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1	Introduction
[bookmark: _Hlk525462591]In this contribution, we provide our views on the physical channel design framework for SL-U. And in our companion contribution, we provide our views on channel access mechanism for SL-U operation [2].
[bookmark: _Hlk4137067][bookmark: _Hlk520894743][bookmark: _Hlk7596973][bookmark: _Hlk525462634]2	SL bandwidth and resource pool
In RAN1#109-e meeting, the following agreement was reached. So far, there are still a few FFS issues need to be solved:
	[bookmark: _Hlk138841617](1)	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
	(1) Only one SL BWP is (pre-)configured within a carrier
	(2) The SL BWP is (pre-)configured to include one or multiple SL resource pools
	(3) At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
o	(a) FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
o	(b) FFS: the applicable resource pool
o	(c) FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
	(4) 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
o	(a) FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
	(5) FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
	(6) 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.
	(7) FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.


As starting point as agreed from RAN1#109-e meeting, a SL resource pool (e.g. with bandwidth size of 80MHz) can be (pre-)configured to include integer number of RB sets, with each RB set corresponding to one 20MHz channel (or “LBT bandwidth”) for the purpose of channel access. Regarding FFS 3.(a) and (b), it is unclear to why there is the need to support one SL resource pool that includes a sub-set of PRBs from a RB set instead of all PRBs of the RB set, since anyway the LBT needs to be done at the RB set level. In our view, for the very first release of SL-U specification, the support of a SL resource pool that includes integer number of RB sets is sufficient.
[bookmark: Proposal95999][bookmark: Proposal55250][bookmark: Proposal53790][bookmark: Proposal40424][bookmark: Proposal59364][bookmark: Proposal7807]Proposal 1: Do not support one SL resource pool includes sub-set of PRBs of one RB-set, and the support of a SL resource pool that includes integer number of RB sets is sufficient.
Regarding FFS 6, in legacy NR SL, the bitmap is used to indicate the time domain resource of resource pool by considering where the S-SSB slots occur, TDD configuration, and reserved slots. The S-SSB slots, slots without enough UL symbols, and slots indicated as 0 by bitmap are excluded from the resource pool. For SL-U, the same bitmap operation should be considered, including the case of bitmap value of all “1”s, and it is up to the practical implementation to handle the case of potential interruption of UE LBT procedure and corresponding transmissions if value “0” is configured in the bitmap. Furthermore, simultaneous operation of SL-U and NR-U in the same unlicensed carrier can be further studied and considered if there are enough time units left in this release.
[bookmark: Proposal96004][bookmark: Proposal55251][bookmark: Proposal53791][bookmark: Proposal40425][bookmark: Proposal59365][bookmark: Proposal7808]Proposal 2: For SL-U, the same bitmap operation as legacy SL operation should be considered, including the case of bitmap value of all “1”s, and it is up to the implementation to handle the case of potential interruption of UE LBT procedure and corresponding transmissions if value “0” is configured in the bitmap.
Regarding the wide-band operation of resource pool, in RAN1 Meeting #110b-e, the following agreement was made:
	(2)	Agreement: Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
	Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
	FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
	Such PRBs are not used for PSCCH transmission
	FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission



Based on the agreement, the NR-U guard band design principle is generally applied to the PSSCH transmission of SL-U, where the guard band RBs in between contiguous RB sets can be used for transmissions only if the LBT procedure is successful in these contiguous RB sets. Moreover, it has been agreed that such guard band RBs are not used for PSCCH transmission. Considering that, similar guard band design principle as PSSCH transmission can be applied for PSFCH/S-SSB, where the resources of guard band RBs can be available only when successful LBT of contiguous RB sets, meaning that the availability by utilizing guard band RBs for PSFCH/S-SSB transmission can be uncertain, and it may not be easily applied to the transmission of PSFCH/S-SSB that is rather fixed in time by semi-static (pre-)configuration. Thus, it is preferred not to utilize the guard band RBs for PSFCH/S-SSB transmission.

[bookmark: Proposal7531][bookmark: Proposal8515][bookmark: Proposal77966][bookmark: Proposal31028][bookmark: Proposal19746][bookmark: Proposal97157][bookmark: Proposal83190][bookmark: Proposal14202][bookmark: Proposal85263][bookmark: Proposal23493][bookmark: Proposal63308][bookmark: Proposal55252][bookmark: Proposal53792][bookmark: Proposal40426][bookmark: Proposal59366][bookmark: Proposal7809]Proposal 3: Do not utilize the guard band RBs for PSFCH/S-SSB transmission.
3   Slot structure
In RAN1#113 meeting, the following agreement has been finally reached on TBS determination for slots with 2 starting symbols:  
	(3)	Agreement: 
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, for TBS determination and 2nd SCI overhead, in TS 38.214 Clause 8.1.3.2:
	L_ref replaces sl-LengthSymbols
o	Value range of L_ref is {7, 8, 9, 10, 11, 12, 13, 14} symbols
	 is determined in the same way as in legacy NR SL



[bookmark: Proposal96008][bookmark: Proposal41801][bookmark: Proposal25415]
Another open issue for slot structure with 2 starting symbols is on Tx and Rx UE behavior for AGC. In RAN1#111 meeting, the following agreement was reached regarding Tx/Rx UE behavior for slot with 2 starting symbols:
	(4)	Agreement: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
·	Regarding Tx UE behaviour:
o	If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
§	Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
§	Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
§	Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
o	If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
·	Regarding Rx UE behaviour, down-select one of the followings:
o	Option A: The Rx UE always monitors two AGC symbols in such slot
o	Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol
§	FFS details
o	Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
o	Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot


And in RAN1#112bis-e, further agreement was reached regarding Tx UE behavior for slot with 2 starting symbols:
	(5)	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.
o	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.
o	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
o	FFS: Rx UE behavior
o	FFS: COT sharing case



On MCSt transmission
Based on the agreement from RAN1#112bis-e, the COT initiating Tx UE could choose the earliest starting symbol for PSCCH/PSSCH transmission after LBT clearance. And for the MCSt transmission within a COT, at least when the transmission gap is less than 16us, we think it makes sense for the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission, where the probability of Tx UE utilizing the 2nd starting symbol for MCSt transmission of PSCCH/PSSCH within a COT can be quite low.
[bookmark: Proposal59367][bookmark: Proposal7810][bookmark: Proposal55254][bookmark: Proposal53793][bookmark: Proposal40427]Proposal 4: For MCSt transmission within a COT, at least when the transmission gap is less than 16us, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission.

On Tx and Rx UE behavior for AGC
Moreover, based on the agreement from RAN1#112bis-e, for Tx UE behavior, it is still unclear on the number of AGC-symbol to be applied when the PSCCH/PSSCH transmission starts from the 1st starting symbol, where there are a list of options in the outcome agreement from RAN1#111.
[bookmark: Obs94070][bookmark: Obs68706][bookmark: Obs47297][bookmark: Obs29863][bookmark: Obs78479]Observation 1: Based on the agreement from RAN1#112bis-e, for Tx UE behavior, it is still unclear on the number of AGC symbols to be applied when the PSCCH/PSSCH transmission starts from the 1st starting symbol.
Practically, due to the well-known hidden node issue, the full-slot transmission from the 1st starting symbol without the 2nd AGC symbol may cause AGC issue to the Rx UE. However, on the other hand, supporting the 1st starting symbol with the 2nd AGC may conquer the issue of AGC to Rx UE, but it may lead to transmission inefficiency, since the data on the 2nd symbol cannot be used for decoding purpose. Especially considering the operation of a slot with 2 starting symbols together with MCSt scheme, the introduced overhead of the 2nd AGC and/or guard period could be quite large. So in short, the Tx UE behavior having the 2nd AGC symbol is a sensible scheme for AGC sensitive scenario, and the Tx UE behavior with only 1 AGC symbol is a suitable scheme for AGC less-sensitive scenario and MCSt transmission within a COT. To provide the flexibility to support both schemes, it is proposed that the PSCCH/PSSCH transmission can be operated with 1 or 2 symbols for AGC purpose based on Tx UE indication, such that the legacy slot structure with 1 AGC symbol can be applied for transmissions within a COT if a given condition is met by implementation.
[bookmark: Proposal53794][bookmark: Proposal40428][bookmark: Proposal31038][bookmark: Proposal19755][bookmark: Proposal23497][bookmark: Proposal97164][bookmark: Proposal83197][bookmark: Proposal14209][bookmark: Proposal85270][bookmark: Proposal63310][bookmark: Proposal55255][bookmark: Proposal59368][bookmark: Proposal7811]Proposal 5: For Tx UE behavior, if PSCCH/PSSCH transmission starts from the 1st starting symbol, the PSCCH/PSSCH can have 1 or 2 symbols for AGC purpose.
[bookmark: Proposal31039][bookmark: Proposal19756][bookmark: Proposal23498][bookmark: Proposal97165][bookmark: Proposal83198][bookmark: Proposal14210][bookmark: Proposal85271][bookmark: Proposal63311][bookmark: Proposal55256][bookmark: Proposal53795][bookmark: Proposal40429][bookmark: Proposal59369][bookmark: Proposal7812]Proposal 6: For transmissions within a COT, it can be operated based on Tx UE indication with either 1 or 2 symbols for AGC purpose.
Regarding the Rx UE behaviour, in our view the Rx UE shall monitor 2 AGC symbols by default, i.e., 
	At first, the Rx UE shall monitor the 1st starting symbol for AGC purpose so that it can detect whether a full-slot transmission starts from the 1st starting symbol.
	If a full-slot transmission is not detected, it shall further monitor the 2nd starting symbol for AGC purpose so that it can detect whether a sub-slot transmission starts from the 2nd starting symbol.
In corresponding to the Tx UE behaviour, in our views whether the Rx UE monitors the 2nd AGC symbol for full-slot transmission can be up to either UE implementation or based on indication from Tx UE. 
[bookmark: Proposal53796][bookmark: Proposal40430][bookmark: Proposal59370][bookmark: Proposal7813][bookmark: Proposal31040][bookmark: Proposal19757][bookmark: Proposal23499][bookmark: Proposal97166][bookmark: Proposal83199][bookmark: Proposal14211][bookmark: Proposal85272][bookmark: Proposal63312][bookmark: Proposal55257]Proposal 7: For Rx UE behavior, whether the Rx UE monitors the 2nd AGC symbol for full-slot transmission can be up to either UE implementation or based on indication from Tx UE.

On SL RSSI measurement
Further, considering that a resource pool may include slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission, RAN1 should discuss how the SL RSSI should be defined. For legacy SL, TS 38.215 specify the following:
	[bookmark: _Toc524695283][bookmark: _Toc29045126][bookmark: _Toc29901467][bookmark: _Toc29901514][bookmark: _Toc35596395][bookmark: _Toc44881131][bookmark: _Toc51776301][bookmark: _Toc98515730]5.1.25	Sidelink received signal strength indicator (SL RSSI)
	Definition
	Sidelink Received Signal Strength Indicator (SL RSSI) is defined as the linear average of the total received power (in [W]) observed in the configured sub-channel in OFDM symbols of a slot configured for PSCCH and PSSCH, starting from the 2nd OFDM symbol.

For frequency range 1, the reference point for the SL RSSI shall be the antenna connector of the UE. For frequency range 2, SL RSSI shall be measured based on the combined signal from antenna elements corresponding to a given receiver branch. For frequency range 1 and 2, if receiver diversity is in use by the UE, the reported SL RSSI value shall not be lower than the corresponding SL RSSI of any of the individual receiver branches.

	Applicable for
	RRC_IDLE intra-frequency,
RRC_IDLE inter-frequency,
RRC_CONNECTED intra-frequency,
RRC_CONNECTED inter-frequency






It should be noted that, if legacy definition of SL RSSI is used for SL-U configured with 2 candidate starting symbols, in the worst case (i.e., if SL UEs often start their transmission on the 2nd candidate occasion) the measured SL RSSI may turn out to be very low even though the channel may be busy. Such measurement may affect the CBR determined by the SL-U UE. 
In our view, the simplest way to avoid congestion control measurements to be affected (as well as reduce RAN4 impact) is by modifying the RSSI measurement definition so that the received power is observed from the OFDM symbol after the 2nd candidate starting symbol, as illustrated in Figure 1. 
[image: ]
[bookmark: _Ref142402376]Figure 1  SL RSSI definition issue with 2 candidate starting symbols.
Based on the discussion we propose the following:
[bookmark: Proposal53797][bookmark: Proposal40431][bookmark: Proposal59371][bookmark: Proposal7814]Proposal 8: RAN1 to update SL RSSI definition so that the received power is observed from the OFDM symbol after the 2nd candidate starting symbol, if a resource pool includes slots with 2 candidate starting symbols.

4	On PSCCH and PSSCH design
On contiguous RB-based PSCCH/PSSCH transmission:
In RAN1#112bis-e, below agreement has been reached on whether/how to handle the subchannels which include intra-cell guardband PRBs.
	(6)	Agreement: For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, down-select one or more of the followings in RAN1#113:
	Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
o	Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
	Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
	FFS details, e.g., conditions to apply the above Option(s)
	FFS impacts on definition of candidate resource, and resource selection


Following in the previous RAN1#113 meeting, the Option 3 is agreed, where the subchannels which include the intra-cell guardband PRBs can be used only for PSSCH transmission. 
	(7)	Agreement: For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, support only option 3.
	FFS other details, e.g., impacts on resource selection, PSCCH mapping, etc.
	Note:
o	Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
	Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
o	Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
o	 : the number of remaining PRBs of a sub-channel belonging to a RB set after excluding the PRBs belonging to intra-cell guardband
o	 : the number of PRBs for PSCCH transmission



[bookmark: _Hlk131752215]On interlace RB-based PSCCH/PSSCH transmission:
Regarding PSCCH design considerations with interlace RB-based transmission:
So far, on the interlace RB-based transmission for the SL-U operation, the discussions were mainly focusing on the PSSCH related designs, where the PSCCH related design with interlace RB-based transmission should also be discussed.
[bookmark: Obs68707][bookmark: Obs47298][bookmark: Obs29864][bookmark: Obs78480]Observation 2: So far, on the interlace RB-based transmission for the SL-U operation, the discussions were mainly focusing on the PSSCH related designs, where the PSCCH related design with interlace RB-based transmission should also be discussed.

Impact of K value to PSCCH capacity: 
In RAN1#110b-e meeting, it has been agreed that 1 subchannel can be equal to K interlaces, where the value of K can be larger than 1 only for SCS of 15kHz as agreed in RAN1#110b-e meeting. 
	(8)	Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U:
	Regarding 1 sub-channel equals K interlace(s)
	At least K=1 and K=2 is supported for 15 kHz SCS
	At least K=1 is supported for 30 kHz SCS
	FFS: details related to multiple RB sets


Moreover, regarding the frequency resource mapping of PSCCH, in RAN1 meeting #110-e, the following agreement has been reached, where it has been generally agreed that the allocation of PSCCH is associated with the lowest sub-channel of lowest RB set of scheduled PSSCH. 
	(9)	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


Considering of PSCCH with interlace RB-based transmission, if the value of K is restricted to a small value, e.g. to 1, the maximum frequency resource of PSCCH will be limited to 10 PRBs in an RB set with SCS of 15kHz/30kHz, which is much less than the number of PSCCH PRBs {10, 12, 15, 20, 25} supported by the legacy NR SL. 
[bookmark: Obs68708][bookmark: Obs47299][bookmark: Obs29865][bookmark: Obs78481]Observation 3: Considering PSCCH with interlace RB-based transmission, if the value of K is restricted to a small value, the capacity of PSCCH will be limited, which is much less than the number of PSCCH PRBs {10, 12, 15, 20, 25} supported by the legacy NR SL.
Instead, by allowing the value of K to be configured larger for PSCCH transmission, there can be more frequency resources with distributed RBs to be included in a subchannel, which especially allows higher capacity available for PSCCH transmission. Thus, to our view, the value of K for PSCCH transmission can be consider e.g. to be larger than the K value of PSSCH transmission. 
[bookmark: Proposal53798][bookmark: Proposal40432][bookmark: Proposal59372][bookmark: Proposal7815]Proposal 9: For interlace RB-based PSCCH transmission, a larger K value can be considered independently from the K value for PSSCH, which allows higher transmission capacity for PSCCH.

Regarding mapping between subchannel and interlace for PSCCH/PSSCH with interlace RB-based transmission:
In RAN1#112bis-e, the further details are agreed for mapping between subchannel and interlace, where the legacy NR-U approach is largely taken as agreement.
	(10)	Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U, regarding details of mapping between sub-channel and interlace:
	In a resource pool with multiple RB sets, sub-channel with the same index is mapped to K interlace(s) with the same index(s) in different RB sets.
	In a resource pool, support the following
o	At least for the agreed case where one SL resource pool can be (pre-)configured to include integer number of RB sets
	Option 2: sub-channel#0 is mapped to K interlace(s) starting from interlace#0
	sub-channel#1 is mapped to K interlace(s) starting from interlace#K, and so on
	At least support that the above K interlace(s) are contiguous
o	FFS: whether/how to support the above K interlace(s) are non-contiguous
o	FFS: if RAN1 agrees to support that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, the mapping between sub-channel and interlace for this case will be further discussed
	Interlace is indexed as per NR-U

(11)	Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U, support the following:
	Option 1: lowest sub-channel is the sub-channel with smallest sub-channel index


Regarding mapping between subchannel and interlace, further clarification is needed on how exactly the resource mapping is performed when K is larger than 1. As an example, for PSCCH mapping in the lowest subchannel, with K=2 for 15kHz SCS, the lowest subchannel consists of interlace#0 and interlace#1. The resource mapping can be conducted in the following two options:
	Option-1: The resource mapping within the lowest subchannel can start from {PRB#0, PRB#10, PRB#20, PRB#30, … PRB#90} of interlace#0, and then {PRB#1, PRB#11, PRB#21, PRB#31, … PRB#91} of interlace#1 
	Option-2: The resource mapping within the lowest subchannel can start from {PRB#0, PRB#1} of interlace#0 and interlace#1, then {PRB#10, PRB#11} of interlace#0 and interlace#1, then {PRB#20, PRB#21} of interlace#0 and interlace#1, … and then {PRB#90, PRB#91} of interlace#0 and interlace#1,
	[bookmark: Proposal40433][bookmark: Proposal53799][bookmark: Proposal59373][bookmark: Proposal7816]Proposal 10: Further clarification is needed on how exactly the resource mapping is performed when K is larger than 1:
	Option-1: the resource mapping within a subchannel starts from PRBs of the lowest interlace index of K interlaces, then to PRBs of the next interlace index of K interlaces.
	Option-2: the resource mapping within a subchannel starts from the lowest PRB index of K interlace indexes, then to the next PRBs of K interlace indexes.


Considering the case of utilizing intra-cell guard band PRBs for interlaced RB-based PSSCH transmission, it can be rather straightforward to also utilize the same as NR-U principle, where the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
[bookmark: Proposal55261][bookmark: Proposal53800][bookmark: Proposal40434][bookmark: Proposal59374][bookmark: Proposal7817]Proposal 11: Considering the intra-cell guard band RBs used for interlaced RB based PSSCH transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
Regarding TBS determination for interlace RB-based PSCCH/PSSCH transmission:
Furthermore, regarding TBS determination for interlace RB-based PSCCH/PSSCH transmission, a list of options has been downselected with the Option A3 agreed:
	(12)	Agreement: For interlace RB-based PSCCH/PSSCH transmission in SL-U, support the followings:
	Option A3: N_ref is (pre-)configured
o	The value range for N_ref at least includes {10, 11}
o	FFS: whether to additionally include other values


Given that the value range for N_ref including {10, 11} has been agreed, there is no need to additionally include other values. 
[bookmark: Proposal53801][bookmark: Proposal40435][bookmark: Proposal59375][bookmark: Proposal7818]Proposal 12: For TBS determination for interlace RB-based PSCCH/PSSCH transmission, there is no need to additionally include other values.
Regarding FRIV for interlace RB-based PSSCH transmission
In RAN1#113 meeting, the following working assumptions were reached for indication of used RB set index(s) and subchannel index(s) based on the legacy SL FRIV framework:  
	(1)	Working assumption: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
	Use  to indicate used RB set index(s)
	 is conveyed in 1st SCI
	 is calculated as below
o	If sl-MaxNumPerReserve is 2 then
	
o	If sl-MaxNumPerReserve is 3 then
	
o	where
	 denotes the starting RB set index for the second resource
	 denotes the starting RB set index for the third resource
	 is the number of RB sets in a resource pool
	 is the number of used RB sets for each of the indicated resources




	(2)	Working assumption: Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
	Use  to indicate used sub-channel index(s)
	 is conveyed in 1st stage SCI
	 is calculated as below
o	If sl-MaxNumPerReserve is 2 then
	
o	If sl-MaxNumPerReserve is 3 then
	
o	where
	 denotes the starting sub-channel index for the second resource
	 denotes the starting sub-channel index for the third resource
	 is the number of sub-channels for each RB set
	 is the number of used sub-channels for each RB set for each of the indicated resources
	FFS: whether/how to use spare states of  to indicate using non-contiguous interlaces
	FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
	FFS: whether additionally support using bitmap




Confirm the two WAs from the previous meeting, and considering the benefits of supporting non-contiguous interlaces are unclear, it proposes not to be use the spare states to indicate transmission with non-contiguous interlaces.
[bookmark: Proposal59376][bookmark: Proposal7819]Proposal 13: Confirm the two WAs from the previous meeting, and propose not to use the spare states for indicating of transmission with non-conntiguous interlaces.

On In Band Emission (IBE) Impact
In meeting RAN1#109-e, the following agreement was achieved.
	(13)	 Agreement: For PSCCH and PSSCH in SL-U:
	Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
o	RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
o	FFS: whether/how to address IBE (In Band Emission) impact


For interlace RB-based transmissions, IBE (In Band Emission) impact is more significant in PC5 interface than at Uu interface. Namely, due to the power leakage in the non-allocated PRBs surrounding the interlaced PRBs in which the SL UE is transmitting, in addition to the carrier leakage and the leakage due to IQ image frequencies (which are similarly present for contiguous RB allocation). Figure 2 shows an example of power leakage from the allocated interlace-RBs of subchannel s0 over all interlace-RBs of subchannel s1.
[image: ]
[bookmark: _Ref142390827]Figure 2  Example of general IBE effect with interlaced allocation where power leakage from the allocated interlace-RBs of subchannel s0 may affect all interlace-RBs of subchannel s1.
Furthermore, relative locations of UEs may cause large power differences (near-far scenario) received at a UE. Therefore, interference due to IBE is aggravated for near-far scenario encountered in sidelink communication. Hence, some enhancement to interlace RB-based transmissions is required to reduce IBE impact for sidelink communications in unlicensed spectrum.
Figure 3 an example of SINR performance for SL-U devices when applying contiguous RB allocation or interlace RB allocation for different load regimes. In this evaluation each subchannel is formed by 10 RBs, i.e., one interlace per subchannel. The IBE model assumed in the simulations follow the minimum requirements for in-band emissions in unlicensed spectrum (TS 38.101-1 Table 6.4F.2.3-1 to be reused for SL-U, according RAN4 agreement).
  [image: ]      [image: ]
[bookmark: _Ref142399037][bookmark: _Ref127363363]Figure 3  5%-ile SINR (on the left) and 50%-ile SINR (on the right) for SL-U using contiguous RB allocation versus interlace RB allocation. FTP3 traffic with 500kB packet is used, where an average packet arrival rate of 1.5 packets per second (FTP3_High) and 0.375 packets per second (FTP3_Low) is applied for each UE. Further simulation assumptions are available in A.1	Appendix.
The results show a high SINR degradation (6 to 7 dB) specially for the 5%-ile SINR in both high and low load cases, as well as a high degradation (4.5dB) on the 50%-ile SINR at least for high load case.
[bookmark: Obs62473][bookmark: Obs67631][bookmark: Obs79765][bookmark: Obs90464][bookmark: Obs49646][bookmark: Obs10102][bookmark: Obs1680][bookmark: Obs46020][bookmark: Obs20886][bookmark: Obs97398][bookmark: Obs95244][bookmark: Obs17250][bookmark: Obs76674][bookmark: Obs62201][bookmark: Obs94072][bookmark: Obs68709][bookmark: Obs47300][bookmark: Obs29866][bookmark: Obs78482]Observation 4: Simulation results show high SINR degradation for SL-U transmissions with interlace RB allocation in comparison with contiguous RB allocation, due to higher impact of general IBE term for interlace allocation and due to near-far scenario encountered in sidelink communication. 
[bookmark: Proposal96012][bookmark: Proposal41802][bookmark: Proposal25416][bookmark: Proposal7547][bookmark: Proposal8531][bookmark: Proposal77981][bookmark: Proposal31063][bookmark: Proposal19780][bookmark: Proposal23514][bookmark: Proposal97191][bookmark: Proposal83224][bookmark: Proposal14236][bookmark: Proposal85297][bookmark: Proposal63323][bookmark: Proposal55268][bookmark: Proposal53802][bookmark: Proposal40436][bookmark: Proposal59377][bookmark: Proposal7820]Proposal 14: Address the impact of IBE for the interlace RB-based transmissions.
One option for mitigating the impact of IBE is to allow the UE, at least for high priority transmissions, to select candidate resources which may be less affected by the IBE from reserved transmissions of other UEs in their vicinity. The UE may for example, avoid resources/interlaces within a certain frequency separation from other SL UEs reserved transmissions (e.g. when the interlace subchannels selected by two Ues are adjacent or over the IQ image frequency of each other).
[bookmark: Proposal41803][bookmark: Proposal25417][bookmark: Proposal7548][bookmark: Proposal8532][bookmark: Proposal77982][bookmark: Proposal31064][bookmark: Proposal19781][bookmark: Proposal23515][bookmark: Proposal97192][bookmark: Proposal83225][bookmark: Proposal14237][bookmark: Proposal85298][bookmark: Proposal63324][bookmark: Proposal55269][bookmark: Proposal53803][bookmark: Proposal40437][bookmark: Proposal59378][bookmark: Proposal7821]Proposal 15: To mitigate the impact of IBE with interlace RB transmissions, at least for high priority transmissions, the SL-U TX UEs can avoid candidate resources on interlaced subchannels which may be more affected by IBE from  other reserved transmissions.

5	PSFCH and SL-HARQ 
For SL operation in unlicensed spectrum, there are two main issues to solve in the PSFCH design:
	Comply with the OCB and PSD regulations – There is the need to support interlace RB-based PSFCH transmission, in order to comply with OCB and PSD regulations, since a single PRB cannot be interlaced;
	Coping with LBT failures – PSFCH transmissions may not be initiated due to LBT failure. This will lead to retransmission of PSSCH consuming substantially more resources and increasing latency.

In the following, we will provide our views on these two aspects.
Complying with OCB and PSD regulations for PSFCH transmission:
In RAN1 Meeting #113, the following agreements were made: 
	(14)	Agreement: Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:
	One of the following alternatives is (pre-)configured:
o	Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
	K3 is (pre-)configured
	Value range for K3 at least includes {1, 2, 5}
	K3 dedicated PRB(s) are on the same interlace
	There can be some guardband PRB(s) between common PRB and dedicated PRB
	FFS details, e.g., whether/how to derive the number of guardband PRB(s), whether to additionally introduce a (pre-)configured gap (including 0), or whether this can be satisfied by (pre-)configuration and there is no additional specification impact (e.g., setting proper bit values in bitmap for PSFCH PRB allocation), etc.
	FFS whether to additionally introduce guardband RE between common PRB and dedicated PRB
	On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
	When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB subject to meeting OCB requirements
	FFS: whether to reduce power on common PRBs
o	Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
	PSSCH transmissions on non-overlapped resources are mapped to orthogonal dedicated PRBs for PSFCH transmission
	FFS: whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR
	FFS: whether to drop common PRBs if the dedicated PRBs can already satisfy OCB requirement



In NR-U the interlace of PUCCH format 0 was enabled by performing 10 repetitions equally spaced interlaces within the OCB. For SL-U, RAN1#110 meeting has agreed to support the use of interlace RB-based PSFCH transmission at least for 15 kHz and 30 kHz SCS. The drawback of such approach is that the PSFCH capacity is reduced proportionally by the number of interlaces/repetitions required. 

In Alt.1-1b, a more efficient solution to achieve the interlace and minimize the loss of capacity is that the PSFCH of each Rx UE is sent alone in K3 dedicated RBs (exclusively used by such Rx UE feedback) and, to comply with the OCB and PSD regulations the PSFCH feedback is further repeated along the common interlace that is shared with other Rx UEs for the same purpose (repetitions of PSFCHs along the interlace). This complies with the regulations and uses more efficiently the amount of RBs needed for each PSFCH while assuring that the transmission content is protected from collisions with other Rx Ues PSFCHs. The number of dedicated RBs (K3) may be configurable to adapt to different scenarios.

In Alt.2-3a, the PSFCH transmission occupies an interlace. The PSFCH capacity is the main issue for this alternative if plain repetitions of PSFCH in all RBs of an interlace is used. To increase the PSFCH capacity, PSFCH transmissions in a dedicated interlace may not only convey the HARQ feedback to the associated PSSCH but also the HARQ feedbacks to previous unacknowledged PSSCHs. The SCI in the associated PSCCH/PSSCH indicates the slots in which the previous unacknowledged PSSCHs require HARQ feedbacks via PSFCH transmissions in the dedicated interlace. Each PRB in the dedicated interlace conveys an HARQ feedback either to the associated PSSCH or to one of the previous unacknowledged PSCCHs, or all HARQ feedbacks are jointly encoded and then transmitted in the dedicated interlace. To avoid introducing new signaling overhead, the PRBs (e.g., M PRBs) in the dedicated interlace convey HARQ feedbacks to the associated PSSCH sent in slot z and to the PSSCHs possibly sent in (M-1) previous slots (e.g., slot z-1, slot z-2, …, slot z-M+1).  

	[bookmark: Proposal40440][bookmark: Proposal59379][bookmark: Proposal7822]Proposal 16: For Alt 2-3a, to increase the PSFCH capacity, consider supporting PSFCH transmissions in a dedicated interlace not only convey the HARQ feedback to the associated PSSCH but also the HARQ feedbacks to previous unacknowledged PSSCHs.  
	The SCI in a PSCCH/PSSCH indicates the slots in which the previous unacknowledged PSSCHs require HARQ feedbacks via PSFCH transmissions in the dedicated interlace. 
	Each PRB in the dedicated interlace conveys an HARQ feedback either to the associated PSSCH or to one of the previous PSCCHs, or all HARQ feedbacks are jointly encoded and then transmitted in the dedicated interlace. 
	To avoid introducing new signaling overhead, the PRBs (e.g., M PRBs) in the dedicated interlace convey HARQ feedbacks to the associated PSSCH sent in slot z and to the PSSCHs possibly sent in (M-1) previous slots (e.g., slot z-1, slot z-2, …, slot z-M+1).  




[bookmark: Proposal23516][bookmark: Proposal96015][bookmark: Proposal41808][bookmark: Proposal25422][bookmark: Proposal7550][bookmark: Proposal8534][bookmark: Proposal77984][bookmark: Proposal31066][bookmark: Proposal31067][bookmark: Proposal19783][bookmark: Proposal19784][bookmark: Proposal97195][bookmark: Proposal83228][bookmark: Proposal14239][bookmark: Proposal14240][bookmark: Proposal85300]
Power control for common RBs
While transmission of common RBs (as in Alt 1-1b) is beneficial as it allows meeting the OCB, it also has a drawback. As multiple users transmit using the same RBs, the power (and from other transmission’s point of view, interference) increases significantly. As the decoding of PSFCH will mainly rely on dedicated RB, it makes sense to minimize the power transmitted on the common RBs, as long as the OCB requirement is met. According to ETSI EN 301 893,” The Occupied Channel Bandwidth is the bandwidth containing 99 % of the power of the signal.”. Therefore, the power on the common RBs needs to be such that at least 99% of transmit power is spanning at least 80% of the channel BW, i.e. 16 MHz. 
[bookmark: Proposal63327][bookmark: Proposal55272][bookmark: Proposal53807][bookmark: Proposal40441][bookmark: Proposal59380][bookmark: Proposal7823]Proposal 17: For PSFCH Alt 1-1b, the transmission power on the common RBs is set as low as possible, while still ensuring that 99% of the power of the signal (common and dedicated PSFCH RBs) has a bandwidth of at least 80% of the channel BW.
In the following we provide an example of how to set the power for the common RBs:
For a nominal channel BW of 20 MHz, Occupied channel BW containing 99% of the signal shall be at least:
16 MHz, i.e. ceil(16 MHz/ 0.18 MHz) = 89 RBs for 15 kHz SCS, and 
Ceil(16 MHz/ 0.36 MHz) = 45 RBs for 30 kHz SCS

To meet the OCB requirement, at least 99% of the signal must have a BW of 16 MHz. Hence the power on each one of the common RBs (TxP_com) should be more than 1 % of the total Tx power – otherwise 99% of the signal will not have large enough BW.  
[bookmark: Proposal53808][bookmark: Proposal40442][bookmark: Proposal59381][bookmark: Proposal7824]Proposal 18: For PSFCH Alt 1-1b, the power of each RB of the common interlace is at least 1% of the total transmit power to ensure that OCB requirement is always met.

Addressing IBE issue for PSFCH
Introducing guardband PRB/RE between common PRB and dedicated PRB blocks the use of PRBs close to the common interlace. But it causes a fixed penalty to the PSFCH capacity. As agreed, R16 NR SL PSSCH-PSFCH mapping is reused as baseline. In the R16 NR SL PSSCH-PSFCH mapping, multiple PSFCH PRBs associated with a PSSCH (e.g., a PSSCH occupying multiple subchannels) are distributed in frequency domain. This inherent feature should be exploited first to reduce IBE impact. Out of the associated multiple PSFCH PRBs, a UE can select PRB(s) farther away from the common interlace  for PSFCH transmission as the dedicated PRB(s). This incurs no extra cost. 
[bookmark: Obs68710][bookmark: Obs47301][bookmark: Obs29867][bookmark: Obs78483]Observation 5: In the R16 NR SL PSSCH-PSFCH mapping, multiple PSFCH PRBs associated with a PSSCH (e.g., a PSSCH occupying multiple subchannels) are distributed in frequency domain. This inherent feature should be exploited first to reduce IBE impact.
	[bookmark: Proposal40443][bookmark: Proposal55274][bookmark: Proposal53809][bookmark: Proposal59382][bookmark: Proposal7825]Proposal 19: For PSFCH Alt 1-1b, consider allowing a UE to select dedicated PRB(s) farther away from the common interlace for PSFCH transmission acknowledging a PSSCH which is associated with multiple dedicated PSFCH PRBs based on R16 NR SL PSSCH-PSFCH mapping.  
	sl-PSFCH-CandidateResourceType is configured as allocSubCH.
	Within the multiple dedicated PSFCH PRBs, the UE selects PRB(s) with the largest distance to the common interlace (Unicast / Groupcast Option 1) or selects M PRBs with the largest distance(s) to the commone interlace (Groupcast Option 2 with M as the number of group members) to form a PRB subset.
	The UE determines an index of a PSFCH resource (for a PSFCH transmission) from the PSFCH resources in the PRBs of the formed PRB subset according to TS 38.213. 



Coping with LBT failures for PSFCH transmission:
In RAN1 Meeting #113, the following agreements were made: 
	(15)	Agreement: Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
	Regarding locations of candidate PSFCH occasion(s):
o	Down-select at RAN1#114:
	Alt 1 (15): Associated PSFCH occasion(s) are within the RB set(s) occupied by PSSCH transmissions
	FFS details
	Alt 2 (2): PSSCH transmission and its related PSFCH occasion(s) are in the same or different RB set(s) of the same resource pool
o	For one PSCCH/PSSCH transmission, at least support that its associated candidate PSFCH occasion(s) are in different slots of the same RB set(s)
	FFS: whether to support its associated candidate PSFCH occasion(s) are in different RB sets of the same slot




	(16)	Agreement: Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
	Value range of N at least includes {1, 2, 3, 4}
	When N>1, N associated candidate PSFCH occasion(s) for one PSCCH/PSSCH transmission have different time and/or frequency resource with the candidate PSFCH occasion(s) for another PSCCH/PSSCH transmission, at least if these two PSCCH/PSSCH transmissions are on non-overlapped resources




	(17)	Agreement: Regarding one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration:
	Regarding UE behaviour on transmitting PSFCH:
o	Down-select at RAN1#114:
	Alt 1: For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) due to LBT failure
	Alt 2: For one PSCCH/PSSCH transmission, PSCCH/PSSCH receiver UE attempts to transmit PSFCH on a candidate PSFCH occasion if and only if it fails to transmit on previous PSFCH occasion(s) (e.g., due to LBT failure, or due to UL/SL prioritization, etc.)
	Alt 3: Do not specify additional UE behavior on transmitting PSFCH due to LBT failure. 
	FFS: UE behaviour on receiving PSFCH
	Regarding HARQ RTT restriction:
o	Further study whether/how to update the followings:
	The minimum time gap Z=a+b between any two selected resources of a TB in case PSFCH is configured for this resource pool 
	The reference slot n for PUCCH transmission to report HARQ in Mode 1




Configurations on additional PSFCH resources:
If a UE has multiple PSFCH opportunities per PSCCH/PSSCH transmission either in time domain (multiple PSFCH transmission time occasions) or in frequency domain for multi-channel case (e.g., simultaneous PSFCH transmissions in each RB-set) to provide feedback for each PSSCH, it increases the successful probability of HARQ feedback.
[bookmark: Proposal55275][bookmark: Proposal53810][bookmark: Proposal40444][bookmark: Proposal59383][bookmark: Proposal7826][bookmark: Proposal63329][bookmark: Proposal7552][bookmark: Proposal8536][bookmark: Proposal77985][bookmark: Proposal31068][bookmark: Proposal31069][bookmark: Proposal19785][bookmark: Proposal19786][bookmark: Proposal41811][bookmark: Proposal25425]Proposal 20: Multiple PSFCH transmission opportunities can be configured in time domain (i.e. multiple PSFCH transmission time occasions) and/or in frequency domain (i.e. simultaneous PSFCH transmissions in each RB-set): N associated candidate PSFCHs are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof.
[bookmark: Proposal55276][bookmark: Proposal53811][bookmark: Proposal40445][bookmark: Proposal59384][bookmark: Proposal7827]Proposal 21: Consider allowing PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s) or in the different RB sets. 
If multiple PSFCH transmission opportunities are configured for per PSSCH transmission in frequency domain with multiple channels and LBT passes in more than one channel, one key issue is whether repetition of PSFCH transmissions in multiple LBT channels is needed. In our opinion, the repetition of PSFCH transmissions for per PSCCH/PSSCH transmission over multiple channels may degrade the resource utilization and also cause inter-UE interference. For this, it is reasonable for the UE using one suitable channel from the more than one channel for HARQ feedback per PSSCH, so as to improve resource efficiency and reduce inter-UE interference.
[bookmark: Proposal55277][bookmark: Proposal53812][bookmark: Proposal40446][bookmark: Proposal59385][bookmark: Proposal7828]Proposal 22: When LBT passes for more than one channel, the UE can select one suitable channel from the more than one channel for HARQ feedback of a PSSCH to improve resource efficiency and reduce inter-UE interference.

Furthermore, in RAN1#113 meeting, the following agreement was reached:  
	 (18)	Agreement: When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, select one or more of the followings:
	Option 1: COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s)
o	FFS details, e.g., how PSSCH Rx UE knows such transmission, etc.
	Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
o	FFS details, e.g., signaling design, etc.
	Option 3: no optimization for this case



To our view, there is no need for optimization of the case described in the agreement. Thus, Option 3 is preferred.
[bookmark: Proposal59386][bookmark: Proposal7829]Proposal 23: Option-3 is preferred with no optimization for the case described in the previous agreement.

Semi-static configuration vs. Dynamic indication of additional PSFCH resources:
To cope with LBT failure, the additional PSFCH transmission opportunities can be either semi-static configured or dynamically indicated. 
Considering of semi-static configuration approach, a number of, M1, additional/secondary PSFCH resources can be configured to be associated with the original/primary PSFCH resource. Apparently, the higher number of M1 additional/secondary PSFCH resources to be configured, the higher chance of PSFCH channel can be transmitted, the better PSFCH transmission performance to cope with LBT failure. However, on the other hand, with higher number of M1 additional/secondary PSFCH resources to be configured, the transmission overhead is also quite high if the channel occupancy is getting lower. Practically, a good balance is required when configuring the value of M1. But for some scenarios, i.e. in case of fast variation of unlicensed-band channel occupancy, it may not be easy to setup this value to achieve certain spectrum efficiency with minimized configuration overhead.
[bookmark: Obs62202][bookmark: Obs94073][bookmark: Obs68711][bookmark: Obs47302][bookmark: Obs29868][bookmark: Obs78484]Observation 6: For some scenarios, i.e. in case of fast variation of unlicensed-band channel occupancy, it may not be easy to configure the number of additional/secondary PSFCH resources in order to achieve certain spectrum efficiency with minimized configuration overhead.
Considering of dynamic indication approach, it provides more flexibility with the allocation of additional/secondary PSFCH resource(s). And comparing with the semi-static configuration approach as discussed above, the dynamic indication manner may also allow to minimize the required overhead for additional/secondary PSFCH transmissions. For instance, in some cases, a dynamic configuration of the PSFCH resources can be indicated from the Tx UE to Rx UE on when and where there will be another opportunity for PSFCH transmission.
As the example illustrated in Figure 4, if the Tx UE fails the LBT and is not able to transmit the PSSCH at slot N, the COT is lost, and the Rx UE will not be able to send the PSFCH of a prior PSSCH (e.g. PSSCH at slot N-2) in such slot. Therefore, the Tx UE may dynamically inform the Rx UE of a new PSFCH resource in the next shared COT corresponding to the PSFCH for providing feedback for the missed PSSCH at slot N (that could not be sent). Alternatively, the mapping to a new PSFCH resource in a different COT may also be implicitly selected in the first slot of the next shared COT, since the PSFCH resource in that slot would otherwise be vacant.
[image: ]
[bookmark: _Ref127546807]Figure 4: Example of dynamic PSFCH configuration being used to cope with LBT failure.
Furthermore, new features, such as multi-consecutive slots transmission (MCSt), were agreed to be supported in SL-U. The MCSt performed by a UE may cause other Ues not able to use preconfigured resources for PSFCHs. And the dynamic indication of PSFCH resources can be also applied for this issue. The MCSt Tx UE may dynamically indicate of new PSFCH resources that replace the impacted preconfigured PSFCH resources. 
	[bookmark: Proposal63333][bookmark: Proposal55280][bookmark: Proposal59387][bookmark: Proposal59388][bookmark: Proposal7830]Proposal 24: For supporting more than 1 PSFCH occasion per PSCCH/PSSCH transmission, we support:
	Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated 



On HARQ-ACK information to higher layer:
For legacy operation, for each PSFCH occasion, from a number of PSFCH reception occasions, the UE generates HARQ-ACK information to report to higher layer. And now by considering the number of additional/secondary PSFCH resources to be configured with association to an original/primary PSFCH resource, the procedure in TS38.213, section 16.3.1 may need to be re-visited. 
For instance, assume if there are 3 PSFCH resources (1 primary and 2 additional/secondary PSFCH resources) corresponding to a TB transmission in PSSCH, practically it can be case that the outcome of acknowledgement from different PSFCH resources can be different, even it corresponds to the same PSSCH transmission, e.g. with physical layer to higher-layer report of ACK from the 1st PSFCH resource, and NACK from the 2nd PSFCH resource, and ACK again from the 3rd PSFCH resource. So far, in this case, it is unclear on whether the corresponding PSSCH transmission should be considered as successful transmission/reception or not. If it is an issue that needs to be solved, we may need to further discuss on whether there should have a spec impact in physical layer or higher-layer.  
	TS38.213, section 16.3.1
<omitted text>


<omitted text>



[bookmark: Obs29869][bookmark: Obs78485][bookmark: Proposal53814][bookmark: Proposal40448][bookmark: Proposal55281]Observation 7: Considering a number of PSFCH resources can be configured with an PSSCH transmission, the outcome of acknowledgement from different PSFCH resources can be different. In this case, it is unclear on whether the corresponding PSSCH transmission should be considered as successful transmission/reception or not.
[bookmark: Proposal59389][bookmark: Proposal7831]Proposal 25: Considering a number of PSFCH resources can be configured with an PSSCH transmission, the procedure in TS38.213, section 16.3.1 may need to be re-visited, and identify whether or not the enhancements is needed in this aspect in RAN1.

6	S-SSB and synchronization
In RAN1#113 meeting the following agreement related to S-SSB transmissions in multiple RB sets was made:  
	(19)	Agreement: When the SL-BWP contains multiple RB sets, support the followings:
	When UE attempts to transmit S-SSB in a S-SSB occasion (e.g., R16/17 S-SSB occasion, R18 additional candidate S-SSB occasion)
o	UE may transmit S-SSB repetition in more than one RB set
	Down-select one of the followings in RAN1#114:
	Alt 1: At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets
o	FFS details, e.g., whether this can be satisfied by (pre-)configuration, whether the power for S-SSB transmission on other RB set(s) also does not change due to the number of used RB sets, etc.
	Alt 2: The power for S-SSB transmission on each RB set does not change due to the number of used RB sets
o	FFS details, e.g., whether this can be satisfied by (pre-)configuration, etc.
	FFS: Locations of S-SSB repetitions in each RB set are the same as the locations of S-SSB repetitions in the anchor RB set
	FFS: how to (pre)configure resources for the S-SSB repetitions
	Note: anchor RB set refers to the RB set where S-SSB indicated by sl-AbsoluteFrequencySSB-r16 locates
	Note: whether UE can transmit S-SSBs over non-contiguous RB sets is subject to RAN4’s reply, details can be found in RAN1’s LS to RAN4 in R1-2304218, R1-2306198




According to the FL summary [3] Alt 1 refers to the S-SSB power allocation where S-SSB Tx power in the anchor RB set is constant regardless of the number of RB sets transmitted simultaneously i.e. Tx powers P1=P4=P6 in the figure below. In Alt 2 all the S-SSBs are transmitted using the same power (P1=P4=P6=P2=P3=P5).

[image: ]

In Alt 2 S-SSB power needs to be divided to multiple simultaneous S-SSB transmissions. It can be assumed that only the S-SSB in the anchor RB set is used for synchronization because S-SSBs in other RB sets are often not available. Because of low S-SSB power in the anchor RB set, the synchronization performance of Alt 2 is not always sufficient, so it should not be selected. Regarding Alt 1, it should be specified so that the power of S-SSB in the anchor RB set is preconfigured and remaining power (if any) that is not used for S-SSB in the anchor RB set, can be used for S-SSB in the other RB sets.

[bookmark: Proposal53815][bookmark: Proposal40449][bookmark: Proposal59390][bookmark: Proposal59391][bookmark: Proposal7832]Proposal 26: At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets (Alt 1). S-SSB Tx power in the anchor RB set is (pre)configured and the UE may use the remaining power (if any) for S-SSB transmissions in the other RB sets.


	(20)	Agreement: Regarding “Option 3-1(revised): Transmit legacy S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement”:
	Support:
o	Alt 3: the value of gap is (pre-)configured, and the value of N is (pre-)configured
	FFS: value range for gap and N
	FFS: whether N for different RB sets can be different
	FFS: whether to apply any restriction on sl-AbsoluteFrequencySSB-r16 for 60 kHz
	FFS: whether/how to support reducing PAPR of S-SSB transmission, at least considering the following options
o	Option 1: use different  across the different S-SSB repetitions to determine the initial scrambling seed of PSBCH, and the sequence shift for S-SSS and S-PSS
o	Option 2: phase adjustment among repetitions
o	Option 3: no specification impact to reduce PAPR
o	Option 4: use S-SSB repetition index to scramble different S-SSB repetition(s)




As discussed in [4] the UE receiving the S-SSB could only be required to monitor S-SSB in the legacy location and whether to monitor S-SSB frequency repetitions (if present) is up to UE implementation. Because of this the Tx power of S-SSB repetitions does not have to be the same as the Tx power of S-SSB in legacy location but lower power can be used for repetitions. The Tx power of repetitions should be selected so that OCB requirement is fulfilled. Due to lower power of the repetitions PAPR problem should not be a big concern. We think that there is no need to introduce modifications to the specifications to reduce PAPR of the S-SSB transmission.

[bookmark: Proposal59392][bookmark: Proposal7833]Proposal 27: Specifications are not changed to reduce PAPR of the S-SSB transmissions (Option 3)

[bookmark: Proposal96021][bookmark: Proposal41815][bookmark: Proposal25429]
7	 Conclusions
[bookmark: ConclusionsPObsInSeq]In this contribution, we discussed physical channel design for SL-U and make the following observations and proposals:

Proposal 1: Do not support one SL resource pool includes sub-set of PRBs of one RB-set, and the support of a SL resource pool that includes integer number of RB sets is sufficient.
Proposal 2: For SL-U, the same bitmap operation as legacy SL operation should be considered, including the case of bitmap value of all “1”s, and it is up to the implementation to handle the case of potential interruption of UE LBT procedure and corresponding transmissions if value “0” is configured in the bitmap.
Proposal 3: Do not utilize the guard band RBs for PSFCH/S-SSB transmission.
Proposal 4: For MCSt transmission within a COT, at least when the transmission gap is less than 16us, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission.
Observation 1: Based on the agreement from RAN1#112bis-e, for Tx UE behavior, it is still unclear on the number of AGC symbols to be applied when the PSCCH/PSSCH transmission starts from the 1st starting symbol.
Proposal 5: For Tx UE behavior, if PSCCH/PSSCH transmission starts from the 1st starting symbol, the PSCCH/PSSCH can have 1 or 2 symbols for AGC purpose.
Proposal 6: For transmissions within a COT, it can be operated based on Tx UE indication with either 1 or 2 symbols for AGC purpose.
Proposal 7: For Rx UE behavior, whether the Rx UE monitors the 2nd AGC symbol for full-slot transmission can be up to either UE implementation or based on indication from Tx UE.
Proposal 8: RAN1 to update SL RSSI definition so that the received power is observed from the OFDM symbol after the 2nd candidate starting symbol, if a resource pool includes slots with 2 candidate starting symbols.
Observation 2: So far, on the interlace RB-based transmission for the SL-U operation, the discussions were mainly focusing on the PSSCH related designs, where the PSCCH related design with interlace RB-based transmission should also be discussed.
Observation 3: Considering PSCCH with interlace RB-based transmission, if the value of K is restricted to a small value, the capacity of PSCCH will be limited, which is much less than the number of PSCCH PRBs {10, 12, 15, 20, 25} supported by the legacy NR SL.
Proposal 9: For interlace RB-based PSCCH transmission, a larger K value can be considered independently from the K value for PSSCH, which allows higher transmission capacity for PSCCH.

	Proposal 10: Further clarification is needed on how exactly the resource mapping is performed when K is larger than 1:
	Option-1: the resource mapping within a subchannel starts from PRBs of the lowest interlace index of K interlaces, then to PRBs of the next interlace index of K interlaces.
	Option-2: the resource mapping within a subchannel starts from the lowest PRB index of K interlace indexes, then to the next PRBs of K interlace indexes.



Proposal 11: Considering the intra-cell guard band RBs used for interlaced RB based PSSCH transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
Proposal 12: For TBS determination for interlace RB-based PSCCH/PSSCH transmission, there is no need to additionally include other values.
Proposal 13: Confirm the two WAs from the previous meeting, and propose not to use the spare states for indicating of transmission with non-conntiguous interlaces.
Observation 4: Simulation results show high SINR degradation for SL-U transmissions with interlace RB allocation in comparison with contiguous RB allocation, due to higher impact of general IBE term for interlace allocation and due to near-far scenario encountered in sidelink communication. 
Proposal 14: Address the impact of IBE for the interlace RB-based transmissions.
Proposal 15: To mitigate the impact of IBE with interlace RB transmissions, at least for high priority transmissions, the SL-U TX UEs can avoid candidate resources on interlaced subchannels which may be more affected by IBE from  other reserved transmissions.

	Proposal 16: For Alt 2-3a, to increase the PSFCH capacity, consider supporting PSFCH transmissions in a dedicated interlace not only convey the HARQ feedback to the associated PSSCH but also the HARQ feedbacks to previous unacknowledged PSSCHs.  
	The SCI in a PSCCH/PSSCH indicates the slots in which the previous unacknowledged PSSCHs require HARQ feedbacks via PSFCH transmissions in the dedicated interlace. 
	Each PRB in the dedicated interlace conveys an HARQ feedback either to the associated PSSCH or to one of the previous PSCCHs, or all HARQ feedbacks are jointly encoded and then transmitted in the dedicated interlace. 
	To avoid introducing new signaling overhead, the PRBs (e.g., M PRBs) in the dedicated interlace convey HARQ feedbacks to the associated PSSCH sent in slot z and to the PSSCHs possibly sent in (M-1) previous slots (e.g., slot z-1, slot z-2, …, slot z-M+1).  




Proposal 17: For PSFCH Alt 1-1b, the transmission power on the common RBs is set as low as possible, while still ensuring that 99% of the power of the signal (common and dedicated PSFCH RBs) has a bandwidth of at least 80% of the channel BW.
Proposal 18: For PSFCH Alt 1-1b, the power of each RB of the common interlace is at least 1% of the total transmit power to ensure that OCB requirement is always met.
Observation 5: In the R16 NR SL PSSCH-PSFCH mapping, multiple PSFCH PRBs associated with a PSSCH (e.g., a PSSCH occupying multiple subchannels) are distributed in frequency domain. This inherent feature should be exploited first to reduce IBE impact.

	Proposal 19: For PSFCH Alt 1-1b, consider allowing a UE to select dedicated PRB(s) farther away from the common interlace for PSFCH transmission acknowledging a PSSCH which is associated with multiple dedicated PSFCH PRBs based on R16 NR SL PSSCH-PSFCH mapping.  
	sl-PSFCH-CandidateResourceType is configured as allocSubCH.
	Within the multiple dedicated PSFCH PRBs, the UE selects PRB(s) with the largest distance to the common interlace (Unicast / Groupcast Option 1) or selects M PRBs with the largest distance(s) to the commone interlace (Groupcast Option 2 with M as the number of group members) to form a PRB subset.
	The UE determines an index of a PSFCH resource (for a PSFCH transmission) from the PSFCH resources in the PRBs of the formed PRB subset according to TS 38.213. 



Proposal 20: Multiple PSFCH transmission opportunities can be configured in time domain (i.e. multiple PSFCH transmission time occasions) and/or in frequency domain (i.e. simultaneous PSFCH transmissions in each RB-set): N associated candidate PSFCHs are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof.
Proposal 21: Consider allowing PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s) or in the different RB sets. 
Proposal 22: When LBT passes for more than one channel, the UE can select one suitable channel from the more than one channel for HARQ feedback of a PSSCH to improve resource efficiency and reduce inter-UE interference.
Proposal 23: Option-3 is preferred with no optimization for the case described in the previous agreement.
Observation 6: For some scenarios, i.e. in case of fast variation of unlicensed-band channel occupancy, it may not be easy to configure the number of additional/secondary PSFCH resources in order to achieve certain spectrum efficiency with minimized configuration overhead.

	Proposal 24: For supporting more than 1 PSFCH occasion per PSCCH/PSSCH transmission, we support:
	Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated 



Observation 7: Considering a number of PSFCH resources can be configured with an PSSCH transmission, the outcome of acknowledgement from different PSFCH resources can be different. In this case, it is unclear on whether the corresponding PSSCH transmission should be considered as successful transmission/reception or not.
Proposal 25: Considering a number of PSFCH resources can be configured with an PSSCH transmission, the procedure in TS38.213, section 16.3.1 may need to be re-visited, and identify whether or not the enhancements is needed in this aspect in RAN1.
Proposal 26: At least the power for S-SSB transmission on anchor RB set does not change due to the number of used RB sets (Alt 1). S-SSB Tx power in the anchor RB set is (pre)configured and the UE may use the remaining power (if any) for S-SSB transmissions in the other RB sets.
Proposal 27: Specifications are not changed to reduce PAPR of the S-SSB transmissions (Option 3)
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[bookmark: _Ref118464615]A.1	Appendix
The parameters used in the simulations are provided in the following table:
Table 1: Evaluation assumption parameters
	Parameters
	SL-U

	Layout
	Indoor 120 x 80m

	Propagation scenario
	NR InH Mixed Office

	UE distribution
	12 SL-U UEs Uniformly distributed, 3 km/h speed

	Carrier and Bandwidth
	5GHz, 20MHz

	SCS
	15kHz

	PHY
	10 RBs per subchannel (i.e. one subchannel occupies one interlace)

	Receiver
	MMSE-IRC

	UE/STA antenna Array configuration
	Tx/Rx: (M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Max Rank
	1

	UE/STA TX power
	18 dBm including antenna gain (0 dBi)

	MCS
	Max Modulation supported 256QAM 4/5

	Traffic model
	FTP3 aperiodic traffic, 500kB packet, 1500B PDU,
Variable load

	Pairing
	Unicast/Unidirectional
Tx UE pairs with first strongest Rx UE

	LBT
	LBT Type 1 with CAPC p = 4
COT duration: 6ms

	EDT
	-72dBm

	Channel model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability



image1.png
2" OFDM symbol (of the
SL slot), where legacy SL

RSSI is measured

SL-U 1 candidate starting symbol, i SL U 2 candidate starting symbol,

#O #1.#2 #3 #4 #5 #6}

12 13

SL-U RSSI measurement

Legacy sl-StartSymbol, 0 7 | should start here instead




image2.png
RP

power leakage from allocated PRB to non-allocated PRB (general IBE)





image3.png
5%-ile SINR [dB]

m— RB:Contiguous,
- RB:nterlaced,

| ™

FIP3_High

Load





image4.png
50%-ile SINR [dB]

RB:Contiguous,
m RBinterlaced

~4.5dB

FTP3_High

Load

FTP3_Low





image5.png
1t COoT

HARQ delay a=2 slots

oo |
7
URD

oo |

4555599

A

-
s B
EHYY H
N
Iki

‘ Lslot ‘ Lslot Lslot

Slotn -3 Slotn -2 Slotn-1

e |

\
LBT toinitiate or
continue a COT
(CAT 4)

Another LBT
within the same
COT (Cat 2)

Another LBT
within the same
COT (Cat 2)

Cat 2 LBT
fails, COT
ends

No resource for

AN B
kG g N

o575

HN H
g E

Lslot Lslot Lslot

Slotn +2 Unused HARQ. glot n +3
resource

Slotn ‘ Slot n+1
Another LBT to
initiate a new

COT (CAT 4)




image6.png
16.3.1  UE procedure for receiving PSFCH with control information

A UE that transmitted a PSSCH scheduled by a SCI format 2-A/2-B/2-C that indicates HARQ feedback enabled.
attempts to receive associated PSFCHs with HARQ-ACK information according to PSFCH resources determined as
described in clause 16.3.0. The UE determines an ACK or a NACK value for HARQ-ACK information provided in
each PSFCH resource as described in [8-4, TS 38.101-4]. The UE does not determine both an ACK value and a NACK
value at a same time for a PSFCH resource.

For each PSFCH reception occasion, from a number of PSFCH reception occasions. the UE generates HARQ-ACK
information to report to higher layers. For generating the HARQ-ACK information. the UE can be indicated by a SCI
format to perform one of the following

if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "10" or a
SCI format 2-C

- report to higher layers HARQ-ACK information with same value as a value of HARQ-ACK information that
the UE determines from the PSFCH reception

if the UE receives a PSFCH associated with a SCI format 2-A with Cast type indicator field value of "01"

- report an ACK value to higher layers if the UE determines an ACK value from at least one PSFCH reception
occasion from the number of PSFCH reception occasions in PSFCH resources corresponding to every
identity Mpp of UES that the UE expects to receive corresponding PSSCHs as described in clause 16.3;
otherwise. report a NACK value to higher layers

if the PSFCH reception occasion is associated with a SCI format 2-B or a SCI format 2-A with Cast type
indicator field value of "11"

- report to higher layers an ACK value if the UE determines absence of PSFCH reception for the PSFCH
reception occasion; otherwise, report a NACK value to higher layers
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