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1. Introduction
At the RAN1#111 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. Sub-channel definition / indication
	Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· 1 sub-channel equals K interlace
· FFS: whether K is fixed as 1 or (pre-)configured
· Discuss whether one or both of the following alternatives are supported
· Alt 1: 1 sub-channel is confined within 1 RB set
· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool
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
Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· When more than one RB set is used for transmissions, down-select one of the followings
· Option A: Support that the used interlace index(s) in different RB sets are always the same
· Option B: Support that the used interlace index(s) in different RB sets can be different
· FFS details
Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 
· Down-select one of the followings
· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)
· Option 2: Support explicitly indicating at least the used sub-channel index(s)
· At least RB set index(s) is not explicitly indicated
· FFS details
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and interlace, RAN1 further study the followings:
· Option 1: 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
· Option 2: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 3: 1 sub-channel is defined across all RB sets within the resource pool, i.e., 1 sub-channel includes K interlace(s) across all RB sets within the resource pool
· Option 4: 1 sub-channel is defined within 1 RB set or 2 adjacent RB sets, and is incrementally indexed firstly within an RB set, then across different RB sets within the resource pool
· Option 5: 1 sub-channel is defined within 1 RB set, and is incrementally indexed firstly across different RB sets within the resource pool, then across different interlaces in the RB set 
· FFS: whether/how to use intra-cell guardband PRBs


In the previous meetings, there was discussion on sub-channel definition considering interlace/RB-set and correspondingly indication mechanism via SCI. In our view, the highest prioritized aspect should be full flexibility of resource indication. For instance, a transmission can be mapped only within an RB-set even when multiple RB-sets are available, or a transmission can be mapped on one or more interlaces within an RB-set and also on one or more interlaces within different RB-set. Transmission with one or more sub-channels within only a single RB-set can achieve lower probability of LBT failure for each transmission and can avoid excessive channel occupation. Besides, SL resource allocation flexibility is not so high compared to NR-U scheduling and UE autonomous resource selection in low resource granularity leads to quite poor resource efficiency.
Although PAPR issue may be the main concern on such a full flexibility, full flexibility can cover lower PAPR transmission by selecting the same interlace among RB-sets. That is, if necessary, resources to achieve lower PAPR are selected preferentially; otherwise, just random selection in full flexibility from an identified set is performed.
For the above concept, we believe that Option 1 with possibility of indication per RB-set is the best way. Any interlaces within an RB-set and any combinations of interlaces across RB-sets including usage of only single RB-set can be used for a PSCCH/PSSCH in this option. A possible concern for this proposal may be SCI overhead. Some overhead reduction is considerable in such a case.
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Fig.1: Preferred sub-channel definition – Option 1.
Observation 1:
· Sufficient flexibility of resource indication is important so that transmission with one or more sub-channels within only a single RB-set is possible. Such a way can achieve lower probability of LBT failure for each transmission and can avoid excessive channel occupation.
· UE autonomous resource selection in low flexibility leads to quite poor resource efficiency.
Proposal 1:
· For sub-channel definition and indication, support Option 1 with the following bullet.
· Sub-channel index(es) is indicated per RB-set.

2.1.2. Intra-cell guard band (ICGB) usage
As captured at the last section, usage of ICGB is a remaining issue to be solved. In our understanding, when the same interlace is used for transmissions across multiple adjacent RB sets, it would be straightforward to use the corresponding PRBs within the ICGB. 
Meanwhile, the key point in the operation is that TBS determination should not consider these PRBs. For instance, the initial TX of a TB is performed over multiple RB-sets. Then, retransmission of the same TB can be performed within only a single RB-set. If the number of PRBs within the ICGB is used for TBS determination, the total number of PRBs becomes different between the initial TX and the retransmission. In SL, reserved MCS indices are not available. Easiness to derive the same TBS value for transmissions is quite important. 
Proposal 2:
· When a PSCCH/PSSCH is mapped across multiple adjacent RB sets and if the same sub-channel index is used among the RB sets, PRBs in the same interlace within the intra-cell guard band.
· In TBS determination, the number of PRBs for a PSCCH/PSSCH TX does not include the number of PRBs allocated from intra-cell guard band.

2.1.3. Contiguous RB-based
	Agreement
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, further study the following options:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: whether/how to use sub-channel(s) which include intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of the resource pool cannot be divided by sub-channel size
· Option 2 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set according to the sub-channel size
· FFS: whether/how to use intra-cell guardband PRBs
· FFS: whether/how to handle the case when the number of PRBs of one RB set cannot be divided by sub-channel size
· Option 3 (sub-channel aligns with RB set boundary): In each RB set, the mapping of sub-channel starts from the first PRB of the RB set and mapped sequentially within the RB set and/or guardband PRB according to the sub-channel size
· FFS: how to use intra-cell guardband PRBs
· FFS: how to use the subchannel including PRBs in guardband


For contiguous RB-based approach, our understanding of this topic is that there are countries/regions where LBT shall be performed to use unlicensed spectrum but OCB requirement is not defined and thus interlaced structure is unnecessary. The following discussion is made on top of this assumption.
Regarding sub-channel definition, we believe that Option 2 should be adopted; otherwise, transmission within a single RB-set becomes a bit difficult/complicated. For instance, if two sub-channels are to be used in Option 1, resources where either sub-channel starts/ends within ICGB would not be selectable. Sub-channel definition should not include ICGB and PRBs within a ICGB are used as a kind of bonus when the ICGB is sandwiched between the selected sub-channels.
Then for this definition, TBS should be determined based on the number of PRBs within the selected sub-channels, i.e., not including PRBs within a ICGB. The reason is the same as for interlaced RB-based structure – easiness to derive the same TBS value for transmissions.
Note that the remainder within each RB-set, if any, can be handled in the same way as ICGB.
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Fig.2: How to use ICGB in Option 2.
Proposal 3:
· For contiguous RB-based PSCCH/PSSCH, support Option 2.
· Intra-cell guard band and remainder within each RB-set are not included for sub-channels and are used when sub-channels of both sides selected for a TX sandwich them.
· TBS is determined based on only the number of PRBs within sub-channels selected for the transmission.

2.1.4. Channel/signal mapping
	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


For interlaced structure, how to map PSCCH/PSSCH including RS needs to be clarified.
2.1.4.1. Control/Data/RS mapping
In interlaced RB-based structure, how to map control/data/RS is an issue to be solved. In short, our view is that the conventional mapping is applied to IRBs and then IRB-to-PRB mapping is performed. We do not see any issue on this simplest way. Other procedure would be large spec impact; thus the above procedure should be supported unless critical issue is found.
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Fig.3: Control/Data/RS mapping for interlaced RB-based structure
Proposal 4:
· For interlaced RB-based structure, PSCCH/PSSCH is mapped on IRBs as on PRBs in Rel-16/17, and then IRB-to-PRB mapping is performed.

2.1.4.2. PSCCH location
One issue on PSCCH mapping that was raised at the previous meeting is whether PSCCH should be mapped on every RB set of corresponding PSSCH. Motivation of this mechanism is to support a new resource pool where UEs supporting different bandwidths can communicate each other. In R16/17 resource pool, all UEs using this resource pool shall support its full bandwidth so that especially sensing mechanism can work well and complicated resource selection behavior can be avoided.
Although it was argued that the same resource pool should be available by UEs supporting different bandwidths e.g., for commercial services, it is not aligned with 3GPP sidelink specification so far, even R17 SL, where commercial UEs are one of the target services
Proposal 5:
· Do not support Option 2 on PSCCH location.

2.1.5. Maximum 2 candidate starting symbols
Maximum 2 candidate starting symbols were agreed as a working assumption in order to solve resource efficiency issue due to transmission cancellation due to LBT failure. For details, the several agreements were reached additionally. Furthermore, we think there are at least five issues to be discussed.
2.1.5.1. Availability
	Agreement
Slots with PSFCH symbols only have 1 candidate starting symbol for PSCCH/PSSCH.


Although a mechanism of max 2 candidate starting symbols was agreed, our understanding is that allowing TX from the 2nd starting position without any restriction was not intended. For example, allowing TX from the 2nd starting position without TX attempt from the 1st starting position is not reasonable way in consideration of the abovementioned motivation of this feature. Based on this, the following restriction in addition to the agreed restriction should be clearly described in specifications.
Proposal 6:
· 2nd starting symbol is available only when the following condition is met.
· The UE attempted the transmission from the 1st starting symbol, but the corresponding LBT was failed.

2.1.5.2. Location
	Agreement
For slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding the location of 1st starting symbol, down-select one of the followings:
· Option 1: it is fixed as symbol#0
· Option 2: it is indicated by sl-StartSymbol as in R16 NR SL
· Regarding the location of 2nd starting symbol, down-select one of the followings:
· Option A: it is a fixed location
· FFS the location, e.g., symbol#4, #7, etc.
· Option B: it is a (pre-)configured location per resource pool
· FFS the details of candidate locations
· Note: assume symbol index in a slot starts from #0


Two options were listed for each of 1st starting symbol and 2nd starting symbol as above captured. Our view is that Option 1 and Option A should be supported. Defining structure for a lot of patterns is not preferred from workload perspective compared to efficiency. In SL-U, sl-LengthSymbols = 14 is the typical situation and hence there is no/little motivation to support this feature for sl-LengthSymbols != 14. It was argued that Option 2 is better for good coex between SL-U and NR-U, but slot-level separation would be sufficient.
Proposal 7:
· Support Option 1 and Option A for locations of 1st/2nd starting symbols
· i.e., sl-LengthSymbols is fixed to 14 and sl-StartSymbol is fixed to 0.

2.1.5.3. AGC symbols + TBS determination + rate-matching
	Agreement
For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Option 3: The PSCCH/PSSCH transmission has 1 or 2 symbol(s) for AGC purpose depending on conditions, FFS details
· If PSCCH/PSSCH transmission starts from 2nd starting symbol, the PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
· Regarding Rx UE behaviour, down-select one of the followings:
· Option A: The Rx UE always monitors two AGC symbols in such slot
· Option B: The Rx UE monitors two AGC symbols in such slot by default, but could drop monitoring the 2nd AGC symbol at least if it detects a PSCCH/PSSCH transmission starting from the 1st starting symbol
· FFS details
· Option C: The Rx UE monitors two AGC symbols in such slot by default, but it is up to UE implementation whether to drop monitoring the 2nd AGC symbol
· Option D: It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot
Agreement
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· TBS is determined based on a reference symbol length, down-select one of the followings:
· Option 1: The reference symbol length is dynamically indicated by Tx UE
· Option 2: The reference symbol length is determined based on 1st starting symbol
· Option 3: The reference symbol length is determined based on 2nd starting symbol
· Option 4: The reference symbol length is (pre-)configured 


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, 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 1st starting symbol and other UEs start from 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.
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Fig.4: Possible situation in SL – two UEs start each transmission from the different timing.
Observation 2:
· Due to hidden-node issue, it could occur that some UEs start from 1st starting symbol and other UEs start from 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 (Direction 1). 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. Solution of the issue would not limit to defining the 2nd AGC symbol (i.e., data copy). Even in the conventional data mapping manner, data decoding can work as long as RX UE side knows data is mapped on the 2nd starting symbol. Complicated data-mapping process can be avoided.
In this case, we believe that what should be enhanced is to modify TBS determination/rate-matching considering the unused symbol (Direction 2). In the existing specification, TBS/rate-matching are determined based on the number of PSCCH/PSSCH symbols except for 1st starting symbol and the gap symbol. Now the 2nd starting symbol is to be unused for data-decoding due to 2nd AGC, then TBS determination and rate-matching should exclude the symbol in order to achieve sufficient coding rate. Note that this implies that TBS should be calculated based on 1st starting symbol, not 2nd starting symbol.
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Fig.5: Solutions to solve 2nd AGC within a slot.
Proposal 8:
· For two starting symbols, 
· TBS calculation and rate-matching of 2nd SCI are performed based on the number of PSCCH/PSSCH symbols from the 1st starting symbol, except for the 2nd starting symbol.
· 2nd SCI and SL-SCH are mapped without consideration of the 2nd starting symbol (i.e., Option 2).

2.1.5.4. 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.6: Issue - existing processing time constraints with 2nd starting symbol
(upper: PSSCH to PSFCH, lower: sensing to exclusion)
Proposal 9:
· 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.

2.1.5.5. Untransmitted CB
When a TB includes multiple CBs, TX from the 2nd starting symbol may not help to obtain positive acknowledgment since CB with higher index is not mapped in the transmission. This issue can be illustrated as below. Here there are two CBs in a TB. When the TX is started from the 1st starting symbol, both CB#0 and CB#1 will be transmitted. However, when the TX is started from the 2nd starting symbol, only CB#0 would be transmitted due to lack of available REs. When an initial TX is performed from the 2nd starting symbol, obviously the retransmission from the 2nd starting symbol with the same CB mapping is quite inefficient and any other mechanism should be introduced.
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Fig.7: Issue - Untransmitted CB when 2nd starting symbols is used.
Observation 3:
· When a TX of a TB is started from the 2nd starting symbol, some CBs of the TB would not be transmitted.
Proposal 10:
· Study how to perform efficient transmission of a TB with multiple CBs when 2 starting positions are available and transmission from the 2nd starting symbol does not include some CBs

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 under 15 kHz and 30 kHz SCS, RAN1 continues studying the following updated alternatives:
· Alt 1-1a: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)
· FFS: value of K3
· Alt 2-1a: each PSFCH transmission occupies 1 interlace, and further apply frequency-domain OCC
· FFS: details of FD-OCC, e.g., OCC length, RB-level, RE-level, etc.
· Alt 2-2a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE transmits dedicated cyclic shift on K1 dedicated PRB(s) within this interlace, and transmits common cyclic shift on other PRBs of this interlace
· FFS: value of K1
· Alt 2-3a: each PSFCH transmission occupies 1 interlace
· Alt 2-4a: each PSFCH transmission occupies 1 interlace, and further apply PRB-level cyclic shift
· A UE uses different cyclic shifts on different PRBs in the interlace
· Alt 3-1a: each PSFCH transmission occupies 1 dedicated PRB and K2 common PRBs, where K2 common PRBs locate at the two edges of a RB set
· The above dedicated PRB and common PRBs are within 1 interlace
· FFS: value of K2
· Alt 3-2a: each PSFCH transmission occupies 1 dedicated PRB and 2 common PRBs, where 2 common PRBs locate at the two edges of a RB set
· FFS: the impact of PSD limit, e.g., whether/how to handle the case when common PRB and dedicated PRB locate within the same 1 MHz bandwidth
· FFS: whether IBE issue exists and whether/how to address it 
· Note: in the above descriptions
· The dedicated PRB/cyclic shift conveys ACK/NACK information
· Note: as previously agreed: 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.


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.
Firstly, we believe that Alt 2-3a and Alt 2-4a should be dropped. As abovementioned, This capacity issue is critical and thus enhancement should be introduced rather than just using one interlace as Alt 2-3a. For Alt 2-4a, It seems that this mechanism does not solve the capacity issue but is a solution to obtain lower PAPR. Necessity is unclear.
Proposal 11:
· For PSFCH structure, drop Alt 2-3a/2-4a.

Then, one of the remaining options should be down-selected. Here it can be observed that they can be categorized into two types. One type is interlace-based structure (Alt 1-1a/2-1a/2-2a). The other is RB-set edge-based structure (Alt 3-1a/3-2a). Although interlace-based structure was agreed at the previous meeting, advantage of RB-set edge-based structure is understandable; e.g., easier structure, better energy concentration, etc. However, we wonder if RB-set edge-based structure is better from RAN4 perspective. For example, in-band emission or out-of-band radiation may increase. In such a case, it may be better that the RBs mapped on the RB-set edges are a bit inside as illustrated below. Asking feasibility of RB-set edge-based structure would be necessary. Besides, in some regions the max power spectrum density is limited, e.g., 10 dBm/MHz limit is defined in the ETSI regulation. RB-set edge-based structure with 20 dBm will touch this regulation limit. Therefore, we suggest sending an LS to RAN4 for these questions and to focus on interlace-based structure before receiving RAN4 reply.
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Fig.8: Example of Alt 3-1a/3-2a to suppress in-band emission and/or out-of-band radiation.
Observation 3:
· RB-set edge-based PSFCH (Alt 3-1a/3-2a) may cause the following issue:
· Issue of RAN4 aspect like increase of in-band emission or out-of-band radiation
· Issue on limit of the max power spectrum density, e.g., 10 dBm/MHz
Proposal 12:
· Send an LS to ask to RAN4 whether RB-set edge-based PSFCH structure (Alt 3-1a/3-2a) is feasible from RAN4 perspective and whether there is any concern.
· Not discuss RB-set edge-based PSFCH (Alt 3-1a/3-2a) until the corresponding LS reply is received from RAN4.
· If feasible, but if increase of in-band emission or out-of-band radiation is not negligible, discuss detailed location of K2 common PRBs.

For interlace-based PSFCH structure (Alt 1-1a/2-1a/2-2a), the key difference would be capacity part and decoding performance. Here we will discuss the alternatives in an example of 20MHz channel bandwidth with 50 PRBs and 5 interlaces.
· Alt 2-3a (for reference)
In this alternative, as abovementioned, the maximum PSFCH capacity in a single PSFCH occasion is 5 interlaces x 6 CSs = 30. Compared to Rel-16 PSFCH capacity (= 50 x 6 = 300), definitely the capacity is much less.
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Fig.9-I: Alt 2-3a.
· Alt 1-1a
This alternative occupies a common interlace. The interlace will not be used for user multiplexing, thereby the remaining PRBs and CSs are utilized for the purpose. The number of the remaining PRBs is 40. Then the PSFCH capacity would be 40 dedicated PRBs x 6 CSs = 240. Power spectrum density for the dedicated PRBs will be low. Even when K3 becomes larger, it is not changed that all PRBs within a common interlace are used for the transmission.
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Fig.9-II: Alt 1-1a (K3 = 10).
· Alt 2-1a
In this alternative, users are multiplexed by interlace-domain, FD-OCC-domain, and CS-domain. Each UE uses an interlace from the 5 interlaces. Then at the interlace, a CS from the 6 CSs is determined. On the interlace and the CS, multiple UEs are multiplexed by length N FD-OCC with the PRBs belonging to the interlace. The max OCC length is N=10.
In summary, the PSFCH capacity is 5 interlaces x 6 CSs x 10 FD-OCC = 300 as maximum. One note is that long FD-OCC length will lead to decoding performance degradation due to channel’s frequency-selectivity. Shorter FD-OCC length is available to avoid the issue. There is trade-off between PSFCH capacity and detection performance.
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Fig.9-III: Alt 2-1a (FD-OCC length N = 2).
· Alt 2-2a
In this alternative, user multiplexing can be done by interlace-domain, PRB-domain, and CS-domain. Each UE uses an interlace from the 5 interlaces. Then at the interlace, a dedicated CS from 6 CSs is used on K1 dedicated PRBs and a shared CS is used on the remaining PRBs. Which PRB is dedicated brings PRB-domain user multiplexing and which value is used as the dedicated CS provides CS-domain multiplexing. The max capacity of PRB-domain multiplexing is 10 PRBs / K1 PRBs = 10/1 = 10.
In summary, the PSFCH capacity is 5 interlaces x 10 PRBs x 6 CSs = 300 as maximum. One note is that when K1 is small, decoding performance will be poor since power spectrum density for the dedicated PRB is low. To avoid this issue, K1 can be larger value. There is trade-off between PSFCH capacity and detection performance.
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Fig.9-IV: Alt 2-2a (K1 = 5).
According to analysis so far, we believe that at least Alt 2-1a/Alt 2-2a should be prioritized over Alt 1 due to better flexibility to select a good balance between multiplexing capacity and decoding performance.
On Alt 2-1a vs. Alt 2-2a, we prefer Alt 2-2a since the flexibility in PRB-domain is better than that in FD-OCC-domain. If high doppler is observed, decoding performance for Alt 2-1a becomes poor even with shorter OCC length. Meanwhile, the trade-off curve in Alt 2-2a is the same regardless of the channel characteristics. 
Proposal 13:
· For interlaced PSFCH format 0, support Alt 2-2a.

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 14:
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource.

2.2.3. PSFCH drop due to LBT failure
	Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs
Agreement
To address PSFCH transmission dropping due to LBT failure, RAN1 down-select one of followings, or support the combination of followings:
· [bookmark: _Hlk119602860]Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· FFS other details, e.g., HARQ-ACK timeline
· Alt 2: PSFCH occasions are dynamically indicated
· FFS: Whether/how to handle the case where some TB’s corresponding PSFCH cannot be transmitted within the same or different COT
· FFS other details, e.g., dynamically indicate one or more PSFCH transmission(s), container of the indication, etc.
· FFS: Whether such PSFCH occasions are within the same or different COT of corresponding PSSCH
· FFS: Whether/how to address PSFCH collision if any
· FFS: Whether/how to handle the linearly decreased PSFCH capacity


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, now we have two alternatives as solution of the issue.
From these alternatives, our preference is Alt 1. Alt 2 causes too complicated PSFCH conflict avoidance. R16/17 PSFCH mechanism, i.e., fixed association between PSCCH/PSSCH and PSFCH, was made such that PSFCH resource conflict is avoided without reservation-like feature. It was concluded that dynamic mechanism is difficult/quite complicated for SL where there is no center scheduler unlike DL/UL. We do not think this situation is changed.
For details of Alt 1, the association concept should be maintained. That is, PSFCH resource overlap among UEs for different PSSCH transmissions should be avoided by spec definition and (pre-)configuration.
Proposal 15:
· For determination of PSFCH occasion, support Alt 1 with the following note.
· Note: PSFCH resources associated with a PSSCH resource are not overlapped with PSFCH resources associated with other PSSCH resources by spec definition and/or (pre-)configuration.

2.3. S-SSB structure
	Agreement
For S-SSB transmission, down-select one or more of the following for 15 kHz and 30 kHz SCS:
· Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· Option 1-2: Using interlaced RB transmission for PSBCH only, and apply OCB exemption to S-PSS and S-SSS
· Option 3-1: Repeat S-PSS/S-SSS/PSBCH N times in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of N (e.g., N=2)
· FFS gap of 0
· Option 3-2: Repeat only S-PSS/S-SSS K times in frequency domain, and PSBCH is rate matched. There is a gap between the repetition(s) to meet OCB requirement
· FFS details, e.g., the length of gap is (pre-)configured or pre-defined, value of K
· FFS gap of 0
· FFS PSBCH resource
· Option 3-3: keep the legacy S-PSS/S-SSS/PSBCH while repeating PSBCH N times in frequency domain and rate-matching PSBCH to S-PSS/S-SSS symbols, and there is a gap between the PSBCH repetition(s) to meet OCB requirements
· FFS details, e.g. the length of gap is (pre-)configured or pre-defined, value of N
· Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· For Option 1-1 and 1-2 above
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set
· FFS: whether transient period issue exists and whether/how to address it
Agreement
Regarding S-SSB, RAN1 further study the following: 
· How to transmit S-SSB when a SL BWP contains multiple RB sets


2.3.1. Structure
For S-SSB structure, we believe that interlaced structure is better since higher energy per RE can bring better S-SSB detection performance. We do not see any motivation to apply interlaced structure only for PSBCH; thus Option 1-1 should be supported.
On interlaced S-SSB structure, each symbol of the conventional S-SSB is composed of 11 PRBs (PSBCH) or 127 Res (S-PSS/S-SSS). There are cases where interlaced S-SSB structure can be mapped within the available PRBs of a single 20 MHz; for example, when a single 20 MHz is available with 30 kHz SCS, 51 PRBs are available at the channel as defined in 38.101-1, and 11 PRBs/127 REs can be mapped within the 51 PRBs with intervals of 5 PRBs. This is illustrated below. Note that 50 PRBs should be (pre-)configured for a resource pool so that unequal sub-channel size is avoided.
[image: ]
Fig.10: Option 1-1 when only a single RB-set is defined.

On the other hand, 38.101-1 defines for NR-U that 49/50/51 PRBs are configurable for each RB-set except for intra-cell guard when wideband operation can be performed. For transmission of the interlaced S-SSB structure, it seems that 51 PRBs should be available at the RB-set. However, if 51 PRBs are (pre-)configured for each RB-set, this leads to unequal sub-channel size, which should not be allowed as in R16/17. It would be impossible to avoid this situation by RP (pre-)configuration. Therefore, we believe that a possible way is that 50 PRBs are defined/(pre-)configured for each RB-set, and S-SSB transmission can use one adjacent PRB outside of an RB-set.
[image: ]
Fig.11: Option 1-1 when two RB-sets are defined.
Proposal 16:
· For S-SSB structure, support Option 1-1.
· When 30 kHz SCS and multiple RB sets are configured, interlaced S-SSB is mapped within an RB-set and a PRB within ICGB adjacent to the RB-set.

On exemption of OCB requirement, we believe that the exemption should be deprioritized to avoid complex operation/specification.
Proposal 17:
· Exemption of OCB requirement is not applied to S-SSB TX.

2.3.2. Additional candidate S-SSB occasions
	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
Agreement
Regarding additional candidate S-SSB occasions:
· In the same S-SSB period, RAN1 further study the followings:
· Alt 1: UE attempts to transmit on all or some of additional candidate S-SSB occasion(s) only when it fails to transmit on R16/R17 S-SSB occasion(s)
· Alt 2: UE attempts to transmit on all additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 3: UE can attempt to transmit on all or some of additional candidate S-SSB occasion(s) regardless of whether or not it transmitted on R16/R17 S-SSB occasion(s)
· Alt 4: upon LBT failure on a (candidate) S-SSB occasion, a UE attempts to transmit on the subsequent additional candidate S-SSB occasion if within a period S-SSB transmission has not been transmitted in any prior occasions
· FFS details


2.3.2.1. Number/Location
For location of additional S-SSB occasions, our view is that simple solution is enough.
Proposal 18:
· For the number and location of additional S-SSB occasion, support Option 1.

2.3.2.2. vs RP
It was agreed that conventional S-SSB slots are excluded from SL RP as in R16/17, but additional candidate S-SSB occasions have not been concluded yet. In our view, the additional S-SSB slots should also be excluded from SL RP as the conventional S-SSB slots. If additional S-SSB slots are included in RP and thereby multiplexing/prioritization with PSSCH is performed, resource allocation mechanism becomes quite complicated. Besides, a lot of UEs may perform S-SSB transmission at the additional S-SSB slots; that is, they cannot communicate each other. Benefit to use the slots for e.g. data transmission is highly questionable.
Proposal 19:
· Additional S-SSB slots are excluded from SL resource pool.

2.3.2.3. How to use
Regarding how to use additional S-SSB occasions, RAN1 agreed four alternatives as captured above. For down-selection, it seems that there are two important aspects – 1) if each UE uses all occasions, the TXs would bring trouble to other system; 2) no TX would cause COT loss due to other systems. These are in the relationship of trade-off. Thus, changing behavior based on situations is better.
Proposal 20:
· For usage of additional S-SSB occasions, support Alt 3.


3. Conclusion
In this contribution, we discussed channel design framework in SL-U. Observations/Proposals are summarized as following: 
Observation 1:
· Sufficient flexibility of resource indication is important so that transmission with one or more sub-channels within only a single RB-set is possible. Such a way can achieve lower probability of LBT failure for each transmission and can avoid excessive channel occupation.
· UE autonomous resource selection in low flexibility leads to quite poor resource efficiency.
Proposal 1:
· For sub-channel definition and indication, support Option 1 with the following bullet.
· Sub-channel index(es) is indicated per RB-set.
Proposal 2:
· When a PSCCH/PSSCH is mapped across multiple adjacent RB sets and if the same sub-channel index is used among the RB sets, PRBs in the same interlace within the intra-cell guard band.
· In TBS determination, the number of PRBs for a PSCCH/PSSCH TX does not include the number of PRBs allocated from intra-cell guard band.
Proposal 3:
· For contiguous RB-based PSCCH/PSSCH, support Option 2.
· Intra-cell guard band and remainder within each RB-set are not included for sub-channels and are used when sub-channels of both sides selected for a TX sandwich them.
· TBS is determined based on only the number of PRBs within sub-channels selected for the transmission.
Proposal 4:
· For interlaced RB-based structure, PSCCH/PSSCH is mapped on IRBs as on PRBs in Rel-16/17, and then IRB-to-PRB mapping is performed.
Proposal 5:
· Do not support Option 2 on PSCCH location.
Proposal 6:
· 2nd starting symbol is available only when the following condition is met.
· The UE attempted the transmission from the 1st starting symbol, but the corresponding LBT was failed.
Proposal 7:
· Support Option 1 and Option A for locations of 1st/2nd starting symbols
· i.e., sl-LengthSymbols is fixed to 14 and sl-StartSymbol is fixed to 0.
Observation 2:
· Due to hidden-node issue, it could occur that some UEs start from 1st starting symbol and other UEs start from 2nd starting symbol within the same slot.
Proposal 8:
· For two starting symbols, 
· TBS calculation and rate-matching of 2nd SCI are performed based on the number of PSCCH/PSSCH symbols from the 1st starting symbol, except for the 2nd starting symbol.
· 2nd SCI and SL-SCH are mapped without consideration of the 2nd starting symbol (i.e., Option 2).
Proposal 9:
· 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.
Observation 3:
· When a TX of a TB is started from the 2nd starting symbol, some CBs of the TB would not be transmitted.
Proposal 10:
· Study how to perform efficient transmission of a TB with multiple CBs when 2 starting positions are available and transmission from the 2nd starting symbol does not include some CBs
Proposal 11:
· For PSFCH structure, drop Alt 2-3a/2-4a.
Observation 3:
· RB-set edge-based PSFCH (Alt 3-1a/3-2a) may cause the following issue:
· Issue of RAN4 aspect like increase of in-band emission or out-of-band radiation
· Issue on limit of the max power spectrum density, e.g., 10 dBm/MHz
Proposal 12:
· Send an LS to ask to RAN4 whether RB-set edge-based PSFCH structure (Alt 3-1a/3-2a) is feasible from RAN4 perspective and whether there is any concern.
· Not discuss RB-set edge-based PSFCH (Alt 3-1a/3-2a) until the corresponding LS reply is received from RAN4.
· If feasible, but if increase of in-band emission or out-of-band radiation is not negligible, discuss detailed location of K2 common PRBs.
Proposal 13:
· For interlaced PSFCH format 0, support Alt 2-2a.
Proposal 14:
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource.
Proposal 15:
· For determination of PSFCH occasion, support Alt 1 with the following note.
· Note: PSFCH resources associated with a PSSCH resource are not overlapped with PSFCH resources associated with other PSSCH resources by spec definition and/or (pre-)configuration.
Proposal 16:
· For S-SSB structure, support Option 1-1.
· When 30 kHz SCS and multiple RB sets are configured, interlaced S-SSB is mapped within an RB-set and a PRB within ICGB adjacent to the RB-set.
Proposal 17:
· Exemption of OCB requirement is not applied to S-SSB TX.
Proposal 18:
· For the number and location of additional S-SSB occasion, support Option 1.
Proposal 19:
· Additional S-SSB slots are excluded from SL resource pool.
Proposal 20:
· For usage of additional S-SSB occasions, support Alt 3.
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