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1. Introduction
The WID for NR sidelink evolution has been approved for Rel-18 in RAN#94e [1]. The channel access mechanisms and the physical channel design framework for sidelink on unlicensed spectrum were agreed for further investigation:
	1. Study and specify support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we will discuss the remaining issues on physical channel design framework for sidelink (SL) on unlicensed spectrum.
2. [bookmark: _Ref498564494]Discussion
1. 
2. 
[bookmark: _Ref101534941][bookmark: _Ref67499018][bookmark: _Ref521492551][bookmark: PP12]Resource pool determination
	RAN1#109 [3]
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.



In RAN1#109, the slots belonging to the SLU resource pool are not determined yet. For SL resource pool in unlicensed band, TDD UL/DL configuration is needed to determine the time slots belonging to the resource pool. However, in unlicensed band, due to the uncertainty of the channel availability, TDD configuration with flexible symbols/slots is much more flexible, which is desirable for NRU deployment. Thus, configuring all the slots as flexible is the common understanding in NRU. Consequently, there will be very limited UL slots or even no UL slots. In this case, SL UE may have a problem with the determination of the time slots for the resource pool. To solve this problem, a straightforward way is to mandatorily configure enough UL slots in the TDD UL/DL configuration. However, this will reduce the flexibility of the transmissions in the unlicensed band, and consequently degrade the Uu performance. The other alternatives can be allowing SL transmission in flexible slots or assuming all the slots are valid for SL transmission or configuring separate TDD UL/DL configuration for SL transmission. The separate TDD UL/DL configuration can be carried in RRC signaling other than SIB1, and adequate UL slots can be provided for SL transmission. Among these options, it is preferred to include flexible symbols in the resource pool, since it has less spec impact compared with other mechanisms.
[bookmark: _Ref127524316]Proposal 1: The issue of no UL slot being available for deriving SL resources in the unlicensed band due to the deployment of NRU which configures all the slots in the unlicensed band as flexible should be addressed.
[bookmark: _Ref127524321][bookmark: _Ref146791585]Proposal 2: The flexible slots can be used to be configured as SL resources.	
PSCCH on unlicensed spectrum
The additional starting symbols within a slot has been discussed with the following agreement.
	RAN1#109 [3]
Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission
RAN1#110bis [4]
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
· [bookmark: _Hlk146711743]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
· 


It has been agreed that PSCCH is transmitted within 1 sub-channel. The number of PRBs for PSCCH can be {10, 12, 15, 20, 25}. Considering the number of PRBs in each interlace will be 10 or 11 for 20MHz bandwidth, the number of PRBs for PSCCH in an RB set in SLU can be 10 or 20 PRBs depending on the number of interlaces configured to a sub-channel.
[bookmark: _Ref115450246]Proposal 3: The number of PRBs for PSCCH in an RB set can be 10 or 20 for interlaced transmission depending on the number of interlaces configured to a sub-channel.
One remaining issue is when the transmitted PSSCH spans multiple RB sets, whether the PSCCH is transmitted in one of the RB sets or in every RB set that the PSSCH is spanning. If the UE only transmit SCI in the lowest RB set of PSSCH as Rel-16, the resource collision between BW-limited UE (i.e., supporting only one RB set) and WB UE (i.e., supporting more than one RB set) is inevitable, because the BW-limited UE cannot receive the transmission and the resource reservation indication in the SCI if it locates in an RB set other than the RB set where the SCI is sent, as shown in Figure 2. 
	

Figure 1: Resource collision triggered by SCI misdetection


Two different schemes of operating BW-limited UE and WB-UE in the same resource pool are evaluated. In scheme 1, the WB-UE only transmits SCI in the lowest RB set where the PSSCH spans, while in scheme 2, the WB-UE transmits SCI in every RB set of the allocated PSSCH. The UPT performance gain of scheme 2 over scheme 1 is provided in Figure 2. The general simulation parameters and result of UPT can be found in Annex I Table1 and Figure 7. 
As shown in Figure 2 the BW-limited UE in scheme 1 suffers from 16.98% performance loss compared with scheme 2 due to unexpected resource collision. Even though the WB-UE can detect a reservation from a BW-limited UE in either scheme, it still has a UPT performance loss of 5.96%, due to the collision from the initial TB transmission of a BW-limited UE. There would be significant performance degradation for both BW-limited UE and WB-UE due to resource collision if UE only transmits SCI in the lowest RB set of PSSCH.

[bookmark: _Ref146717850]Figure 2 system simulation for wideband operating
Therefore, it is important to configure PSCCH in each RB set and to transmit PSCCH in all the RB sets of the corresponding PSSCH, in order to avoid resource collision between UEs with different operating bandwidths (e.g., supporting different numbers of RB sets) in the same resource pool.  Thus, the option 2 from the agreement should be supported. Thus, the following TP is proposed:
	Reason for change:
The PSCCH should be transmitted in each RB set of the corresponding PSSCH to avoid resource collision between UEs with different operating bandwidths in the same resource pool.
Summary of change:
UE transmit PSCCH in each RB set of the associated PSSCH.
Consequence if not approved:
The resource collision between BW-limited UE (i.e., supporting only one RB set) and WB UE (i.e., supporting more than one RB set) is inevitable, because the BW-limited UE cannot receive the transmission and the resource reservation indication in the SCI if it locates in an RB set other than the RB set where the SCI is sent.

	*****TP#1 for TS 38.213*****
16.4 	UE procedure for transmitting PSCCH 
A UE can be provided a number of symbols in a resource pool, by sl-TimeResourcePSCCH, starting from a second symbol that is available for SL transmissions in a slot, and a number of PRBs in the resource pool, by sl-FreqResourcePSCCH, starting from the lowest PRB index of the lowest sub-channel index, in an each RB-set with a lowest index if applicable, of the associated PSSCH for a PSCCH transmission with a SCI format 1-A. 
-	if sl-TransmissionStructureForPSCCHandPSSCH = ‘interlaceRB’, the PRBs for PSCCH are within the sub-channel with the lowest index of each RB setand within the RB-set with the lowest index,
-	if sl-TransmissionStructureForPSCCHandPSSCH = ‘contiguousRB’, the PRBs for PSCCH are within each the RB-set of the associated PSSCH with the lowest index, and all PRBs in the sub-channel overlapping with intra-cell guard band [6, TS 38.214] are not used for PSCCH.
<unchanged part omitted>
*****End of TP#1 for TS 38.213*****


[bookmark: _Ref146791593]Proposal 4: Support Option 2 that PSCCH locates in every RB set of corresponding PSSCH and adopt the TP#1.

It has already been agreed that the maximum decoding number of PSCCH for mini-slot based transmission and slot-based transmission should be the same. Since the number for PSCCH candidates for mini-slot based transmission is doubled compared with that for slot-based transmission, how to allocate the PSCCH processing budget between the 1st and 2nd PSCCH candidate occasion in a slot should be determined, e.g., by equally divided between them, so that at most half of the PSCCH(s) can be monitored for mini-slot based transmission. Then, it should be clarified that which subset of PSCCH(s) candidates can be monitored, similar to the NR PDCCH search space concept. For example, the subset can be pre-configured based on different granularity, e.g., per-resource pool, per-RB set, etc. The UE can only decode PSCCH on the configured subset, etc., and ignore other candidate PSCCHs. One example is that, when PSCCH locates in every RB set of the corresponding PSSCH, gNB can configure the UE to detect PSCCH in the RB set with only even index or odd index. More generally, the UE can detect the PSCCH in the RB set with index mod (N, M), where N is the total number of RB sets, and M is a positive integer configured by gNB. 
[bookmark: _Ref118737504]Proposal 5: UE monitors only a subset of PSCCH candidates for the 1st and 2nd PSCCH candidate occasion in the slot with more than one starting symbols, based on (pre-)configurations.
PSSCH on unlicensed spectrum
The additional starting symbols within a slot has been discussed with the following agreement.
	RAN1#110bis [4]
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
RAN1#111 [5]
RAN1#112bis [7]
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



Regarding the transmission starting positions within the COT, it has been agreed that for the 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT. However, in the remaining COT, whether a Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission is still under discussion. In our view, at least for the COT initiating UE, the 1st starting symbol should be chosen for PSCCH/PSSCH transmission to maintain the COT, especially if it does not share the COT to others. Considering the responding UE, it should also be able to access the channel with more than one opportunity if the Type 2A channel access procedure is used. That is to say, a responding UE as Tx UE in the remaining COT can choose the 2nd starting symbol if it fails to transmit at the 1st starting symbol. When a UE operates as a receiving UE, since different Tx UEs may transmit to the Rx UE from different starting positions, the Rx UE has to detect at both the 1st or the 2nd starting symbol within a slot.  
[bookmark: _Ref135055054]Proposal 6: The COT initiating UE should transmit only at the 1st starting symbol in the remaining COT.
[bookmark: _Ref135055055]Proposal 7: The responding UE can transmit at either the 1st or the 2nd starting symbol in the remaining COT. 
[bookmark: _Ref135055056]Proposal 8: The Rx UE should always detect at both the 1st and the 2nd starting symbol within a slot.

Another issue is that, when there are 2 AGC symbols in a slot, how does the UE (e.g., transmitting slot-based PSSCH) map the RE on the 2nd AGC symbol. The UE should perform rate matching or puncture around the second AGC symbol. If AGC symbol conflicts with DMRS, the UE can transmit DMRS in the symbol after AGC symbol to maintain the channel estimation performance, or choose another DMRS pattern if possible (probably smaller number of DMRS symbols) that is not conflict with the AGC symbol if the performance degradation is acceptable. When the second AGC symbol overlaps with PSSCH, it should be excluded from the PSSCH reference resources when determining the TBS.
[bookmark: _Ref118737511]Proposal 9: When there are two AGC symbols in a slot, the UE should perform rate-matching or puncturing around the second AGC symbol for the slot-based PSSCH transmission.
[bookmark: _Ref118737516]Proposal 10: When there are two AGC symbols in a slot, the UE should shift the DMRS symbol overlapped with the second AGC symbol for the slot-based PSSCH transmission.
[bookmark: _Ref118737525]Proposal 11: When there are two AGC symbols in a slot, the UE should exclude the second AGC symbol for determining the TBS of the slot-based PSSCH transmission.

PSFCH on unlicensed spectrum
LBT failure handling
It has been agreed that each PSCCH/PSSCH can be (pre-)configured with N associated candidate PSFCH occasions to avoid LBT failure. However, the absence of PSFCH transmission within the COT increases the possibility of losing the COT, which may degrade the system performance. Therefore, a dynamic indication of the availability of the (pre-)configured candidate PSFCH occasions should be supported to avoid COT interruption. Specifically, if a UE initiates a COT with two (pre-)configured PSFCH occasions, the UE can indicate to disable the two PSFCH occasions such that the other UEs cannot share the COT to transmit PSFCH, and the two disabled PSFCH occasions can be used by the COT initiating UE or responding UE to transmit some signal (e.g., PSSCH) to maintain the COT.
As COT sharing information is required for the COT initiating UE to indicate whether and how the COT can be used, the availability of the (pre-)configured PSFCH occasion can also be carried in the COT sharing information. This indication can be used to determine whether the (pre-)configured PSFCH occasions can be used to transmit PSFCH in the COT and only one bit is needed in SCI format 2-A to enable/disable the (pre-)configured PSFCH occasion within the COT, and the following TP is provided.
	Reason for change:
The COT initiating UE can indicate the availability of the candidate PSFCH occasions within its shared COT to avoid COT interruption. 
Summary of change:
Add one bit in SCI format 2-A to enable/disable the PSFCH occasion to be used within the COT.
Consequence if not approved:
The COT may be interrupted unexpectedly by other UE.

	*****TP#2 for TS 38.212*****
[bookmark: _Toc146727697][bookmark: _Toc146188149]8.4.1.1	SCI format 2-A8.4.1.1	SCI format 2-A

<unchanged part omitted>
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].
-	PSFCH availability indicator – 1 bit. Value ‘0’ and ‘1’ indicate to disable or enable the PSFCH occasion within the COT, respectively.
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



<unchanged part omitted>
*****End of TP#2 for TS 38.212*****


[bookmark: _Ref135055068][bookmark: _Ref149918348]Proposal 12: The COT initiating UE should indicate in the COT-SI about the availability of the (pre-)configured PSFCH occasion within its COT to avoid COT interruption. Adopt TP#2 in TS 38.212.
PSFCH resource mapping
It is agreed that two types of PSFCH transmission are introduced to meet the OCB requirement in SLU: 
·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
Currently, the sequence is generated with the length of  (i.e., the number of subcarriers per PRB) and mapped to a PRB occupied by the PSFCH in TS 38.211. However, the sequence generation and mapping to physical resources for these two types of PSFCH transmission has not been specified yet. In NRU, for interlaced PUCCH transmission, the mapping operation is repeated for each assigned PRB with the resource-block dependent sequence. The similar operation as NRU should be applied for PSFCH in SL-U. Hence, the following TP#3 is proposed.
Additionally, the cyclic shift of these two types of PSFCH were agreed in the previous RAN1 meeting. In Alt 2-3a, the cyclic shift of on each PRB of dedicated interlace is determined by the PSFCH transmission with HARQ-ACK information, while in Alt 1-1b, although the cyclic shift on each of K3 dedicated PRB(s) is same as that in Alt 2-3a, the cyclic shift on each PRB of common interlace is up to UE implementation. However, the current Spec implies that the cyclic shift is only determined by the PSFCH transmission with HARQ-ACK information, which is not aligned with the agreement. Hence, we suggest capturing the cyclic shift on each PRB of common interlace for Alt 1-1b as follows.
[bookmark: _Ref146791625]Proposal 13: The resource-block dependent sequence generation should be supported and the mapping operation should be repeated for each PRB occupied by the PSFCH in SL-U. Adopt TP#3 in TS 38.211.
	Reason for change:
The current spec states that the sequence is generated with the length of   (i.e., the number of subcarriers per PRB) and mapped to a PRB occupied by the PSFCH. However, the sequence generation and mapping to physical resources for two types of PSFCH transmission in SLU has not been specified.
Summary of change:
Add the resource-block dependent sequence generation and the mapping operation for two types of PSFCH transmission in SLU.
Consequence if not approved:
It is not clear how to generate the sequence of the PSFCH and map the PSFCH to physical resources.

	*****TP#3 for TS 38.211*****
[bookmark: _Toc11324487][bookmark: _Toc29230456][bookmark: _Toc36026715][bookmark: _Toc45107554][bookmark: _Toc51774223][bookmark: _Toc106014914]8.3.4.2.1	Sequence generation
The sequence  shall be generated according to


where  is given by clause 6.3.2.2 with the following exceptions:
-	 is given by clause 16.3 of [5, TS 38.213]; 
-	 is given by clause 16.3 of [5, TS 38.213];
-	 is given by
[bookmark: _Hlk23763479]-	 if the higher-layer parameter transmissionStructureForPSFCH is configured and set to ‘dedicated interlace’ and where  is the resource block number within the interlace;
-	 otherwise
-	;
-	 is the index of the OFDM symbol in the slot that corresponds to the second OFDM symbol of the PSFCH transmission in the slot given by [5, TS 38.213];
-	 and  with  given by the higher-layer parameter sl-PSFCH-HopID if configured; otherwise, .
-	 with  given by the higher-layer parameter sl-PSFCH-HopID if configured; otherwise, .
[bookmark: _Toc11324488][bookmark: _Toc29230457][bookmark: _Toc36026716][bookmark: _Toc45107555][bookmark: _Toc51774224][bookmark: _Toc106014915]8.3.4.2.2	Mapping to physical resources
The sequence  shall be multiplied with the amplitude scaling factor  in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with  to resource elements  assigned for transmission of the second PSFCH symbol according to clause 16.3 of [5, TS 38.213] in increasing order of the index  over the assigned physical resources on antenna port. 
The resource elements used for the PSFCH in the OFDM symbol in the mapping operation above shall be duplicated in the immediately preceding OFDM symbol.
If the higher-layer parameter transmissionStructureForPSFCH is configured and set to ‘dedicated interlace’, the mapping operation shall be repeated for each resource block in the interlace and in the RB set over the assigned physical resource blocks according to clause 16.3 of [5, TS 38.213], with the resource-block dependent sequence generated according to clause 8.3.4.2.1
If the higher-layer parameter transmissionStructreForPSFCH is configured and set to ‘dedicated PRB’, the mapping operation shall be repeated for each resource block assigned for transmission of the common interlace and for PSFCH transmission with HARQ-ACK information over the assigned physical resource according to clause 16.3 of [5, TS 38.213], with the resource-block dependent sequence generated according to clause 8.3.4.2.1, where the cyclic shift  on each resource block assigned for transmission of the common interlace is up to UE implementation.
*****End of TP#3 for TS 38.211*****


[bookmark: _Ref134731548][bookmark: _Hlk146633064][bookmark: _Hlk146633082]PSFCH resource indication
The value range of higher layer parameter sl-PSFCH-RB-SetList has not been decided. This parameter is used to indicate the set of PRBs that are actually used for PSFCH transmission and reception of n-th PSFCH occasion of a PSCCH/PSSCH transmission, where the N candidate PSFCH occasion(s) are associated with N different PRB sets. Thus, this parameter should include N bit string. In addition, to indicate the accurate PRB location of each bit string within resource pool, each bit string should include all the PRBs in the resource pool. Given the resource pool in SL-U contains at least one RB set, the smallest length of one bit string should be 51 in 30KHz, and the biggest length of one bit string should be 275, which is same as the biggest size of BWP. Thus, the value range for parameter sl-PSFCH-RB-SetList should be updated as below:
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)

	sl-PSFCH-RB-SetList
	The n-th value in the list indicates the set of PRBs that are actually used for PSFCH transmission and reception of n-th PSFCH occasion of a PSCCH/PSSCH transmission.

It shall be (pre-)configured such that N candidate PSFCH occasion(s) are associated with N different PRB sets.
	[bookmark: _Hlk149925471]SEQUENCE(SIZE(1..max numPSFCHOccasions)) OF BIT STRING (SIZE(51..275))

	N/A
	Per resource pool


[bookmark: _Ref149918352]Proposal 14: Update the value range for parameter sl-PSFCH-RB-SetList as SEQUENCE(SIZE(1.. max numPSFCHOccasions)) OF BIT STRING (SIZE(51..275)).
Inter-UE coordination
	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

Agreement
To address PSFCH transmission dropping due to LBT failure:
· Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Down-select one or support both of the followings
· Option 1: Such PSFCH occasion(s) are (pre-)configured
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated
· FFS applicable scenarios, e.g., considering the applicability of COT sharing, MCSt, etc. 
· FFS other details 



In the last meeting, R17 SL inter-UE coordination Scheme 2 was agreed to support in R18 SL-U by using the same transmission scheme as HARQ-ACK. However, whether the IUC scheme supports multiple PSFCH occasions has not been decided. As the multiple PSFCH occasions per PSCCH/PSSCH transmission has already been agreed, and the multiple PSFCH occasions mechanism can address the PSFCH transmission dropping problem due to LBT failure, this mechanism should also be supported in the IUC Scheme 2. Hence, the determination of multiple PSFCH occasion should also be specified as HARQ-ACK information transmission. Thus, the following TP#4 is proposed:
	Reason for change:
SL inter-UE coordination Scheme 2 in R18 SL-U should also support multiple PSFCH occasions to address the dropping problem due to LBT failure.
Summary of change:
The spec about how to determine the multiple PSFCH occasions of PSFCH transmission is updated to describe the PSFCH occasion determination for both HARQ-ACK information and conflict information.
Consequence if not approved:
How to determine the multiple PSFCH occasions of PSFCH transmission for conflict information is not clear.

	*****TP#4 for TS 38.213*****
· [bookmark: _Toc146214477]16.3.0	UE procedure for transmitting PSFCH with control information
<unchanged part omitted>
If a UE receives a PSSCH in a resource pool and the HARQ feedback enabled/disabled indicator field in an associated SCI format 2-A/2-B/2-C has value 1 [5, TS 38.212], the UE provides the HARQ-ACK information in a PSFCH transmission in the resource pool. For operation without shared spectrum channel access, the UE transmits the PSFCH in a first slot that includes PSFCH resources and is at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. 
For operation with shared spectrum channel access, the UE can attempt to transmit the PSFCH with HARQ-ACK information or conflict information over a number of first  slots, provided by sl-candidatePSFCH-Occasions, that include PSFCH resources and are at least a number of slots, provided by sl-MinTimeGapPSFCH, of the resource pool after a last slot of the PSSCH reception. The UE attempts to transmit PSFCH in a slot only when the UE fails to transmit PSFCH associated with the PSSCH in all previous slots for PSFCH within the  slots.
*****End of TP#4 for TS 38.213*****


[bookmark: _Ref149918353]Proposal 15: Support more than 1 PSFCH occasion per conflict indication transmission and adopt the TP#4.
As the PRBs used for PSFCH transmission with HARQ-ACK information and PSFCH transmission with conflict information are separately configured and indicated, a separate higher layer parameter for conflict information in shared spectrum should be provided, similar to the parameter sl-PSFCH-RB-SetList, to indicate the set of PRBs that are actually used for PSFCH transmission and reception with conflict information of each PSFCH occasion of N PSFCH occasions. 
[bookmark: _Ref149918354]Proposal 16: For operation with shared spectrum channel access, a higher layer parameter should be introduced to indicate the set of PRBs that are actually used for PSFCH transmission and reception of conflict information in each PSFCH occasion of the N PSFCH occasions.
[bookmark: _Hlk149833134]In addition, whether to support the PSFCH reception location determined based on sl-PSFCH-Occasion = '1' should be discussed. If sl-PSFCH-Occasion = '1', the UE receives the PSFCH in a latest slot that includes PSFCH resources and is at least  slots of the resource pool before a slot of the resource associated with conflict information. This means the conflict indication would generally be transmitted later than that in sl-PSFCH-Occasion = '0', which can avoid unnecessary conflict indication. However, if more than 1 PSFCH occasion per conflict indication transmission is supported, the time domain of multiple PSFCH occasion corresponding to one conflict resource may not be different between two schemes of sl-PSFCH-Occasion = '0' and sl-PSFCH-Occasion = '1'. Because the time gap between two PSSCH transmissions may not larger than the gap between the first corresponding PSFCH occasion and the last PSFCH occasion. Thus, in this case, additionally specification efforts of supporting sl-PSFCH-Occasion = '1' seems to be duplicate.
[bookmark: _Ref149918355]Proposal 17: Slightly prefer not to support SL inter-UE coordination Scheme 2 for sl-PSFCH-Occasion = '1' in R18 SL-U.
In the scheme of sl-PSFCH-Occasion = '0', the PSFCH occasion is determined based on the PSCCH indicating the reserved resource. But the reserved resource may locate in another different RB set from this PSCCH. As the PSFCH resources is configured per RB set in SL-U, whether the associated PSFCH occasion locates in the RB set same as PSCCH or as the reserved resource should be clarified. In our view, as the time location of PSFCH occasion is determined based on the PSCCH, the frequency location could also be determined based on the PSCCH for better alignment. 
[bookmark: _Ref149918356]Proposal 18: The associated PSFCH occasion of IUC locates in the RB set same as PSCCH indicating the reserved resource.
PSFCH prioritization
· The order of PSFCH prioritization and LBT
There is a remaining issue about the execution order between performing LBT and PSFCH prioritization. From our perspectives, after the LBT result is known, there is no sufficient time for the UE to perform PSFCH prioritization and prepare PSFCHs before the PSFCH transmission. Therefore, it is only possible to perform PSFCH prioritization firstly, and then to complete the LBT procedure before the PSFCH transmission.
[bookmark: _Ref149918357]Proposal 19: UE performs PSFCH prioritization before LBT result for PSFCH transmission is known.
· PSFCH prioritization in COT sharing case
	Agreement
For UE-to-UE COT sharing,
· When performing S-SSB transmission(s), a responding UE can utilize a COT shared by a COT initiating UE (using type 1 channel access) when the responding UE is intended to transmit S-SSB within RB set(s) corresponding to the shared COT.When performing PSFCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions in a symbol/slot within RB set(s) corresponding to the shared COT is intended for the COT initiating UE.
· FFS: whether a responding UE can transmit PSFCH(s) to UE(s) other than the initiator
· When performing PSSCH/PSCCH transmission(s), a responding UE can utilize a COT shared by a COT initiating UE at least when the responding UE’s PSSCH/PSCCH transmission(s) within RB set(s) corresponding to the shared COT is intended for the COT initiating UE
· FFS whether to support the case if a responding UE transmits PSSCH/PSCCH to destination ID other than the source ID of the COT initiating transmission, where the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) can be different from the source/destination IDs of COT initiating UE’s PSSCH/PSCCH transmission when sharing the COT information.
· FFS: how to determine / what are the restrictions to the destination ID of the responding UE’s PSSCH/PSCCH transmission(s) to utilize the COT shared by the initiating UE.
· FFS whether the responding UE can utilize the COT when at least the responding UE’s PSCCH transmission in the reserved resources within the shared COT or MCSt is intended for the COT initiating UE and what are the restrictions (e.g., priority, etc.) and indication to the responding UE.
· FFS: UE forwarding/relaying information about a COT initiated by another UE.


It was agreed that a responding UE can utilize a COT shared by a COT initiating UE at least when at least one of the responding UE’s PSFCH transmissions is intended for the COT initiating UE. However, such aspect has not been reflected in the PSFCH prioritization procedure. In current spec, UE only performs PSFCH prioritization according to the PSFCH priority, which may result in that the responding UE cannot legally share the COT to transmit PSFCH due to the PSFCH transmission intended for the COT initiating UE being dropped by prioritization. Therefore, when the responding UE performs PSFCH prioritization, it should ensure that at least one of the PSFCH transmission intended for the COT initiating UE is selected in the shared COT.
[bookmark: _Ref149918359]Proposal 20: During the PSFCH prioritization, the responding UE should preserve at least one PSFCH transmission intended for the COT initiating UE in the shared COT.
· PSFCH transmission over non-contiguous RB sets
Another remaining issue is about how to perform PSFCH prioritization if a UE does not support PSFCH transmission over non-contiguous RB sets. To address this issue, the following alternatives was discussed in the last meeting.
· [bookmark: _Hlk149846394]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 above, in COT sharing case, at least one of the responding UE’s PSFCH transmission intended for the COT initiating UE should be included in the selected PSFCH transmissions. The COT sharing case should also be considered in the PSFCH prioritization over non-contiguous RB sets. Additionally, when a UE initiates a COT to transmit PSSCH which has multiple RB sets, the COT initiating UE can try to transmit subsequent PSFCHs within the initiated COT to maintain the COT. Therefore, Alt 4 and Alt 5 can be considered. 
· Alt 4: Responding UE selects contiguous RB set(s) which contains at least one of the PSFCHs intended for the COT initiating UE to share the COT.
· Alt 5: COT initiating UE selects contiguous RB set(s) including PSFCH within the initiated COT to maintain the COT (similar to the case of transmitting S-SSB repetitions in multiple RB sets to maintain the COT).
Furthermore, considering that common interlace is supported for PSFCH transmission to meet the OCB requirement, UE can also transmit common interlace on the RB(s) without PSFCH to ensure the PSFCH transmission over contiguous RB set.
· Alt 6: UE transmits common interlace on the RB set(s) without PSFCH to ensure the PSFCH transmissions over contiguous RB sets.
Alt 1 ensures the PSFCH transmission with the highest priority, which reuse the same principle in R16/R17 PSFCH prioritization. However, if two groups of contiguous RB set(s) contain PSFCH with the same highest priority, it is unclear how to select contiguous RB set(s). In this case, Alt 2 is preferred. In addition to the PSFCH priority, the number of PSFCHs is also considered in PSFCH prioritization in Alt 2. 
In Alt 3, it is unclear how UE implementation selects contiguous RB set(s), and whether the UE is allowed to select the PSFCH in a way that does not comply with the R16/17 prioritization rule. For example, is the UE implementation allowed to select a contiguous RB set that contains the PSFCHs with the smallest priority, while dropping the PSFCHs with higher priority if it is in another non-contiguous RB set?
None of the above three alternatives can ensure that the selected PSFCH transmissions enable the UE to share the COT or maintain the COT. Therefore, to meet the regulation in the unlicensed band, Alt 4 and Alt 5 is desirable. 
Alt 6 can ensure the PSFCH transmissions over contiguous RB sets. It is easy to implement and beneficial to maintain the COT over multiple RB sets. However, it is only for Alt 1-1b.
As discussed above, it seems reasonable to merge the Alt2/4/5 together:
· Alt 7: UE selects contiguous RB set(s) which contains at least the following PSFCHs:
· the higher number of PSFCHs in ascending priority,
· at least one of the PSFCHs intended for the COT initiating UE in the shared COT if the UE shares the COT, 
· the PSFCHs within the initiated COT if the UE initiates the COT.
[bookmark: _Ref149918360]Proposal 21 UE selects contiguous RB set(s) which contains at least the following PSFCHs:
· the higher number of PSFCHs in ascending priority,
· at least one of the PSFCHs intended for the COT initiating UE in the shared COT if the UE shares the COT,
· the PSFCHs within the initiated COT if the UE initiates the COT.
· Clarification of the maximum number of simultaneous PSFCH transmissions
In R16/17 SL, UE may drop some PSFCHs based on the number of PSFCH(s) resources that the UE can transmit/receive in a slot indicated in UE’s capability. Since each PSFCH occupies one PRB in R16/17 SL, there is no ambiguity about the number of PSFCH resources and the number of PSFCHs. However, regarding R18 SLU, it is not clear how to determine the simultaneous PSFCH transmissions based on UE’s capability, since both types of PSFCH transmission occupy more than one PRB. Therefore, a clarification of the UE’s capability about the UE can transmit/receive PSFCHs in a slot is needed in SLU.
Option 1: the UE’s capability indicates the number of PSFCH(s) PRBs that the UE can transmit/receive in a slot.
Option 2: the UE’s capability indicates the number of PSFCH(s) interlaces that the UE can transmit/receive in a slot.
Option 3: the UE’s capability indicates the number of PSFCH resources with valid HARQ-ACK information in response to a PSSCH reception or with conflict information that the UE can transmit/receive in a slot.
[bookmark: OLE_LINK8]In option 1, the number of simultaneous PSFCHs transmissions is subject to the PRB numbers. As the PRB number of each PSFCH transmission increases, the number of simultaneous PSFCH transmission decreases. It is noted that, each PSFCH interlace contains 10/11 PRBs, the number of simultaneous HARQ-ACK or IUC transmission is approximately 1/10 compared with Rel-16. When the UE’s capability is 20 PRBs, the number of PSFCH transmissions is shown as in Table 1. The decreased number of simultaneous PSFCH transmission will result in a decline in system performance. 
	Rel-16: 20 PSFCHs
	Alt 1-1b: 2 PSFCHs
	Alt 2-3a: 2 PSFCHs

	

	

	



[bookmark: _Ref149914024]Table 1 the number of PSFCH transmissions when UE’s capability is 20 PRBs
For Alt 2-3a, option 2 implies that the number of simultaneous PSFCH transmission is equal to the interlace number indicated in UE’s capability. However, in Alt 1-1b, each interlace can transmit multiple sets of dedicated K3 PRBs, resulting in that the number of simultaneous PSFCH transmission is much more than the interlace number indicated in UE’s capability. For example, UE can transmit 20 different HARQ-ACK/IUC in 3 interlaces (including common interlace) when K3 is equal to 1. When the UE’s capability is 3 interlaces, the number of PSFCH transmissions is shown as in Table 2. In this case, the processing complexity will be dramatically increased compared with Rel-16.
	Rel-16: 30 PSFCHs
	Alt 1-1b: 20 PSFCHs
	Alt 2-3a: 3 PSFCHs

	

	

	



[bookmark: _Ref149915152]Table 2 the number of PSFCH transmissions when UE’s capability is 3 interlaces
Option 3 indicated the number of PSFCH resources excluding the common interlace, and the number of simultaneous PSFCH transmission is equal to the indication in UE’s capability. The processing complexity slightly increases due to the PRB repetition of the PSFCH transmission compared with Rel-16. When the UE’s capability is 3 PSFCH resources, the number of PSFCH transmissions is shown as in Table 3. Moreover, since the UE may drop the PRB of common interlace in Alt 1-1a, it is reasonable that the UE performs PSFCH prioritization based on the PSFCH resource without common interlace. Therefore, option 3 is preferred to clarify the UE’s capability about the UE can transmit/receive PSFCHs in a slot.
	Rel-16: 3 PSFCHs
	Alt 1-1b: 3 PSFCHs
	Alt 2-3a: 3 PSFCHs

	

	

	



[bookmark: _Ref149915173]Table 3 the number of PSFCH transmissions when UE’s capability is 3 interlaces
[bookmark: _Ref149918361]Proposal 22 The UE’s capability of the supported PSFCH indicates the number of PSFCH resources with valid HARQ-ACK information in response to a PSSCH reception or with conflict information that the UE can transmit/receive in a slot.
Misc. corrections

In this section, there are some other corrections related to PSFCH.
· TP#5
In slots with PSFCH symbols, there is only one candidate starting symbols for PSSCH transmission. And it is already stated in the spec that “there are 2 candidate starting symbols for PSSCH transmission for slots without PSFCH symbols”. Thus, it’s not accurate to further say that UE shall not use the second starting symbol in slots with PSFCH symbols. It can be misunderstood as the whole SL symbol at the second starting symbol location in a slot without PSFCH symbols cannot be used for any SL transmission (e.g., for PSSCH). Hence, for better clarity, we propose the following TP#5:
	Reason for change:
It’s not accurate to say that UE shall not use the second starting symbol in slots with PSFCH symbols as there is only one candidate starting symbols for PSSCH transmission.
Summary of change:
Delete the sentence ‘The UE shall not use the second starting symbol in slots with PSFCH symbols.’
Consequence if not approved:
It can be misunderstood as the whole SL symbol at the second starting symbol location in a slot without PSFCH symbols cannot be used for any SL transmission (e.g., for PSSCH)

	*****TP#5 for TS 38.214*****

	8.1.2.1             Resource allocation in time domain
The UE shall transmit the PSSCH in the same slot as the associated PSCCH.
<unchanged part omitted>
-	Within the slot, PSSCH resource allocation starts at symbol sl-StartSymbol+1, except when startingSymbolFirst and startingSymbolSecond are provided for a SL-BWP. If startingSymbolFirst and startingSymbolSecond are provided for the SL-BWP, there are 2 candidate starting symbols for PSSCH transmission for slots without PSFCH symbols. PSSCH resource allocation starts at the next symbol after each candidate starting symbol. In a slot, the UE may use the second candidate starting symbol, provided by startingSymbolSecond, only if it fails to access the channel prior to the first starting symbol provided by startingSymbolFirst. The UE shall not use the second starting symbol in slots with PSFCH symbols.  
*****End of TP#5 for TS 38.213*****



[bookmark: _Ref146791633]Proposal 23: Adopt the TP#5.
· TP#6
The UE may drop the PRB of common interlace when the common PRB and dedicated PRB locate within the same 1 MHz bandwidth, which has been reflected in TS 38.213. But when to perform the drop procedure for each PSFCH transmission is still unclear. In one case, the drop procedure may be performed before determining the actual transmissions. This may result in some common PRB being dropped when the common PRB and some dedicated PRB locate within the same 1 MHz, and then the dedicated PRB may be dropped due to the PSFCH prioritization. However, in this case, the OCB requirement may not be fulfilled if only the dropped common PRB and dedicated PRB are located at the edge of the channel bandwidth to satisfy the OCB requirement. Hence, we propose to perform the drop procedure after determining the actual PSFCH transmissions, and the following TP is provided.
	Reason for change:
UE should drop the PRB of common interlace for each PSFCH transmission after determining the actual PSFCH transmission. Otherwise, the OCB requirement may not be fulfilled if the UE performs the dropping procedure before determining the actual transmissions.
Summary of change:
Clarify that UE drop the PRB of common interlace for each PSFCH transmission after determining the actual PSFCH transmission.
Consequence if not approved:
When to drop the PRB of common interlace for each PSFCH transmission is unclear.

	*****TP#6 for TS 38.214*****
8.1.2.1             Resource allocation in time domain
For operation with shared spectrum channel access, when sl-PSFCH-Type = ‘type2’, a PRB  in the first interlace is excluded from the resources for a PSFCH transmission, if  for  or  for  for any PRB  in the PRB subset when the PRB subset is selected for PSFCH transmission, and  for  or  for , where PRB  and PRB  are the largest and smallest PRB indexes, respectively, in the resources for the PSFCH transmission assuming PRB  is excluded after determining the actual PSFCH transmissions.
*****End of TP#6 for TS 38.213*****



Proposal 24: Adopt TP#6 in TS 38.213
Resource allocation
Considering one PSSCH transmission may occupy one or multiple RB sets, how to select the number of RB sets in MAC layer should be determined. Since the transmission cannot be performed as long as there is one unsuccessful LBT detection in all the channels, the number of the allocated RB sets should be limited as much as possible, especially when the TB size is small. For example, only if the TB size is larger than a threshold, UE could select more than one RB set to transmit PSSCH. In addition to TB size, there is some other information, e.g. priority and CBR, should be considered to determine the number of RB sets. For example, if the priority is higher, the reserved resources would more likely be maintained (as the lower priority transmission shall not preempt them). In this case, more RB sets may be allocated as the success rate of access may be higher. In addition, when the CBR measurement is high (e.g., higher than a threshold), it means there are a lot of transmission in the resource pool or in the RB set. So, the transmission is more likely to be blocked and the channel access possibility of multi-RB sets transmission would be affected heavily. Thus, the number of allocated RB sets should be limited in this case. 
[bookmark: _Ref146791638]Proposal 25: To determine the number of RB sets, MAC layer should consider the parameter of the transmission, e.g. TB size, priority and CBR, to determine the number of RB sets for the TB. For example, if the TB size or priority is higher than a threshold, UE is allowed to select more than one RB set to transmit PSSCH. On the other hand, if the CBR measurement is higher than a threshold, UE should select only one RB set.
The BW-limited UE could just detect SCI in the RB sets it operates, it cannot detect the reservation carried by a SCI in other RB sets. Thus, other UEs in the same resource pool should avoid to reserve the RB sets for retransmission that is different from the initial transmission if the coexistence of different BW UEs is enabled in the pool. Otherwise, the resource collision problem may occur as BW-limited UE cannot detect the reservation of the retransmission, as shown in Figure 3.  
	

[bookmark: _Ref146717944]Figure 3: Resource collision triggered by reservation across RB sets



Therefore, the UEs should avoid to reserve the RB sets for retransmission that are different from the RB sets for initial transmission. Thus, the following TP#7 is proposed:
	Reason for change:
The BW-limited UE could just detect SCI in the RB sets it operates, it cannot detect the reservation carried by a SCI in other RB sets. To avoid collision, the UEs should avoid to reserve the RB sets for retransmission that are different from the RB sets for initial transmission, if the coexistence of UEs supporting different bandwidth is enabled in the resource pool.
Summary of change:
Specify that UE does not expect the reservation for retransmission is different from the RB sets where the allocated PSSCH spans for initial transmission if the coexistence of UEs supporting different bandwidth is enabled in the resource pool.
Consequence if not approved:
The resource collision problem may occur and the performance of both BW-limited UE and other UE would be affected.

	*****TP#7 for TS 38.214*****
8.1.4	UE procedure for determining the subset of resources to be reported to higher layers in PSSCH resource selection in sidelink resource allocation mode 2
<unchanged part omitted>
The UE shall report set S_A to higher layers.
UE does not expect that the RB sets of reservation for retransmission is different from the RB sets where the allocated PSSCH spans for initial transmission if the coexistence of UEs supporting different bandwidth is enabled in the resource pool.
*****End of TP#7 for TS 38.214*****


[bookmark: _Ref146791639]Proposal 26: UE should avoid to reserve the RB sets for retransmission that are different from the RB sets for initial transmission, and adopt the TP#7.

S-SSB on unlicensed spectrum
RRC parameter
In the last meeting, the following parameters are proposed.
	row
	Parameter name in the text
	Description
	Value range
	Default value aspect
	Per (UE, cell, TRP, …)

	11
	gapBetweenSSSBrepetition
	Indicate the gap between two adjacent S-SSB repetitions in frequency domain in one RB set, and the gap is between the lowest subcarrier of the upper PSBCH and the highest subcarrier of the lower PSBCH.
	INTEGER([0], 1,2,3,…, 84) PRBs
	N/A
	Per SL BWP RB set

	12
	numOfAdditionalSSSBOccasion
	Indicate the number of additional candidate S-SSB occasion(s) for each R16/R17 NR SL S-SSB slot
	INTEGER (0,1,2,3,4)
	[N/A or 0]
	Per SL BWP

	18
	SSSBPowerOffsetOfAnchorRBSet
	Indicate the power offset for one S-SSB transmission on anchor RB set.
anchor RB set refers to the RB set where S-SSB indicated by sl-AbsoluteFrequencySSB-r16 locates
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
	EMUNERATED{{10lg(N), [10lg(N)+2, 10lg(N)+4, …,]10lg(W)}}
	N/A
	Per SL BWP



· gapBetweenSSSBrepetition
It was argued whether the gap between two S-SSB repetitions cannot be zero to avoid addtional detection complexity at receiver side. In our understanding, there is no apparent concern in having two S-SSBs located adjacent to each other without any gap, particularly when the S-SSBs are transmitted with identical power. But we are ok to remove 0 from the candidate values.
[bookmark: _Ref149918364]Proposal 27. 0 is removed from the candidate values of gapBetweenSSSBrepetition.

· numOfAdditionalSSSBOccasion
There is no need to set a default value for numOfAdditionalSSSBOccasion, additionally, there is no need to include 0 as a candidate value for this parameter. If the field is not present, it means that there is no additional occasion.
[bookmark: _Ref149918367]Proposal 28. No need to define default value for numOfAdditionalSSSBOccasion.

· SSSBPowerOffsetOfAnchorRBSet
Regarding the value range of  configured by SSSBPowerOffsetOfAnchorRBSet, we propose removing the bracket on [10lg(N)+2, 10lg(N)+4, …] to allow for higher flexibility in configuration. It was argued in the previous meeting whether just two values, i.e.,10lg(N) and  would be sufficient. One intention of  is to maintain the same power for all RB sets when the number of S-SSB repetitions in each RB set is the same. However, even if   is configured, due to the uncertainty of LBT, if the total number of RB set used for S-SSB transmission is not exactly equal to , where , it will still lead to unequal power distribution in different RB sets. For example, the number of RB sets in a SL BWP is 4 and X=4, , the power allocated for anchor RB set is set to one-fourth of the total power budget according to the agreement. However, if the COT obtained only includes anchor RB set and two non-anchor RB sets, and UE intends to transmit S-SSB to maintain the COT, the remaining total power budget will be equally distributed on the two non-anchor RB sets (i.e., RB set1 and RB set2). This means the power for S-SSB repetitions on a non-anchor RB set is three-eighth of the total power budget, which is different from the anchor S-SSB RB set. When the power difference between these two types of RB sets is too large, the UE may not be able to transmit S-SSBs simultaneously on both types of RB sets. Therefore, providing more values for  not only enhances flexibility but also increases the possibilities of maintaining the COT.


Figure 4 example of S-SSB transmission on multiple RB sets
[bookmark: _Ref146791646]Proposal 29. Value range of SSSBPowerOffsetOfAnchorRBSet is: 10lg(N), 10lg(N)+2, 10lg(N)+4, …,.

PAPR
Regarding the SLSS sequence of these S-SSB repetitions, there is no need to restrict all S-SSB repetitions to use a same sequence. Sending S-SSBs with different SLSS sequences can achieve the benefit of reducing PAPR. Different SLSS IDs for other S-SSBs can be separately provided. If UE obtains additional IDs for S-SSBs other than the reference S-SSB on anchor RB set, it can use the additional SLSS IDs to generate SLSS sequences; otherwise, it uses the same ID for all S-SSB repetitions in the frequency domain.
[bookmark: _Ref135055087]Proposal 30. Additional SLSS ID(s) for other S-SSB repetitions in the frequency domain can be separately (pre-)configured. If not (pre-)configured, all S-SSB repetitions use the same SLSS ID for sync sequence generation.

TP related to S-SSB
In unlicensed spectrum, UE needs to perform channel access before a candidate S-SSB occasion and can transmit S-SSB only when the channel access is successful. Unfortunately, the current spec seems to imply that the legacy Rel-16/17 S-SSB design shall be applied to both licensed and unlicensed spectrum, it can be incorrectly interpreted as that a SLU UE also needs to transmit S-SSB in each legacy S-SSB occasion. To avoid this misunderstanding, the following TPs are proposed.
[bookmark: _Ref146811573]Proposal 31: Adopt TP#8 in TS 38.213.
[bookmark: _Ref146811575]Proposal 32: Adopt TP#9 in TS 38.214.
	Reason for change:
The current spec states that there are sl-NumSSB-WithinPeriod S-SSB in a period of 160ms, however, it should be understood as sl-NumSSB-WithinPeriod candidate transmission occasions for S-SSB. This is because, due to the uncertainty of LBT, the number of Rel-16/17 S-SSB can be less than the value indicated by sl-NumSSB-WithinPeriod.
Summary of change:
Change ‘S-SS/PSBCH blocks’ to ‘candidate S-SS/PSBCH blocks transmission occasions’
Consequence if not approved:
Lead to misunderstanding that a SLU UE must transmit S-SSB on Rel-16/17 S-SSB occasions.

	[bookmark: OLE_LINK1]*****TP#8 for TS 38.213*****
[bookmark: _Toc29894876][bookmark: _Toc29899175][bookmark: _Toc29899593][bookmark: _Toc29917329][bookmark: _Toc36498203][bookmark: _Toc45699231][bookmark: _Toc146214463]16.1	Synchronization procedures
<unchanged part omitted>
A UE is provided, by sl-NumSSB-WithinPeriod, a number  of candidate S-SS/PSBCH blocks transmission occasions in a period of 16 frames. The UE assumes that a candidate transmission occasion of the S-SS/PSBCH blocks in the period is with a periodicity of 16 frames. The UE determines indexes of slots that include candidate S-SS/PSBCH block transmission occasion as +, where
-	index 0 corresponds to a first slot in a frame with SFN of the serving cell satisfying  or DFN satisfying (DFN mod 16) = 0
-	 is a candidate S-SS/PSBCH block transmission occasion index within the number of candidate S-SS/PSBCH blocks transmission occasions in the period, with 
-	 is a slot offset from a start of the period to the first slot including candidate S-SS/PSBCH block transmission occasion, provided by sl-TimeOffsetSSB
-	 is a slot interval between candidate S-SS/PSBCH blocks transmission occasions, provided by sl-TimeInterval
For operation without shared spectrum channel access, the UE transmits S-SS/PSBCH blocks on  candidate S-SS/PSBCH block transmission occasions in a period of 16 frames.
For operation with shared spectrum channel access and for each slot that includes S-SS/PSBCH blocks, a UE is provided, by sl-NumAdditionalOccasionPerSSB, a number  of additional candidate S-SS/PSBCH block transmission occasions. When , for S-SS/PSBCH block with index , the UE determines indexes of slots that include the additional candidate S-SS/PSBCH block transmission occasions as + +, where 
-	 is a slot gap, provided by sl-TimeGapAdditionalOccasion, for determining the additional candidate S-SS/PSBCH block transmission occasions, and
-	 is an index of the additional candidate S-SS/PSBCH block transmission occasions, with .
*****End of TP#8 for TS 38.213*****

	*****TP#9 for TS 38.214*****
8 Physical sidelink shared channel related procedures
<unchanged part omitted>
The set of slots that may belong to a sidelink resource pool is denoted by  where
-	 
-	the slot index is relative to slot#0 of the radio frame corresponding to SFN 0 of the serving cell or DFN 0,
-	the set includes all the slots except the following slots, 
-	 slots in which candidate S-SS/PSBCH block (S-SSB) transmission occasion or additional transmission occasion for S-SSB is configured,
-	 slots in each of which at least one of Y-th, (Y+1)-th, …, (Y+X-1)-th OFDM symbols are not semi-statically configured as UL as per the higher layer parameter tdd-UL-DL-ConfigurationCommon of the serving cell if provided or sl-TDD-Configuration if provided or sl-TDD-Config of the received PSBCH if provided, where Y and X are set by the higher layer parameters sl-StartSymbol and sl-LengthSymbols, respectively.
*****End of TP#9 for TS 38.214*****



	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).


[bookmark: _Ref135055092]Regarding the LBT behavior for additional candidate S-SSB occasions, the above conclusion has been reached previously. However, because of this conclusion, the UE may choose not perform LBT on any additional candidate S-SSB occasions. In Rel-16, S-SSB reception and transmission are mandatory capabilities because synchronization accuracy is crucial to maintain the same timing and ensure proper communication in a cluster of SL UEs. Regarding Rel-18, at least when the UE fails on all Rel-16/17 occasions, the UE shall perform LBT on additional candidate S-SSB occasions. For other cases (e.g., when UE transmitted S-SSB on at least on Rel-16/17 candidate S-SSB occasion), it can be left up to the UE to decide whether to perform LBT or not.
[bookmark: _Ref149918374]Proposal 33. If UE failed to transmit S-SSB on all the Rel-16/17 S-SSB occasion(s) in a S-SSB period, UE shall perform LBT for the corresponding Rel-18 additional S-SSB occasion(s), and adopt TP10.
	Reason for change:
According to the current spec, UE is allowed to not perform LBT for any additional candidate S-SSB occasions even if it did not transmit any Rel-16/17 S-SSB.
Summary of change:
Clarify that if UE failed to transmit on all Rel-16/17 S-SSB occasions, it shall perform LBT for at least one of the additional candidate S-SS/PSBCH block transmission occasions
Consequence if not approved:
UE is allowed to not perform LBT for any additional candidate S-SSB occasions.

	*****TP#10 for TS 38.213*****
16.1	Synchronization procedures
<unchanged part omitted>
For operation with shared spectrum channel access, if UE failed to transmit S-SSB on all the  of candidate S-SS/PSBCH blocks in a S-SSB period, UE shall perform LBT for at least one of the additional candidate S-SS/PSBCH block transmission occasions.
*****End of TP#10 for TS 38.213*****


Power control on unlicensed band 
PSFCH Power control
	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



Regarding the power control for Alt 2-3a, it was agreed that the power for a PSFCH transmission is equally allocated over the occupied PRBs. In this case, there is no need to change the legacy DL reference power as it is defined per PRB. While each PSFCH occupied more than one PRB, considering the number of PRBs of each PSFCH transmission, some minor modifications are required for calculating the total power of the PSFCH transmissions in the legacy power control procedure. For example, the total power of  PSFCH transmission is  [dBm], where  is the PRB number of the  PSFCH transmissions. Hence, we have the following TP:
	Reason for change: The PSFCH transmission occupies more than one PRB in SLU. However, the current PSFCH power control determines the power for a PSFCH transmission which only occupies one PRB. Thus, the current PSFCH control is not applicable to the PSFCH transmission in SLU and should be updated.
Summary of change:
Change to determine “a power  for a PSFCH transmission ” to “a power  for a PRB of a PSFCH transmission ”; In the power control formula, the total power of PSFCH transmission is determined by  and the PRB number of the PSFCH transmissions, and   is divided equally among the PRB number of the PSFCH transmissions.
Consequence if not approved:
The spec is not complete on the power control procedure for PSFCH transmission. 

	*****TP#11 for TS 38.213*****
16.2.3	PSFCH
A UE with  scheduled PSFCH transmissions for HARQ-ACK information and conflict information, and capable of transmitting a maximum of  PSFCHs, determines a number  of simultaneous PSFCH transmissions and a power  for a PRB of a PSFCH transmission , , on all the resource pools in PSFCH transmission occasion  on active SL BWP  of carrier  as
-	if dl-P0-PSFCH is provided,
	 [dBm]
where
-	 is a value of dl-P0-PSFCH-r17, if using the parameter is supported by the UE and the parameter is provided;else dl-P0-PSFCH-r16 if provided 
-	 is a value of dl-Alpha-PSFCH, if provided; else,  
-	 when the active SL BWP is on a serving cell , as described in clause 7.1.1 except that
-	the RS resource is the one the UE uses for determining a power of a PUSCH transmission scheduled by a DCI format 0_0 in serving cell  when the UE is configured to monitor PDCCH for detection of DCI format 0_0 in serving cell 
-	the RS resource is the one corresponding to the SS/PBCH block the UE uses to obtain MIB when the UE is not configured to monitor PDCCH for detection of DCI format 0_0 in serving cell 
-	if 
-	if , where  is the PRB number of the  PSFCH transmissions,   is determined for  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 and  [dBm] 
-	else
-	UE autonomously determines  PSFCH transmissions first with ascending order of corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict information, if any, such that  where , for , is a number of PSFCHs with priority value  for PSFCH with HARQ-ACK information and , for , is a number of PSFCHs with priority value  for PSFCH with conflict information and  is defined as 
-	the largest value satisfying  where is the PRB number of all PSFCHs in ,   is determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs in , if any
-	zero, otherwise
and
	 [dBm]
Where  is the PRB number of the  PSFCH transmissions,  	is defined in [8-1, TS 38.101-1] and is determined for the  PSFCH transmissions
-	else
-	the UE autonomously selects  PSFCH transmissions with ascending order of corresponding priority field values as described in clause 16.2.4.2
-	if , where is the PRB number of the  PSFCH transmissions,   is determined for the  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 and  [dBm] 
-	else
-	the UE autonomously selects  PSFCH transmissions in ascending order of corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict information, if any, such that  where , , is a number of PSFCHs with priority value  for PSFCH with HARQ-ACK information and ,  is a number of PSFCHs with priority value  for PSFCH with conflict information and  is defined as 
-	the largest value satisfying  where is the PRB number of all PSFCHs in ,   is determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs in , if any
-	zero, otherwise
	and
	 [dBm]
	where  is the PRB number of the  PSFCH transmissions,  is determined for the  simultaneous PSFCH transmissions according to [8-1, TS 38.101-1] 
-	else
	 [dBm]
where the UE autonomously determines  PSFCH transmissions with ascending order of corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict information, if any, such that  and where  is the PRB number of the  PSFCH transmissions,  is determined for the  PSFCH transmissions according to [8-1, TS 38.101-1].
<unchanged part omitted>
*****End of TP#11 for TS 38.213*****



[bookmark: _Ref149918375]Proposal 34 Adopt TP #11 in TS 38.213.
Regarding on whether to reduce the power on the common PRBs for Alt 1-1b, as discussed in our contribution [8], only the case ‘P_common = P_dedicated’ should be supported. In this case, the TP#11 can also be applied for Alt 1-1b.
Power control under PSD limit
	Agreement
Considering PSD limit in unlicensed spectrum regulation, RAN1 further study whether updates on power control is needed especially for PSFCH.



Operation in unlicensed spectrum is subject to different regulatory requirements in some regions and frequency bands. To constrain the inter-RAT (Wi-Fi, WiGig radar) and intra-RAT interference levels, any technology attempted accessing the unlicensed spectrum (like SL-U) should comply with the transmit power requirement, in terms of EIRP and PSD. For instance, according to the ETSI regulation [2], the maximum mean EIRP and PSD in the 5150-5350 MHz band are limited to 23 dBm and 10 dBm/MHz, respectively, while in the 5470-5725 MHz band are limited to 30 dBm and 17 dBm/MHz, respectively.
Open-loop power control is adopted in NR Sidelink to determine the transmit power. The existing power control mechanism only restricts the maximum transmit power (e.g., 23 dBm), but does not consider the PSD. For example, considering the transmit power requirement for SL-U UEs to operate in 5150-5350 MHz band, the Peak PSD may be achieved if the SL-U UEs transmit with the maximum transmit power spreading over the 20MHz channels (23 dBm - 10×log10 (20 MHz) =10 dBm/MHz, noted that the PSD limitation is per region based). If the SL transmission with the maximum transmit power occupies a smaller bandwidth (i.e., less than 20MHz), the PSD would exceed the PSD limit. This issue would be critical especially for PSFCH and S-SSB transmission, because this kind of transmission is very unlikely to occupy the full 20MHz channel bandwidth. Thus, SL-U power control enhancement is necessary to comply with the PSD limit.
[bookmark: _Ref111145269]Proposal 35: SL-U power control enhancement should be introduced considering the PSD limit, especially for some SL channels such as PSFCH or S-SSB.
For a given PSD constraint of 10 dBm/MHz, the Peak PSD conducted from the SL-U transmission shall not be greater than the PSD limit, e.g., 10 dBm in every 1MHz band. To make full use of the maximum transmit power, SL-U power control under the PSD constraint should depend on the frequency domain distribution of the SL-U transmission. For example, according to the Rel-16 power control mechanism, the transmit power is equally distributed over multiple PSFCHs to be transmitted in the same PSFCH occasion, while the specific frequency domain location among the PSFCH are irrelevant to each other. However, on the unlicensed band, a (unevenly distributed) frequency location may lead to PSD exceeding the corresponding limit. As shown in Figure 5, when transmitting the same number of PSFCHs with transmit power of 5 dBm for each PSFCH, the mapping of PSFCH occasion 1 (in the left) has no problem, but the mapping of PSFCH occasion 2 (in the right) exceeds the peak PSD limit (10 dBm/MHz). Therefore, in order to comply with the PSD requirement, the power control mechanism should consider the frequency domain distribution of the PSFCH transmission.


[bookmark: _Ref110953318][bookmark: _Ref118314674]Figure 5 Frequency domain distribution of PSFCH
[bookmark: _Ref111145270]Proposal 36: SL-U power control under the PSD constraint should consider the frequency domain distribution of the SL-U transmission.
There are some potential solutions to this issue.
· Option-1: UE performs the updated PSFCH power control, where the maximum TX power replaced by the smaller value between the maximum TX power of the UE and the maximum TX power according to the PSD restriction.
· Option-2: UE first performs the existing PSFCH power control procedure, and then further drops some of the PSFCHs (similar to the existing PSFCH prioritization rule) until the PSD limitation is met.
In Option-1, UE can perform PSFCH power control based on legacy procedure by replacing the maximum TX power (i.e., ) with the minimum value (i.e., min (, ) between the maximum TX power and the maximum TX power according to the PSD restriction (i.e., ).  can be determined by the frequency range of the PSFCH transmission. More specifically, when a UE is scheduled to multiple PSFCH transmissions, the frequency domain locations of all the scheduled PSFCHs are generated. The UE determines  according to the frequency domain locations of all the scheduled PSFCHs, so that the peak PSD does not exceed the PSD limitation. For example, as shown in the left part of Figure 6, the maximum PSD power in PSFCH occasion 3 is 13.01dBm (i.e., 10dBm -10×log104+10×log108=13.01dBm). The UE determines the power and number of transmitted PSFCHs based on the updated power control procedure, as the following steps:
 1): When a UE is scheduled to transmit  PSFCHs, the UE first checks whether the number of PSFCHs exceed the maximum number of PSFCHs (i.e., ). 
1-1) If yes, UE determines the  PSFCHs based on the PSFCH priority; (The actual PSFCHs is  PSFCHs)
1-2) If no, go step2. (The actual PSFCHs is  PSFCHs)
2) After step1, UE further checks whether the power of the actual PSFCHs exceed the power of min (, ), where  is determined by the actual PSFCHs
2-1) If yes, UE determines the  PSFCH based on the PSFCH priority. The transmitted PSFCHs is  PSFCH and the power of the transmitted PSFCHs is determined by the power of min (, ), where  the and  to be determined by   PSFCH; 
2-2) If no, The transmitted PSFCHs is the actual PSFCHs and the power of transmitted PSFCHs is determined by the power of min (, ), where and  is determined by the actual PSFCH.
For example, after the procedure, UE selects 5 PSFCHs to transmit according to the priority (due to the maximum number of PSFCH transmissions is 5) and the power of PSFCH is determined by the minimum value between maximum TX power and the maximum PSD power, where the maximum PSD power is determined by the frequency range of the selected PSFCH transmission. As shown in the right part of Figure 6, the maximum PSD power in PSFCH occasion 3 is 10.97dBm ((i.e., 10dBm -10×log104+10log105=10.97dBm)). Nonetheless, this approach would be a bit complicated. The following draft TP for Option-1 is provided.


[bookmark: _Ref142503211][bookmark: _Ref135064830]Figure 6 PSFCH dropping in the power control 
	Reason for change: 
The current power control mechanism only restricts the maximum transmit power (e.g., 23 dBm). However, considering PSD limit in unlicensed spectrum regulation, some updates on power control is needed.
Summary of change:
Add that UE determines the power subject to “” in the power control formula,, where  is determined by PSD limitation.
Consequence if not approved:
The determined PSFCH transmissions may exceeds the PSD limit.

	*****draft TP for Option-1 in TS 38.213*****
16.2.3 PSFCH
<unchanged part omitted>
-	if 
-	if , where  is determined for  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 and  [dBm] 
where 
-	 is determined for  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 is determined by PSD limitation for  PSFCH transmissions if applicable
     -   
where
-	 is the PSD limitation
-    is the maximum contiguous bandwidth occupied by  PSFCH transmissions if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for  PSFCH transmission 
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
-	else
-	UE autonomously determines  PSFCH transmissions first with ascending order of corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict information, if any, such that  where , for , is a number of PSFCHs with priority value  for PSFCH with HARQ-ACK information and , for , is a number of PSFCHs with priority value  for PSFCH with conflict information and  is defined as 
-	the largest value satisfying  where  is determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs in , if any
where
-	  is determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs in , if any
-    is determined by PSD limitation for transmission of all PSFCHs  in , if any, if applicable
              -   
where
-	 is the PSD limitation
-    is the maximum contiguous bandwidth occupied by transmission of all PSFCHs in , if any, if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for transmission of all PSFCHs in , if any
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
-	zero, otherwise
and
	                  [dBm]
where 	is defined in [8-1, TS 38.101-1] and is determined for the  PSFCH transmissions
where 
-  	is defined in [8-1, TS 38.101-1] and is determined for the  PSFCH    transmissions
-    is determined by PSD limitation for  PSFCH transmissions if applicable
              -   
where
-	 is the PSD limitation
-    is the maximum contiguous bandwidth occupied by PSFCH if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for  PSFCH transmissions
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
-	else
-	the UE autonomously selects  PSFCH transmissions with ascending order of corresponding priority field values as described in clause 16.2.4.2
-	if , where  is determined for the  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 and  [dBm] 
where 
-	 is determined for  PSFCH transmissions according to [8-1, TS 38.101-1]
-	 is determined by PSD limitation for  PSFCH transmissions if applicable
-   
where
-	 is the PSD limitation
-    is the maximum contiguous bandwidth occupied by  PSFCH transmissions if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for  PSFCH transmissions
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
-	else
-	the UE autonomously selects  PSFCH transmissions in ascending order of corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict information, if any, such that  where , , is a number of PSFCHs with priority value  for PSFCH with HARQ-ACK information and ,  is a number of PSFCHs with priority value  for PSFCH with conflict information and  is defined as 
-	the largest value satisfying  where  is determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs in , if any
where
-    is determined according to [8-1, TS 38.101-1] for transmission of all PSFCHs in , if any
-	 is determined by PSD limitation for transmission of all PSFCHs in , if any, if applicable
-   
where
-   is the PSD limitation
-    is the maximum contiguous bandwidth occupied by transmission of all PSFCHs in , if any, if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for transmission of all PSFCHs in , if any
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
-	zero, otherwise
	and
 [dBm]
	where  is determined for the  simultaneous PSFCH transmissions according to [8-1, TS 38.101-1]
where
     -    is determined for the  simultaneous PSFCH transmissions according to [8-1, TS 38.101-1] 
-    is determined by PSD limitation for  PSFCH transmissions if applicable
-   
where
-	 is the PSD limitation
-    is the maximum contiguous bandwidth occupied by PSFCH if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for  PSFCH transmissions
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
-	else
	 [dBm]
	where the UE autonomously determines  PSFCH transmissions with ascending order of corresponding priority field values as described in clause 16.2.4.2 over the PSFCH transmissions with HARQ-ACK information, if any, and then with ascending order of priority value over the PSFCH transmissions with conflict information, if any, such that  and where  is determined for the  PSFCH transmissions according to [8-1, TS 38.101-1].
-   is determined for the  PSFCH transmissions according to [8-1, TS 38.101-1],
-    is determined by PSD limitation for  PSFCH transmissions if applicable
-   
where
- 	 is the PSD limitation
-    is the maximum contiguous bandwidth occupied by PSFCH if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-    is a number of resource blocks for  PSFCH transmissions
-    is the subcarrier spacing of SL BWP.
-	otherwise, 
For resource pools configured with PSFCH resources overlapping in time, the UE either expects not to be provided with dl-P0-PSFCH or dl-Alpha-PSFCH in any of the resource pools, or expects to be provided with the same values of dl-P0-PSFCH and the same values of dl-Alpha-PSFCH for all the resource pools.
*****End of draft TP for Option-1 in TS 38.213*****



In Option-2, the UE first performs PSFCH power control based on the existing procedure, i.e., the total PSFCH transmit power is subject to the maximum TX power. Then, the UE should further check if the determined PSFCHs comply with the PSD limitation. If the PSD requirement cannot be met, the UE drops some PSFCHs or reduces the PSFCH Tx power until the PSD limitation is met. For example, as shown in the right part of Figure 6, if the determined PSFCH is distributed as in PSFCH occasion 3 and the Tx power of a PSFCH is 5dBm, the peak PSD is 11.02 dBm/MHz ((i.e., 5dBm +10×log104=11.02dBm) which exceeds the PSD limitation. In this case, UE start to drop some PSFCHs according to the priorities until the PSD requirement is met among all the PSFCHs (or alternatively, among the contiguous 4 PSFCHs in 1MHz). This solution may have lower complexity of UE implementation but may degrade the PSFCH performance. The following draft TP for Option-2 is provided.
	Reason for change: 
The current power control mechanism only restricts the maximum transmit power (e.g., 23 dBm). However, considering PSD limit in unlicensed spectrum regulation, some updates on power control is needed.
Summary of change:
Add the procedure that UE drops some of the PSFCHs iteratively (similar to the existing PSFCH prioritization rule) until the PSD limitation is met.
Consequence if not approved:
The determined PSFCH transmissions may exceeds the PSD limit.
*****draft TP for Option-2 in TS 38.213*****
16.2.3 PSFCH
<unchanged part omitted>
For resource pools configured with PSFCH resources overlapping in time, the UE either expects not to be provided with dl-P0-PSFCH or dl-Alpha-PSFCH in any of the resource pools, or expects to be provided with the same values of dl-P0-PSFCH and the same values of dl-Alpha-PSFCH for all the resource pools.
For operation with shared spectrum channel access, after determining  simultaneous PSFCH transmissions and a power  for a PSFCH transmission, if the PSD requirement cannot be met for  PSFCH transmissions, the UE drops the PSFCH with decreasing order of corresponding priority field values as described in clause 16.2.4.2 over  PSFCH transmissions until the PSD requirement is met.
<unchanged part omitted>
*****End of draft TP for Option-2 in TS 38.213*****



[bookmark: _Ref146811581]Proposal 37: For PSFCH power control mechanism, the following enhancements can be considered:
·Option1: UE performs the updated PSFCH power control, where the maximum TX power replaced by the minimum value between maximum TX power and the maximum PSD power.
·Option2: UE first performs the existing PSFCH power control procedure, and then further drops some of the PSFCHs iteratively (similar to the existing PSFCH prioritization rule) until the PSD limitation is met.
Regarding the PSSCH transmission, the power of PSSCH transmission is determined by the number of resource blocks of the actual transmission. Therefore, it is straightforward to determine a maximum PSD transmission power limit based on the number of resource blocks for the actual PSSCH transmission, and then to apply to the power control mechanism. For example, if a contiguous PSSCH is scheduled to occupy 18MHz bandwidth, the maximum PSD transmission power is 22.55 dBm (i.e., 10dBm/MHz+10×log1018MHz=22.55dBm), so that the power of this PSSCH transmission should no more than 22.55dBm (i.e., the minimum value between maximum PSD transmission power (22.55dBm) and maximum UE transmission power (23dBm)). In this case, the formula to determine the power of PSSCH should be updated by taking the maximum PSD transmission power into account, i.e.,  [dBm], where  is determined by PSD limit and the frequency domain distribution of PSSCH.  Similar update on the power control mechanism can be applied to S-SSB transmission. Thus, we have the following proposal and draft TP:
[bookmark: _Ref135064833]Proposal 38: For PSSCH and S-SSB power control mechanism, the actual Tx power should be further restricted by the PSD limitation in addition to the existing maximum Tx power limit. 
	Reason for change: 
The current power control mechanism only restricts the maximum transmit power (e.g., 23 dBm). However, considering PSD limit in unlicensed spectrum regulation, some updates on power control is needed.
Summary of change:
Add that UE determine the power subject to “” in the power control formula, where  is determined by PSD limitation.
Consequence if not approved:
The determined SSB/PSSCH transmissions may exceeds the PSD limit.

	*****draft TP in TS 38.213*****
[bookmark: _Toc36498205][bookmark: _Toc45699233][bookmark: _Toc146214465]16.2.0	    S-SS/PSBCH blocks
A UE determines a power  for an S-SS/PSBCH block transmission occasion in slot , in the anchor RB-set if applicable, on active SL BWP  of carrier  as
	 [dBm]
where
-	 is defined in [8-1, TS 38.101-1]  
-     is determined by PSD limitation if applicable
- 
      where
           -  is PSD limitation
                 -  is the maximum contiguous bandwidth occupied by S-SSB transmission if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
                 -  is a number of resource blocks for the S-SSB transmission
-  is the subcarrier spacing of SL BWP.
-    otherwise, .
-	 is a value of dl-P0-PSBCH-r17 if using the parameter is supported by the UE and the parameter is provided; else dl-P0-PSBCH-r16 if provided; otherwise,  
<unchanged part omitted>
[bookmark: _Toc29894878][bookmark: _Toc29899177][bookmark: _Toc29899595][bookmark: _Toc29917331][bookmark: _Toc36498206][bookmark: _Toc45699234][bookmark: _Toc146214466]16.2.1	    PSSCH
A UE determines a power  for a PSSCH transmission on a resource pool in symbols where a corresponding PSCCH is not transmitted in PSCCH-PSSCH transmission occasion  on active SL BWP  of carrier  as:
	 [dBm]
where
-	 is defined in [8-1, TS 38.101-1]
-	 is determined by a value of sl-MaxTxPower based on a priority level of the PSSCH transmission and a CBR range that includes a CBR measured in slot  [6, TS 38.214]; if sl-MaxTxPower is not provided, then ;
-     is determined by PSD limitation if applicable
     - 
     where
         -  is PSD limitation
              -  is the maximum contiguous bandwidth occupied by PSSCH transmission if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
              -  is a number of resource blocks for the PSSCH transmission
-  is the subcarrier spacing of SL BWP.
-    otherwise, .
-	if dl-P0-PSSCH-PSCCH is provided
-	 [dBm]
-	else 
-	 [dBm]
where
-	 is a value of dl-P0-PSSCH-PSCCH-r17 if using the parameter is supported by the UE and the parameter is provided; else dl-P0-PSSCH-PSCCH-r16 if provided
-	 is a value of dl-Alpha-PSSCH-PSCCH, if provided; else,  
-	 when the active SL BWP is on a serving cell , as described in clause 7.1.1 except that
-	the RS resource is the one the UE uses for determining a power of a PUSCH transmission scheduled by a DCI format 0_0 in serving cell  when the UE is configured to monitor PDCCH for detection of DCI format 0_0 in serving cell 
-	the RS resource is the one corresponding to the SS/PBCH block the UE uses to obtain MIB when the UE is not configured to monitor PDCCH for detection of DCI format 0_0 in serving cell 
-	 is a number of resource blocks for the PSSCH transmission occasion  and  is a SCS configuration
-	if sl-P0-PSSCH-PSCCH is provided and if a SCI format scheduling the PSSCH transmission includes a cast type indicator field indicating unicast or is SCI format 2-C
-	 [dBm]
-	else
-	 [dBm]
where
-	 is a value of sl-P0-PSSCH-PSCCH-r17, if using the parameter is supported by the UE and the parameter is provided; else sl-P0-PSSCH-PSCCH-r16 if provided 
-	 is a value of sl-Alpha-PSSCH-PSCCH, if provided; else, 
-	, where
-	 is obtained from a PSSCH transmit power per RE summed over the antenna ports of the UE, higher layer filtered across PSSCH transmission occasions using a filter configuration provided by sl-FilterCoefficient, and
-	 is a RSRP, as defined in [7, TS 38.215], that is reported to the UE from a UE receiving the PSCCH-PSSCH transmission and is obtained from a PSSCH DM-RS using a filter configuration provided by sl-FilterCoefficient
-	 is a number of resource blocks for PSCCH-PSSCH transmission occasion  and  is a SCS configuration 
-     is determined by PSD limitation if applicable
     - 
     where
         -  is PSD limitation
                          -  is the maximum contiguous bandwidth occupied by PSSCH transmission if the maximum contiguous bandwidth is less than the resolution bandwidth based on PSD limitation; otherwise,  is the resolution bandwidth based on PSD limitation.
-  is the subcarrier spacing of SL BWP.
-    otherwise, .
*****End of draft TP in TS 38.213*****


3. Conclusion
[bookmark: _GoBack]In this contribution, we focus on the physical channel design framework for SL on unlicensed spectrum, and have the following proposals:
Proposal 1: The issue of no UL slot being available for deriving SL resources in the unlicensed band due to the deployment of NRU which configures all the slots in the unlicensed band as flexible should be addressed.
Proposal 2: The flexible slots can be used to be configured as SL resources.
Proposal 3: The number of PRBs for PSCCH in an RB set can be 10 or 20 for interlaced transmission depending on the number of interlaces configured to a sub-channel.
Proposal 4: Support Option 2 that PSCCH locates in every RB set of corresponding PSSCH and adopt the TP#1.
Proposal 5: UE monitors only a subset of PSCCH candidates for the 1st and 2nd PSCCH candidate occasion in the slot with more than one starting symbols, based on (pre-)configurations.
Proposal 6: The COT initiating UE should transmit only at the 1st starting symbol in the remaining COT.
Proposal 7: The responding UE can transmit at either the 1st or the 2nd starting symbol in the remaining COT.
Proposal 8: The Rx UE should always detect at both the 1st and the 2nd starting symbol within a slot.
Proposal 9: When there are two AGC symbols in a slot, the UE should perform rate-matching or puncturing around the second AGC symbol for the slot-based PSSCH transmission.
Proposal 10: When there are two AGC symbols in a slot, the UE should shift the DMRS symbol overlapped with the second AGC symbol for the slot-based PSSCH transmission.
Proposal 11: When there are two AGC symbols in a slot, the UE should exclude the second AGC symbol for determining the TBS of the slot-based PSSCH transmission.
Proposal 12: The COT initiating UE should indicate in the COT-SI about the availability of the (pre-)configured PSFCH occasion within its COT to avoid COT interruption. Adopt TP#2 in TS 38.212.
Proposal 13: The resource-block dependent sequence generation should be supported and the mapping operation should be repeated for each PRB occupied by the PSFCH in SL-U. Adopt TP#3 in TS 38.211.
Proposal 14: Update the value range for parameter sl-PSFCH-RB-SetList as SEQUENCE(SIZE(1.. max numPSFCHOccasions)) OF BIT STRING (SIZE(51..275)).
Proposal 15: Support more than 1 PSFCH occasion per conflict indication transmission and adopt the TP#4.
Proposal 16: For operation with shared spectrum channel access, a higher layer parameter should be introduced to indicate the set of PRBs that are actually used for PSFCH transmission and reception of conflict information in each PSFCH occasion of the N PSFCH occasions.
Proposal 17: Slightly prefer not to support SL inter-UE coordination Scheme 2 for sl-PSFCH-Occasion = '1' in R18 SL-U.
Proposal 18: The associated PSFCH occasion of IUC locates in the RB set same as PSCCH indicating the reserved resource.
Proposal 19: UE performs PSFCH prioritization before LBT result for PSFCH transmission is known.
Proposal 20: During the PSFCH prioritization, the responding UE should preserve at least one PSFCH transmission intended for the COT initiating UE in the shared COT.
Proposal 21 UE selects contiguous RB set(s) which contains at least the following PSFCHs:
· the higher number of PSFCHs in ascending priority,
· at least one of the PSFCHs intended for the COT initiating UE in the shared COT if the UE shares the COT,
· the PSFCHs within the initiated COT if the UE initiates the COT.
Proposal 22 The UE’s capability of the supported PSFCH indicates the number of PSFCH resources with valid HARQ-ACK information in response to a PSSCH reception or with conflict information that the UE can transmit/receive in a slot.
Proposal 23: Adopt the TP#5.
Proposal 25: To determine the number of RB sets, MAC layer should consider the parameter of the transmission, e.g. TB size, priority and CBR, to determine the number of RB sets for the TB. For example, if the TB size or priority is higher than a threshold, UE is allowed to select more than one RB set to transmit PSSCH. On the other hand, if the CBR measurement is higher than a threshold, UE should select only one RB set.
Proposal 26: UE should avoid to reserve the RB sets for retransmission that are different from the RB sets for initial transmission, and adopt the TP#7.Proposal 27. 0 is removed from the candidate values of gapBetweenSSSBrepetition.
Proposal 27. 0 is removed from the candidate values of gapBetweenSSSBrepetition.
Proposal 28. No need to define default value for numOfAdditionalSSSBOccasion.
Proposal 29. Value range of SSSBPowerOffsetOfAnchorRBSet is: 10lg(N), 10lg(N)+2, 10lg(N)+4, …,.
Proposal 30. Additional SLSS ID(s) for other S-SSB repetitions in the frequency domain can be separately (pre-)configured. If not (pre-)configured, all S-SSB repetitions use the same SLSS ID for sync sequence generation.
Proposal 31: Adopt TP#8 in TS 38.213.
Proposal 32: Adopt TP#9 in TS 38.214.
Proposal 33. If UE failed to transmit S-SSB on all the Rel-16/17 S-SSB occasion(s) in a S-SSB period, UE shall perform LBT for the corresponding Rel-18 additional S-SSB occasion(s), and adopt TP10.
Proposal 34 Adopt TP #11 in TS 38.213.
Proposal 35: SL-U power control enhancement should be introduced considering the PSD limit, especially for some SL channels such as PSFCH or S-SSB.
Proposal 36: SL-U power control under the PSD constraint should consider the frequency domain distribution of the SL-U transmission.
Proposal 37: For PSFCH power control mechanism, the following enhancements can be considered:
·Option1: UE performs the updated PSFCH power control, where the maximum TX power replaced by the minimum value between maximum TX power and the maximum PSD power.
·Option2: UE first performs the existing PSFCH power control procedure, and then further drops some of the PSFCHs iteratively (similar to the existing PSFCH prioritization rule) until the PSD limitation is met.
Proposal 38: For PSSCH and S-SSB power control mechanism, the actual Tx power should be further restricted by the PSD limitation in addition to the existing maximum Tx power limit.
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Annex I
Table 4 System level simulation assumption for wideband/BW-limited UE coexistence 
	Parameter
	Value

	Deployment
	Indoor

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz * 2

	UE dropping
	some UE operates only in single RB set, some other UE operating in 2 RB sets

	Channel model
	P2P link defined in TR37.885

	Link adaptive
	Enable

	Traffic model for SL
	FTP model 3 with arrival rate:
•BO Low load: 10%~25%
•BO Mid load: 35%~50%
•BO High load: above 55%

	Channel access
	LBE

	Tx Power
	23 dBm per 20MHz

	Antenna number
	[M N P Mg Ng Mp Np]=[1 1 2 1  1 1 1]  for SL-UE
[M N P Mg Ng Mp Np]=[1 2 2 1  1 1 1]  for AP

	UE deploy
	unicast: 6 SL-U pairs and 4 NR-U UEs / Wi-Fi nodes per gNB/AP per 20 MHz




[bookmark: _Ref146718761][bookmark: _Ref146718751]Figure 7 UPT performance for wideband/BW-limited UE coexistence 

Table 5 System level simulation assumption
	Parameter
	Value

	Deployment
	Indoor

	Communication type
	Unicast

	Carrier frequency
	6GHz

	Bandwidth
	20MHz

	Subcarrier spacing
	15KHz

	Channel model
	P2P link defined in TR37.885

	Link adaptive
	Enable

	Traffic model for SL
	R17 sidelink commercial traffic model with periodic model 3 reduced by a factor of 5

	Channel access
	LBE

	Tx Power
	23 dBm

	Antenna number
	[M N P Mg Ng Mp Np]=[1 1 2 1  1 1 1]  for SL-UE
[M N P Mg Ng Mp Np]=[1 2 2 1  1 1 1]  for AP

	UE deploy
	10 pairs of UEs per 20MH, uniformly at random in the area

	Max multiple PSFCH number
	3

	CAPC
	2




UPT gain if SCI transmitted in every RB set of PSSCH

WB-UE	
gain UPT	5.96E-2	BW-limited	
gain UPT	0.16980000000000001	



UE average UPT

OP1	
WB-UE	BW-limited	16.43	5.24	OP2	
WB-UE	BW-limited	17.41	6.13	
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