency resource will be fragmented. In NR-U, all transmission resources are controlled by gNB, the fragmented resource is not a serious problem. While for SL-U, especially for mode 2, the fragmented resource is negative for resource sensing and selection procedure, which will degrade system performance. 
Proposal 5:  Non-continuous interlace or non-continuous RB set resource allocation is not supported in R18.
For the third FFS, considering the candidate resource for PSSCH transmission can be within one RB set, or within multiple contiguous RB sets, the candidate single-slot resource needs to be updated accordingly. For example, if the required resource for PSSCH transmission is 2 sub-channels, these 2 sub-channels can be within one RB set, or within 2 RB sets and each RB set includes one sub-channel. That will affect physical layer sensing procedure. In our view, how to determine whether the 2 sub-channels are within one RB set or 2 RB sets can be left to physical layer implementation. When resource selection procedure is triggered by MAC layer, it can indicate the required number of sub-channels (such as 2 sub-channels) to physical layer, which is similar as legacy NR SL procedure. It is up to physical layer to determine whether the candidate single-slot resource is based on 2 sub-channels within one RB set, or 2 sub-channels within 2 contiguous RB sets and each RB set includes one sub-channel. Based on the determined candidate single-slot resource structure, physical layer can perform sensing and resource exclusion to determine candidate resource set S_A and report it to MAC layer. MAC layer can random select one or more resources form S_A for PSSCH transmission. 
Proposal 6: For interlace RB based PSSCH transmission, the following procedure are supported for mode 2 sensing and resource selection procedure:
· When resource selection is triggered in slot n, MAC layer indicates the requirement number of sub-channels () and other necessary parameters to PHY layer
· Based on  , PHY layer performs sensing and determine candidate single-slot resource set S_A
· It is up to PHY layer to determine the candidate single-slot resource structure (i.e., number of RB sets  and number of sub-channels per RB set ) with following restriction: 
· Candidate single-slot resource is characterized by number of RB sets and number of sub-channels per RB set
· PHY layer reports S_A to MAC layer
· MAC layer randomly selects one or more resources from S_A for PSSCH transmissions.
It was agreed to use X bits for indicating sub-channel index(s), and Y bits for indicating RB set index(s), and R16 NR SL FRIV is used as baseline. According to above analysis, the indicated sub-channe/interlace and RB sets should be continuous. Furthermore, considering up to 3 resources need to be indicated, it is preferred to reuse FRIV mechanism in R16 for sub-channel and RB set indication respectively.
· For sub-channel indication FRIV1: 
If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then
 
where
-	 denotes the starting sub-channel index within an RB set for the second resource
-	 denotes the starting sub-channel index within an RB set for the third resource
-	 is the total number of sub-channels in an RB set
-     is the number of sub-channels in an RB set determined by candidate single-slot resource
· For RB set indication FRIV2: 
If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then
 
where
-	 denotes the starting RB set index within a resource pool for the second resource
-	 denotes the starting RB set index within a resource pool for the third resource
-	 is the number of RB set in a resource pool
-     is the number of RB set determined by candidate single-slot resource
Proposal 7: For interlace RB-based PSSCH frequency resource indication
· X bits FRIV1 is used for sub-channel indication:
If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then
 
where
-	 denotes the starting sub-channel index within an RB set for the second resource
-	 denotes the starting sub-channel index within an RB set for the third resource
-	 is the total number of sub-channels in an RB set
-         is the number of sub-channels in an RB set determined by candidate single-slot resource
· Y bits FRIV2 is used for RB set indication:
If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then
 
where
-	 denotes the starting RB set index within a resource pool for the second resource
-	 denotes the starting RB set index within a resource pool for the third resource
-	 is the number of RB set in a resource pool
-         is the number of RB set determined by candidate single-slot resource

· TB size determination
The TB size for initial transmission and re-transmissions should be same. In NR SL, which is based on sub-channel and contiguous PRB, the frequency resource size for different transmissions are same so that the TB size is not variable. While for interlaced RB based SL-U, the frequency resource size for different transmissions can be different because the number of PRBs of interlace can be different. How to determine the TBS for interlace RB-based PSSCH transmission was discussed in RAN1#112-bis meeting and the following agreement were achieved:
	
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




The number of PRBs of guard band can be (pre-)configured which will affect the number of PRBs within an RB set that can be used for PSCCH/PSSCH transmission. If more PRBs are configured as GB, there will be less number of PRB in an RB set available for PSCCH/PSSCH transmission. In that case, it is not accurate to fix N_ref to 10 or 11 (Option A1). On the other hand, the number of PRBs of one interlace within 1 RB set can be semi-static determined based on configuration, and will not dynamically changed. Therefore, dynamically indication N_ref (Option A4) is not preferred. 
[bookmark: _Hlk134515652]In our view, Option A2 or Option A3 are both feasible. For Option A2, the reference number of PRBs of one interlace within 1 RB set (N_ref) can be pre-defined equal to number of PRBs within one RB set divided by number of interlaces. Ceil or floor operation can be additional applied to guarantee the value N_ref is integer. For example, N_ref = ceil (NPRB/Ninterlace) , where NPRB is the number of PRBs within one RB set, Ninterlace is number of interlace. 
Proposal 8: For interlaced RB based PSSCH transmission, N_ref can be pre-defined equal to number of PRBs within one RB set divided by number of interlaces (Option A2)

· Multiplexing of PSCCH and PSSCH
In RAN1#110-bis, the following agreement was reached:
	Agreement
For PSCCH and PSSCH in SL-U:
· PSCCH is transmitted within 1 sub-channel
· At least support Option 1 below
· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH
· Note: the lowest sub-channel may not be entirely contained in the lowest RB set
· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below
· Option 2: PSCCH locates in every RB set of corresponding PSSCH
· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.
· FFS other details



For the first FFS about supporting different bandwidth, in our view, it is hardly to be supported in SL-U. From the first version of SL, the basic assumption is that all UE can support the same bandwidth so that they can communication with each other since only one SL BWP is supported. If different UE can support different bandwidth, that will complex the system design. We don’t prefer to support it in R18 SL-U. We are open to study it in later release.
Proposal 9: UEs supporting different bandwidths is not supported in R18 SL-U.

2.2.2 Contiguous RB based channel structure
Whether and how to use the subchannels including intra-cell guardband PRBs was discussed in RAN1#112-bis and the following agreements were reached.
	
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




One illustration of subchannel including intra-cell guardband PRBs is shown in Figure 1. As shown in the figure, subchannel 3 and subchannel 4 include PRBs of GB. If PSSCH transmission occupies sub-channel 3 only (or sub-channel 4 only), which does not cross multiple RB sets, the PRBs within GB cannot be used for transmission, and only the remaining PRBs within the sub-channel can be used. If the number of the remaining PRBs is less than the number (pre-)configured for PSCCH transmission, such sub-channel cannot be used for PSCCH/PSSCH transmission especially in case that the candidate single-slot resource corresponds to only one sub-channel. While if the remaining PRBs within the sub-channel is larger than or equal to the number required for PSCCH, such sub-channel can be used for PSCCH/PSSCH transmission to improve transmission efficiency.  This principle is also applicable to sub-channel 4. While one difference between sub-channel 3 and sub-channel 4 is that for sub-channel 3, the starting PRBs remained in the sub-channel can be mapped for PSCCH transmission, while for sub-channel 4, the staring PRBs locate in the GB will be excluded and cannot be mapped for PSCCH transmission. If the remaining PRBs of sub-channel 4 is larger than or equal to (pre-)configured number of PRBs for PSCCH transmission, the PSCCH should be mapped starting from the first PRB within RB set 1 and adjacent the last PRB of the GB. 
Proposal 10: For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, if one of the following conditions are satisfied, such sub-channel can be used for PSCCH/PSSCH transmission: 
· The sub-channel(s) are included in a candidate single-slot resource which across multiple RB sets, or
· The sub-channel is included in a candidate single-slot resource which does not across multiple RB sets, and the remaining PRBs of the sub-channel after excluding intra-cell guardband PRBs is larger than or equal to the number of PRBs (pre-)configured for PSCCH transmission




Figure 1

2.2.3 PSFCH 
· PSFCH structure
In RAN1#112-bis meeting, the following agreements for PSFCH structure were achieved.
	
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
· [bookmark: _Hlk134522298]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




Among these alternatives, we think Alt 3-2b is feasible and preferred. For Alt 3-2b, it is a simple structure which requires less specification work. It can reuse legacy HARQ procedure as much as possible. The 2 (i.e., K2=2) common PRBs are configured at edge of RB set which can fulfill OCB requirement, i.e., the gap between these 2 common PRBs is larger than 80% bandwidth of the RB set. Each PSFCH will use these 2 common PRBs and 1 (i.e., K4=1) dedicated PRB for transmission. With proper configuration, the dedicated PRBs for PSFCH and common PRBs will not be within 1MHz bandwidth, so that the PSFCH can use maximum allowed power based on PSD limitation for transmission. The resource mapping between PSSCH and PSFCH can take legacy mechanism as baseline. Furthermore, Alt 3-2b is also applicable to the case of SCS=60kHz, which is discussed in section 2.2.5. Then there will be unified PSFCH structure for 15kHz/30kHz/60kHz SCS for SL-U. One illustration of Alt 3-2b is shown in the Figure 2.
Observation 3: Alt 3-2b has following advantages:
· It requires less specification work 
· It can reuse legacy HARQ procedure as much as possible. 
· There is less impact on PSFCH capacity reduction
· A unified PSFCH structure applicable for 15kHz/30kHz/60kHz SCS cases



Figure 2 Illustration of Alt 3-2b

For Alt 1-1b, each PSFCH will use 1 common interlace and 1 dedicated PRB for transmission. While there are still some potential issues for Alt 1-1b. Firstly, the benefit of using a common interlace to satisfy OCB requirement is unclear, since the requirement can be satisfied with only 2 PRBs at the 2 edges of an RB set. Secondly, compared to Alt 3-2b, more PRBs (including common PRBs and dedicated PRB) are to be transmitted for Alt 1-1b, which will reduce the transmission power per PRB and may degrade the performance of PSFCH. Thirdly, to overcome the PSD limitation, one enhancement is that when a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB. While that is only from one PSFCH transmission point of view. It is possible that a UE needs to transmit multiple PSFCH simultaneously, in which case, dedicated PRB and common PRB corresponding to different PSFCH maybe within 1 MHz. How to handle that case also needs further discussion. Fourthly, when a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB and drop the transmission of associated common PRB, that may result in that the OCB requirement cannot be fulfilled. For example, if the dedicated PRB and first common PRB at one edge of RB set is within 1 MHz, and UE only transmit dedicate PRB and drop the common PRB transmission, then the gap between the dedicated PRB and the last common PRB at another edge of RB set is less than 80% bandwidth which cannot fulfill OCB requirement. 
Observation 4: Alt 1-1b has following potential issues:
· More PRBs associated to one PSFCH will reduce the transmission power per PRB and will degrade PSFCH decoding performance.  
· In case common PRB and dedicated PRB are within 1 MHz, and only dedicated PRB is transmitted, that will result in the OCB requirement is not fulfilled in some cases. 
· How to handle the case if dedicated PRB of one PSFCH and common PRB of another PRB are within 1 MHz is not clear.

For Alt 2-3a , a PSFCH will occupy one interlace which will result in PSFCH capacity issue. One interlace includes 10/11 PRBs, which will reduce the PSFCH capacity about 10 times compared to legacy NR SL PSFCH. It needs lots of specification effort to study how to improve PSFCH capacity. Furthermore, it is not clear whether the enhancements of PSFCH capacity can compensate the capacity loss because of interlace based PSFCH structure. 
Observation 5: Alt 2-3a has PSFCH capacity issue. 
Proposal 11: Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 3-2b is preferred.
· 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=1
· The 2 (K2=2) common PRBs are configured at edge of RB set which can fulfill OCB requirement, i.e., the gap between these 2 common PRBs is larger than 80% bandwidth. 
· The frequency gap between common PRB and candidate dedicate PRB is (pre-)configured to be larger than 1 MHz. 

· Effect of LBT failure on PSFCH transmission
How to address the effect of LBT failure on PSFCH transmission was discussed in RAN1#112-bis and the following agreement were reached.
	
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




It was agreed that N PSFCH transmission occasions are (pre-)configured. One open issue is whether to support dynamically indicate PSFCH transmission occasions. In our view, we don’t think it needs to be supported and we think there are some potential issues for this mechanism. 
· How to avoid PSFCH collision if PSFCH transmission occasions are dynamically indicated is not clear. SL is distributed system, there is no central coordination node in mode 2. If all UEs can dynamically indicate PSFCH transmission occasions, it is hardly to avoid PSFCH collision among UEs.
· If dynamically indication of PSFCH is applied in COT sharing case, there is also potential PSFCH transmission collisions or AGC issue. When COT initiating UE shares a COT to other UEs and dynamically indicates the available PSFCH transmission occasions within the COT, other COT sharing UE can follow the indication. While there are some other UEs which cannot use the shared COT. These UEs can also initiate another COT and share it to other UEs and dynamically indicate PSFCH transmission occasions. It is hardly to coordinate the PSFCH transmission occasions among COT initiating UEs, which will result in PSFCH collision or AGC issue. 
· If multiple resource pools can be FDMed within an RB set, and the PSFCH resources per resource pool can be dynamically indicated, if the PSFCH resources of different resource pool are not time aligned, that will cause AGC issue. 
· It is possible that guard band is not configured between RB sets. In this case, different resource pools can be FDM configured which corresponding to different RB set. If PSFCH transmission occasion is dynamically indicated in one resource pool, but (pre-)configured PSFCH transmission occasion is used in another resource pool, that will cause AGC issue. 
· It has impact on resource selection procedure. In legacy resource selection procedure, UE selects two adjacent resources and the gap between them is larger than z = a+b, which consider the preparation time for PSSCH retransmission and time gap between PSFCH and PSSCH. While if the resource of PSFCH is dynamically indicated, the gap between PSSCH and associated PSFCH is variable and may not be available during resource selection procedure. It is hardly for UE to select resource during resource selection procedure. Or alternatively, if the 2nd selected PSSCH resource is earlier than the dynamically indicated PSFCH resource, it will be waste even it is reserved by the 1st PSSCH transmission.
· More specification work is needed. To dynamically indicate PSFCH resource, the PSFCH resource indication should be carried in SCI, not in MAC CE since PSSCH may not be decoded correctly. Therefore, we need to define new SCI format for PSFCH resource indication which will increase specification workload.
Based on the above analysis, we think dynamically indication of PSFCH transmission occasions is not supported in SL-U. 
Proposal 12: Dynamically indicate PSFCH transmission occasions is not supported in SL-U. 
For (pre-)configured PSFCH transmission occasions, up to N PSFCH transmission occasions can be (pre-)configured. The value of N is up to (pre-)configuration. All of the N PSFCH transmission occasions can be FDM, TDM or TDM+FDM multiplexed. We take N=2 as an example to show the candidate multiplexing schemes. Figure 3 (a) shows the case of FDMed PSFCH transmission occasions. The PSFCH periodicity is 4 slots. The first PSFCH slot is slot 0. For each PSFCH slot, the PRBs of PSFCH are divided into two subsets. For each PSSCH slot, there are 2 PSFCH transmission occasions. For example, for PSSCH transmission in slot 1, its first associated PSFCH transmission occasion is in slot 4 (within red subset), and second PSFCH transmission occasion is in slot 8 (within green subset). For each PSFCH transmission occasion, the determination of PSFCH resource can be based on legacy NR SL mechanism. Figure 3 (b) shows the case of TDMed PSFCH transmission occasions. The PSFCH periodicity is 4 slots. The set of PSFCH resources with red color can be seen as legacy PSFCH transmission resources. One additional PSFCH transmission occasion is configured in addition to legacy PSFCH transmission resources. There is slot offset between the additional PSFCH transmission occasion and the legacy PSFCH transmission occasion so that these 2 set of PSFCH occasions are TDMed. For each PSFCH transmission occasion, legacy frequency resource configured for PSFCH can be reused as baseline. For example, for PSSCH transmission in slot 1, its first associated PSFCH’s transmission occasion is in slot 4, and second transmission occasion is in slot 6. For each PSFCH transmission occasion, the determination of PSFCH resource can be based on legacy NR SL mechanism. 
Proposal 13: For (pre-)configured N PSFCH transmission occasions, these transmission occasions can be FDM, TDM or FDM+TDM multiplexed. The value of N is up to (pre-)configuration. 


Figure 3

· PSFCH configuration
The following parameters are used for legacy PSFCH resource configuration:
SL-PSFCH-Config-r16 ::=                SEQUENCE {
[bookmark: _Hlk134541663]    sl-PSFCH-Period-r16                    ENUMERATED {sl0, sl1, sl2, sl4}                                   OPTIONAL,   -- Need M
[bookmark: _Hlk134540615]    sl-PSFCH-RB-Set-r16                    BIT STRING (SIZE (10..275))                                       OPTIONAL,   -- Need M
[bookmark: _Hlk134602400]    sl-NumMuxCS-Pair-r16                   ENUMERATED {n1, n2, n3, n6}                                       OPTIONAL,   -- Need M
[bookmark: _Hlk134541675]    sl-MinTimeGapPSFCH-r16                 ENUMERATED {sl2, sl3}                                             OPTIONAL,   -- Need M
[bookmark: _Hlk134602414]    sl-PSFCH-HopID-r16                     INTEGER (0..1023)                                                 OPTIONAL,   -- Need M
    sl-PSFCH-CandidateResourceType-r16     ENUMERATED {startSubCH, allocSubCH}                               OPTIONAL,   -- Need M
   ...
}

Compared to legacy NR SL, one difference for SL-U is that one resource pool may include multiple RB sets. If Alt 3-2b is used for PSFCH, the frequency resource configuration of PSFCH should indicate the common PRBs per RB set and candidate PRBs which are to be used for dedicated PRB for PSFCH transmission within each RB set. The gap between 2 common PRBs of one RB set should be (pre-)configured to be larger than 80% bandwidth of the RB set.  And the gap between common PRB and dedicated PRB within one RB set can be configured to be larger than 1 MHz to alleviate effect of PSD limitation. All of the configured dedicated PRBs within the RP can be seen as resource set that can be used for PSFCH transmission, which is similar as the frequency resource configured by sl-PSFCH-RB-Set-r16. Similarly, multiple cyclic shift pairs can be configured. For one PSSCH transmission in slot n and which is based on interlace RB based structure, the corresponding dedication PRB for the associated PSFCH can be determined within the resource set. When determining the dedicated PRB for PSFCH, legacy PSSCH-PSFCH mapping mechanism can be used as baseline. One different is that the PSSCH resource includes both RB set  and sub-channels. Therefore, the PSFCH resource can also be determined based on associated PSSCH’s RB set information and sub-channel information. Once a dedicate PRB is determined for PSFCH transmission, the common PRBs corresponding to the same RB set where the dedicated PRB locates are also used for PSFCH transmission to fulfill the OCB requirement. 
[bookmark: _Hlk134602183]For time domain resource configuration, the legacy parameters sl-PSFCH-Period-r16 and sl-MinTimeGapPSFCH-r16 can be reused. If multiple PSFCH transmission occasions are TDM multiplexed, time offset relative the time resource of legacy PSFCH transmission occasions can be configured. For a PSSCH transmission, the corresponding transmission occasions of PSFCH can be determined as follows: the first PSFCH transmission occasion corresponds to legacy PSFCH resource configuration, and the second PSFCH transmission occasion corresponds to the next available PSFCH transmission occasions after the first PSFCH transmission occasion, and so on. 
Proposal 14: Regarding frequency resource configuration of PSFCH:
· The configuration indicates the common PRBs per RB set and candidate PRBs which are used for dedicated PRB for PSFCH transmission within each RB set
· The gap between 2 common PRBs of one RB set should be (pre-)configured to be larger than 80% bandwidth of the RB set.
· The gap between common PRB and dedicated PRB within one RB set is configured to be larger than 1 MHz
Proposal 15: Regarding time resource configuration of PSFCH:
· Legacy parameters sl-PSFCH-Period-r16 and sl-MinTimeGapPSFCH-r16 can be reused
· If multiple PSFCH transmission occasions are TDM multiplexed, time offset relative the time resource of legacy PSFCH transmission occasions is configured
Proposal 16: Regarding code resource configuration of PSFCH:
· Legacy parameters sl-NumMuxCS-Pair-r16 and sl-PSFCH-HopID-r16 can be reused
Proposal 17: Regarding the resource mapping between PSFCH and associated PSSCH:
· Time domain:
· The first PSFCH transmission occasion corresponds to legacy PSFCH resource configuration, and the second PSFCH transmission occasion corresponds to the next available PSFCH transmission occasions after the first PSFCH transmission occasion, and so on
· Frequency domain and code domain
· All of the configured dedicated PRBs within the RP are combined into one resource set
· The total number of candidate PSFCH resources is equal to the number of configured dedicated PRBs multiplied by the number of cyclic shift pairs. And the resources are first indexed according to an ascending order of the PRB index within the resource set, and then according to an ascending order of the cyclic shift pair index from the configured number of cyclic shift pairs.
· Legacy PSFCH resource determination mechanism is taken as baseline. 
· RB set information of PSSCH transmission should be considered in additional to legacy mechanism.
· Once a dedicated PRB within one RB set is determined for PSFCH transmission, the common PRBs configured within the same RB set are also used for PSFCH transmission simultaneously.  

· Priority of PSFCH 
The motivation of introducing multiple PSFCH transmission occasions is to avoid the effect of LBT failure and increase the opportunity for PSFCH transmission. According to legacy mechanism, if the number of scheduled PSFCH is larger than maximum number of PSFCH that UE can be transmitted simultaneously, UE will select subset of PSFCH to be transmitted based on priority. It is beneficial if the priority value of PSFCH is decreased with ascending transmission occasions so that it has larger probability to be transmitted in later transmission occasions.
Proposal 18: Priority value of PSFCH is decreased with ascending transmission occasions.

2.2.4 S-SSB 
The S-SSB structure was discussed in RAN1#112bis-e and the following agreements were reached:
	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.


It was agreed to support Option 3-1 to transmit legacy S-SSB N times by repetition in frequency domain with a gap between the repetition(s) to meet OCB requirement. 
In Option 3-1, a gap of 0 between each two repetitions of S-SSB is possible. In NR S-SSB, PSBCH occupies 132 subcarriers and S-PSS/S-SSS occupies 127 subcarriers in frequency domain. For S-PSS/S-SSS, subcarrier #0, #1, #129, #130, #131 are set to zero. When S-SSB is repeated in frequency domain with a gap of zero, it means the gap between PSBCHs is zero while there is always a 5-subcarrier gap between each S-PSS/S-SSS. For non-zero gap(s), it introduces more design complexity to S-SSB repetition and the benefit is not clear. Therefore, Option 3-1 is preferable with contiguously mapping the N repetitions of S-SSB is a simple method to meet OCB requirement.
Proposal 19: The length of gap between S-SSB repetitions can be (pre-)configured, and gap of 0 should also be supported.

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


In order to compensate the impact of LBT failure for S-SSB transmission, it was agreed to introduce additional candidate S-SSB occasions. Regarding the number and location(s) of additional candidate S-SSB occasions, option 1 is preferable over other options.
Option 1 only increases the available values in the exiting configuration parameter sl-NumSSB-WithinPeriod for each SCS without introducing additional parameter or increasing extra configuration complexity. This mechanism is similar as NR SSB enhancement to compensate potential LBT failure. Besides, the increased values can be flexibly (pre-)configured. When configuring resource pool with S-SSB slots exclusion, the legacy mechanism can be used to exclude all of these S-SSB occasions together.
Option 2 introduces K corresponding additional candidate S-SSB occasion(s) for each R16/R17 S-SSB slot with a separate (pre-)configured gap. In R16/R17 NR SL, the S-SSB occasions within a 160ms period are not differentiated to each other when the number is configured as 2/4/8/16/32/64, so there is no necessary to introduce additional S-SSB occasions according to each legacy S-SSB occasion which is repeated in a period. Legacy S-SSB mechanism also supports to configure interval between each two S-SSB slots, there is no necessary to increase the complexity by introducing separate gap length. Option 2 may have flexibility on the additional S-SSB occasions, however, such enhancement may not be needed. Increasing the total available values with configurable intervals in option 1 can provide the same effect and with the lowest cost.
Similar reason to option 3, even it (pre-)configures additional S-SSB occasions regardless each legacy S-SSB slot, it also introduces a separate S-SSB set in addition to the existing ones.
Option 4 introduce M contiguous candidate S-SSB occasions in one S-SSB period. In R16/R17 NR SL, the interval of the S-SSB slots can also be configured as 0 through sl-TimeInterval. Option 1 can also realize all of the legacy and additional S-SSB occasions contiguous with each other.
Option 5 aims to have more flexibility, however, the variable numbers and locations of S-SSBs may increase the complexity without having remarkable gains.
Proposal 20: Regarding the number and location(s) of additional candidate S-SSB occasions, option 1 is supported.
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS

	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).


In RAN1#112bis-e, it was concluded that 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) in the same S-SSB period. However, according to the conclusion, if UE failed to transmit on R16/R17 S-SSB occasion(s) due to LBT failure, it may not transmit on any additional candidate S-SSB occasion(s) even it perform LBT successfully. This case degrades the synchronization performance. Furthermore, the motivation to introduce additional S-SSB occasion(s) becomes unclear. Whenever UE fails to transmit on R16/R17 S-SSB occasion(s), it should attempt to transmit on additional S-SSB occasion(s), and the upper bound of the total S-SSB transmission number can be the same as the total number of legacy S-SSB occasion(s).
Proposal 21: In the same S-SSB period, UE should attempt to transmit on additional candidate S-SSB occasion(s) when it failed to transmit on R16/R17 S-SSB occasion(s).
Proposal 22: The upper bound of the S-SSB transmission number can be the same as the total number of legacy S-SSB occasion(s) in one period.

	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


In RAN1#112bis-e meeting, it was agreed that UE may transmit S-SSB repetition in more than one RB set when the SL-BWP contains multiple RB sets. Whether a UE should transmit S-SSB in one or more than one RB set in a S-SSB occasion, it can be discussed in the following cases.
· Case 1: UE transmits S-SSB in one RB set. When the SL BWP contains multiple RB sets, and S-SSB should be transmitted in one of the RB sets by default. For example, RB set #2 of the 5 RB sets in SL BWP is the default RB set, and ARFCN is also located in RB set #2, S-SSB should be transmitted only in RB set #2. All Rx UEs should attempt to detect S-SSB only on the default RB set. When a COT contains S-SSB occasion(s), and the COT contains multiple RB sets which are not overlapped with the default RB set of S-SSB, it was suggested that S-SSB repetition(s) should also transmitted in those RB set(s) in the COT other than the default one, in order to maintain the COT. Within one S-SSB period, i.e. 160ms, there would be at most 3ms S-SSB occasions as in legacy mechanism. The overlap possibility between a COT and S-SSB occasion(s) is at most 3/160, which is quite rare. Even the overlap happens, it is still not worth to repeat S-SSB in those RB set(s) of the COT, because UEs detect S-SSB only in the default RB set. The COT may be interrupted by UEs of another RAT, but it may be resumed later. However, Case 1 has a drawback for which Sidelink synchronization performance can be easily impacted by LBT failure. It was concluded in last meeting that UE can attempt transmit S-SSB in additional S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s). If S-SSB is only transmitted in one (default) RB set, LBT failure lead to no S-SSB transmission in such S-SSB occasion, and the total number of transmitted S-SSB is less than that of legacy if UE does not attempt to transmit S-SSB on additional occasion(s).  This case may dramatically degrades synchronization performance due to lack of S-SSB occasion(s).
· [bookmark: _GoBack]Case 2: UE transmits S-SSB repetition in more than one RB set when SL BWP contains multiple RB sets. UE should attempt to transmit S-SSB repetitions on multiple RB sets, e.g. all the 5 RB sets in SL BWP. Whenever there is a COT overlapped with S-SSB occasion(s), the S-SSB should also be transmitted in the RB sets of the COT, which does not require extra enhancement. In each S-SSB occasion, how to transmit S-SSB repetition(s) in multiple RB sets is not determined. To apply UL channel access mechanism, when LBT is failed on at least one of the RB sets, S-SSB repetitions are not transmitted in any RB set even LBT is succeed in some other RB sets. This mechanism lead to synchronization degradation similar to case 1. To apply DL channel access mechanism, S-SSB is transmitted in the RB set(s) which LBT is succeed, while S-SSB is not transmitted in the RB set(s) which LBT is failed. DL CA-like mechanism can improve the possibility of S-SSB transmission in each S-SSB occasion compared with UL CA-like mechanism. Furthermore, if DL CA-like mechanism is applied by S-SSB transmission in each occasion, power fluctuation issue should be considered. The number of RB set(s) used for S-SSB transmission may be different across those S-SSB occasions in a period due to different LBT results on each RB set. The total transmission power is divided by the exact transmitted S-SSBs over the RB set(s), which leads to different measurement results of PSBCH-RSRP in each S-SSB occasion. In order to obtain a stable power on the S-SSB occasions in one period, one possible solution is to have a fixed transmission power for each RB set. For example, the power of each RB set is restricted to be 17dBm. When two RB sets are used for S-SSB transmission in occasion #1, the total transmission power is 20dBm (17dBm on each RB set). When four RB sets are used for S-SSB transmission in occasion #2, the total transmission power is 23dBm. With this restriction, the measurement result of PSBCH-RSRP at receiver side maintains the same level, on which the legacy synchronization measurement/procedures can be reused as much as possible.
Based on the analysis above, in order to guarantee sidelink synchronization performance, in each S-SSB occasions, UE should attempt to transmit S-SSB repetitions in all RB sets contained in SL BWP.
Proposal 23: In each S-SSB occasions, UE should attempt to transmit S-SSB repetitions in all RB sets contained in SL BWP.
Proposal 24: When UE attempt to transmit S-SSB repetitions on multiple RB sets, the transmission power on each RB set is fixed.

2.2.5 Channel structure for 60kHz SCS
In NR-U, interlaced RB based channel structure is only supported for 15kHz and 30kHz SCS, while not for 60kHz SCS. 60kHz SCS is also within the scope of SL-U. Some mechanism needs to be studied to fulfill the OCB requirement. 
During the discussion of PSFCH structure in RAN1#111 meeting, the following 2 options were discussed.
	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



The structure of Alt 1 is similar as PSFCH structure Alt 3-2a of 15kHz and 30kHz SCS if K=1 and the number of common PRBs is 2. The 2 common PRBs are configured at edge of RB set, and the gap between the PRBs is larger than 80% bandwidth of the RB set which can fulfill the OCB requirement. The 1 dedicated PRB is used to carry HARQ information. Then we will have unified PSFCH structure for all SCS cases. 
This structure can also be applied to other SL channels with less modification, such as PSCCH/PSSCH/S-SSB of 60kHz SCS. For PSCCH/PSSCH, it will occupy some dedicated sub-channels and 2 common PRBs at edge of RB set. For S-SSB, it will occupy 11 PRBs which is used for legacy S-SSB transmission and 2 common PRBs at edge of RB set. One illustration of PSCCH/PSSCH/PSFCH structure is shown in Figure 4. For example, if TX UE selects sub-channel 0 in slot 0 for PSSCH 1 transmission, TX UE will use 2 common PRBs at edge of RB set and the selected sub-channel 0 (green block) to transmit PSSCH 1. RX UE will determine the PRB (green block) for PSFCH1 transmission associated to PSSCH 1 in slot 3. RX UE will use 2 common PRB at edge of RB set and the selected PRB to transmit PSFCH1. The resource mapping between PSFCH1 and associated PSSCH1 can reuse legacy mechanism as much as possible. 
This kind of channel structure has the following advantages:
· Common PRBs at RB set edge can fulfil OCB requirement.
· The similar structure is applicable to all SL channels. 
· For PSCCH/PSSCH:
· Legacy contiguous RB based sub-channel structure can be reused for PSCCH/PSSCH transmission.
· Legacy resource selection/reservation/indication mechanism can be reused as much as possible. 
· For PSFCH:
· Legacy PRB based PSFCH transmission can be reused.
· Legacy resource mapping between PSFCH and associated PSSCH can be reused.
· For S-SSB:
· Legacy S-SSB structure can be reused.




Figure 4: Illustration of common PRB + dedicated PRB/sub-channel structure

Proposal 25: For SL-U with 60kHz SCS, the following structure can be supported:
· 2 common PRBs are configured at edge of RB set respectively and the gap between these 2 common PRBs is larger than 80% bandwidth
· For PSSCH/PSCCH: each PSSCH/PSCCH transmission occupies some contiguous PRB based sub-channels and the 2 common PRBs;
· For PSFCH: each PSFCH transmission occupies dedicated PRB and the 2 common PRBs;
· For S-SSB: each S-SSB transmission occupies legacy S-SSB PRBs and the 2 common PRBs;

2.2.6 Multiple starting positions within a slot for PSCCH/PSSCH transmission
The following agreement for multiple starting position within a slot for PSCCH/PSSCH transmission was reached in RAN1#112 and RAN1#112-bis respectively. 
	RAN1#112:
Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· The location of 1st starting symbol can be (pre)configured from {#0,#1,#2,#3,#4,#5,#6} per BWP
· By default (if no (pre)configuration), the location of the 1st starting symbol is symbol#0
· The location of 2nd starting symbol is (pre-)configured from {#3,#4,#5,#6,#7} per BWP
· It shall be configured such that within a slot, the number of symbols used for PSCCH/PSSCH transmission from 2nd starting symbol is not smaller than 6
· It shall be configured such that within a slot, the 2nd starting symbol is later than the 1st starting symbol
· PSCCH/PSSCH transmission starting from 1st or 2nd starting symbol shall have the same ending symbol within a slot
· Note: assume symbol index in a slot starts from #0

Working assumption
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· At least for COT initiation, TBS is determined based on a reference number of symbols as follows:
· Option 4: The reference number of symbols is determined by (pre-)configuration
· FFS: value range
· FFS: whether a different reference number of symbols is needed for transmission in a shared COT


RAN1#112-bis:
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

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.




[bookmark: _Hlk131692139]It was agreed that both 1st and 2nd candidate starting symbol are configurable. In legacy NR SL, SL starting symbol is configured by sl-StartSymbol in SL BWP. It can also be reused to configure 1st candidate starting symbol. Another new parameter, such as sl-StartSymbol1 can be introduced for 2nd candidate starting symbol configuration. 
Proposal 26: Regarding configuration of 2 candidate starting symbols: 
· sl-StartSymbol in legacy NR SL is used for 1st candidate starting symbol configuration
· Another parameter, such as sl-StartSymbol1, is introduced for 2nd candidate starting symbol configuration
In legacy NR SL, PSSCH DMRS patterns are configured per resource pool. If 2 candidate starting symbols are supported, it is necessary to configure DMRS pattern for 1st and 2nd candidate starting symbol cases respectively since the number of symbols for PSSCH transmission are different. 
Proposal 27: For 2 candidate starting symbols, the DMRS patterns for 1st and 2nd candidate starting symbol should be configured respectively.
For TBS determination, it was agreed that a (pre-)configured reference symbol number L_ref is used. In our view, L_ref should replace   during determining the TBS. 
Proposal 28: For determination TBS of PSSCH in case 2 candidate starting symbols are configured in a resource pool, the (pre-)configured reference symbol number L_ref is used to replace the parameter .
One remaining issue for TBS determination is whether a different reference number can be applied in COT sharing case. In our view, it is not necessary to configure a separate reference number for COT sharing case. Even in COT sharing case, it is possible that the COT sharing UE perform LBT failure for the 1st candidate starting symbol. It is possible that the COT sharing UE tries LBT again for 2nd candidate starting symbol. In that case, one (pre-)configured reference number for TBS determination is enough. 
Proposal 29: There is no necessary to (pre-)configure a different reference number of symbols for transmission in a shared COT.
It was agreed that at least for 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT. An FFS point is 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. In our view, this specification is not needed. When the TX UE performing transmission in the COT and the gap between 2 adjacent transmissions fulfill required gap of Type 2, the TX UE can perform corresponding Type 2 LBT and determine whether the LBT is successful or not for 1st candidate starting positions, then it can determine whether the 1st starting position can be used or it need to perform LBT for 2nd staring position.
Proposal 30: There is no necessary to specify regarding whether/how the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission for the remaining slots of a COT.

The AGC issue for 2 starting symbol was discussed in RAN1#111 meeting and the following was agreed.
	Agreement
[bookmark: _Hlk134604871]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




Regarding the AGC symbol, it mainly depends on RX UE’s behavior. If 2 candidate starting symbols are configured for PSCCH/PSSCH transmission, it is possible that some TX UE will start transmission from 1st candidate staring symbol and some TX UE will start transmission from 2nd candidate starting symbol. If RX UE may perform reception based on either one or both starting symbols, the 2nd candidate staring symbol should be taken as AGC symbol. From RX UE’s perspective, it is preferred to monitor 2 candidate starting symbols to avoid missing potential transmission. While if RX UE can detect SL transmission from 1st candidate starting symbol, it can be left to UE implementation whether to detect SL transmission corresponds to 2nd candidate starting symbol. Therefore, we support the following proposal.
Proposal 31: Regarding the AGC symbol for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission
· Regarding Tx UE behaviour, Option 1 is preferred
· If PSCCH/PSSCH transmission starts from 1st candidate starting symbol,
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Regarding Rx UE behaviour, Option C is preferred
· 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

If the 2nd candidate starting symbol is also used for AGC, the data on this symbol will not be used for decoding at receiver. To avoid degrading performance, it is better to avoid mapping PSSCH DMRS, 2nd stage SCI, CSI-RS corresponding to 1st candidate starting symbol onto this symbol. PSSCH data part can also be rate matched around this symbol. The data on this symbol can be a duplication of next symbol, which is similar as first AGC symbol of the slot.
Proposal 32: Regarding 2 candidate starting symbols within a slot: 
· The following signals are not mapped to the 2nd candidate starting symbol: PSSCH DMRS, 2nd stage SCI, CSI-RS which correspond to the 1st starting symbol.
· PSSCH data part of 1st candidate starting symbol is rate matched around 2nd candidate starting symbol.
· The data on the 2nd candidate starting symbol is duplication of next symbol.

[bookmark: _Hlk125995255]According to current specification, SL RSSI measurement is defined as the linear average received power starting from the 2nd OFDM symbol. For slots with two candidate starting symbols, some UEs may perform SL transmission from the 1st starting symbol while other UEs perform transmission from the 2nd starting symbol. From the perspective of RX UE, it cannot detect some received power in OFDM symbols between the 1st and the 2nd starting symbol such that it may achieve a lower RSSI measurement result due to the average received power is calculated. Therefore, it is better to update the definition of SL RSSI measurement for two candidate starting symbols. In our view, SL RSSI should be measured starting from the next symbol of the 2nd starting symbol.
Proposal 33: The OFDM symbols used for SL RSSI measurement start from the next symbol of the 2nd candidate starting symbol.

2.3 PHY procedures for SL-U
2.3.1 Power control for PSCCH/PSSCH/S-SSB/PSFCH
For unlicensed spectrum, there are both mean EIRP limit and PSD limitation requirement in some regions, which will affect the power control procedure for SL transmissions. According to regulation [2], the following mean EIRP limit and PSD limit should be considered
	[image: ]



The following agreement was reached in RAN1#112-bis. While in our view, the above EIRP and PSD limitation will not only affect power control for PSFCH, but also for PSCCH/PSSCH/S-SSB. 
	Agreement
Considering PSD limit in unlicensed spectrum regulation, RAN1 further study whether updates on power control is needed especially for PSFCH.




Proposal 34: The effect of mean EIRP limitation and PSD limitation on power control for PSCCH/PSSCH/S-SSB/PSFCH should be considered.

· Effect on PSSCH/PSCCH power control
Contiguous sub-channels will be allocated for PSSCH transmission, and each sub-channel includes K interlaces which includes a set of evenly distributed PRBs.  It is possible that multiple contiguous PRBs within 1 MHz are allocated to PSSCH. Considering the PSD limitation, the transmission power of PSSCH should be limited by P1 which is determined by PSD limitation. Considering the mean EIRP limitation, the transmission power of PSSCH should be limited by P2 which is determined by mean EIRP limitation. The power control for PSSCH transmission occasion (without corresponding PSCCH transmission) can be as follows which is applicable to both interlace RB based PSSCH and contiguous RB based PSSCH:
 [dBm] (1)

where P1 is determined by PSD limitation
·   (2)
Where,
· Y is the PSD limitation from Table 2 above.
·  is maximal bandwidth occupied by PSSCH within 1 MHz 
·  is total number of PRBs allocated for PSSCH
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is determined by mean EIRP limitation from Table 2 above.
· Other parameters , are same as legacy definition.

One example to determine P1 is shown in the Figure below. The SCS is 30kHz, 1 sub-channel includes 1 interlace, and 1 interlace includes 10 PRBs. Two sub-channels (sub-channel 0 and sub-channel 1) are allocated to PSSCH. Each PRB corresponds to 360kHz bandwidth. The maximal bandwidth occupied by PSSCH within 1 MHz is 720kHz. The PSD limitation is Y=10dBm/MHz. Therefore, 
 = 20 dBm



Figure 5

After that, the power control for PSSCH transmission occasion with PSCCH transmission can be determined similar as legacy NR SL. 
 [dBm]
And furthermore, the power control for PSCCH transmission can also reuse legacy mechanism. 
 [dBm]

Proposal 35: The power control of PSSCH transmission occasion (without corresponding PSCCH transmission) is as follows:
 [dBm]
where 
·  P1 is determined by PSD limitation

where
· Y is based on PSD limitation.
·  is maximal bandwidth occupied by PSSCH within 1 MHz 
·  is total number of PRBs allocated for PSSCH
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is determined by mean EIRP limitation.
· Other parameters , are same as legacy definition.

· Effect on S-SSB power control
Similar as PSSCH/PSSCH power control, both mean EIRP limitation and PSD limitation should be considered. Therefore, the power control for S-SSB is as follows:
 [dBm]

Where P3 is determined by PSD limitation
·  [dBm]   (2)
Where,
· Y is the PSD limitation from Table 2 above.
·  is maximal bandwidth occupied by S-SSB within 1 MHz 
·  is total number of PRBs of S-SSB
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is determined by mean EIRP limitation from Table 2 above.

Proposal 36: The power control of S-SSB is as follows:
 [dBm]
where 
· P3 is determined by PSD limitation
 [dBm]
where
· Y is based on PSD limitation.
·  is maximal bandwidth occupied by S-SSB within 1 MHz 
·  is total number of PRBs of S-SSB
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is based on mean EIRP limitation.
· Other parameters  are same as legacy definition.

· Effect on PSFCH power control
Multiple PSFCH can be transmitted simultaneously. Either Type 2A or Type 1 LBT can be used for channel access. If LBT success, the UE can transmit all candidate/selected PSFCHs simultaneously. How to determine the candidate PSFCH based on priority can take legacy mechanism as baseline. While during the procedure, the parameter  should be replaced by  to limit the transmission power not only by , but also by mean EIRP limitation and PSD limitation. 
where P5 is determined by PSD limitation
·  [dBm]   
Where,
· Y is based on PSD limitation from Table 2 above.
·  is maximal bandwidth occupied by PSFCHs within 1 MHz 
·  is total number of PRBs of PSFCH
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is determined by mean EIRP limitation from Table 2 above.
Proposal 37: The power control of PSFCH is as follows:
· Legacy selection of PSFCH based on scheduled PSFCH and maximum PSFCH transmission capability is applied.
· During PSFCH selection procedure, the parameter  should be replaced by .
where
· P5 is determined by PSD limitation
 [dBm]
where,
· Y is based on PSD limitation.
·  is maximal bandwidth occupied by PSFCHs within 1 MHz 
·  is total number of PRBs of selected PSFCH to be transmitted
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is based on mean EIRP limitation.
· Other parameter  is same as legacy definition.

2.3.2 Congestion control
Congestion control of radio transmission medium based on CBR and CR measurements to determine SL transmission parameters (such as Tx power, MCS selection, number of sub-channels, etc) was introduced since Rel-14 LTE-V2X and also in Rel-16/17 NR sidelink for advanced V2X services. The primary purpose of supporting congestion control in sidelink communication is to not overload V2X system resources by UE adjusting the amount of required radio resources and Tx power (hence the communication range) such that more users can be accommodated, for example in a heavy traffic environment in a peak hour traffic. This concept was originated / taken from the IEEE DSRC system designed for V2X, recommended by ETSI regulation and subsequently adopted in LTE- and NR-V2X communication.
For our intended sidelink communication in the unlicensed spectrum, the main target use case is for commercial application such as smart home/office network, wearable connections, IoT devices and etc. It is not yet clear whether the congestion control feature is still required or good to have for SL-U operation, since the unlicensed channel could be also occupied by transmission of other RATs (e.g., Wi-Fi). Furthermore, it is also unclear if other RATs transmission supports congestion control such that the unlicensed spectrum is shared in a fair manner. On the other hand, if SL-U system is deployed in a controlled environment without the presence of other RATs (e.g., smart warehouse/factory, private venues or others), the congestion control feature could still be useful.
If congestion control continues to be supported in SL-U, the next step is to consider whether it is appropriate to reuse the existing CBR and CR definitions. In the past, it has been always assumed only sidelink transmission is present in the radio channel / resource pool in the ITS frequency band/carrier, and as such CBR calculation results are always a measure of how much resources that are occupied by sidelink transmission over a time interval based on RSSI measurement. If the same CBR definition is applied in SL-U, as shown in Figure 6, Wi-Fi signals and channels (and other RATs as well) will be also included as part of the RSSI measurement. If the signal/channel transmission other than sidelink should not be included as part of the CBR measurement, then the current definition should be updated and a mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel. 
[image: ]
Figure 6
Observation 6: If the same existing CBR definition is applied in SL-U, Wi-Fi signals and channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel.

3. Conclusion
Physical layer design of SL-U was discussed in this paper. The following observations and proposals are given to summarize our view.
Proposal 1: For Rel-18 SL-U, the legacy bitmap configuration of resource pool(s) can be followed to indicate time domain resources
Observation 1: Multiple transmission resource pools is supported in legacy NR SL and also applicable to SL-U. 
Proposal 2: For Rel-18 SL-U, FDM multiplexing of multiple resource pools within one RB set should be supported.
Proposal 3: Different number of RB set(s) for different transmissions of a TB of PSSCH is not supported in R18.
Observation 2: Bitmap indication for frequency domain resource will increase payload size of SCI or DCI.
Proposal 4: Bitmap indication for frequency domain resource is not supported in R18.
Proposal 5:  Non-continuous interlace or non-continuous RB set resource allocation is not supported in R18.
Proposal 6: For interlace RB based PSSCH transmission, the following procedure are supported for mode 2 sensing and resource selection procedure:
· When resource selection is triggered in slot n, MAC layer indicates the requirement number of sub-channels () and other necessary parameters to PHY layer
· Based on  , PHY layer performs sensing and determine candidate single-slot resource set S_A
· It is up to PHY layer to determine the candidate single-slot resource structure (i.e., number of RB sets  and number of sub-channels per RB set ) with following restriction: 
· Candidate single-slot resource is characterized by number of RB sets and number of sub-channels per RB set
· PHY layer reports S_A to MAC layer
· MAC layer randomly selects one or more resources from S_A for PSSCH transmissions.
Proposal 7: For interlace RB-based PSSCH frequency resource indication
· X bits FRIV1 is used for sub-channel indication:
If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then
 
where
-	 denotes the starting sub-channel index within an RB set for the second resource
-	 denotes the starting sub-channel index within an RB set for the third resource
-	 is the total number of sub-channels in an RB set
-         is the number of sub-channels in an RB set determined by candidate single-slot resource
· Y bits FRIV2 is used for RB set indication:
If sl-MaxNumPerReserve is 2 then
 
If sl-MaxNumPerReserve is 3 then
 
where
-	 denotes the starting RB set index within a resource pool for the second resource
-	 denotes the starting RB set index within a resource pool for the third resource
-	 is the number of RB set in a resource pool
-         is the number of RB set determined by candidate single-slot resource
Proposal 8: For interlaced RB based PSSCH transmission, N_ref can be pre-defined equal to number of PRBs within one RB set divided by number of interlaces (Option A2)
Proposal 9: UEs supporting different bandwidths is not supported in R18 SL-U.
Proposal 10: For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, if one of the following conditions are satisfied, such sub-channel can be used for PSCCH/PSSCH transmission: 
· The sub-channel(s) are included in a candidate single-slot resource which across multiple RB sets, or
· The sub-channel is included in a candidate single-slot resource which does not across multiple RB sets, and the remaining PRBs of the sub-channel after excluding intra-cell guardband PRBs is larger than or equal to the number of PRBs (pre-)configured for PSCCH transmission
Observation 3: Alt 3-2b has following advantages:
· It requires less specification work 
· It can reuse legacy HARQ procedure as much as possible. 
· There is less impact on PSFCH capacity reduction
· A unified PSFCH structure applicable for 15kHz/30kHz/60kHz SCS cases
Observation 4: Alt 1-1b has following potential issues:
· More PRBs associated to one PSFCH will reduce the transmission power per PRB and will degrade PSFCH decoding performance.  
· In case common PRB and dedicated PRB are within 1 MHz, and only dedicated PRB is transmitted, that will result in the OCB requirement is not fulfilled in some cases. 
· How to handle the case if dedicated PRB of one PSFCH and common PRB of another PRB are within 1 MHz is not clear.
Observation 5: Alt 2-3a has PSFCH capacity issue. 
Proposal 11: Regarding PSFCH transmission under 15 kHz and 30 kHz SCS, Alt 3-2b is preferred.
· 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=1
· The 2 (K2=2) common PRBs are configured at edge of RB set which can fulfill OCB requirement, i.e., the gap between these 2 common PRBs is larger than 80% bandwidth. 
· The frequency gap between common PRB and candidate dedicate PRB is (pre-)configured to be larger than 1 MHz. 
Proposal 12: Dynamically indicate PSFCH transmission occasions is not supported in SL-U. 
Proposal 13: For (pre-)configured N PSFCH transmission occasions, these transmission occasions can be FDM, TDM or FDM+TDM multiplexed. The value of N is up to (pre-)configuration. 
Proposal 14: Regarding frequency resource configuration of PSFCH:
· The configuration indicates the common PRBs per RB set and candidate PRBs which are used for dedicated PRB for PSFCH transmission within each RB set
· The gap between 2 common PRBs of one RB set should be (pre-)configured to be larger than 80% bandwidth of the RB set.
· The gap between common PRB and dedicated PRB within one RB set is configured to be larger than 1 MHz
Proposal 15: Regarding time resource configuration of PSFCH:
· Legacy parameters sl-PSFCH-Period-r16 and sl-MinTimeGapPSFCH-r16 can be reused
· If multiple PSFCH transmission occasions are TDM multiplexed, time offset relative the time resource of legacy PSFCH transmission occasions is configured
Proposal 16: Regarding code resource configuration of PSFCH:
· Legacy parameters sl-NumMuxCS-Pair-r16 and sl-PSFCH-HopID-r16 can be reused
Proposal 17: Regarding the resource mapping between PSFCH and associated PSSCH:
· Time domain:
· The first PSFCH transmission occasion corresponds to legacy PSFCH resource configuration, and the second PSFCH transmission occasion corresponds to the next available PSFCH transmission occasions after the first PSFCH transmission occasion, and so on
· Frequency domain and code domain
· All of the configured dedicated PRBs within the RP are combined into one resource set
· The total number of candidate PSFCH resources is equal to the number of configured dedicated PRBs multiplied by the number of cyclic shift pairs. And the resources are first indexed according to an ascending order of the PRB index within the resource set, and then according to an ascending order of the cyclic shift pair index from the configured number of cyclic shift pairs.
· Legacy PSFCH resource determination mechanism is taken as baseline. 
· RB set information of PSSCH transmission should be considered in additional to legacy mechanism.
· Once a dedicated PRB within one RB set is determined for PSFCH transmission, the common PRBs configured within the same RB set are also used for PSFCH transmission simultaneously.  
Proposal 18: Priority value of PSFCH is decreased with ascending transmission occasions.
Proposal 19: The length of gap between S-SSB repetitions can be (pre-)configured, and gap of 0 should also be supported.
Proposal 20: Regarding the number and location(s) of additional candidate S-SSB occasions, option 1 is supported.
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
Proposal 21: In the same S-SSB period, UE should attempt to transmit on additional candidate S-SSB occasion(s) when it failed to transmit on R16/R17 S-SSB occasion(s).
Proposal 22: The upper bound of the S-SSB transmission number can be the same as the total number of legacy S-SSB occasion(s) in one period.
Proposal 23: In each S-SSB occasions, UE should attempt to transmit S-SSB repetitions in all RB sets contained in SL BWP.
Proposal 24: When UE attempt to transmit S-SSB repetitions on multiple RB sets, the transmission power on each RB set is fixed.
Proposal 25: For SL-U with 60kHz SCS, the following structure can be supported:
· 2 common PRBs are configured at edge of RB set respectively and the gap between these 2 common PRBs is larger than 80% bandwidth
· For PSSCH/PSCCH: each PSSCH/PSCCH transmission occupies some contiguous PRB based sub-channels and the 2 common PRBs;
· For PSFCH: each PSFCH transmission occupies dedicated PRB and the 2 common PRBs;
· For S-SSB: each S-SSB transmission occupies legacy S-SSB PRBs and the 2 common PRBs;
Proposal 26: Regarding configuration of 2 candidate starting symbols: 
· sl-StartSymbol in legacy NR SL is used for 1st candidate starting symbol configuration
· Another parameter, such as sl-StartSymbol1, is introduced for 2nd candidate starting symbol configuration
Proposal 27: For 2 candidate starting symbols, the DMRS patterns for 1st and 2nd candidate starting symbol should be configured respectively.
Proposal 28: For determination TBS of PSSCH in case 2 candidate starting symbols are configured in a resource pool, the (pre-)configured reference symbol number L_ref is used to replace the parameter .
Proposal 29: There is no necessary to (pre-)configure a different reference number of symbols for transmission in a shared COT.
Proposal 30: There is no necessary to specify regarding whether/how the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission for the remaining slots of a COT.
Proposal 31: Regarding the AGC symbol for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission
· Regarding Tx UE behaviour, Option 1 is preferred
· If PSCCH/PSSCH transmission starts from 1st candidate starting symbol,
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Regarding Rx UE behaviour, Option C is preferred
· 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

Proposal 32: Regarding 2 candidate starting symbols within a slot: 
· The following signals are not mapped to the 2nd candidate starting symbol: PSSCH DMRS, 2nd stage SCI, CSI-RS which correspond to the 1st starting symbol.
· PSSCH data part of 1st candidate starting symbol is rate matched around 2nd candidate starting symbol.
· The data on the 2nd candidate starting symbol is duplication of next symbol.
Proposal 33: The OFDM symbols used for SL RSSI measurement start from the next symbol of the 2nd candidate starting symbol.
Proposal 34: The effect of mean EIRP limitation and PSD limitation on power control for PSCCH/PSSCH/S-SSB/PSFCH should be considered.
Proposal 35: The power control of PSSCH transmission occasion (without corresponding PSCCH transmission) is as follows:
 [dBm]
where 
·  P1 is determined by PSD limitation

where
· Y is based on PSD limitation.
·  is maximal bandwidth occupied by PSSCH within 1 MHz 
·  is total number of PRBs allocated for PSSCH
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is determined by mean EIRP limitation.
· Other parameters , are same as legacy definition.
Proposal 36: The power control of S-SSB is as follows:
 [dBm]
where 
· P3 is determined by PSD limitation
 [dBm]
where
· Y is based on PSD limitation.
·  is maximal bandwidth occupied by S-SSB within 1 MHz 
·  is total number of PRBs of S-SSB
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is based on mean EIRP limitation.
· Other parameters  are same as legacy definition.
Proposal 37: The power control of PSFCH is as follows:
· Legacy selection of PSFCH based on scheduled PSFCH and maximum PSFCH transmission capability is applied.
· During PSFCH selection procedure, the parameter  should be replaced by .
where
· P5 is determined by PSD limitation
 [dBm]
where,
· Y is based on PSD limitation.
·  is maximal bandwidth occupied by PSFCHs within 1 MHz 
·  is total number of PRBs of selected PSFCH to be transmitted
·  is number of subcarriers in a PRB
·  is SL sub-carrier spacing
·  is based on mean EIRP limitation.
· Other parameter  is same as legacy definition.
Observation 6: If the same existing CBR definition is applied in SL-U, Wi-Fi signals and channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel.
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Table 2: Mean e.i.r.p. limits for RF output power and Power Density at the highest power level (Py)

Frequency Mean e.i.r.p. limit for P Mean e.i.r.p. density limit
range (dBm) (dBm/MHz)
(MHz) with TPC without TPC with TPC without TPC
5 150 to 5 350 23 20/23 (see note 1) 10 7/10 (see note 2)

5470t0 5725

30 (see note 3)

27 (see note 3)

17 (see note 3)

14 (see note 3)

23 dBm.

NOTE 1: The applicable limit is 20 dBm, except for transmissions whose nominal bandwidth falls
completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is

NOTE 2: The applicable limit is 7 dBm/MHz, except for transmissions whose nominal bandwidth falls
completely within the band 5 150 MHz to 5 250 MHz, in which case the applicable limit is
10 dBm/MHz.

NOTE 3: Slave devices without a Radar Interference Detection function shall comply with the limits for the
frequency range 5 250 MHz to 5 350 MHz.
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