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Introduction
A work item on NR sidelink enchantment was updated [1]. One of objectives of this work item is physical channel design framework. This document provides our view on sidelink physical channel design framework on unlicensed spectrum.
Discussion
PSFCH
PSFCH like signal
Following was discussed in FLS[3].
	  [L] Proposal 4-7b
For “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”
· COT initiating UE can transmit PSFCH only on common interlace on a PSFCH occasion within the COT, when 
· COT initiating UE does not intend to transmit PSFCH and does not expect to receive PSFCH on the PSFCH occasion within a SL-BWP, and
· COT initiating UE performs PSCCH/PSSCH transmission just before the PSFCH occasion in the same slot, and
· COT initiating UE intends to transmit PSCCH/PSSCH or S-SSB after the PSFCH occasion
· COT responding UE can transmit PSFCH only on common interlace on a PSFCH occasion within the COT based on COT sharing, when 
· COT responding UE does not intend to transmit PSFCH and does not expect to receive PSFCH on the PSFCH occasion within a SL-BWP, and
· COT responding UE performs PSCCH/PSSCH transmission just before the PSFCH occasion in the same slot, and 
· COT responding UE intends to transmit PSCCH/PSSCH that can utilize the shared COT or S-SSB after the PSFCH occasion
· The cyclic shift is up to UE implementation
· No new rule for CPE for this transmission



We think PSFCH transmission is suitable to avoid COT interruption for consecutive slots. For "Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)", transmission of PSFCH sequence on common interlace has no additional collision in a resource pool. 
Proposal 1: For "Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)", COT initiating UE or responding UE transmits PSFCH sequence on common interlace to avoid COT interruption.

Power control
Followings were agreed and working assumption in RAN1#114bis.
	Agreement
In “Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace”:
· The power for a PSFCH transmission is equally allocated over the occupied PRBs.



	Working assumption
· In “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”:
· Assume the UE transmits N PSFCH
· Denote the final Tx power on one common PRB is P_common
· Denote the final Tx power on one dedicated PRB is P_dedicated
· P_common <= P_dedicated
· (pre-)configure an offset between P_common and P_dedicated
· Send an LS to RAN4 asking whether there is any difficulty for supporting the following cases
· P_common < P_dedicated
· P_common = P_dedicated



Following was discussed in FLS[3].
	[H] Proposal 4-2-2
· Support following red changes to legacy PSFCH power control formula
·  [dBm], where  is a reference number of resource blocks for a PSFCH transmission
·  is (pre-)configured per SL BWP, and the value range is {10, 11, 12, 13, 15, 16}



When dl-P0-PSFCH is provided, legacy PSFCH power control and compared to  are as follows.
 [dBm]
If 
-	if , where  is determined for  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 and  [dBm] 
If P_common = P_dedicated is assumed, even in Alt 2-3a, the transmission power per PRB for PSFCH should be constant. In this case, instead of ,  as transmission power per PRB for PSFCH can be used.

 [dBm]
In order to compare to  , following formula can be used.
. 
For Alt 1-1b,  is K3 and  is the number of PRBs for the common interlace on jth RB set in . is the number of RB sets for transmission PSFCH. depends on the dropping common PRBs. For Alt2-3a,  is the number of PRBs for ith PSFCH transmission and =0.

If P_common < P_dedicated is assumed, the transmission power per PRB for PSFCH is not necessarily to be constant. In this case,  can be used with  as follows.



For , we think it should count only dedicated PRBs for Alt 1-1b since common PRB is shared by multiple PSFCH transmissions in a RB set. For Alt 1-1b,  is K3. For Alt 2-3a,  is 10 or (pre-)configured value. For Alt 2-3a, depending on the actual number of PRBs for a PSFCH, the transmission power per PSFCH can be different but total transmission power of a PSFCH is constant. In order to compare to  , following formula is used.


For Alt 1-1b,  is the (pre-)configured offset value for common PRB from dedicated PRB and   is the number of RB sets for transmission PSFCH. For Alt 2-3a, =0.

Proposal 2: If P_common = P_dedicated is assumed, instead of ,  as transmission power per PRB for PSFCH is used.
 [dBm]
In order to compare to  , following formula is used.
. 
If P_common < P_dedicated is assumed,   is changed with  as follows.


For Alt 1-1b,  is K3. For Alt 2-3a,  is 10 or (pre-)configured value. In order to compare to  , following formula is used.

 is the (pre-)configured offset value and  is the number of RB sets for transmission PSFCH in Alt 1-1b. For Alt 2-3a, =0.

Following was discussed in FLS[2] in RAN1#114.
	[L] Proposal 6-1 (power control, PSD limit)
Considering PSD limit in unlicensed spectrum regulation, down-select one of followings:
· Alt 1: RAN1 does not pursue specific enhancements on power control formulas of PSCCH/PSSCH/S-SSB/PSFCH to reflect PSD limit, i.e., RAN1 assumes PSD limit can be satisfied by other ways, e.g., UE implementation, etc.
· Alt 2: RAN1 updates power control formulas of PSCCH/PSSCH/S-SSB/PSFCH by taking PSD limit into account
· Down-select one of followings in RAN1#114:
· Opt-1: The Tx power for each PSFCH RB is not larger than Ppsfch,PSD = PPSD/Nmax_psfch_per_MHz, where PPSD is the PSD limit per MHz, and Nmax_psfch_per_MHz is the max number of PSFCH RBs in one MHz.
· Opt-2: The UE drops some of the PSFCHs iteratively based on the existing PSFCH prioritization rule until the PSD limit is met.



UE behaviour of power control considering PSD limit should be clarified in RAN1 specification. We propose to support Alt 2. In PSFCH Opt-1, all PSFCHs are transmitted without enough transmission power, and it is not preferable for receiver UEs of PSFCH. Therefore, we propose to support Opt-2 for PSFCH.
Proposal 3: RAN1 updates power control formulas of PSCCH/PSSCH/S-SSB/PSFCH by taking PSD limit into account. The UE drops some of the PSFCHs iteratively based on the existing PSFCH prioritization rule until the PSD limit is met.

PSFCH priority
Following was discussed in FLS[3].
	[H] Proposal 4-3b (no discussion in this meeting)
Regarding the order between performing LBT and PSFCH prioritization, down-select one of followings:
· Alt 1: UE performs PSFCH prioritization after LBT result for PSFCH transmission is known
· Alt 2: UE performs PSFCH prioritization before LBT result for PSFCH transmission is known
· Alt 3: UE performs PSFCH prioritization regardless of LBT result for PSFCH transmission
· The UE only transmits PSFCH on RB set(s) where LBT is successful
· When UE intends to transmit PSFCH, if all RB set(s) fail, 
· e.g., UE is allowed to perform PSFCH reception



For Alt 1, the number of PSFCH transmissions can be increased compared to Alt 2 and Alt 3. However, there is a concern whether processing time to perform PSFCH prioritization is not enough. Compared with Alt 2, Alt 3 has more details. Therefore, we support Alt 3.
Proposal 4: UE performs PSFCH prioritization regardless of LBT result for PSFCH transmission
· The UE only transmits PSFCH on RB set(s) where LBT is successful
· When UE intends to transmit PSFCH, if all RB set(s) fail, 
e.g., UE is allowed to perform PSFCH reception
Following was discussed in FLS[3].
	[H] Proposal 4-3 
When a UE does not support PSFCH transmission over non-contiguous RB sets, down-select one of followings:
· Alt 1: UE selects contiguous RB set(s) including PSFCH with smallest priority value.
· [ Alt 2: UE selects contiguous RB set(s) which contains the higher number of PSFCHs in ascending priority values ]
· Alt 3: UE selects contiguous RB set(s) based on UE implementation



As discussed as Proposal 4-3b in FLS[3] in above, UE can perform PSFCH prioritization before LBT results for PSFCH transmission is known,. Therefore, UE selects 1st contiguous RB set(s) including PSFCH with smallest priority value before LBT results for PSFCH transmission is known. Depending on the LBT results, UE cannot transmit 1st selected contiguous RB set(s). In this case, UE can select 2nd contiguous RB set(s) including PSFCH with smallest priority value from subset of 1st selected contiguous RB set(s).

Proposal 5: When a UE does not support PSFCH transmission over non-contiguous RB sets, before LBT results for PSFCH transmission is known, UE selects 1st contiguous RB set(s) including PSFCH with smallest priority value and after LBT result for PSFCH transmission is known, UE can select 2nd contiguous RB set(s) including PSFCH with smallest priority value from subset of 1st selected contiguous RB set(s).

Inter UE coordination 
Followings was agreed in RAN1#114bis.
	Agreement
Support:
· Alt A: R17 SL inter-UE coordination Scheme 2 (conflict indication) at least for sl-PSFCH-Occasion = '0' uses the same transmission scheme (Alt 1-1b and Alt 2-3a) as HARQ-ACK in R18 SL-U
· For Alt 1-1b, 
· Alt A2: Common interlace index for conflict indication and HARQ-ACK within the same RB set are the same
· Note: Alt 1-1b and Alt 2-3a in previous agreements are as below
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace



In current draft CR for 38.213[4], editor requests that RAN1 to clarify whether the time domain enhancement for shared spectrum is applicable to conflict information.We think PSFCH on  PSFCH occasion(s) (time domain enhancement as multiple PSFCH candidates for a related PSSCH) is not necessary for inter-UE coordination Scheme 2 since it needs more PSFCH resources for inter-UE coordination Scheme 2 and PSFCH resources for HARQ-ACK should be reduced to have PSFCH for inter-UE coordination Scheme 2. We think dropping inter-UE coordination Scheme 2 due to the LBT failures is not essential issue.
Proposal 6: PSFCH on  PSFCH occasion(s) is not supported for inter-UE coordination Scheme 2.
If PSFCH on  PSFCH occasion(s) is not supported for inter-UE coordination Scheme 2, to support sl-PSFCH-Occasion = ‘1’ has no additional issues. As same as sl-PSFCH-Occasion = ‘0’, for sl-PSFCH-Occasion = ‘1’, the same transmission scheme (Alt 1-1b and Alt 2-3a) for HARQ-ACK and inter-UE coordination Scheme 2 should be supported. 
Proposal 7: Rel.17 SL inter-UE coordination Scheme 2 (conflict indication) for sl-PSFCH-Occasion = '1' uses the same transmission scheme (Alt 1-1b and Alt 2-3a) as HARQ-ACK in Rel.18 SL-U.

PSFCH format 0
In current draft CR of 38.213 [4], editor requests that RAN1 to clarify whether the legacy PSFCH format 0 is applicable for more than one PSFCH transmission occasions.
In the agreement of N associated candidate PSFCH occasion(s), there is no restriction that it is used for only PSFCH Alt 1-1b (Type 2 in 38.213) and Alt 2-3a (Type 1 in 38.213). There is following agreement about N associated candidate PSFCH occasion(s) in RAN1#114. 
	Agreement
Regarding “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”:
· Support Alt 1 below, further support:
· Legacy PSSCH-PSFCH mapping is reused by replacing “resource pool-level mapping” with “RB set-level mapping”, 
· Note:
· Alt 1: Associated PSFCH occasion(s) are within the RB set(s) occupied by PSSCH transmissions
· Alt 2: PSSCH transmission and its related PSFCH occasion(s) are in the same or different RB set(s) of the same resource pool
· 


However, “associated PSFCH occasion(s) are within the RB set(s) occupied by PSSCH transmissions” is not supported in current specification for PSFCH format 0. We think "R16 NR SL PSFCH format 0 is supported" in RAN1#109-e agreement means there is no additional change from R16 NR SL PSFCH. The legacy PSFCH format 0 is applicable for more than one PSFCH transmission occasions is not necessary to be supported additionally.
Proposal 8: The legacy PSFCH format 0 is applicable for more than one PSFCH transmission occasions is not supported additionally.

S-SSB
UE transmits S-SSB repetition in more than on RB set was proposed to avoid COT interruption. However, from agreements, when UE can transmit S-SSB repetition is unclear. We propose that UE can transmit S-SSB repetition in more than one RB set only when the UE knows COT is shared. When UE can transmit S-SSB repetition outside COT, it is like a dummy signal, and it is not fair for other system.
Proposal 9: UE can transmit S-SSB repetition only when the UE knows COT is shared.
Followings was agreed in RAN1#114bis.
	Agreement
Adopt following red change to RAN1#114’s agreement:
	Agreement
Regarding “UE may transmit S-SSB repetition in more than one RB set”:
· At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets
· On anchor RB set, there is a (pre-)configured offset  to limit the maximum power as below (changes to legacy NR SL is marked in red)
·  [dBm], where i is slot index as in legacy
· value range of  is: {10lg(N), [10lg(N)+2, 10lg(N)+4, …],}
· On non-anchor RB set
· UE first allocates power to S-SSB repetitions on anchor RB set, assume the power of each S-SSB repetition is 
· Then, UE allocates remaining power  equally to other S-SSB repetitions on all other used RB sets, where , where  and  are converted to linear unit (i.e, Watt) in this formula
· Note: for both anchor RB set and non-anchor RB set transmission, the same DL pathloss is taken into account
· M is the total number of RB sets within this SL-BWP, N is the number of S-SSB repetitions within the anchor RB set, W is the maximum total number of S-SSB repetitions on RB sets within the SL-BWP
· Note: the above power for S-SSB transmission refers to power of one S-SSB repetition
· UE at least attempts to transmit on anchor RB set
· Note: anchor RB set refers to the RB set where S-SSB indicated by sl-AbsoluteFrequencySSB-r16 locates
· For above Alts,  is determined according to TS 38.101-1 for transmission of all S-SSB repetitions on all used RB sets






In current draft CR for 38.213[4], editor requests that RAN1 to clarify whether the RB-sets are the configured ones or the ones used for S-SS/PSBCH transmission. As discussed above, S-SSB repetition can be transmitted only the slot in shared COT. Therefore, for remaining power , RB sets for S-SSB repetition is sets used for S-SSB transmission.
Proposal 10: For remaining power , RB sets for S-SSB repetition is sets used for S-SSB transmission.

TBS
In current draft CR for 38.212[5], following was captured for SCI format 2-A. Depending on the "COT sharing flag", the size of SCI format 2-A is changed.
	If the 'COT sharing flag' field in SCI format 1-A is present and set to '1', all the remaining fields are set as follows:
-	CAPC – 2 bits. Values '00', '01', '10' and '11' correspond to CAPC values '1', '2', '3' and '4' as defined in Table 4.5-1 of [14, TS 37.213], respectively.
-	COT sharing cast type – 2 bits as defined in Table 8.4.1.1-1.
-	COT sharing additional ID – 24 bits. The 16 LSBs provide layer 1 destination ID and the 8 MSBs provide layer 1 source ID, as defined in [6, TS 38.214]. The 8 MSBs are reserved when the COT sharing cast type field is set to '00' or '01'. 
-	Remaining COT duration –  bits, where  is defined in Table 4.2-1 of Clause 4.2 of [4, TS 38.211].
Table 8.4.1.1-1: Cast type indicator or COT sharing cast type
	Value of Cast type indicator or COT sharing cast type
	Cast type

	00
	Broadcast

	01
	Groupcast 
when HARQ-ACK information includes ACK or NACK

	10
	Unicast

	11
	Groupcast
when HARQ-ACK information includes only NACK; or
reserved, if higher layer parameter transmissionStructureForPSCCHandPSSCH in SL-BWP-Config is configured





 
In transport block size determination in 38,214 section 8.1.3.2,  is used.
	-	 is the number of coded modulation symbols generated for 2nd-stage SCI transmission (prior to duplication for the 2nd layer, if present) according to Clause 8.4.4 of [5, TS 38.212], with the assumption of .



TBS should be same for initial transmission and retransmission. Therefore, for TBS determination, UE needs to assume same value for  regardless of "COT sharing flag". The actual size of SCI format 2-A can be different. There are two options as follows.
Option 1:  is assumed the size with the 'COT sharing flag’=0.
Option 2:  is (pre-)configured.
We think option 1 is simpler than option 2. For TBS determination, there is another parameter . is the overhead given by higher layer parameter sl-X-Overhead.  can take into account  the additional overhead value. Additional pre-configured value is not necessary.
Proposal 11: For TBS determination  is assumed the size with the 'COT sharing flag’=0.
Conclusion
This document provided our view on channel design for sidelink on unlicensed spectrum. Based on the discussions, we have following proposals.
Proposal 1: For "Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)", COT initiating UE or responding UE transmits PSFCH sequence on common interlace to avoid COT interruption.
Proposal 2: If P_common = P_dedicated is assumed, instead of ,  as transmission power per PRB for PSFCH is used.
 [dBm]
In order to compare to  , following formula is used.
. 
If P_common < P_dedicated is assumed,   is changed with  as follows.


For Alt 1-1b,  is K3. For Alt 2-3a,  is 10 or (pre-)configured value. In order to compare to  , following formula is used.

 is the (pre-)configured offset value and  is the number of RB sets for transmission PSFCH in Alt 1-1b. For Alt 2-3a, =0.

Proposal 3: RAN1 updates power control formulas of PSCCH/PSSCH/S-SSB/PSFCH by taking PSD limit into account. The UE drops some of the PSFCHs iteratively based on the existing PSFCH prioritization rule until the PSD limit is met.
Proposal 4: UE performs PSFCH prioritization regardless of LBT result for PSFCH transmission
· The UE only transmits PSFCH on RB set(s) where LBT is successful
· When UE intends to transmit PSFCH, if all RB set(s) fail, 
e.g., UE is allowed to perform PSFCH reception
Proposal 5: When a UE does not support PSFCH transmission over non-contiguous RB sets, before LBT results for PSFCH transmission is known, UE selects 1st contiguous RB set(s) including PSFCH with smallest priority value and after LBT result for PSFCH transmission is known, UE can select 2nd contiguous RB set(s) including PSFCH with smallest priority value from subset of 1st selected contiguous RB set(s).
Proposal 6: PSFCH on  PSFCH occasion(s) is not supported for inter-UE coordination Scheme 2.
Proposal 7: Rel.17 SL inter-UE coordination Scheme 2 (conflict indication) for sl-PSFCH-Occasion = '1' uses the same transmission scheme (Alt 1-1b and Alt 2-3a) as HARQ-ACK in Rel.18 SL-U.
Proposal 8: The legacy PSFCH format 0 is applicable for more than one PSFCH transmission occasions is not supported additionally.
Proposal 9: UE can transmit S-SSB repetition only when the UE knows COT is shared.
Proposal 10: For remaining power , RB sets for S-SSB repetition is sets used for S-SSB transmission.
Proposal 11: For TBS determination  is assumed the size with the 'COT sharing flag’=0.
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