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1      Introduction
After the discussion in the meetings from RAN1 #109-e [1] to RAN1 #110b-e [3], the following topics were generated for SL-U physical channel design framework:

· SL bandwidth part and resource pool 
· Slot structure
· PSCCH/PSSCH
· PSFCH and SL-HARQ 
· S-SSB and synchronization
In this contribution, we further provide our views on the above topics for SL-U physical channel design framework and show our evaluation results and corresponding observations.
2      Discussions 
2.1     SL bandwidth part and resource pool
According to the discussion in RAN1 #110b-e, we have the following agreements on SL BWP and RP:
	Agreement
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:

· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission

· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets

· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission
Agreement
At least R16/R17 NR SL S-SSB slots are excluded from SL resource pool.

· Note: whether or not additional candidate S-SSB occasions are excluded from resource pool will be discussed after the details of additional candidate S-SSB occasions are clearer


In NR-U, 10 and 5 interlaces are supported for 15kHz and 30kHz SCS, respectively. The interlace is indexed periodically form the first available PRB to the last PRB within the transmission bandwidth as shown in Figure 1. That means the PRBs within the intra-cell guard band have the same indexing rule as that within the two RB sets. The key point for SL-U is to consider the mapping relation between interlace and sub-channel, i.e., how to index the sub-channel. In our understanding, it is actually a procedure after the interlace indexing, and thus the interlace indexing rule as in NR-U can be reused for SL-U with no modification.
Proposal 1: The PRB(s) within the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets wrapped around the intra-cell guard band.
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Figure 1. An illustration of frequency grid for unlicensed spectrum
The intra-cell guard band can be used to reduce interference for the transmissions on the adjacent resources. According to the agreement above, in SL-U the PRB(s) within the intra-cell guard band can be used for transmission only when the following restrictions are satisfied:
· The UE finishes multi-channel access procedure on the two RB sets wrapped around the intra-cell guard band.
· The UE intends to transmit PSSCH on these two RB sets.
· Otherwise, the PRBs within the intra-cell guard band cannot be used for transmission. 
That means the utilization of PRB(s) within the intra-cell guard band is uncertain. Thus, the PSCCH transmission is not supported on such PRB(s) considering the increased complexity of UE blind detection. From our point of view, the PRB(s) within the intra-cell guard band is also not suitable to transmit PSFCH and S-SSB on considering the restrictions mentioned above. That is, the uncertainty of the utilization of the PRB(s) within the intra-cell guard band may introduce many related issues if such PRB(s) can be used for PSFCH and S-SSB transmission. For example, for PSFCH, the maximum number of PSFCH transmission(s) within an RB set is dynamic at different slots considering the uncertainty of such PRB(s). For the S-SSB transmission, if only one RB set is occupied, obviously the S-SSB cannot be transmitted on such PRB(s). While if two RB sets are occupied in order to transmit S-SSB on such PRB(s), it will lead very low spectrum efficiency considering that the S-SSB cannot be multiplexed with other SL transmissions as stated in another agreement. Moreover, it will also result in the issue of OCB and PSD requirements if two RB sets are occupied for S-SSB transmission (e.g., if two RB sets are occupied while S-SSB is transmitted only on one RB set and a part of the PRB(s) within intra-cell guard band, the OCB requirement may not be satisfied)
Proposal 2: The PRB(s) within the intra-cell guard band cannot be used for PSCCH/PSFCH/S-SSB transmission.
2.2     Slot Structure

A working assumption was achieved on the slot structure in RAN1 #110b-e:
	Working assumption: 
Support maximum 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission.

· RAN1 strives to have unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol

· The candidate starting symbol(s) are intended for AGC purpose

· FFS: other potential uses of the candidate starting symbol(s)

· FFS other details, e.g., applicable scenarios (including SCS), position of 2nd starting symbol, TBS determination, PSCCH blind decoding complexity, processing time constraints, etc.

· FFS whether 2 candidate starting symbols is also supported for slots with PSFCH


In time domain, considering the LBT channel access operation, LBT may succeed in the middle of the slot. For legacy NR-U, the gNB/UE can access the channel at symbol-level after the LBT channel access is finished, which can improve the competitiveness of NR-U when it coexists with asynchronous system like WiFi. For legacy SL, the minimum unit for scheduling is a slot, which means even if the LBT is finished within a slot, the transmission can only be started at the next slot boundary. The gap between the LBT end position and the transmission start position increase the risk of COT loosing. That is the motivation of introducing additional starting symbol(s) within a slot for SL-U to improve its channel access opportunity.

However, the issues like TBS determination and PSCCH blind decoding complexity need to be further solved if additional starting symbol(s) within a slot is introduced. From our perspective, the following issues will be encountered for TBS determination:
· If TBS is determined after channel access end, it is really a challenge for UE capability considering that channel access may finished immediately before the starting symbol.
· If TBS is determined before channel access end, due to the uncertainty of LBT, the UE may have the following options:
· Option 1: UE prepares different sizes of TB (e.g., a full-slot TB and a partial-slot TB) successively before different starting symbols, which really complicates the UE implementation.

· Option 2: UE prepares different TBs at once, then different TBs can be transmitted according to the channel access result, which may require to increase the buffer storage of UE.
· Option 3: UE always prepares full-slot TB, then the repetition of a sub-set of the full-slot TB can be transmitted if the channel access is finished before the starting symbols other than the 1st starting symbol within a slot. 

From our perspective, Option 3 is preferred for the reason that it will not cause the problems of limited processing time, complicated UE implementation, and increased buffer storage as encountered in the other options. 
Observation 1: UE can prepare TBS based on the full-slot, and the repetition of a sub-set of the full-slot TB can be transmitted if the channel access is finished before the starting symbol(s) other than the 1st starting symbol within a slot.
Besides, per Option 3, the unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol can be achieved by transmitting the repetition of the first N symbols of the full-slot TB at the 2nd starting symbol as shown in Figure 2, where the value of N depends on the location of the 2nd starting symbol within a slot.
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Figure 2. Slot structure with two starting symbols within a slot
Observation 2: The unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol can be achieved by transmitting the repetition of the first N symbols of the full-slot TB at the 2nd starting symbol, where the value of N depends on the position of the 2nd starting symbol within the slot.
Proposal 3: For the case that two starting symbols within a slot are supported, full-slot TB can be prepared and the transmission on the 2nd starting symbol is the repetition of the first N symbols of the full-slot TB.

Furthermore, as we know the motivation of introducing additional starting symbol is to increase the competitiveness of SL-U, but only up to 2 starting symbols within a slot is obviously not enough. For example, if the two starting symbols is (pre-)configured as symbol#0 and symbol#7, the max gap between LBT end and starting symbol can up to 7 symbols, which is about 467us for SCS of 15kHz. Such a huge gap is essential for the UEs in other RATs (e.g., WiFi) to finish an ongoing channel access and even a new initiated channel access. As a result, the COT may be lost even if SL-U UE finishes channel access earlier.
We conducted corresponding evaluation to compare the performance of SL-U under three configurations of starting position within a slot as summarized below. NR-U can access the channel per symbol within a slot in the three cases. The other configurations of the evaluation are detailed in Appendix 1.
· Slot-based access (i.e., 1 starting symbol within a slot): Coexistence scenario of NR-U and SL-U is evaluated, where SL-U can access the channel only at symbol #0 of the slot.

· Half-slot-based access (i.e., 2 starting symbols within a slot): Coexistence scenario of NR-U and SL-U is evaluated, where SL-U can access the channel only at symbol #0 and symbol #7 of the slot.

· Symbol-based access (i.e., multiple/14 starting symbols within a slot): Coexistence scenario of NR-U and SL-U is evaluated, where SL-U can access the channel at each symbol of the slot.

Note that for the case of symbol-based access, the CPE is used to achieve us-to-symbol boundary alignment so that the UE can access the channel at the level of microsecond.

As shown in Figure 3, taking the UPT of SL-U in the case of slot-based access, we provide the gain of UPT for the cases of half-slot-based and symbol-based access compared with the slot-based access.

[image: image3.png]Avg. gain of UPT over per-UE offered load

150.00%

140.00%

130.00%

120.00%

Avg. gain

110.00%
100.00%

90.00%

112 16.8 196
Per—UE offered load (Mbps)

m Slot-based access (1 starting symbol)
= Half-slot-based access (2 starting symbols)
m symbol-based access (multiple/14 starting symbols)

2352




Figure 3. Normalized SL-U UPT performance against slot-based access to show the gain introduced by additional starting symbols within a slot

Observation 3: Occupying the channel with multiple starting symbols within a slot after LBT is finished can significantly improve the performance of SL-U compared with one and/or two starting symbol(s) within a slot at all cases of low/medium/high per-UE offered load.

Unfortunately, the WA of supporting maximum 2 candidate starting symbols within a slot for PSCCH/PSSCH transmission was achieved at the last meeting due to the concern of increased PSCCH blind decoding complexity, which we think is actually can be solved with the proposed “repetition mechanism” above. 
Different from multiple starting symbols accessing the channel at microsecond level by CPE, if only 2 starting symbols are supported, some enhanced mechanisms (e.g., repetition of PSCCH/PSSCH) should be studied between the channel access end and starting symbols position to retain the channel.
Proposal 4: For the case that two starting symbols within a slot are supported, enhancement is needed between the end of the channel access procedure and the start of SL transmission to retain the channel.
2.3     PSCCH/PSSCH Channel Structure
For PSCCH/PSSCH channel structure, the following agreements were achieved in RAN1 #110b-e:  
	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: 

· 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
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
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


Sub-channel indexing and resource indication in frequency domain
For the definition of sub-channel in the case of multi-RB sets, regarding to the current agreement, there may exist two options:

· Option 1: 1 sub-channel equals K interlace(s) within one RB set
· Option 2: 1 sub-channel equals K interlace(s) spanning across multiple RB sets.

Considering that 1 sub-channel is used as the granularity of resource allocation in frequency domain, we think Option 2 is not suitable due to the sub-channel size is much larger than that of Option 1.

Proposal 5: 1 sub-channel is defined as K interlace(s) within one RB set for interlace RB-based transmission.

In addition to the interlace RB-based transmission, contiguous RB-based transmission is also supported for the transmission of PSCCH and PSSCH in SL-U. In our opinion, the configuration of one sub-channel under contiguous RB-based transmission should also be determined. In legacy SL, one sub-channel with the definition of consecutively non-overlapping sets of PRBs within a slot is used as the resource allocation granularity. In our view, the similar definition can be reused in SL-U for the case of contiguous RB-based transmission.

Proposal 6: 1 sub-channel is defined as N continuous RB(s) within one RB set for contiguous RB-based transmission, where N is (pre-)configured.
For the other agreements on PSCCH/PSSCH channel structure, the main controversial issues are:
· The contents of frequency domain resource indicator for interlace RB-based transmission.
· The used interlace index(s) in different RB sets are same or different when more than one RB set is used for transmissions.

· The resource for PSCCH is located in one RB set or each RB set of corresponding PSSCH for the case where UEs supporting different bandwidths.
From our point of view, before the discussion on these items, the issue of sub-channel indexing from interlace should be discussed at first, which is helpful to accelerate the further discussion on PHY channel framework especially in frequency domain. Generally, we think there exists three schemes to address to issue of sub-channel indexing from interlace as shown in Figure 4.
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Figure 4. Sub-channel indexed from interlace for interlace RB-based transmission
· Option 1: One sub-channel is defined within one RB set, and the sub-channel is indexed periodically (e.g., from #0 to #4) across different RB sets. For this option, both sub-channel index(s) and RB set index(s) are needed for frequency domain resource indication, which actually reuses the mechanism as in legacy NR-U.
· Option 2-1: One sub-channel is defined within one RB set, and the sub-channel is indexed incrementally (e.g., from #0 to #9) across different RB sets. For this option, only sub-channel index(s) is needed for frequency domain resource indication, which somehow reuses the mechanism as in legacy SL.
· Option 2-2: One sub-channel is defined across multiple RB sets (e.g., sub-channel #0 is mapped from all interlaces with index #0 in multiple RB sets). For this option, only sub-channel index(s) is needed for frequency domain resource indication, which however is a new mechanism that is neither used in legacy NR-U nor in SL to our understanding.
Option 1 is preferred. From our perspective, interlace RB-based transmission is supported in legacy NR-U while not in legacy SL. Therefore, reusing the mechanism in NR-U can avoid introducing further related issues. For example, Option 2-1 further grants the opportunity to support different interlaces in different RB sets can be used when more than one RB set is used for transmissions, which may further cause the issue of PAPR. Besides, regarding to OCB and PSD requirement in the case of multi-RB sets, we are confused how it can be solved by Option 2-1 if FRIV is intended to be used. Additionally, from the point of occupied bits by the resource indicator, we think Option 1 is slightly friendlier than Option 2-1 (9 bits in Option 1 VS. 10 bits in Option 2-1 w/ FRIV regarding 80 MHz maximum BW). All in all, Option 1 can minimize the spec work than Option 2-1 and also enjoy a relaxed occupied bit number of resource indication in frequency domain.
Proposal 7: Regarding interlace RB-based transmission, one sub-channel is defined within one RB set, and the sub-channel is indexed periodically across different RB sets.

In legacy NR-U, the resource indication of frequency domain comprised of interlace indicator and RB set indicator. The interlace indicator can indicate which interlace(s) is(are) allocated for transmission while the RB set indicator can indicate the starting position and the length of the RB set(s) allocated for transmission. For SL-U, based on Option 1, the allocated resources for transmission can be indicated naturally through the indication of sub-channel index(s) and RB set index(s).
Proposal 8: Regarding frequency domain resource indication for both interlace RB-based transmission and contiguous RB-based transmission, support explicitly indicating the used sub-channel index(s) and RB set index(s).

Then, the used interlace(s) in different RB sets when more than one RB set is used should also follow the principle as in NR-U.
Proposal 9: When more than one RB set is used for interlace RB-based transmission, support that the used interlace index(s) in different RB sets are always the same as in legacy NR-U.
PSCCH location

It should be emphasized that SL-U will focus on the commercial use cases, it is inevitable to consider the case where UEs with different bandwidths. We think the related use cases are quite common. For example, considering a use case of smart home, where the high capability devices (e.g., smart phone) may support a larger bandwidth (e.g., from RB set #0 to RB set #3), while some other low capability devices (e.g., wearable devices) may only support one or a sub-set of RB set#0 to RB set#3. For another example, with the consideration that power saving is an important feature especially for commercial use cases, even all devices have the same bandwidth configuration, it may also exist some devices under the mode of power saving only receive the transmission over a specific/limited bandwidth. 
All in all, we believe it is important and necessary to take such use cases into the discussion of SL-U from the perspective of market.
Proposal 10: SL-U should support the case where UEs with different bandwidth can use the same resource pool to communicate with each other.
In these cases, if PSCCH only locates in the lowest sub-channel of lowest RB set of corresponding PSSCH, it may cause critical problems for the UE operating in the other RB set(s) to select resource. For example, if UE-A only transmit PSCCH in RB set#0 for the corresponding PSSCH located in RB set#0 and RB set#1, it will cause problems that UE-B supporting or receiving on RB set#1 cannot detect this PSCCH, thus the resource reservation information of UE-A on RB set#1 is unavailable for UE-B. Corresponding, it may introduce interference when UE-B transmit on RB set#1. 
Additionally, if PSCCH only transmitted on the lowest RB set of corresponding PSSCH, it may limit the usage of COT sharing to the UEs only operating on the same lowest RB set. For example, if the container of sharing information is determined as 1st SCI, that means UE-B cannot use the shared COT from UE-A due to unavailable COT sharing information from UE-B’s perspective, which actually runs in opposite direction of COT sharing intending to improve the resource efficiency. To solve all the issues mentioned above, PSCCH located in every RB set of corresponding PSSCH should be supported. Furthermore, it may exist two options for PSCCH located in each RB set of corresponding PSSCH:

· Option 1: One PSCCH is transmitted in each RB set of the corresponding PSSCH (i.e., one PSCCH across multiple RB sets).

· Option 2: PSCCH is transmitted repeatedly in each RB set of the corresponding PSSCH (i.e., multiple PSCCH repetitions across multiple RB sets)

From our perspective, Option 2 is preferred considering Option 1 cannot solve the issues discussed above, i.e., the UE still cannot obtain the full control information transmitted from the other UEs with different supporting bandwidths.
Proposal 11: Support PSCCH is repeated in each RB set of the corresponding PSSCH.
FDM operation of PSCCH/PSSCH transmission:
Whether/how to perform FDM operation to support transmission of multiple UEs or transmission of the multiple PSCCHs/PSSCHs from the same UE on the same slot may need to be further studied. It may further depend on the states of in-COT and Out-of-COT. 

Case 1: FDM over multiple 20MHz bandwidth by the transmissions from multiple UEs

For total bandwidth with multiple 20MHz, FDM can be supported by different UEs operating on the different 20MHz BW (i.e., only one UE transmission per 20MHz in principle) considering the nature of 20MHz LBT sensing bandwidth. 

Case 2: FDM over multiple 20MHz bandwidth by multiple transmissions from the single UE

This can be supported with less spec impact by transmitting multiple PSCCHs/PSSCHs with only one PSCCH/PSSCH per 20MHz bandwidth by the same UE. LBT can be performed per 20MHz with their own counter as NR-U. 

Case 3: FDM within 20MHz bandwidth

Within one 20MHz bandwidth, whether/how to support FDM operation may need to consider in-COT and Out-of-COT operation separately. 

Case 3-1: FDM within 20MHz bandwidth for Out-of-COT operation
The UE may have to access the channels via Type 1 LBT channel access. Considering the nature of 20MHz LBT sensing granularity, it is likely that only one UE can get the chance for access of the 20MHz resources. Moreover, the LBT success occasions for the different UEs may be different due to random LBT counters in Type 1 LBT channel access. Accordingly, it may require the partial slot or CPE transmission to occupy the resource by blocking the other UEs from intra-cell and inter-cell or have the deferred sensing with the risk to lose the access opportunity. For both cases, there seems the slim chance for FDM operation. Thus, it seems no need to support FDM operation within 20MHz bandwidth for the case of Out-of-COT.  

Moreover, if there is no need to support FDM operation for Out-of-COT operation, the frequency location for control channel transmission can be fixed somewhere within 20MHz due to no need of FDM operation. For example, it can be fixed to one sub-channel within (pre-)configured RB set(s). In this way, it can significantly reduce the UE complexity for blind decoding of SCI. For example, supposing 160MHz carrier bandwidth with 10 sub-channels within each 20MHz (i.e., one sub-channel with about 10 RBs using 15KHz SCS), it will require blind decoding for 80 PSCCH transmissions. It significantly complicates the UE implementation and consumes UE power. However, in case of no FDM operation, only one sub-channel for blind decoding of PSCCH transmission is required within 20MHz. In total, it only requires blind decoding for 8 PSCCHs for 160MHz bandwidth. So it is beneficial for the commercial use case which device is sensitive to the cost and power.

Case 3-2: FDM within 20MHz bandwidth for In-COT operation

For in- COT operation, the COT initiator may share the COT for transmissions by the multiple UEs. In this case, if the COT initiator can schedule the transmissions for the multiple UEs like gNB/AP scheduling UEs/STAs in NR-U/WiFi, FDM operation can be more efficient compared to SCI sensing based FDM. Because SCI-sensing based resource selection has no intention to use FDM compared to the scheduling-based approach, and the overall system performance may be poor. However, it may require slightly more spec changes.
Observation 4: It is slim chance for FDM operation within 20MHz for out-of-COT operation considering the nature of 20MHz LBT sensing unit, uncertainty length of LBT and risk of COT losing.
Observation 5: The operation of FDM within 20MHz for out-of-COT may significantly complicate the UE implementation and power consumption for the increased number of blind detection/decoding for PSCCH in frequency domain.
Observation 6: The FDM operation within 20MHz for in-COT operation under the scheduling of the COT initiator can be more efficient compared with the SCI sensing based FDM.
Proposal 12: Study whether/how to support FDM transmissions for in-COT operation in the way of scheduling considering the spec impact, UE complexity and performance.

2.4     PSFCH and SL-HARQ
For the part of PSFCH and SL-HARQ, the following agreements were achieved in RAN1 #110b-e:  

	Agreement
At least there is 1 PSFCH occasion per PSCCH/PSSCH transmission, FFS details 

Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:

· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission

· Alt 2: PSFCH resources are dynamically indicated

· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE

· Alt 4: drop PSFCH transmission

· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB

· Combination of above alternatives are not precluded 

· FFS details of above alternatives


As discussed in RAN1 #110, there exists two styles to define the resource for PSFCH:

· (Pre-)configured PSFCH resource

· Dynamically indicated PSFCH resource

If the PSFCH resource is (pre-)configured, a Type 1 channel access procedure should be executed before the (pre-)configured resource as in legacy NR-U. Considering the uncertainty of Type 1 channel access, it may not be completed before the (pre-)configured PSFCH resource and results the issue of PSFCH dropping. To address this issue, we support more than 1 PSFCH occasion per PSCCH/PSSCH transmission (i.e., Alt 1).
Proposal 13: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission.
· FFS positions of the candidate PSFCH occasions.
Additionally, in NR-U, UE may switch from Type 1 channel access to Type 2A channel access for its transmission when satisfying the following conditions [4]:

If a UE determines the duration in time domain and the location in frequency domain of a remaining channel occupancy initiated by the gNB from a DCI format 2_0 as described in clause 11.1.1 of [7], the following is applicable:

-
The UE may switch from Type 1 channel access procedures as described in clause 4.2.1.1 to Type 2A channel access procedures as described in clause 4.2.1.2.1 for its corresponding UL transmissions within the determined duration in time and location in frequency domain of the remaining channel occupancy. In this case, if the UL transmissions are PUSCH transmissions on configured resources, the UE may assume any priority class for the channel occupancy shared with the gNB.
From our point of view, this mechanism can also be reused here to improve the channel access efficiency for PSFCH transmission:

Proposal 14: If a UE determines the duration in time domain and the location in frequency domain of a remaining COT initiated by COT initiator, the UE may switch from Type 1 channel access procedures to Type 2A channel access procedures for its (pre-)configured PSFCH transmission(s) within the determined resources of the remaining COT.
Additionally, the resource(s) for PSFCH transmission can also be dynamically indicated (i.e., Alt 2). In our understanding, the intention of Alt 2 is the COT initiator can dynamically indicate the resource(s) for PSFCH transmission within the initiated COT. In this way, a Type 2 channel access can be executed before the indicated PSFCH resource to access the channel, which is much simpler than Type 1 channel access in the case of (pre-)configured PSFCH resource. From this point of view, dynamically indicated PSFCH resource should also be supported.

Proposal 15: Support PSFCH resources are dynamically indicated by the COT initiator.

For both cases of (pre-)configured and dynamically indicated PSFCH resource, if more than 1 PSFCH occasion per PSCCH/PSSCH transmission is supported, the issue of DTX increment in HARQ-based RLF detection should be studied. If the DTX increment is per PSFCH occasion, it may lead to frequent HARQ-based RLF detection for SL-U. From this point of view, we think the DTX increment should be per PSFCH occasion window, i.e., only if PSFCH receptions are absent on all candidate PSFCH reception occasions associated to one PSCCH/PSSCH transmission, the DTX can be increased by 1.
Observation 7: The issue of DTX increment in HARQ-based RLF detection should be clarified if more than one PSFCH occasion per PSCCH/PSSCH transmission is supported.
2.5     S-SSB and synchronization
For the part of S-SSB and synchronization, the following agreements were achieved in RAN1 #110b-e:

	Agreement
To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:

· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH

· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain

· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH

· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported

· FFS: how to handle 60 kHz SCS (if needed, not limited to option 1 or option 3)



In our understanding, a unified design of S-SSB transmission for all SCSs of 15/30/60 kHz is important for UE implementation and spec simplification. From this perspective, interlace RB based transmission for S-SSB is not suitable for the reason that it is not supported for 60kHz in legacy NR-U. Additionally, the uncertainty of PRB contained within one interlace also bring the issue that S-SSB may need to occupy different number of interlace. For example, foe the case that one interlace contains 11 PRBs, S-SSB can be arranged in one interlace. However, for the case that one interlace contains only 10 PRBs, two interlaces are needed to transmit S-SSB. Considering PSD limit for unlicensed spectrum, this issue will further cause uneven power distribution for different S-SSB transmission and make the design more complex. From this point of view, repetition of S-PSS/S-SSS/PSBCH is a much simpler way to satisfy the OCB and PSD requirement and also has less spec impact. Additionally, the coverage and reliability can also be improved by the repetition of S-SSB in frequency domain. 
Proposal 16: Support repetition of S-PSS/S-SSS/PSBCH in frequency domain to meet OCB and PSD requirement for S-SSB transmission.

As for the PAPR increment issue caused by the repetition, we think a limit number on repetitions can be applied to restrict the increased PAPR. For example, one direct way is to repeat S-PSS/S-SSS/PSBCH only twice at frequency domain. In this case, to satisfy the OCB requirement, a gap (in RB or RE) between the original S-PSS/S-SSS/PSBCH and its repetition can be (pre-)configured as shown in Figure 5. 
[image: image5.emf]S-SSB

S-SSB

Gap Repetition

Starting 

point

Offset

Frequency


Figure 5. Repetition of S-PSS/S-SSS/PSBCH in frequency domain w/ gap

The benefit of this mechanism is a unified S-SSB design for all SCSs of 15/30/60 kHz to meet OCB requirement can be achieved by the configuration of the gap length. Besides, due to decreased number of S-SSB repetition with the configuration of gap, the PAPR can be reduced compared with consecutive S-SSB repetition in frequency domain. Next, supposing S-SSB is repeated twice in frequency domain, the gap needed between the S-SSB and its repetition to meet OCB requirement for a LBT channel (i.e., 20MHz) is summarized in the following table:

Table 1. Repeat S-SSB twice in frequency domain w/ gap configured b/w two S-SSBs to meet OCB requirement 
	SCS (kHz)
	OCB requirement (RB)
	Length of two S-SSBs
	Gap b/w two SSBs (RB)

	15
	88.9
	22
	67

	30
	44.4
	22
	23

	60
	22.2
	22
	1


Observation 8: A unified S-PSS/S-SSS/PSBCH design for all SCSs of 15/30/60 kHz to meet OCB requirement can be achieved with a gap configuration between S-PSS/S-SSS/PSBCH and its repetition.

Therefore, we have the following proposal:

Proposal 17: S-PSS/S-SSS/PSBCH can be repeated 2 times in frequency domain with a gap between S-PSS/S-SSS/PSBCH and its repetition to meet OCB requirement, where the length of gap can be (pre-)configured per SCS.
Another issue for the discussion of S-SSB is whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission. We do not have strong intention on this issue. We understand that temporary exemption of OCB requirement enjoys a simplification on the design of S-SSB transmission in frequency domain especially for the SCS of 30 and 60 kHz. But considering we will always design a S-SSB pattern to meet OCB requirement, we are not very convinced by the motivation to support the temporary OCB exemption. Anyway, if it is strongly proposed by some other companies to support temporary OCB exemption, we can accept to discuss it with the premise that the S-SSB design to meet temporary OCB exemption should follow the principle of the S-SSB design to meet OCB requirement, which is important to simplify UE implementation and spec work.
Observation 9: RAN 1 should strive to have a unified design for S-SSB transmission when considering OCB requirement and/or temporary exemption of OCB requirement (i.e., the minimum of 2 MHz requirement). 
3      Summary

Observation 1: UE can prepare TBS based on the full-slot, and the repetition of a sub-set of the full-slot TB can be transmitted if the channel access is finished before the starting symbol(s) other than the 1st starting symbol within a slot.



 REF o2 \h 

Observation 2: The unified design for PSCCH/PSSCH transmission from 1st or 2nd starting symbol can be achieved by transmitting the repetition of the first N symbols of the full-slot TB at the 2nd starting symbol, where the value of N depends on the position of the 2nd starting symbol within the slot.


 REF o3 \h 

Observation 3: Occupying the channel with multiple starting symbols within a slot after LBT is finished can significantly improve the performance of SL-U compared with one and/or two starting symbol(s) within a slot at all cases of low/medium/high per-UE offered load.



 REF o4 \h 

Observation 4: It is slim chance for FDM operation within 20MHz for out-of-COT operation considering the nature of 20MHz LBT sensing unit, uncertainty length of LBT and risk of COT losing.



 REF o5 \h 

Observation 5: The operation of FDM within 20MHz for out-of-COT may significantly complicate the UE implementation and power consumption for the increased number of blind detection/decoding for PSCCH in frequency domain.



 REF o6 \h 

Observation 6: The FDM operation within 20MHz for in-COT operation under the scheduling of the COT initiator can be more efficient compared with the SCI sensing based FDM.


 REF o7 \h 

Observation 7: The issue of DTX increment in HARQ-based RLF detection should be clarified if more than one PSFCH occasion per PSCCH/PSSCH transmission is supported.


 REF o8 \h 

Observation 8: A unified S-PSS/S-SSS/PSBCH design for all SCSs of 15/30/60 kHz to meet OCB requirement can be achieved with a gap configuration between S-PSS/S-SSS/PSBCH and its repetition.



 REF o9 \h 

Observation 9: RAN 1 should strive to have a unified design for S-SSB transmission when considering OCB requirement and/or temporary exemption of OCB requirement (i.e., the minimum of 2 MHz requirement). 


 REF p1 \h 

Proposal 1: The PRB(s) within the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets wrapped around the intra-cell guard band.



 REF p2 \h 

Proposal 2: The PRB(s) within the intra-cell guard band cannot be used for PSCCH/PSFCH/S-SSB transmission.


 REF p3 \h 

Proposal 3: For the case that two starting symbols within a slot are supported, full-slot TB can be prepared and the transmission on the 2nd starting symbol is the repetition of the first N symbols of the full-slot TB.



 REF p4 \h 

Proposal 4: For the case that two starting symbols within a slot are supported, enhancement is needed between the end of the channel access procedure and the start of SL transmission to retain the channel.


 REF p5 \h 

Proposal 5: 1 sub-channel is defined as K interlace(s) within one RB set for interlace RB-based transmission.



 REF p6 \h 

Proposal 6: 1 sub-channel is defined as N continuous RB(s) within one RB set for contiguous RB-based transmission, where N is (pre-)configured.


 REF p7 \h 

Proposal 7: Regarding interlace RB-based transmission, one sub-channel is defined within one RB set, and the sub-channel is indexed periodically across different RB sets.



 REF p8 \h 

Proposal 8: Regarding frequency domain resource indication for both interlace RB-based transmission and contiguous RB-based transmission, support explicitly indicating the used sub-channel index(s) and RB set index(s).



 REF p9 \h 

Proposal 9: When more than one RB set is used for interlace RB-based transmission, support that the used interlace index(s) in different RB sets are always the same as in legacy NR-U.
 

Proposal 10: SL-U should support the case where UEs with different bandwidth can use the same resource pool to communicate with each other.

Proposal 11: Support PSCCH is repeated in each RB set of the corresponding PSSCH.

 REF p12 \h 
Proposal 12: Study whether/how to support FDM transmissions for in-COT operation in the way of scheduling considering the spec impact, UE complexity and performance.


Proposal 12: Study whether/how to support FDM transmissions for in-COT operation in the way of scheduling considering the spec impact, UE complexity and performance.


Proposal 13: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission.

· FFS positions of the candidate PSFCH occasions.


 REF p14 \h 

Proposal 14: If a UE determines the duration in time domain and the location in frequency domain of a remaining COT initiated by COT initiator, the UE may switch from Type 1 channel access procedures to Type 2A channel access procedures for its (pre-)configured PSFCH transmission(s) within the determined resources of the remaining COT.


 REF p15 \h 

Proposal 15: Support PSFCH resources are dynamically indicated by the COT initiator.



 REF p16 \h 

Proposal 16: Support repetition of S-PSS/S-SSS/PSBCH in frequency domain to meet OCB and PSD requirement for S-SSB transmission.



 REF p17 \h 

Proposal 17: S-PSS/S-SSS/PSBCH can be repeated 2 times in frequency domain with a gap between S-PSS/S-SSS/PSBCH and its repetition to meet OCB requirement, where the length of gap can be (pre-)configured per SCS.
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Appendix 1 
Table 1. Summary of evaluation configurations for indoor scenario at 5GHz
	Layout for nodes
	Layout dimensions: 120mx80m
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a=20 meters, b=40 meters, c=20 meters, and d=40 meters

	Carrier frequency 
	5GHz

	Carrier Channel Bandwidth
	20MHz baseline

	Number of carriers
	1

	Number of users per operator
	Operator 1 (NR-U/WiFi): 5 UEs/STAs associated per each gNB/AP per 20 MHz.

Operator 2 (SL-U pairs): 5 pairs of UEs per 20 MHz.

	SCS
	30KHz

	Channel Model
	NR InH Mixed Office model

	BS/AP Tx Power
	23dBm 

	NR-U UE/STA Tx Power
	18dBm

	SL-U UE Tx Power
	18dBm

	BS/AP Antenna gain
	0 dBi   

	UE/STA Antenna gain
	0 dBi

	BS/AP Noise Figure
	5dB

	UE/STA Receiver Noise Figure
	9dB

	Minimum received power from serving cell for NR-U UE dropping
	-82dBm

	SL-U pairing RSRP threshold
	-82dBm

	Max COT length
	6ms

	UE receiver
	MMSE-IRC 

	BS/AP antenna Array configuration
	(M, N, P, Mg, Ng)  = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

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

	Traffic model
	Use 36.889 Table A.1.1. 

Note: Results based on the mixed traffic models can be used to determine the design.

	UE/STA to UE/STA link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability

	gNB to gNB link pathloss model
	Directly use InH office pathloss model with proper d_3D with indoor mixed office LOS probability
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