[bookmark: OLE_LINK3]3GPP TSG RAN WG1 #113	R1-2305600
Incheon, Korea, May 22nd – May 26th, 2023

Source:	NTT DOCOMO, INC.
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK21][bookmark: OLE_LINK22]Title:	Discussion on channel design framework in SL-U
[bookmark: Source]Agenda Item:	9.4.1.2
[bookmark: DocumentFor]Document for: 	Discussion and Decision
1. Introduction
At the RAN1#112 meeting [1], there was discussion on channel design framework in SL-U. In this contribution, we share our further views on channel design framework in SL-U.

2. Discussions
2.1. PSCCH/PSSCH structure
2.1.1. RB-set indication
	Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission, support the followings:
· Option A: Support that for one PSSCH transmission, the used interlace index(s) in different used RB sets are always the same
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Frequency domain resource of PSSCH transmission is determined by an intersection of the resource blocks of the indicated sub-channel(s) and the union of the indicated set of RB sets and intra-cell guard bands between the indicated RB sets, if any
· For a TB, the initial transmission and reservation of the resource(s) for retransmission(s) use the same number of sub-channel(s) and same number of RB set(s)
· FFS: whether additionally support different number of RB set(s) in such case while keeping total number of sub-channels unchanged between initial transmission and retransmission(s) for a TB
· Use X bits for indicating sub-channel index(s), and use Y bits for indicating contiguous RB set index(s)
· R16 NR SL FRIV is reused as baseline
· FFS details, e.g., signaling design, bit size, whether to consider bitmap design, whether/how the used interlace(s) can be non-contiguous, etc.
· FFS others
· E.g., considering one PSSCH transmission may occupy one or multiple RB sets, whether or not to re-define single-slot candidate resource, and update resource selection and/or signaling from MAC to PHY, etc.


Although it was agreed that multiple transmissions of a TB use the same no. of sub-channel(s) and the same no. of RB set(s), resource efficiency is quite poor in this way. Good balance of overhead and flexibility is preferred, and thus one FFS was added to discuss whether different number of RB-sets is allowed for a TB with keeping the number of sub-channels unchanged.
We believe that this mechanism should be allowed for better resource flexibility. This can be illustrated as below. The first transmission uses two RB-sets where one sub-channel is used in each RB-set. Then the second transmission uses a single RB-set where two sub-channels are used in the RB-set. That is, total number of RB-sets is two for both transmissions.
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Fig.1: Different number of RB-sets for a TB with keeping the number of sub-channels unchanged
One concern on this mechanism would be larger overhead of resource indication, but we do not think the increase is significant. Overhead of sub-channel index(s) indication can be unchanged, and overhead increase of contiguous RB-set index(s) indication is small as below. 
· For always same number of RB-sets: 
· For allowing different number of RB-sets: 
Note that it can be assumed that when the number of RB sets are M times, the number of sub-channels is 1/M automatically and thus no additional bits for sub-channel indication is necessary.
Proposal 1:
· For PSCCH/PSSCH resource indication, support indication of different number of RB set(s) for a TB while keeping total number of sub-channels unchanged.
· For indicating sub-channel index(s), reuse the same mechanism as in case that only indication of the same number of RB set(s) is allowed.
· For indicating contiguous RB set index(s), the number of RB sets and starting RB set are indicatable per TX.
· When the number of RB sets are M times, the number of sub-channels is 1/M.


2.1.2. Maximum 2 candidate starting symbols
2.1.2.1. Availability
	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


Availability of the 2nd starting symbol for the remaining COT is still unclear. In our view, even in the remaining COT, channel sensing according to type 2A/2B is applicable since the COT is maintained even when the gap is greater than 16 us. The 2nd starting symbol should be available for such a case.
Proposal 2:
· For the remaining slots of a COT, TX UE only chooses the 1st starting symbol for PSCCH/PSSCH, if the transmission is started with no greater than 16us gap from the previous transmission by any UE, including MCSt.


2.1.2.2. RX UE behavior
RX UE behavior has not been clearly decided yet for two candidate starting symbols. In SL system, TX UE’s channel condition is different among UEs due to hidden-node issue and thus from RX UE perspective, it is possible to find TX from the 2nd starting symbol in any slot without PSFCH. That is, RX UE behavior should not be different based on COT condition.
Proposal 3:
· RX UE monitors TX from both the 1st starting symbol and the 2nd starting symbol in any slot with two starting symbols.


2.1.2.3. PSCCH/PSSCH structure for TX from the 2nd starting symbol
Although several agreements were reached for maximum 2 candidate starting symbols, exact PSCCH/PSSCH structure has not identified yet. In our understanding, the following two structures are considerable:
· 1) PSCCH/PSSCH is generated for the number of PSCCH/PSSCH symbols according to the 2nd starting symbol.
· 2) PSCCH/PSSCH is generated for the number of PSCCH/PSSCH symbols according to the 1st starting symbol and the last several symbols over the slot are cut-off.
These two structures can be illustrated as below. The former would be common understanding, thus we suggest the following proposal for clarification.
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1)	 						2)
Fig.2: Two possible PSCCH/PSSCH generation for TX from the 2nd starting symbol
Proposal 4:
· For PSCCH/PSSCH transmissions starting from the 2nd starting symbol (Xth symbol), 
· PSCCH/PSSCH is generated according to the number of the actual PSCCH/PSSCH transmission, i.e., duration between Xth symbol and 13th symbol.


2.1.2.4. (Pre-)configuration parameters
In R16/17 SL, each parameter is (pre-)configured according to the starting symbol and the number of SL symbols. When two starting symbols are available, it would be difficult to optimize the parameters. For example, transmission starting from the 2nd starting symbol does not have sufficient amount of resources compared to transmission starting from the 1st starting symbol. Then, a possible solution is to allow different number of PSCCH symbols. Three symbols PSCCH is used for transmission from the 1st starting symbol, and two symbols PSCCH is applied for transmission from the 2nd starting symbol. Similar discussion can be considered for other parameters.
[image: ]
Fig.3: Example of separate parameters for two candidate starting symbols
Proposal 5:
· At least the following parameters are (pre-)configured for each of the 1st starting symbol and the 2nd starting symbol.
· SL-PSCCH-Config (e.g., sl-TimeResourcePSCCH, sl-FreqResourcePSCCH)
· SL-PSSCH-Config (e.g., sl-Scaling)
· SL-MinMaxMCS-List
· sl-PowerControl (e.g., sl-P0-PSSCH-PSCCH)
· SL-CSI-RS-Config (e.g., sl-CSI-RS-FirstSymbol)


2.1.2.5. AGC symbols
When two starting symbols are available, one important issue is 2nd AGC symbol. If all SL UEs are aligned for starting symbol at the same slot (with only either 1st starting symbol or 2nd starting symbol), there is no need to define 2nd AGC symbol. However, we believe that the situation is not guaranteed. In SL, due to hidden-node issue, it could occur that some UEs start from the 1st starting symbol and other UEs start from the 2nd starting symbol within the same slot. From this point, it would be true that RX UE always needs to perform AGC twice within a slot.
Observation 1:
· Due to hidden-node issue, it could occur that some UEs start from the 1st starting symbol and other UEs start from the 2nd starting symbol within the same slot.
Meanwhile, this 2nd AGC operation within a slot at RX UE side does not mean that new AGC symbol shall be defined. Rather, from TX UE perspective, the issue is that the symbol for the 2nd AGC may not be used for data-decoding at RX UE side. What TX UE should do is to consider the 2nd AGC behavior in TBS/MCS/coding-rate determination, and thus there is no necessity to define explicit the 2nd AGC symbol (i.e., symbol copy is unnecessary). For resource mapping, TX UE just follows the R16/17 mechanism, and RX UE may use the mapped data at the 2nd AGC timing, may not. It is up to RX UE implementation.
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Fig.4: 2nd AGC issue – no spec change of TX UE is necessary
Proposal 6:
· When two starting symbols are available,
· It is assumed from TX UE that RX UE always performs the 2nd AGC at the 2nd starting symbol.
· Note: RX UE can use the 2nd starting symbol for decoding by up to UE implementation
· If a TX UE will transmit a PSCCH/PSSCH from the 1st starting symbol, no dedicated 2nd AGC symbol is defined (i.e., no symbol copy around the 2nd starting symbol).
· Note: TX UE can consider the 2nd AGC in TBS/MCS/coding-rate determination
· Note: no spec impact is assumed


2.1.2.6. Processing time constraints
When TX is started from the 2nd starting symbol, timing of completing decoding of each channel would change. For example, PSSCH decoding timing may be later compared to the case where TX is started from the 1st starting symbol since decoding completion of 1st SCI and 2nd SCI will be later. Correspondingly, PSCCH/PSSCH to PSFCH slot offset should be larger than the existing sl-MinTimeGapPSFCH values. Besides, PSCCH decoding timing will be later since PSCCH location becomes later. Timing of obtaining reservation information becomes later correspondingly; hence ending timing of sensing window should be modified so that excessively small processing time is not required.
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Fig.5: Issue - existing processing time constraints with 2nd starting symbol
(upper: PSSCH to PSFCH, lower: sensing to exclusion)
Proposal 7:
· Update the following processing time constraints.
· PSCCH/PSSCH to PSFCH slot offset is sl-MinTimeGapPSFCH + 1.
· The last monitored PSCCH occasion for a resource selection is the first PSCCH occasion at the last slot within the sensing window.


2.1.3. TBS determination
	Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference number of symbols (denoted as L_ref)
· Support the followings
· Alt 1: Support Option 4 only
· Note: the options are as below
· Option 4: The reference number of symbols is determined by (pre-)configuration 
· FFS details, e.g., in TS 38.214 Clause 8.1.3.2, whether L_ref replaces  or sl-LengthSymbols or other usage of L_ref, whether  is determined in the same way as in legacy NR SL, etc.

Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, considering 1 sub-channel equals K interlace(s), support the followings:
· Option A: 
· TBS is determined based on a reference number of PRBs of one interlace within 1 RB set (denoted as N_ref), down-select one of the followings in RAN1#113:
· Option A1: N_ref is a fixed value, e.g., 10, 11
· Option A2: N_ref is (pre-)defined
· e.g., N_ref is the average number of PRBs per interlace, which is determined by total number of PRBs of the RP divided by the number of interlaces.
· Option A3: N_ref is (pre-)configured
· Option A4: N_ref is dynamically indicated by Tx UE
· Note: The number of PRBs within a sub-channel can be different among sub-channels in a single resource pool subject to (pre-)configuration.
· FFS: for TBS determination, whether/how to handle the impact of additional available  PRB(s) in intra-cell guard band(s) for PSCCH/PSSCH transmission across multiple RB sets



2.1.3.1. Whether/how to use ‘PSFCH overhead indication’ field in SCI-1
In SL-U, when 2 candidate starting symbols are available in a RP, TBS is determined based on (pre-)configured reference number of symbols. Correspondingly, how to use ‘PSFCH overhead indication’ field in SCI-1 is now an issue to be discussed.
In R16/17 SL, which length is used for TBS determination is dynamically indicated. A single TB can be transmitted at both non-PSFCH slot and PSFCH slot, and the dynamic indication is used for TBS alignment for such a case. A: PSCCH/PSSCH duration at a non-PSFCH slot; B: PSCCH/PSSCH duration at a PSFCH slot. When a (pre-)configured reference number of symbols is used for TBS determination in SL-U, usage of this indication field becomes unclear.
Our understanding of why the reference number is introduced is that TBS alignment is achieved in any case without any dynamic indication; that is, further 3 symbols subtraction seems to be unnecessary. Such an unrequired field can be removed to improve PSCCH decoding performance while the field size is 1 bit as maximum.
Proposal 8:
· When 2 candidate starting symbols are available in a resource pool, ‘PSFCH overhead indication’ field in SCI-1 is always 0 bit.


2.1.3.2. N_ref
Amount of frequency-domain resources for TBS determination is also under discussion and one of important things of TBS determination is to keep TBS for a TB across multiple transmissions. For this purpose, at least PRBs within intra-cell guard band should not be considered for TBS determination. Regarding options, Option A1 or Option A3 would be sufficient and benefit of Option A4 is unclear. Option A2 is not so different from Option A1 or Option A3. Simpler one is better.
Proposal 9:
· Support either Option A1 or Option A3 for N_ref.
· The number of PRBs within intra-cell guard band are not used for TBS determination.


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


There is discussion on whether a resource pool with subset of PRBs belonging to an RB set is allowed or not. In our view, this would be possible and feasible as illustrated below. If only TDMed RP is allowed, which degrades performance of consecutive-type transmissions. For the details, multiple RB-sets case should also be assumed for this structure for better flexibility. 
Then, one issue in this mechanism is whether consecutive-type transmissions for different TBs are allowed across multiple RPs in the same RB-set. COT acquisition is defined irrespective of SL resource (pre-)configuration, hence there is no reason to prohibit the consecutive-type transmissions across multiple RPs.
[image: ]
Fig.6: RP with subset of PRBs belonging to an RB set
Proposal 10:
· Support a SL RP including sub-set of PRBs belonging to an RB set.
· CPE (pre-)configuration is common among multiple RPs in the same RB-set.
· The RP can be (pre-)configured with multiple RB sets.
· COT initiating UE can perform multiple consecutive transmissions for different TBs with type 2 LBT across multiple RPs.
· UE-to-UE COT sharing can be performed across multiple RPs.


2.1.5. Contiguous RB-based
Another remaining issue is contiguous RB-based structure. Although contiguous RB-based structure would be available in some scenarios, we believe that contiguous RB-based structure should be deprioritized in R18 SL-U in consideration of the remaining available time for R18 discussion. Interlace RB-based structure is applicable for any situation (while it may not be optimal for some scenarios), and thus to support contiguous RB-based structure is not essential.
Proposal 11:
· Deprioritize contiguous RB-based structure in R18 SL-U discussion, if it is difficult/impossible to complete SL-U in R18 by August meeting.


2.2. PSFCH structure
2.2.1. Too small PSFCH capacity
	Agreement
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.
Agreement
Regarding PSFCH transmission with 15 kHz and 30 kHz SCS:
· RAN1 down-select one of followings in RAN1#113:
· Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· K3 is (pre-)configured, FFS value range
· On the K3 dedicated PRB(s), multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· When a PRB of common interlace and a dedicated PRB locate within the same 1 MHz bandwidth, UE only transmits on the dedicated PRB
· FFS: whether any impact on meeting OCB requirement
· Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace
· Alt 3-2b: each PSFCH transmission occupies K4 dedicated PRB(s) and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· K2=2
· K4 is (pre-)configured, FFS value range
· FFS: how to meet PSD limitation
· FFS: whether to introduce any restrictions on the locations of K4 dedicated PRB(s) and/or K2 common PRBs, e.g., whether/how they are on the same interlace 
· R16 NR SL PSSCH-PSFCH mapping is reused as baseline, FFS details
· Note: companies are encouraged to give more details and analyze the specification impact
· E.g., whether PSSCH transmissions on non-overlapped resources are mapped to non-orthogonal PSFCH resources, i.e., whether PSFCH collision may happen and whether/how to address it, etc.
· E.g., whether introducing more than 6 CS pairs is needed
· E.g., for group cast option 2, what’s the maximum group size that can be supported
· E.g., how to support “more than 1 PSFCH occasion(s) per PSCCH/PSSCH”
· FFS: regardless of which Alt above is selected, whether or not to support PRB-level cyclic shift hopping as in NR-U to reduce PAPR
· FFS: whether IBE issue exists and whether/how to address it
· E.g., whether to introduce guardband PRB/RE between common PRB and dedicated PRB


One issue on PSFCH format with interlaced structure as PUCCH format 0 in NR-U is small PSFCH capacity. In Rel-16/17, when X PRBs and Y CSs are available for PSFCH, there are XY PSFCH resources in a PSFCH occasion. However, if the interlaced structure of PUCCH format 0 is reused for PSFCH format 0 without any enhancement (Alt 2-3a), each PSFCH resource occupies multiple PRBs and hence available PSFCH resources become much less than XY. In NR-U, the capacity issue is not critical since any time-frequency resources are available for PUCCH; but this is not the case in SL-U, where PSFCH can be transmitted at only (pre-)configured and associated PSFCH occasion.
We share our view on Alt 2-3a/3-2b below:
· Alt 2-3a
· Capacity issue: Abovementioned capacity issue is critical and thus enhancement should be introduced rather than just using one interlace.
· For example, when PSFCH periodicity = 4 slots, SCS = 30 kHz, and 5 sub-channels are available for PSSCH, each PSFCH occasion has 30 = 5 interlaces × 6 cyclic shifts as maximum. Each PSFCH occasion requires to accommodate all PSFCH transmissions corresponding to 20 PSSCH resources = 4 slots × 5 sub-channels. In this example, the following issues are non-negligible:
A) Support of GC option 2. Only 30 resources are available in each PSFCH occasion for 20 PSSCH resources. There is no sufficient resource for GC option 2 even for only 2 UEs per group. 
B) Interference management. In R16/17, the number of CSs in each PRB can be (pre-)configured from 1/2/3/6. Smaller value will be used for interference-sensitive scenarios. If lower interference is essential in a scenario and thereby 1/2/3 is configured for the number of CSs, less than 20 resources are available in each PSFCH occasion for 20 PSSCH resources.
· One note is that if the (pre-)configured number M of CSs shall be 1/2/3, the capacity issue becomes larger. Meanwhile M value is determined based on channel characteristics. Larger value as 12 is not a possible way to solve the capacity issue.
· Spec impact: Although this alternative is proposed from perspective of smaller spec impact, we do not think the spec impact is not so small.
· In Rel-16/17, a PSSCH resource is associated with one or more dedicated PSFCH PRBs. In other words, CDM is not applied between PSFCH resources for PSSCH-resource A and PSFCH resources for PSSCH-resource B. However, as analyzed above, it seems that CDM between PSFCH resources corresponding to PSSCH resource A and PSFCH resources corresponding to PSSCH resource B becomes essential due to the above capacity issue, but it is not supported so far. Legacy mapping of PSSCH-PSFCH is not applicable and hence anyhow large spec impact is assumed.
· Alt 3-2b
· High PSD: This alt would cause PSD limit violation if the max power is used. Note that power class for unlicensed spectrum is class 5 (i.e., max 20 dBm) as defined in 6.2F.1 of 38.101-1. When PSD limit = 10 dBm/MHz, it seems that Alt 3-2b cannot use the max power = 20 dBm for each PSFCH TX in some cases.
· PAPR: Allocated total power for dedicated PRBs would not so different between Alt 1-1b and Alt 3-2b if PRBs within same 1MHz with common PRBs are not used in Alt 3-2b. Then another point is that PAPR performance. Alt 1-1b is very closed to interlaced structure and additionally PRB-level cyclic shift hopping would be applicable efficiently for lower PAPR. Meanwhile, Alt 3-2b is far from interlaced structure and thus PAPR performance is questionable. 
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Fig.7: Comparison between Alt 1-1b and Alt 3-2b
Observation 2:
· For Alt 2-3a of PSFCH structure, it seems that there are at least the following two issues:
· Capacity issue: quite difficult to support GC option2, impossible to configure smaller number of CSs for a scenario of high frequency selectivity
· Spec impact: impossible to apply legacy mapping of PSSCH-PSFCH (i.e., separate PSFCH PRB(s) per PSSCH resource)
· For Alt 3-2b of PSFCH structure, it seems that there is at least the following issue:
· High PSD: To meet PSD requirement, TX power needs to be lower than the max power (20 dBm)
· PAPR: Far from normal interlaced structure that would lead to high PAPR
Proposal 12:
· For PSFCH structure, support Alt 1-1b, with PRB-level cyclic shift hopping.


2.2.2. Location of PSFCH resources
One key point in SL-U would be whether different RB-sets (LBT channels) between PSSCH and PSFCH is allowed or not. In Rel-16/17, naturally there is no restriction on the association from perspective of frequency-domain resource. However, in SL-U, it would be valid that the same RB-set is better so that the two TXs can be performed within the same COT. If they are at different RB-sets, basically COT sharing cannot be applied for the two TXs and as the result, PSFCH transmission skipping due to LBT failure occurs more frequently. 
Proposal 13:
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource.


2.2.3. PSFCH resource (pre-)configuration
	Agreement
Regarding more than 1 PSFCH occasion per PSCCH/PSSCH transmission, support the followings:
· One PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s) via (pre-)configuration
· FFS value range of N
· FFS detailed design of such N associated candidate PSFCH occasion(s)
· E.g., they are in different slots of the same RB set, or in different RB sets of the same slot, or combination thereof, etc.
· E.g., whether PSSCH transmission and its related PSFCH occasion(s) are in the same RB set(s)
· FFS: whether to support that COT initiating UE can dynamically indicate which subset of the (pre-)configured PSFCH occasions within its COT are available for PSFCH transmissions. 
· FFS: whether other associated candidate PSFCH occasion(s) within its COT are used for PSSCH transmissions, and applicable scenarios.
· FFS: whether AGC issue and PSFCH/PSSCH collision issue exist, and whether/how to address them
· FFS other details
· E.g., how to meet the HARQ RTT restriction
· E.g., UE behavior on transmitting PSFCH
· E.g., how to avoid the risk of losing the COT if the COT is interrupted by periodic PSFCH occasions


In SL-U, any transmission is failed more frequently compared to in licensed spectrum or ITS-band due to LBT failure. Frequent PSFCH dropping would be a big issue since corresponding PSSCH retransmissions will occur and thus, performance of resource efficiency and reliability/latency becomes worse. Some enhancement to solve this issue would be necessary. Based on this, at least more than one occasion is available for each PSCCH/PSSCH transmission by (pre-)configuration.
For the (pre-)configuration format, one key point in SL-U would be whether different RB-sets (LBT channels) between PSSCH and PSFCH is allowed or not. In Rel-16/17, naturally there is no restriction on the association from perspective of frequency-domain resource. However, in SL-U, it would be valid that the same RB-set is better so that the two TXs can be performed within the same COT. If they are at different RB-sets, basically COT sharing cannot be applied for the two TXs and as a result, PSFCH transmission skipping due to LBT failure occurs more frequently. Besides, the (pre-)configuration should ensure PSFCH conflict avoidance.
Proposal 14:
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource by (pre-)configuration.
· PSFCH resources with a PSSCH resource are not overlapped in freq-domain with PSFCH resources associated with other PSSCH resources in the same occasion, by (pre-)configuration.


2.2.4. Dynamic indication of PSFCH occasion
One FFS is whether dynamic indication of PSFCH occasion is supported for PSFCH transmission within the COT duration or not. We believe that dynamic indication causes too complicated PSFCH conflict avoidance, and the benefit is unclear. If PSFCH occasions not indicated by COT initiating UE are not used for PSSCH transmissions, no gain can be found. Meanwhile, if PSFCH occasions not indicated by COT initiating UE are used for PSSCH transmissions, PSSCH-PSFCH conflict and AGC issue occur since there is other COT initiating UE at the same time due to hidden node issue or FDMed transmission.
Proposal 15:
· Not support dynamic indication of PSFCH occasion.


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

Working assumption
Additional candidate S-SSB occasions are excluded from resource pool

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).



At the last meeting, it was agreed as a working assumption that additional occasions are excluded from RP, and also it was concluded that UE can decide whether such additional occasions are used, regardless of usage of conventional occasions. Then, down-selection of options for determination of additional occasions is necessary on top of these WA/conclusion. In our view, Option 1 is the easiest and no issue can be found. 
Proposal 16:
· For the number and location of additional S-SSB occasion, support Option 1.
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS


2.3.2. S-SSB transmissions in more than one RB set
	Agreement
When the SL-BWP contains multiple RB sets, study the followings:
· When UE attempts to transmit S-SSB in a S-SSB occasion (e.g., R16/17 S-SSB occasion, R18 additional candidate S-SSB occasion)
· Alt 1: UE may transmit S-SSB repetition in more than one RB set 
· FFS details, e.g., location of such S-SSB repetition(s) (e.g., (pre-)configured and/or pre-defined), whether/how to address potential power reduction and/or potential fluctuation of PSBCH-RSRP
· FFS: the relationship with UE’s COT
· FFS: the scenario that UE may or may not transmit S-SSB repetition in more than one RB set
· Note: whether UE can transmit S-SSBs over non-contiguous RB sets is subject to RAN4’s reply, details can be found in RAN1’s LS to RAN4 in R1-2304218


Motivation of this mechanism would be to keep existing COT over S-SSB occasions or to initiate a new COT for subsequent transmissions. Otherwise, no motivation of this mechanism can be found. Regarding the existing COT, UE may transmit S-SSB for the COT initiated by the UE or for the COT shared from another UE. There would be no reason to preclude either; we suggest including both situations. Besides, UE behavior when there is no existing COT and there is no need to initiate a COT is also necessary.
Proposal 17:
· At a S-SSB occasion,
· If there is COT in N RB-set(s), the COT initiating UE or a responding UE of the COT performs S-SSB transmission(s) in the N RB-set(s).
· If new COT is necessary for transmission at the next slot in N RB-set(s), the UE performs S-SSB transmission(s) in the N RB-set(s).
· Otherwise, a UE performs S-SSB transmission in a randomly-selected RB-set.
· N is not greater than N_max, where N_max is subject to UE capability.


3. Conclusion
In this contribution, we discussed channel design framework in SL-U. Observations/Proposals are summarized as following: 
Proposal 1:
· For PSCCH/PSSCH resource indication, support indication of different number of RB set(s) for a TB while keeping total number of sub-channels unchanged.
· For indicating sub-channel index(s), reuse the same mechanism as in case that only indication of the same number of RB set(s) is allowed.
· For indicating contiguous RB set index(s), the number of RB sets and starting RB set are indicatable per TX.
· When the number of RB sets are M times, the number of sub-channels is 1/M.
Proposal 2:
· For the remaining slots of a COT, TX UE only chooses the 1st starting symbol for PSCCH/PSSCH, if the transmission is started with no greater than 16us gap from the previous transmission by any UE, including MCSt.
Proposal 3:
· RX UE monitors TX from both the 1st starting symbol and the 2nd starting symbol in any slot with two starting symbols.
Proposal 4:
· For PSCCH/PSSCH transmissions starting from the 2nd starting symbol (Xth symbol), 
· PSCCH/PSSCH is generated according to the number of the actual PSCCH/PSSCH transmission, i.e., duration between Xth symbol and 13th symbol.
Proposal 5:
· At least the following parameters are (pre-)configured for each of the 1st starting symbol and the 2nd starting symbol.
· SL-PSCCH-Config (e.g., sl-TimeResourcePSCCH, sl-FreqResourcePSCCH)
· SL-PSSCH-Config (e.g., sl-Scaling)
· SL-MinMaxMCS-List
· sl-PowerControl (e.g., sl-P0-PSSCH-PSCCH)
· SL-CSI-RS-Config (e.g., sl-CSI-RS-FirstSymbol)
Observation 1:
· Due to hidden-node issue, it could occur that some UEs start from the 1st starting symbol and other UEs start from the 2nd starting symbol within the same slot.
Proposal 6:
· When two starting symbols are available,
· It is assumed from TX UE that RX UE always performs the 2nd AGC at the 2nd starting symbol.
· Note: RX UE can use the 2nd starting symbol for decoding by up to UE implementation
· If a TX UE will transmit a PSCCH/PSSCH from the 1st starting symbol, no dedicated 2nd AGC symbol is defined (i.e., no symbol copy around the 2nd starting symbol).
· Note: TX UE can consider the 2nd AGC in TBS/MCS/coding-rate determination
· Note: no spec impact is assumed
Proposal 7:
· Update the following processing time constraints.
· PSCCH/PSSCH to PSFCH slot offset is sl-MinTimeGapPSFCH + 1.
· The last monitored PSCCH occasion for a resource selection is the first PSCCH occasion at the last slot within the sensing window.
Proposal 8:
· When 2 candidate starting symbols are available in a resource pool, ‘PSFCH overhead indication’ field in SCI-1 is always 0 bit.
Proposal 9:
· Support either Option A1 or Option A3 for N_ref.
· The number of PRBs within intra-cell guard band are not used for TBS determination.
Proposal 10:
· Support a SL RP including sub-set of PRBs belonging to an RB set.
· CPE (pre-)configuration is common among multiple RPs in the same RB-set.
· The RP can be (pre-)configured with multiple RB sets.
· COT initiating UE can perform multiple consecutive transmissions for different TBs with type 2 LBT across multiple RPs.
· UE-to-UE COT sharing can be performed across multiple RPs.
Proposal 11:
· Deprioritize contiguous RB-based structure in R18 SL-U discussion, if it is difficult/impossible to complete SL-U in R18 by August meeting.
Observation 2:
· For Alt 2-3a of PSFCH structure, it seems that there are at least the following two issues:
· Capacity issue: quite difficult to support GC option2, impossible to configure smaller number of CSs for a scenario of high frequency selectivity
· Spec impact: impossible to apply legacy mapping of PSSCH-PSFCH (i.e., separate PSFCH PRB(s) per PSSCH resource)
· For Alt 3-2b of PSFCH structure, it seems that there is at least the following issue:
· High PSD: To meet PSD requirement, TX power needs to be lower than the max power (20 dBm)
· PAPR: Far from normal interlaced structure that would lead to high PAPR
Proposal 12:
· For PSFCH structure, support Alt 1-1b, with PRB-level cyclic shift hopping.
Proposal 13:
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource.
Proposal 14:
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource by (pre-)configuration.
· PSFCH resources with a PSSCH resource are not overlapped in freq-domain with PSFCH resources associated with other PSSCH resources in the same occasion, by (pre-)configuration.
Proposal 15:
· Not support dynamic indication of PSFCH occasion.
Proposal 16:
· For the number and location of additional S-SSB occasion, support Option 1.
· Option 1: Reuse legacy NR SL design, and increase the available values in sl-NumSSB-WithinPeriod for each SCS
Proposal 17:
· At a S-SSB occasion,
· If there is COT in N RB-set(s), the COT initiating UE or a responding UE of the COT performs S-SSB transmission(s) in the N RB-set(s).
· If new COT is necessary for transmission at the next slot in N RB-set(s), the UE performs S-SSB transmission(s) in the N RB-set(s).
· Otherwise, a UE performs S-SSB transmission in a randomly-selected RB-set.
· N is not greater than N_max, where N_max is subject to UE capability.
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