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Introduction
The physical channel design framework for sidelink on FR1 unlicensed spectrum has been extensively discussed in the past several RAN1 meetings [1]-[7].

In this contribution, we provide our views on the sidelink physical channel design framework on FR1 unlicensed spectrum.
Discussion
Resource pool
	RAN1 #109-e Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.



It was agreed to at least support one sidelink resource pool including integer number of RB sets. It is open whether to support one sidelink resource pool including subset of PRBs of one RB set. 

If a resource pool includes a subset of PRBs of one RB set, then the PSCCH/PSSCH transmission may be via part of the RB set, which may violate the OCB requirement where the transmission needs to occupy at least 80% of the LBT channel bandwidth. Hence, it is preferred not to support that one sidelink resource pool is (pre-)configured to include a subset of RB set.  

Proposal 1: Do not support that one sidelink resource pool is (pre-)configured to include a subset of RB set. 

The time domain configuration of a resource pool was discussed in RAN1 #109-e meeting. It is open which slots belong to resource pool. 

The time resources in the same carrier may be shared by multiple sidelink resource pools. For example, one resource pool occupies a part of slots in a DFN cycle (i.e., 10240 ms), while another resource pool occupies another part of slots in a DFN cycle. Hence, it is necessary to use a bitmap to indicate the time resources of a resource pool, in the same way as in NR sidelink on licensed spectrum. 

Proposal 2: Use a bitmap to indicate the time domain resources of a resource pool.

Intra-cell guard band
	RAN1 #110b-e Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission



It was agreed that PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets. It was further agreed that PRBs within intra-cell guard band of two adjacent RB sets can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels in multi-channel case and the UE uses both RB sets for PSSCH transmission. The details are open, including handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.

In our view, the PRBs within intra-cell guard band can be allocated to the interlaces in one of the two adjacent RB sets, e.g., the RB set with lower frequency. These PRBs can be treated as an extension of the RB set when associating them with the corresponding interlaces. Figure 1 shows an example of the association of these PRBs with interlaces. There are 3 PRBs in the intra-cell guard band in the figure, which are allocated to RB set 1. There are 5 interlaces in RB set 1, where the last PRB (i.e., before intra-cell guard band) in RB set 1 belongs to interlace 1 (block box). Then the first PRB in the intra-cell guard band belongs to interlace 2 of RB set 1 (red box), the second PRB in the intra-cell guard band belongs to interlace 3 of RB set 1 (blue box), and the third PRB in the intra-cell guard band belongs to interlace 4 of RB set 1 (green box). 
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[bookmark: _Ref117669598]Figure 1: Illustration of intra-cell guard band

Proposal 3: If a resource pool contains two adjacent RB sets, all the PRBs within intra-cell guard band of two adjacent RB sets are associated with the interlaces in one of the two adjacent RB sets.
· These PRBs are treated as an extension of the allocated RB set when associating them with the corresponding interlaces.

When the PRBs within intra-cell guard band are used for PSSCH transmission, the rate matched bits of PSSCH are mapped to these PRBs within intra-cell guard band. It is worth examining whether the rate matched bits for SCI stage 2 are also mapped to these PRBs within intra-cell guard band. 

Proposal 4: When the PRBs within intra-cell guard band are used for PSSCH transmission, the rate matched bits of PSSCH are mapped to these PRBs.
· FFS whether SCI stage 2 rate matched bits are mapped to these PRBs.

It is open whether the PRBs within intra-cell guard band are used for PSFCH transmission. In our view, each PSFCH transmission is restricted to a single RB set, and hence, the PRBs within intra-cell guard band are not used for PSFCH transmission. 

Proposal 5: The PRBs within intra-cell guard band are not used for PSFCH transmission.

Slot structure for 2 candidate starting symbols
	RAN1 #110b-e Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.
· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol
· The candidate starting symbol(s) are intended for AGC purpose
· FFS: other potential uses of the candidate starting symbol(s)
· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.
· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH

RAN1 #111 Agreement 
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
· If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, down-select one of the followings:
· Option A: The Rx UE always monitors two AGC symbols in such slot 
· Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol 
· FFS details
· Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot 

RAN1 #111 Agreement 
Slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH.

RAN1 #112b-e 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.

RAN1 #112bis-e 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



It is working assumption [5] that the candidate starting symbol(s) are intended for AGC purpose. It is open whether a second candidate starting symbol is for AGC purpose if PSCCH/PSSCH transmission starting from the first candidate starting symbol. 

If a PSCCH/PSSCH transmission starts from the first candidate starting symbol, then the chance that another PSCCH/PSSCH transmission starts from the second candidate starting symbol in the same slot is low since the LBT for the latter PSCCH/PSSCH transmission will likely fail. 

However, this situation may not be fully avoided, e.g., in hidden node case. Suppose UE1 makes PSCCH/PSSCH transmission starting from the first candidate starting symbol. It is possible that UE2 makes PSCCH/PSSCH transmission starting from the second candidate starting symbol in the same slot, in case UE1 is a hidden node to UE2 and UE2’s LBT is successful without detecting UE1’s transmission. UE2’s transmission will lead to AGC issue to other UEs’ reception if the second candidate starting symbol is not used for AGC purpose.

Besides hidden node case, the situation where UE2 makes PSCCH/PSSCH transmission starting from the second candidate starting symbol while UE1 makes PSCCH/PSSCH transmission starting from the first candidate starting symbol may also occur if a resource pool contains more than 1 RB set.

Suppose UE1 and UE2 make PSCCH/PSSCH transmissions on two different RB sets of a resource pool. UE1 makes PSCCH/PSSCH transmission starting from the first candidate starting symbol and UE2 makes PSCCH/PSSCH transmission starting from the second candidate starting symbol of the same slot. This is possible since UE2’s LBT operation is performed only on the second RB set and it does not detect UE1’s PSCCH/PSSCH transmission on the first RB set. Considering a receiver UE’s AGC operation is performed per resource pool or per sidelink BWP, UE2’s transmission will lead to AGC issue to other UEs’ reception if the second candidate starting symbol is not used for AGC purpose. This is illustrated in Figure 2.
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[bookmark: _Ref123642803]Figure 2: Illustration of AGC issue over different RB sets
To avoid this AGC issue which occurs only if a resource pool has more than 1 RB set, we propose that for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, if PSCCH/PSSCH transmission starts from the first starting symbol, then a single AGC symbol is applied for PSCCH/PSSCH transmission in a slot in case a resource pool contains 1 RB set. Two AGC symbols are applied for PSCCH/PSSCH transmission in a slot in case a resource pool contains more than 1 RB set, where the second candidate starting symbol is used as the second AGC symbol. The second AGC symbol is the copy of its following symbol. 

Proposal 6: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, if PSCCH/PSSCH transmission starts from the first starting symbol, then  
· a single AGC symbol is applied for PSCCH/PSSCH transmission in a slot, in case a resource pool contains 1 RB set;
· two AGC symbols are applied for PSCCH/PSSCH transmission in a slot, in case a resource pool contains more than 1 RB set.
· The second AGC symbol is the second candidate starting symbol, with contents being the copy of its following symbol. 

It was agreed [1] that when a transmitter UE initiates a COT, it chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT. It is open in the remaining slots of a COT, whether the transmitter UE only chooses the first candidate starting symbol for PSCCH/PSSCH transmission.

In our view, when a transmitter UE does not perform sensing in its initiated COT, i.e., gap between a PSCCH/PSSCH transmission and its previous transmission is less than 16 µs, the transmitter UE chooses the first candidate starting symbol for PSCCH/PSSCH. Otherwise, the transmitter UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT. 

Proposal 7: After a transmitter UE initiates a COT, it chooses the first candidate starting symbol for a PSCCH/PSSCH transmission in the remaining slots of a COT, only if the gap between the PSCCH/PSSCH transmission and its previous transmission is less than 16 µs.

It was agreed [1] that 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 . It is open how to use  in the TBS calculation formula in TS38.214 clause 8.1.3.2. In our view, this  can simply replace sl-LengthSymbols in legacy NR sidelink. 

Considering an agreement that slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH, there is a proposal to avoid the additional reduction of 3 symbols for PSFCH when using  in the TBS calculation formula. In our view, this is not necessary. This issue can be addressed by proper configuration of sl-PSFCH-Period and setting of “PSFCH overhead indication” field of SCI format 1-A. 

Proposal 8: If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, a (pre-)configured reference number of symbols  replaces sl-LengthSymbols in the sidelink TBS calculation formula. 

In Rel-16/17 NR sidelink, the PSFCH occasion is configured to be at least 2 or 3 slots after PSCCH/PSSCH transmission. If PSCCH/PSSCH transmission starts from the second candidate starting symbol position, then the processing time constraints need to be examined. In this case, PSCCH decoding can only start after the second candidate starting symbol position, which will delay the corresponding PSSCH decoding, as well as the subsequent preparation of PSFCH transmission. To ensure there are enough processing time, it is preferred that if a resource pool supports 2 candidate starting symbol positions, then the PSFCH occasion is at least 3 slots after the corresponding PSCCH/PSSCH transmission. 

Proposal 9: If a resource pool supports 2 candidate starting symbol positions, then the PSFCH occasion is at least 3 slots after the corresponding PSCCH/PSSCH transmission.

PSCCH and PSSCH
Sub-channel in interlace RB-based resource pool
	RAN1 #112 Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool

RAN1 #112b-e 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

RAN1 #112b-e 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. 

RAN1 #112b-e 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

RAN1 #112b-e 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



For interlace RB-based PSCCH/PSSCH transmission, it is possible that one interlace is composed of more PRBs than another interlace in an RB set, since the number of PRBs of an RB set is not always an integer multiple of the number of interlaces in an RB set. To avoid the mis-alignment between initial transmission and re-transmission in sidelink TBS calculation, it was agreed [1] that a reference number  of PRBs of one interlace within 1 RB set is used. It is open how to define  among the 4 options.

We think the first option (i.e., Option A1) may not be accurate since in one resource pool, the number of interlaces composed of 10 PRBs is more than the number of interlaces composed of 11 PRBs, while in another resource pool, the number of interlaces composed of 10 PRBs is less than the number of interlaces composed of 11 PRBs. The second option (i.e., Option A2) may result in non-integer number of PRBs per interlace. Furthermore, both Option A1 and Option A2 do not consider the number PRBs in intra-cell guard band of a resource pool. 

On other hand, the last option (i.e., Option A4) will lead to a large signaling overhead since a dedicated SCI format 1-A bit will be used for the dynamic indication purpose. We think Option A3 achieves balance between flexibility and signaling overhead. It only uses (pre-)configuration to indicate  and it provides flexibility on the sidelink TBS calculation among different resource pool settings. Furthermore, the impact of additional available PRBs in intra-cell guard bands for PSSCH transmission can also be handled by (pre-)configuration. 

Proposal 10: For interlace RB-based PSSCH transmission, sidelink TBS is determined based on a (pre-)configured reference number of PRBs of one interlace within 1 RB set. 

It was agreed [1] that for the frequency domain resource indication for interlace RB-based PSSCH transmission, the used sub-channel index(s) and the used RB set index(s) are explicitly indicated, using  bits and  bits, respectively. Here, Rel-16 NR sidelink FRIV is reused as baseline. It is open on the details of signaling design and bit size. 

Based on the principle of Rel-16 NR sidelink FRIV, it can be assumed that the used sub-channel index(s) are contiguous. Then, the X bits field indicates the starting sub-channel index of the second resource, starting sub-channel index of the third resource (if configured), and the number of contiguous allocated sub-channels. If sl-MaxNumPerReserve is configured to 2, X is  bits; If sl-MaxNumPerReserve is configured to 3, X is  bits, where  is the number of sub-channels in each RB set. 

Proposal 11: For interlace RB-based PSSCH transmission, for X bits for indicating sub-channel index(s), the NR sidelink FRIV scheme is reused and only contiguous allocated sub-channels in an RB set is used, where X is 
·  bits, when sl-MaxNumPerReserve is 2; 
·  bits, when sl-MaxNumPerReserve is 3;
·  is the number of sub-channels in an RB set.

Based on the principle of Rel-16 NR sidelink FRIV, with the used RB set index(s) being contiguous for SL-U, the  bits field indicates the starting RB set index of the second resource, starting RB set index of the third resource (if configured), and the number of contiguous allocated RB sets. If sl-MaxNumPerReserve is configured to 2, Y is  bits; If sl-MaxNumPerReserve is configured to 3, Y is  bits, where  is the number of RB sets in resource pool. 

Proposal 12: For interlace RB-based PSSCH transmission, for Y bits for indicating contiguous RB set index(s), the NR sidelink FRIV is reused, where Y is 
·  bits, when sl-MaxNumPerReserve is 2; 
·  bits, when sl-MaxNumPerReserve is 3;
·  is the number of RB sets in resource pool. 

It is open whether to support that the used sub-channel indices are non-contiguous and subsequently, the bitmap design for  bits is used. In our view, although this design increases the resource selection flexibility, it also increases the signaling payload size. For example, if each RB set contains 5 sub-channels, then  is equal to 4 or 6 bits for sl-MaxNumPerReserve being 2 or 3 respectively, provided only contiguous sub-channels used in each transmission. On the other hand,  is equal to 10 or 15 bits for sl-MaxNumPerReserve being 2 or 3 respectively, if non-contiguous sub-channels are supported in each transmission. 

Proposal 13: For interlace RB-based PSSCH transmission, the used sub-channel index(s) in each transmission are always contiguous, and the indication of sub-channel index(s) are in FRIV format.  

It is open whether additionally supporting different number of RB sets (while keeping total number of sub-channels unchanged) between initial transmission and retransmission(s) for a TB. On one hand, such a design increases the resource selection flexibility. On the other hand, this design increases the signaling overhead. As discussed above, the FRIV based frequency resource indication is no longer valid and bitmap-based frequency resource indication has to be used. Overall, it is not preferred to explore such enhancement. 

Proposal 14: For interlace RB-based PSSCH transmission, only the same number of RB set(s) is used for initial transmission and retransmission(s) for a TB. 

It is open whether to re-define single-slot candidate resource to support the case where one PSSCH transmission may occupy one or multiple RB sets. 

In legacy mode 2 resource selection, a candidate single-slot resource is defined as a set of  contiguous sub-channels with sub-channel in slot , where . In SL-U, a candidate single-slot resource with  sub-channels could be two sub-channels of the same index over two contiguous RB sets. Hence, the candidate single-slot resource should be redefined. Overall, we could have three-dimension definition of a candidate single-slot resource , where is the RB set index,  is the sub-channel index and  is the slot index. A candidate single-slot resource , could be used to indicate the set of sub-channels of , where ,  and .

Proposal 15: For interlace RB-based PSSCH transmission, candidate single-slot resource  is redefined as a set of  correlated sub-channels, with sub-channels , where j=0,…,J-1, k=0,…,K-1, and . 

Sub-channel in contiguous RB-based resource pool
	RAN1 #110b-e Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission

RAN1 #112 Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, down-select one of the followings during RAN1#112:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: how to deal with the remaining PRBs, e.g. for meeting OCB requirements

RAN1 #112b-e 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  



For contiguous RB-based PSCCH/PSSCH transmission, the mapping between sub-channel and PRBs was agreed in the way that sub-channel aligns with resource pool boundary. Based on this definition, it is possible that the intra-cell guard band PRBs can be at every location of a sub-channel. 

It was agreed [5] that intra-cell guard band PRBs are not used for PSCCH transmission. Consider the case where PSCCH is (pre-)configured as  PRBs. It is straightforward that if the number of PRBs in a sub-channel not overlapped with guard band is larger than or equal to , then this sub-channel cannot be used to transmit PSCCH. 

If it is further assumed that PSCCH is located at the first  PRBs of a sub-channel, then a sub-channel cannot be used to transmit PSCCH if the first  PRBs of the sub-channel have overlap with guard band. Figure 3 illustrates sub-channel definition for contiguous RB-based resource pool. It is clear that sub-channel #5 cannot be selected as the first sub-channel since its lowest  PRBs have overlap with intra-cell guard band. It is possible that sub-channel #4 cannot be selected as the first sub-channel, depending on whether there is overlap between its lowest  PRBs and intra-cell guard band. 
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[bookmark: _Ref130658282]Figure 3: illustration of sub-channel definition for contiguous RB-based resource pool

Proposal 16: For contiguous RB-based PSCCH/PSSCH transmission, if the number of PRBs used for PSCCH transmission is (pre-)configured as N, then a sub-channel can be used for PSCCH/PSSCH transmission if one of the following alternatives is satisfied 
· Alt 1: at least the first N PRBs in this sub-channel do not overlap with guard band 
· Alt 2: at least N PRBs in this sub-channel do not overlap with guard band
Otherwise, the sub-channel cannot be used for PSCCH transmission and can be used for PSSCH transmission. 

It is clear if a sub-channel cannot be used for PSCCH transmission, this sub-channel cannot be the first sub-channel for a PSCCH/PSSCH transmission. Hence, in mode 2 resource selection procedure, a resource with this sub-channel as the first sub-channel is excluded from the set of candidate resources for transmissions.

For example, if a UE is to select 2 sub-channels for its PSCCH/PSSCH transmission, it should avoid selecting sub-channels (#4, #5) or sub-channels (#5, #6) from the resource pool in Figure 3. 

Proposal 17: For contiguous RB-based PSCCH/PSSCH transmission, if a sub-channel cannot be used for PSCCH transmission, mode 2 resource selection procedure is modified such that a resource with this sub-channel as the first sub-channel is excluded from the candidate resource set. 

Within the above definition of sub-channel, it is open how to deal with the remaining PRBs, e.g., for meeting OCB requirements. In our view, the remaining RPBs should not be used so that all sub-channels will have the same size, which follows Rel-16 NR sidelink design. 

Proposal 18: For contiguous RB-based PSCCH/PSSCH transmission, the remaining PRBs of a resource pool are not used. 

Sub-channel for 60 kHz SCS
The sub-channel definition for 60 kHz SCS was discussed. It was proposed by FL that for PSCCH/PSSCH/PSFCH/S-SSB, RAN1 to further study how to meet OCB and PSD requirement under 60 kHz SCS. An RB set is of 20 MHz, which contains only 24 PRBs under 60 kHz SCS. If an interlace is composed of 10 or 11 PRBs, like 15 kHz or 30 kHz SCS, then an RB set contains 2 interlaces. Subsequently, the bandwidth of unused PRBs in an RB set could be large under 60 kHz SCS. 

To mitigate frequency resource waste, it is proposed that each interlace under 60 kHz SCS contains more PRBs than an interlace under 15 kHz or 30 kHz SCS. 
 
Proposal 19: To meet OCB and PSD requirement under 60 kHz SCS, RB-based interlace is supported, where each interlace includes more PRBs than an interlace under 15 kHz or 30 kHz SCS. 

Multi-consecutive slot transmission
	RAN1 #110 Agreement
Multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U.
· FFS details

RAN1 #110 Agreement
For PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission



For PSCCH and PSSCH resource indication in time/frequency domain, it was agreed that Rel-16 NR sidelink TRIV is reused as baseline. It is open whether any enhancement is needed if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission. Additionally, it was agreed that multi-consecutive slots transmission (MCSt) is supported for Mode 1 and Mode 2 resource allocation in SL-U. 

In Rel-16 NR sidelink, TRIV is determined by two time gap variables,  and , where  is the time gap between the initial transmission slot and the first re-transmission slot,  is the time gap between the initial transmission slot and the second re-transmission slot. Since the resource reservation window by SCI is 32 slots, the value range of  is  and the value range of  is . With MCSt, if Rel-16 NR sidelink TRIV is reused, then the value ranges of  and  need to be redefined such that there is no time overlap between initial transmission and re-transmissions.

Proposal 20: In supporting multi-consecutive slots transmission, the value ranges of  and  in deriving TRIV are redefined to avoid time overlap between initial transmission and re-transmissions. 

PSFCH
Time domain
	RAN1 #112b-e 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 [1] that one PSCCH/PSSCH transmission has  associated PSFCH occasion(s) via (pre-)configuration. It is open on the value range of , as well as the detailed design of  associated candidate PSFCH occasion(s). 

In our view, the value range of  could be 1 or 2. If  is larger than 2, then the HARQ retransmission timing may likely exceed the resource indication window of 32 slots. 

The PSFCH initial transmission is 2 or 3 slots after PSCCH/PSSCH transmission in NR sidelink. It is preferred to set PSFCH re-transmission occasion(s) after PSFCH initial transmission occasion. The time gap between PSFCH re-transmission and PSFCH initial transmission can be (pre-)configured per resource pool. Different frequency domain PSFCH resources (i.e., interlace) or code domain PSFCH resources (i.e., cyclic shift pairs) can be used for PSFCH re-transmission. This is illustrated in Figure 4. 

If a candidate PSFCH occasion is located in different RB sets of the same slot, then it does not work if a resource pool is composed of a single RB set. Also, it may not be avoided that a receiver UE always transmits multiple PSFCHs, since it does not know whether the legacy PSFCH transmission is successful or not. 

Proposal 21: If a PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s),
· N can be 1 or 2;
· these candidate PSFCH occasions are in different slots, where 
· the time gap between PSFCH initial transmission time occasion and PSFCH re-transmission time occasion is (pre-)configured by resource pool.
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[bookmark: _Ref115097287]Figure 4: Illustration of PSFCH re-transmission
It is open on the HARQ-ACK timeline for the case of supporting more than 1 PSFCH occasion per PSCCH/PSSCH transmission. In Rel-16/17 NR sidelink, when a UE selects the resources for a single TB transmission, it ensures a minimum time gap  between any two selected resources of a TB where a HARQ feedback for the first resource is expected, where  is the time gap between the end of the last symbol of PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception and  is the time required for PSFCH reception and processing plus PSSCH re-transmission preparation and is determined by UE implementation. 

In the case of supporting multiple PSFCH transmission occasions for a PSCCH/PSSCH transmission, when a UE selects resources for a single TB transmission, it ensures a minimum time gap  between any two selected resources of a TB where a HARQ feedback for the first resource is expected, where  is the time gap between the first PSFCH occasion and the last PSFCH occasion for the corresponding PSSCH transmission. This is illustrated in Figure 5. 
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[bookmark: _Ref123724869]Figure 5 Illustration of HARQ-ACK timeline

Proposal 22: If multiple PSFCH transmission occasions for a PSCCH/PSSCH transmission is supported, when a transmitter UE selects resources for a single TB transmission, it ensures a minimum time gap  between any two selected resources of a TB where a HARQ feedback for the first resource is expected,
· a is the time gap between the end of the last symbol of PSSCH transmission of the first resource and the start of the first symbol of the first corresponding PSFCH reception,
· b is the time required for PSFCH reception and processing plus PSCCH/PSSCH re-transmission preparation,
· c is the time gap between the first PSFCH occasion and the last PSFCH occasion for the corresponding PSCCH/PSSCH transmission.

If multiple PSFCH transmission occasions for a PSCCH/PSSCH transmission are supported, then the receiver UE’s behavior of using multiple PSFCH transmission occasions needs to be specified. In our view, a receiver UE only needs to make a single PSFCH transmission among multiple PSFCH transmission occasions for a TB’s (re)transmission. If a receiver UE fails transmitting PSFCH on any precedent PSFCH occasion corresponding to the same TB due to LBT failure, then it attempts to make a PSFCH transmission. 

Consider an example of groupcast with ACK/NACK feedback. If there are two PSFCH transmission occasions for PSCCH/PSSCH initial transmission and there are two PSFCH transmission occasions for PSCCH/PSSCH re-transmission (i.e., same TB), then a receiver UE only needs to make a single PSFCH transmission. Specifically, it attempts to make a PSFCH transmission in the first PSFCH transmission occasion for PSCCH/PSSCH initial transmission. If it succeeds, then it stops sending PSFCH in the remaining 3 PSFCH transmission occasions. Otherwise, the receive UE attempts to make a PSFCH transmission in the second PSFCH transmission occasion for PSCCH/PSSCH initial transmission, and so on. 

Proposal 23: When multiple PSFCH transmission occasions for a PSCCH/PSSCH transmission is (pre-)configured, a receiver UE attempts to make a PSFCH transmission if it has not transmitted on any precedent PSFCH occasion corresponding to the same TB. 

Frequency domain
	RAN1 #111 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

RAN1 #112b-e 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 



It was agreed that at least interlace RB-based PSFCH transmission is supported to meet OCB and PSD requirement. If each PSFCH transmission occupies one interlace (e.g., 10 PRBs), then the frequency domain resources of PSFCH will be limited. Note that in Rel-16/17 NR sidelink, each PSFCH transmission occupies only a single PRB. The details about RB-based interlace PSFCH transmission are open, where five alternatives are identified. 

We shall compare different alternatives in terms of PSFCH capacity and PSFCH reliability. 

In the comparison, we consider an example of an RB set composed of 5 interlaces where each interlace has 10 PRBs. The configured number of cyclic shift pairs used for PSFCH transmissions is 6. Hence, this RB set has a total of 5*10*6 = 300 PSFCH resources. 

In Alt 1-1a, a common interlace is used to meet OCB requirement. This results in 60 common PSFCH resources, which leaves 300-60 = 240 remaining PSFCH resources available to deliver sidelink HARQ-ACK information. Since each PSFCH transmission uses K3 dedicated PRB(s), one RB set supports a total of 240/K3 PSFCH transmissions. 

In Alt 2-3a, each PSFCH transmission occupies 1 dedicated interlace. Hence, one RS set supports a total of 300/10=30 PSFCH transmissions. 

In Alt 3-2b, each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRBs. Hence, one RB set supports a total of (300-6*K2)/K4 PSFCH transmissions, which is equal to 288/K4 for K2= 2. 

Overall, Alt 2-3a has limited PSFCH capacity, while Alt 1-1a and Alt 3-2b have configurable PSFCH capacity, depending on the values of parameters K3 and K4, respectively. The maximum allowable PSFCH capacity in Alt 3-2b is the largest among the alternatives. 

On the other hand, Alt 2-3b uses 10 dedicated PRBs to transmit sidelink HARQ-ACK information, and they achieve the highest reliability among the alternatives. The number of dedicated PRBs for transmitting sidelink HARQ-ACK information is configurable as K3 and K4 in Alt 1-1a and Alt 3-2b, respectively. In general, the value range of K3 and K4 can be between 1 and 10. Hence, Alt 1-1a, and Alt 3-2b have the flexibility to balance between PSFCH capacity and PSFCH transmission reliability and hence, they could be considered.

In Alt 1-1a, all UEs transmit on the common interlace, which increases the total power on this common interlace. To meet PSD limitation, it is applied that UE skips the transmissions of common PRB(s) if it is located within 1 MHz from a dedicated PRB. However, this design violates the interlace waveform and its feasibility is unclear. 

Considering that Alt 3-2b allows the largest PSFCH capacity, we prefer Alt 3-2b. The value of K4 is (pre-)configured by resource pool, while the value of K2 is always set to 2 to meet the OCB requirement. To address PSD limit issue, it is preferred that the K2 common PRBs and K4 dedicated PRBs are within 1 interlace. To mitigate the IBE issue on K2 common PRBs, we prefer that different PSCCH/PSSCH transmissions have different common PRBs. 

Proposal 24: Each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRB(s) where K2 common PRBs locate at the two edges of an RB set (Option 3-2b).
· K2 common PRBs and K4 dedicated PRBs are within 1 interlace to address PSD limit.
· Different PSFCH transmissions can use different common PRB(s) to mitigate IBE issue.

It was agreed [1] that Rel-16 NR SL PSSCH-PSFCH mapping is reused as baseline for SL-U. The details are open. 

We could apply the following procedure for PSSCH-PSFCH mapping. All PSSCH resources in each PSFCH periodicity are indexed and all PSFCH resources in each PSFCH periodicity are indexed. Then, PSSCH frequency resources are mapped to PSFCH resources in index order via one-to-many mapping. Consider an example of 20 PSSCH resources (or, 20 sub-channels) in each PSFCH periodicity and 100 PSFCH resources (e.g. 100 dedicated PRBs) in each PSFCH periodicity. Then the first PSSCH resource is associated with the first 5 PSFCH resources, the second PSSCH resource is associated with the next 5 PSFCH resources, etc.

For the indexing of PSSCH resources, we could follow the legacy way of slot index first and sub-channel index second rule. Here, in supporting more than 1 PSFCH occasion(s) per PSCCH/PSSCH, the PSFCH retransmission index is also considered. For the indexing of PSFCH resources, we could follow PRB index in an RB set first and RB set index second rule. 

Proposal 25: For PSSCH-PSFCH mapping, apply the following procedure:
· All PSSCH resources in one PSFCH periodicity are indexed, where
· indexing follows slot index first, sub-channel index second, and PSFCH retransmission index third rule. 
· All PSFCH frequency resources in one PSFCH periodicity are indexed, where
· indexing follows PRB index in an RB set first, and RB set index second rule. 
· Each PSSCH resource is mapped to PSFCH frequency resources in index order via one-to many mapping.

The PSFCH transmission under 60 kHz SCS was discussed and two alternatives are identified for further study. We think the similar PSFCH transmission as for 15 kHz or 30 kHz SCS could be applied to 60 kHz SCS as well. Specifically, each PSFCH transmission occupies  dedicated PRBs and two common PRBs, where the value  is (pre-)configured per resource pool and two common PRBs are at the two edges of an RB set. 

Proposal 26: For 60 kHz SCS, each PSFCH transmission occupies K dedicated PRBs and two common PRBs, where 
· the value K is (pre-)configured per resource pool,
· two common PRBs are at the two edges of an RB set.  

S-SSB
Time domain
	RAN1 #110b-e Agreement
Regarding additional candidate S-SSB occasions:
· Their number and time domain locations are (pre-)configured or pre-defined

RAN1 #111 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

RAN1 #111 Agreement
Regarding S-SSB, RAN1 further study the following: 
· How to transmit S-SSB when a SL BWP contains multiple RB sets.
RAN1 #112b-e Working assumption
Additional candidate S-SSB occasions are excluded from resource pool.

RAN1 #112b-e 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).



It was agreed that if LBT is performed for S-SSB, in addition to the S-SSB occasions in Rel-16/17 NR sidelink design, additional candidate S-SSB occasions are supported. Furthermore, it is working assumption that additional candidate S-SSB occasions are excluded from resource pool. 

Although this semi-static configuration of resource pool increases S-SSB resource overhead, it largely simplifies UE’s operations on PSCCH/PSSCH transmission or reception. Since otherwise, UE needs to dynamically determine whether a slot is used for S-SSB transmission or used for PSCCH/PSSCH transmission. In case a S-SSB transmission occurs in a slot belonging to resource pool, all the reserved PSCCH/PSSCH resources will be either pre-empted or delayed, resulting in performance degradation. Also, a receiver UE needs to perform blind detection of S-SSB and PSCCH/PSSCH, largely increasing UE complexity. 

Proposal 27: Confirm the working assumption that additional candidate S-SSB occasions are excluded from resource pool.

It was agreed that the number and time domain locations of additional candidate S-SSB occasions are (pre-)configured or pre-defined. Furthermore, there are five identified options on the number and locations of additional candidate S-SSB occasions. 

In our view, the number of additional candidate S-SSB occasions is (pre-)configured as part of the IE SL-SyncConfig to keep the flexibility. The locations of additional candidate S-SSB occasions are (pre-)configured by a time offset to the initial S-SSB occasion. This is illustrated in Figure 6. 
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[bookmark: _Ref123676038]Figure 6: Illustration of S-SSB occasions

Proposal 28: Regarding the number and location(s) of additional candidate S-SSB occasions, each Rel-16/17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion (i.e., Option 2), where
· the value of K is (pre-)configured,
· the gap between additional candidate S-SSB occasions and Rel-16/17 NR SL S-SSB slots is (pre-)configured.

Frequency domain
	RAN1 #112b-e 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.

RAN1 #112b-e 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



It was agreed that for S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, support both Option 3-1 (revised) and Option B, based on (pre-)configuration. In Option 3-1 (revised), legacy S-SSB is transmitted  times by repetition in frequency domain. It is open on the length of gap between repetitions and the number of . 

In our view, the value of  should be restricted to 2 to avoid further power split for S-SSB transmissions. To meet the OCB requirement, the 2 S-SSB should be located near the 2 edges of RB set. Specifically, the frequency gap between S-SSB and RB set edge can be (pre-)configured or (pre-)defined. Here, the same gap value is applied on both sides of RB set edge. 

Proposal 29: For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, when Option 3-1 (revised) is applied,
· a total of 2 legacy S-SSB are repeated in frequency domain near the 2 edges of RB set, where the frequency gap between S-SSB and RB set edge is (pre-)configured or pre-defined. 

Power control
	RAN1 #112 Agreement
RAN1 further study the followings:
· Whether any updates on power control are necessary considering PSD limit in unlicensed spectrum regulation. 

RAN1 #112b-e Agreement
Considering PSD limit in unlicensed spectrum regulation, RAN1 further study whether updates on power control is needed especially for PSFCH.



For sidelink operations on unlicensed spectrum, the PSD limit needs to be considered. In some region, the PSD limit is 10 dBm/MHz. 

NR sidelink has open loop power control. The transmission power of sidelink channels is subject to downlink or sidelink pathloss. With the total UE transmission power limit of 23 dBm, the PSD limit of 10 dBm/MHz is satisfied if the total transmission bandwidth is 20 MHz or 1 RB set. If the sidelink transmission (e.g., S-SSB) occupies a smaller bandwidth, then additional power control limit should be imposed on this sidelink transmission to meet the PSD limit. If multiple PSFCH transmissions can condensed in 1 MHz, then additional power control limit should be imposed on the PSFCH transmissions to meet the PSD limit. 

Proposal 30: If a S-SSB transmission occupies less than 20 MHz bandwidth, then the PSD limit is considered in determining the transmission power of S-SSB. If multiple PSFCH transmissions are condensed in 1 MHz bandwidth, then the PSD limit is used in determining the transmission power of PSFCH. 

Conclusion
In this contribution, we provided our views on physical channel design framework for sidelink on FR1 unlicensed spectrum. Our proposals are as follows:

Proposal 1: Do not support that one sidelink resource pool is (pre-)configured to include a subset of RB set. 

Proposal 2: Use a bitmap to indicate the time domain resources of a resource pool.

Proposal 3: If a resource pool contains two adjacent RB sets, all the PRBs within intra-cell guard band of two adjacent RB sets are associated with the interlaces in one of the two adjacent RB sets.
· These PRBs are treated as an extension of the allocated RB set when associating them with the corresponding interlaces.

Proposal 4: When the PRBs within intra-cell guard band are used for PSSCH transmission, the rate matched bits of PSSCH are mapped to these PRBs.
· FFS whether SCI stage 2 rate matched bits are mapped to these PRBs.

Proposal 5: The PRBs within intra-cell guard band are not used for PSFCH transmission.

Proposal 6: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, if PSCCH/PSSCH transmission starts from the first starting symbol, then  
· a single AGC symbol is applied for PSCCH/PSSCH transmission in a slot, in case a resource pool contains 1 RB set;
· two AGC symbols are applied for PSCCH/PSSCH transmission in a slot, in case a resource pool contains more than 1 RB set.
· The second AGC symbol is the second candidate starting symbol, with contents being the copy of its following symbol. 

Proposal 7: After a transmitter UE initiates a COT, it chooses the first candidate starting symbol for a PSCCH/PSSCH transmission in the remaining slots of a COT, only if the gap between the PSCCH/PSSCH transmission and its previous transmission is less than 16 µs.

Proposal 8: If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, a (pre-)configured reference number of symbols  replaces sl-LengthSymbols in the sidelink TBS calculation formula. 

Proposal 9: If a resource pool supports 2 candidate starting symbol positions, then the PSFCH occasion is at least 3 slots after the corresponding PSCCH/PSSCH transmission.

Proposal 10: For interlace RB-based PSSCH transmission, sidelink TBS is determined based on a (pre-)configured reference number of PRBs of one interlace within 1 RB set. 

Proposal 11: For interlace RB-based PSSCH transmission, for X bits for indicating sub-channel index(s), the NR sidelink FRIV scheme is reused and only contiguous allocated sub-channels in an RB set is used, where X is 
·  bits, when sl-MaxNumPerReserve is 2; 
·  bits, when sl-MaxNumPerReserve is 3;
·  is the number of sub-channels in an RB set.

Proposal 12: For interlace RB-based PSSCH transmission, for Y bits for indicating contiguous RB set index(s), the NR sidelink FRIV is reused, where Y is 
·  bits, when sl-MaxNumPerReserve is 2; 
·  bits, when sl-MaxNumPerReserve is 3;
·  is the number of RB sets in resource pool. 

Proposal 13: For interlace RB-based PSSCH transmission, the used sub-channel index(s) in each transmission are always contiguous, and the indication of sub-channel index(s) are in FRIV format.  

Proposal 14: For interlace RB-based PSSCH transmission, only the same number of RB set(s) is used for initial transmission and retransmission(s) for a TB. 

Proposal 15: For interlace RB-based PSSCH transmission, candidate single-slot resource  is redefined as a set of  correlated sub-channels, with sub-channels , where j=0,…,J-1, k=0,…,K-1, and . 

Proposal 16: For contiguous RB-based PSCCH/PSSCH transmission, if the number of PRBs used for PSCCH transmission is (pre-)configured as N, then a sub-channel can be used for PSCCH/PSSCH transmission if one of the following alternatives is satisfied 
· Alt 1: at least the first N PRBs in this sub-channel do not overlap with guard band 
· Alt 2: at least N PRBs in this sub-channel do not overlap with guard band
Otherwise, the sub-channel cannot be used for PSCCH transmission and can be used for PSSCH transmission. 

Proposal 17: For contiguous RB-based PSCCH/PSSCH transmission, if a sub-channel cannot be used for PSCCH transmission, mode 2 resource selection procedure is modified such that a resource with this sub-channel as the first sub-channel is excluded from the candidate resource set. 

Proposal 18: For contiguous RB-based PSCCH/PSSCH transmission, the remaining PRBs of a resource pool are not used. 

Proposal 19: To meet OCB and PSD requirement under 60 kHz SCS, RB-based interlace is supported, where each interlace includes more PRBs than an interlace under 15 kHz or 30 kHz SCS. 

Proposal 20: In supporting multi-consecutive slots transmission, the value ranges of  and  in deriving TRIV are redefined to avoid time overlap between initial transmission and re-transmissions. 

Proposal 21: If a PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s),
· N can be 1 or 2;
· these candidate PSFCH occasions are in different slots, where 
· the time gap between PSFCH initial transmission time occasion and PSFCH re-transmission time occasion is (pre-)configured by resource pool.

Proposal 22: If multiple PSFCH transmission occasions for a PSCCH/PSSCH transmission is supported, when a transmitter UE selects resources for a single TB transmission, it ensures a minimum time gap  between any two selected resources of a TB where a HARQ feedback for the first resource is expected,
· a is the time gap between the end of the last symbol of PSSCH transmission of the first resource and the start of the first symbol of the first corresponding PSFCH reception,
· b is the time required for PSFCH reception and processing plus PSCCH/PSSCH re-transmission preparation,
· c is the time gap between the first PSFCH occasion and the last PSFCH occasion for the corresponding PSCCH/PSSCH transmission.

Proposal 23: When multiple PSFCH transmission occasions for a PSCCH/PSSCH transmission is (pre-)configured, a receiver UE attempts to make a PSFCH transmission if it has not transmitted on any precedent PSFCH occasion corresponding to the same TB. 

Proposal 24: Each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRB(s) where K2 common PRBs locate at the two edges of an RB set (Option 3-2b).
· K2 common PRBs and K4 dedicated PRBs are within 1 interlace to address PSD limit.
· Different PSFCH transmissions can use different common PRB(s) to mitigate IBE issue.

Proposal 25: For PSSCH-PSFCH mapping, apply the following procedure:
· All PSSCH resources in one PSFCH periodicity are indexed, where
· indexing follows slot index first, sub-channel index second, and PSFCH retransmission index third rule. 
· All PSFCH frequency resources in one PSFCH periodicity are indexed, where
· indexing follows PRB index in an RB set first, and RB set index second rule. 
· Each PSSCH resource is mapped to PSFCH frequency resources in index order via one-to many mapping.

Proposal 26: For 60 kHz SCS, each PSFCH transmission occupies K dedicated PRBs and two common PRBs, where 
· the value K is (pre-)configured per resource pool,
· two common PRBs are at the two edges of an RB set.  

Proposal 27: Confirm the working assumption that additional candidate S-SSB occasions are excluded from resource pool.

Proposal 28: Regarding the number and location(s) of additional candidate S-SSB occasions, each Rel-16/17 NR SL S-SSB slot has K corresponding additional candidate S-SSB occasion (i.e., Option 2), where
· the value of K is (pre-)configured,
· the gap between additional candidate S-SSB occasions and Rel-16/17 NR SL S-SSB slots is (pre-)configured.

Proposal 29: For S-SSB transmission within 1 RB set, for 15 kHz and 30 kHz SCS, when Option 3-1 (revised) is applied,
· a total of 2 legacy S-SSB are repeated in frequency domain near the 2 edges of RB set, where the frequency gap between S-SSB and RB set edge is (pre-)configured or pre-defined. 

Proposal 30: If a S-SSB transmission occupies less than 20 MHz bandwidth, then the PSD limit is considered in determining the transmission power of S-SSB. If multiple PSFCH transmissions are condensed in 1 MHz bandwidth, then the PSD limit is used in determining the transmission power of PSFCH. 
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