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1. Introduction
At the RAN1#110 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. Starting symbol
	Agreement
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission

Proposal 2-1: On starting symbol(s) within a slot for the AGC/PSCCH/PSSCH transmission, at least the following candidates can be further studied
· Alt 1: There is only 1 starting symbol within a slot for the AGC/PSCCH/PSSCH transmission
· starting symbol index is M1
· Alt 2: There are two starting symbols within a slot for the AGC/PSCCH/PSSCH transmission
· 1st starting symbol index is M1, and 2nd starting symbol index is M2
· FFS other details, e.g., whether M2 is a fixed value or (pre-)configured, Tx/Rx UE behaviors, etc.
· FFS other details, e.g., whether M1 is fixed as 0 or sl-StartSymbol as in R16 NR SL, applicable scenario, etc.


At the previous meeting, slot-based PSCCH/PSSCH TX is supported. Furthermore, additional starting symbol within a slot was proposed so that TX can be started immediately after detecting LBT success. Although the benefit is attractive, such a mechanism leads to quite large spec impact. For example, PSCCH/2nd-SCI mapping would be updated and corresponding features like processing time definition shall be enhanced appropriately. We do not prefer it in consideration of Rel-18 SL workload.
Observation 1:
· If additional starting symbol for PSCCH/PSSCH is allowed, large spec impact is assumed, e.g., PSCCH/2nd-SCI mapping, processing time definition, etc.
Proposal 1:
· Additional starting symbol(s) within a slot for PSCCH/PSSCH TX is not supported.

2.1.2. Details of interlaced RB-based
	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 PSCCH and PSSCH resource indication in time/frequency domain:
· For time domain: R16 NR SL TRIV is reused as baseline
· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission


For interlaced RB-based transmission of PSCCH/PSSCH, it was agreed that sub-channel-based resource allocation and 1 sub-channel is composed of K interlaces. The following two points would be main issues on interlaced RB-based structure.
· 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. 1: Control/Data/RS mapping for interlaced RB-based structure
Proposal 2:
· 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.

· Sub-channel definition in a resource pool with multiple RB-sets
Another main issue is definition of each sub-channel in consideration of wideband operation, i.e., when multiple RB-sets are included in a resource pool. Two alternatives are listed in the agreement above, and we believe that Alt 1 should be adopted.
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Fig. 2: Sub-channel definition in a resource pool with multiple RB-sets
These alternatives can be illustrated as above. In Alt 1, each transmission with a small number of sub-channels is performed at an RB-set. After LBT only at the LBT channel corresponding to the RB-set, the UE can perform the transmission. In other words, LBT at other LBT channel is unnecessary for this transmission. Probability of LBT failure can be lower and excessive channel occupation can be avoided, compared to Alt 2 since any PSCCH/PSSCH transmission in Alt 2 will use multiple RB sets and thereby LBT at multiple LBT channels is always required. 
Observation 2:
· A sub-channel composed of PRBs belonging to only a same RB set can achieve lower probability of LBT failure for each transmission and can avoid excessive channel occupation.
Proposal 3:
· For interlaced RB-based structure in a resource pool with multiple RB sets, each sub-channel is composed of PRBs belonging to only a same RB set (i.e., support Alt 1).


2.2. Resource pool
	Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.T


2.2.1. RP with subset of PRBs belonging to an RB set (1st FFS)
Although a resource pool with one or more RB sets were agreed at the previous meeting, a resource pool with subset of an RB set is FFS. In our understanding, this FFS was added to consider multiple resource pools within an RB set. In Rel-16/17 SL, there is no restriction on (pre-)configuring multiple resource pools for a set of RBs, as long as the sub-channel size is aligned with the specification. In this sense, it should be possible to (pre-)configure multiple resource pools within an RB set.
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Fig. 3: Multiple resource pools within an RB set
This operation is illustrated above. In this figure, three interlaces (i.e., three sub-channels) are belonging to resource pool#1, and the remaining two interlaces are included in resource pool#2. As we can see, this operation is possible and feasible, when interlaced RB-based approach is applied. Detailed structure would need to be discussed including a case of multiple RB sets. On the other hand, in contiguous RB-based structure, such a subset-based structure would not be allowed since OCB/PFD requirement is not satisfied. 
Observation 3:
· Multiple resource pools within an RB set are possible and feasible when interlaced RB-based structure is applied.
Proposal 4:
· Support a resource pool including sub-set of PRBs belonging to an RB set in interlaced RB-based structure.
· Not supported for contiguous RB-based structure.

2.2.2. Intra-cell guard band (3rd FFS)
Intra-cell guard band (called ICGB) (probably ‘intra-carrier guard band’ would be better for SL) was introduced for SL-U, and it was agreed that the corresponding PRBs belong to a resource pool. However, we believe that using PRBs corresponding to ICGB is problematic. For example, let us discuss the following case. Here it is noted that Alt 1 above for interlaced RB-based structure in multiple RB-sets is used for discussion on ICGB.
· Example: 10 PRBs of sub-channel size with SCS = 30 kHz and 40 MHz bandwidth
In this case, 50 PRBs are available for each RB-set and 6 PRBs are set to ICGB as the following illustration, according to 38.101-1. 5 interlaces (sub-channels) can be composed for each RB-set.
Then, the first question is how the 6 PRBs are used. Now there are 10 interlaces in total and 10 PRBs are included in each. 6 PRBs are insufficient to make a new interlace. Solution might be to associate the 6 PRBs with some of the 10 interlaces. For example, the first 3 PRBs are associated with 3 interlaces from the first RB-set, respectively.
On top of this assumption, the next questions are whether different sub-channel sizes in a resource pool is allowed, and whether any sub-channel size not existing in the current spec is allowed. When PRBs in ICGB is used, the sub-channel size with the PRB from ICGB becomes 11 PRBs. In this resource pool, some sub-channels contain 10 PRBs and the other sub-channels are composed of 11 PRBs. Such different sub-channel sizes in a resource pool are not allowed in Rel-16/17 specification and also 11 PRBs are not supported as sub-channel size. In our memory, RAN1 had quite long discussions on sub-channel size. Why the current rule was made should be due to that flexible sub-channel size and flexible combination of sub-channel size and PSCCH size are not acceptable from UE implementation perspective. In addition, when the PRBs in ICGB cannot be used due to LBT, the sub-channel size shall be 10 PRBs. In this case, how is PSCCH/PSSCH mapped? How does RX-UE know it at PSCCH blind decoding?
Observation 4:
· Using PRBs corresponding to intra-cell guard band is problematic. For example, 
· If PRBs in intra-cell guard band is used as a part of some of interlaces,
· Two sub-channel sizes are included in a resource pool, which is not allowed so far.
· The sub-channel size would be unsupported (e.g., 11 PRBs).
· The sub-channel size becomes smaller when ICGB is not available due to LBT. PSCCH/PSSCH mapping and RX-UE behavior will be complicated.
Proposal 5:
· PRBs corresponding to intra-cell guard band are not used at least for PSCCH/PSSCH.
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· Fig. 4: Intra-cell guard band in Example


2.3. PSFCH structure
	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
Regarding PSFCH transmission, at least the followings alternatives can be further studied 
· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)
· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)
· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs
· FFS details of above alternatives

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.



2.3.1. Too small PSFCH capacity
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 (labeled Alt 0), each PSFCH resource occupies multiple PRBs and hence available PSFCH resources become much less than XY. Study to solve this issue would be necessary, and the above three alternatives were identified at the last meeting. 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.
Here we will discuss the alternatives in an example of 20MHz channel bandwidth with 50 PRBs and 5 interlaces. Alt 3 is skipped since it seems that Alt 3 is not using interlace and hence is not aligned with 
· Alt 0 (No enhancement)
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.
· Alt 1
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. Although capacity can be improved, we are not sure high PSD in this alternative is OK. When a common interlace is used among UEs, which means that any UE using the PSFCH occasion maps PSFCH on the same PRBs, the total PSD becomes quite high in a lot of situations. This may not be preferable from other system perspective.
· Alt 2 with PRB-level CSs
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 single shared CS is used for the transmission basically, but at only a single PRB from the PRBs belonging to the interlace, UE-specific CS is allocated for each PSFCH transmission instead of the shared CS. This is illustrated below. PSFCH capacity in this method is 5 interlaces x 10 PRBs x 6 CSs = 300. Compared to Alt 1, better capacity is achieved and less PSD issue is expected.
One note is that PRB with UE-specific CS can be multiple instead of single in order to increase power allocated for the PRB with UE-specific CS. There is trade-off between PSFCH capacity and detection performance.
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Fig. 4: Intra-cell guard band in Example

· Alt 2 with OCC
In this alternative, users are multiplexed by interlace-domain, OCC-domain, and CS-domain. Each UE uses an interlace from the 5 interlaces, as the previous alternative, and then at the interlace, a CS from the 6 CSs is determined. On the CS, multiple UEs are multiplexed by FD-OCC with the PRBs belonging to the interlace. PSFCH capacity is 5 interlaces x 6 CSs x 10 FD-OCC = 300 as maximum. The same capacity as Alt 2 with PRB-level CSs can be obtained. 
One note is that the number of FD-OCC can be smaller to avoid performance degradation due to channel’s frequency-selectivity. There is trade-off between PSFCH capacity and detection performance.
According to analysis so far, we believe that at least Alt 2 should be prioritized over Alt 1. For sub-options of Alt 2, we prefer Alt 2 with PRB-level CSs since the best OCC-level from performance perspective is dependent on channel’s frequency-selectivity, which could be dynamically changed. Meanwhile, the best number of PRBs with UE-specific CS is just relative to power-domain. A fixed number can be determined based on the required SNR. This is better for pre-configuration-based system.
Proposal 6:
· For interlaced PSFCH format 0, support Alt 2 with PRB-level CSs.
· Each PSFCH transmission occupies an interlace from interlaces available for PSFCH.
· From PRBs belonging to the interlace, UE-specific CS is used at one or more PRBs and common CS is used at the remaining PRBs.
· FFS: the number of PRBs with UE-specific CS

2.3.2. Location of PSFCH resources
Another issue relative to PSFCH in SL-U is how to determine location of PSFCH resources. For PSFCH resource determination, there are associations between PSSCH resources and PSFCH resources. PSFCH resource is determined from the association and UE-ID. This is Rel-16/17 mechanism. We believe that This association between PSSCH and PSFCH should be reused for SL-U rather than introducing indication mechanism, which leads to PSFCH conflict.
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 7:
· PSFCH resource is determined from association with PSSCH resource. Dynamic indication is not supported.
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource.

2.3.3. PSFCH drop due to LBT failure
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.
New PSFCH format is not preferred from workload perspective. More PSFCH occasions are also not preferred due to large spec impact. Alternatively, our preferred mechanism is to transmit HARQ-ACK on PSSCH. For example, HARQ-ACK for each HARQ process can be transmitted via new MAC-CE. Multiple bits can be transmitted in a PSSCH, and resource efficiency degradation can be avoided such that the MAC-CE is transmitted with other data.
Proposal 8:
· When PSFCH TX is dropped due to LBT failure, UE can transmit the HARQ-ACK on PSSCH.

2.3.4. PSD requirement in groupcast option 1
	ETSI EN 301 893
4.1 Environmental profile
The technical requirements of the present document apply under the environmental profile for operation of the equipment, which shall be declared by the manufacturer. The equipment shall comply with all the technical requirements of the present document which are identified as applicable in annex A at all times when operating within the boundary limits of the declared operational environmental profile.
…

4.2.3 RF output power, Transmit Power Control (TPC) and Power Density
4.2.3.2.1 
The limits below are applicable to the system as a whole and in any possible configuration. This means that the antenna gain of the integral or dedicated antenna has to be taken into account as well as the additional (beamforming) gain in case of smart antenna systems (devices with multiple transmit chains).
…


In the regulation document above, there is a description on PSD limitation, in our reading, this PSD requirement is intended for each device, not from system perspective. However, the description seems to be unclear and hence we believe that it is better to have common understanding among companies.
If PSD requirement is a kind of system level regulation, at least groupcast option 1 would have a big issue. In groupcast option 1, a lot of UEs belonging to the group will use the same PSFCH resource. If many of them performs NACK transmission, PSD from system perspective becomes so high.
Proposal 9:
· Discuss and clarify whether PSD requirement is applied per UE or per system.
· If per system, study whether/how to enhance groupcast option 1 to avoid high PSD


2.4. S-SSB structure
	Agreement
For S-SSB and synchronization in SL-U:
· FFS the time domain locations of S-SSB resources, e.g., whether/how to introduce more candidate occasions compared with R16/R17 NR SL design, etc.
· Down-selection at least one of the following solutions to meet OCB and PSD requirement for S-SSB transmission
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth
· FFS: whether to support 4 symbols S-SSB
· Note: 4 symbols S-SSB can be considered with options 1/2/3/4 above
· FFS whether the temporary exemption of OCB requirement is applicable for S-SSB transmission
· FFS whether any changes to R16/R17 NR SL synchronization procedure

Agreement
For S-SSB and synchronization in SL-U: 
· No changes on R16 NR SL S-PSS/S-SSS sequence generation
· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS

Agreement
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions
· FFS the number and locations of additional candidate S-SSB occasions
· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior


2.4.1. Time-domain location
On S-SSB structure, two aspects need to be discussed. The first one is time-domain location. S-SSB TX would be failed at more S-SSB occasions than in ITS-band/licensed spectrum due to LBT failure. More TX occasions would be desirable to solve this issue.
We believe that two approaches can be considered; more occasions in slot-base, or sub-slot-based structure. Although the second approach is attractive from resource efficiency perspective, the first approach is slightly preferred to avoid large workload and since there is no backward compatibility issue. A bit more S-SSB occasions would not lead to so critical issue.
Proposal 10:
· For time-domain location of S-SSB, Option A from the following options is supported.
· Option A: Increase available values in sl-NumSSB-WithinPeriod for each SCS
· Option B: Introduce 4 symbols S-SSB

2.4.2. OCB/PSD requirement
The second aspect to be discussed for S-SSB is frequency-domain location. At the previous meeting, four options were listed for this issue. Among the four options, we think that at least options other than Option 2 would be better to keep conventional resource pool definition and to avoid large workload. For example, if S-SSB slot is included in a resource pool and used for PSCCH/PSSCH transmissions, a lot of issues occur; e.g., whether resource reservation works without any update, how to handle overlap between S-SSB and periodic reservation, whether some enhancement is not needed to consider half-duplex, etc.
From the three options, Option 4 would be needed only for 4 symbols S-SSB, which is not our preference as abovementioned; thus, either Option 1 or Option 3 seems to be sufficient.
On exemption of OCB requirement, the regulation text is ‘During a COT, equipment may operate temporarily with an OCB of less than 80 % of…’, which would mean that when the COT includes more than one transmission and (not all but) some of them can ignore the OCB requirement. If the COT includes only S-SSB TX, the case does not satisfy ‘temporarily’. To avoid complex operation, we believe that the exemption should be deprioritized.
Proposal 11:
· For frequency-domain structure of S-SSB, either Option 1 or Option 3 is supported.
· Exemption of OCB requirement is not applied to S-SSB TX.


3. Conclusion
In this contribution, we discussed channel design framework in SL-U. Observations/Proposals are summarized as following: 
Observation 1:
· If additional starting symbol for PSCCH/PSSCH is allowed, large spec impact is assumed, e.g., PSCCH/2nd-SCI mapping, processing time definition, etc.
Proposal 1:
· Additional starting symbol(s) within a slot for PSCCH/PSSCH TX is not supported.
Proposal 2:
· 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.
Observation 2:
· A sub-channel composed of PRBs belonging to only a same RB set can achieve lower probability of LBT failure for each transmission and can avoid excessive channel occupation.
Proposal 3:
· For interlaced RB-based structure in a resource pool with multiple RB sets, each sub-channel is composed of PRBs belonging to only a same RB set (i.e., support Alt 1).
Observation 3:
· Multiple resource pools within an RB set are possible and feasible when interlaced RB-based structure is applied.
Proposal 4:
· Support a resource pool including sub-set of PRBs belonging to an RB set in interlaced RB-based structure.
· Not supported for contiguous RB-based structure.
Observation 4:
· Using PRBs corresponding to intra-cell guard band is problematic. For example, 
· If PRBs in intra-cell guard band is used as a part of some of interlaces,
· Two sub-channel sizes are included in a resource pool, which is not allowed so far.
· The sub-channel size would be unsupported (e.g., 11 PRBs).
· The sub-channel size becomes smaller when ICGB is not available due to LBT. PSCCH/PSSCH mapping and RX-UE behavior will be complicated.
Proposal 5:
· PRBs corresponding to intra-cell guard band are not used at least for PSCCH/PSSCH.
Proposal 6:
· For interlaced PSFCH format 0, support Alt 2 with PRB-level CSs.
· Each PSFCH transmission occupies an interlace from interlaces available for PSFCH.
· From PRBs belonging to the interlace, UE-specific CS is used at one or more PRBs and common CS is used at the remaining PRBs.
· FFS: the number of PRBs with UE-specific CS
Proposal 7:
· PSFCH resource is determined from association with PSSCH resource. Dynamic indication is not supported.
· The same RB-set is assigned for PSCCH/PSSCH resource and the corresponding PSFCH resource.
Proposal 8:
· When PSFCH TX is dropped due to LBT failure, UE can transmit the HARQ-ACK on PSSCH.
Proposal 9:
· Discuss and clarify whether PSD requirement is applied per UE or per system.
· If per system, study whether/how to enhance groupcast option 1 to avoid high PSD
Proposal 10:
· For time-domain location of S-SSB, Option A from the following options is supported.
· Option A: Increase available values in sl-NumSSB-WithinPeriod for each SCS
· Option B: Introduce 4 symbols S-SSB
Proposal 11:
· For frequency-domain structure of S-SSB, either Option 1 or Option 3 is supported.
· Exemption of OCB requirement is not applied to S-SSB TX.
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