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Introduction
After discussion in the meetings from RAN1 #109-e [1] to RAN1 #112 [5], 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
· Power control mechanism
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.
Discussions 
SL bandwidth part and resource pool
The remaining issue for SL BWP and RP is the usage of PRBs within the intra-cell guard band between two adjacent RB sets. In RAN1 #111, the following proposal was discussed but not agreed due to limit time:
	[bookmark: _Hlk115100903]Proposal 1-1
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· For interlaced RB based transmission, the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets.
· PRBs within intra-cell guard band are not used for PSFCH/S-SSB transmission



We support the above proposal on the usage of PRBs within intra-cell guard band b/w two adjacent RB sets. The reason is detailed below.
In NR-U, 10 and 5 interlaces are supported for 15kHz and 30kHz SCS, respectively. The interlace is indexed periodically from 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.
[bookmark: p1]Proposal 1: Confirm the 1st bullet of Proposal 1-1: for interlaced RB based transmission, 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.
[image: ]
Figure 1. An illustration of interlace indexing within multi-RB sets
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)
[bookmark: p2]Proposal 2: Confirm the 2nd bullet of Proposal 1-1: the PRB(s) within the intra-cell guard band are not used for PSFCH/S-SSB transmission.
Slot Structure
The following working assumption were achieved in RAN1 #112 regarding the TBS determination for the case of two candidate starting symbols within a slot.
	Working assumption
If a resource pool includes slots with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· [bookmark: OLE_LINK112]At least for COT initiation, TBS is determined based on a reference number of symbols as follows:
· Option 4: The reference number of symbols is determined by (pre-)configuration
· FFS: value range
· [bookmark: OLE_LINK120][bookmark: OLE_LINK156]FFS: whether a different reference number of symbols is needed for transmission in a shared COT



Besides, the following agreements were achieved in RAN1 #111 regarding to the behaviour of Tx and Rx UE towards to AGC symbol for a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
	[bookmark: OLE_LINK108][bookmark: OLE_LINK109]Agreement
[bookmark: OLE_LINK44][bookmark: OLE_LINK107]For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission:
· Regarding Tx UE behaviour:
· [bookmark: OLE_LINK45][bookmark: OLE_LINK36][bookmark: OLE_LINK35]If PSCCH/PSSCH transmission starts from 1st starting symbol, down-select one of the followings
· [bookmark: OLE_LINK34]Option 1: The PSCCH/PSSCH transmission has 2 symbols for AGC purpose
· [bookmark: OLE_LINK43]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


1      
2      
2.1     
2.2     

TBS determination
When additional starting symbol(s) is(are) introduced within a slot, the determination of TBS size need to be further solved. Based on the agreement, a (pre-)configured reference number of symbols can be used to determine the TBS. From our perspective, a (pre-)configured TBS is more suitable than a dynamically indicated TBS considering the channel access may finished immediately before the starting symbol, the dynamically indicated TBS may introduce a critical challenge for UE processing capability to prepare another TB during an extreme limit duration.
[bookmark: p3]Proposal 3: Confirm the working assumption on the TBS determination.
· At least for COT initiation, TBS is determined based on a reference number of symbols as follows:
· Option 4: The reference number of symbols is determined by (pre-)configuration
Next, for the value range of the TBS, with the assumption of two candidate starting symbols within a slot, there may exist the following three options from our perspective:
· Option 1: The reference symbol length is determined based on 1st starting symbol (i.e., a full-slot TB based on symbol #0)
· Option 2: The reference symbol length is determined based on 2nd starting symbol (i.e., a partial-slot TB based on symbol #7)
· Option 3: The reference symbol length is determined based on another (pre-)configured value other than the reference symbol lengths counted from the 1st and 2nd starting symbol.
From our point of view, Option 1 is a simple way of TBS determination for both cases of outside COT and inside COT. While Option 2 will degrade system throughput and result in a low spectrum efficiency if the TBS is determined based on a shorter symbol length for the case that the transmission is started from the 1st starting symbol.
[bookmark: p4]Proposal 4: For the case of more than one candidate starting symbol within a slot, UE always prepares one TB for each slot, where the TBS is determined based on symbol #0.
The concern for TBS determination based on symbol #0 may mainly from the potential high coding rate if the transmission is started from the 2nd starting symbol. For this issue, we think a repetition of a sub-set of the full-slot TB can be transmitted from the 2nd starting symbol instead of transmitting an individual full-slot TB. As an example shown in Figure 2, the first N symbols of the full-slot TB can be transmitted for the case that the channel access is finished before the starting symbol(s) other than the 1st starting symbol within a slot.
[image: ]
Figure 2. Repetition transmission from the 2nd starting symbol if the channel access is finished before the starting symbol(s) other than the 1st starting symbol within a slot.

[bookmark: o1][bookmark: OLE_LINK118][bookmark: OLE_LINK121][bookmark: OLE_LINK116]Observation 1: For the case of two candidate starting symbols within a slot, 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.
[bookmark: OLE_LINK123]For the last FFS on whether a different reference number of symbols is needed for transmission in a shared COT, we think a full-slot TB (i.e., TBS determined by symbol #0) is essential for transmission in a shared COT. Therefore, for both outside and inside COT, a full-slot TB can be prepared.
[bookmark: p5]Proposal 5: For the transmission in a shared COT, the same reference number of symbols for TBS as for that in the case of COT initiation shall be used.
Based on the above observations, we have the following proposal.
[bookmark: p6]Proposal 6: A full-slot TB (i.e., TBS determined by symbol #0) is prepared for both outside and inside COT.
· For outside COT
· If the channel access is finished before the 1st starting symbol within a slot, a full-slot TB is transmitted.
· If the channel access is finished before the starting symbol(s) other than the 1st starting symbol within a slot, a repetition of a sub-set of the full-slot TB is transmitted.
· For inside COT
· For UE sharing the COT, a full-slot TB is transmitted from the 1st starting symbol within a slot

UE behaviour
[bookmark: OLE_LINK41]For PSCCH/PSSCH transmission starts from 1st starting symbol, regarding Tx UE behavior, we have the following analysis on the agreed options.
· 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
The main consideration for Option1 is for the case that one transmission may start from the 1st starting symbol in the focused channel (e.g., channel #0), while the other transmission(s) on the adjacent one or multiple channel(s) (e.g., channel #1/#2/#3) may start from the 2nd starting symbol. Thus, the received signal power on the focused channel (e.g., channel #0) may be impacted and corresponding, a 2nd AGC symbol maybe needed. However, from our perspective, we don’t think the second AGC is necessary in this case with the following observations:
· The spectrum efficiency will be degraded if a 2nd AGC symbol is introduced.
· The power impact from the adjacent channel(s) is limit (e.g., max to 6dB for a max of 80MHz BW assumption), thus there is no need to adjust the AGC on the 2nd starting symbol.
· Considering WiFi is an asynchronization system, the AGC issue may always exist on unlicensed spectrum.
· For the transmission started from the 1st starting symbol, the AGC gain will be reduced if a 2nd AGC symbol is used on the 2nd starting symbol.
· Phase jump issue maybe occurred if AGC is readjusted on the 2nd starting symbol.
Based on the above observations, Option 1 is not preferred while Option 2 is preferred.
[bookmark: p7][bookmark: OLE_LINK46]Proposal 7: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, regarding Tx UE behavior, if PSCCH/PSSCH transmission starts from 1st starting symbol, Option 2 is supported.
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
For PSCCH/PSSCH transmission starts from 1st starting symbol, regarding Rx UE behavior, first of all, a mandatory way of monitoring two AGC symbols is unreasonable from our side. For example, if two AGC starting symbol are used for one AGC purpose (e.g., repetition manner), it is necessary for the Rx UE to monitor only one of the two AGC symbols. Therefore, Option A and Option B are not preferred. For Option C and Option D, we do not have strong preference. Option D is a more high-level description while Option C can be regarded as a specific solution covered by Option D. From that point of view, Option D is slightly preferred.
[bookmark: p8]Proposal 8: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, regarding Rx UE behavior, Option D is supported.
· It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot.
Enhancement between LBT end and starting symbol
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.

Figure 3. Normalized SL-U UPT performance against slot-based access to show the gain introduced by additional starting symbols within a slot
[bookmark: o2]Observation 2: 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.
However, in RAN1 #110b-e, the WA of supporting maximum 2 candidate starting symbols within a slot for PSCCH/PSSCH transmission was made 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 in case of COT losing.
[bookmark: p9]Proposal 9: For the case of two candidate starting symbols within a slot, enhancement is needed between the end of the channel access procedures and the start of SL-U transmission to retain the channel.
PSCCH/PSSCH Channel Structure
For PSCCH/PSSCH channel structure, we achieved agreement on the issue of sub-channel indexing for both IRB and CRB based transmission in RAN1 #111. Additionally, in RAN1 #110b-e, we also had an agreement to further study whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, which is also copied below.
	RAN1 #112
Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U:
· [bookmark: OLE_LINK128][bookmark: OLE_LINK129]Regarding mapping between sub-channel and interlace, 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
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: how to deal with the remaining PRBs, e.g., for meeting OCB requirements
RAN1 #110b-e
[bookmark: OLE_LINK124]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
· [bookmark: _Hlk118568697]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


2.3     
IRB based transmission
For the issue of sub-channel indexing in IRB based transmission, Option 1 is agreed in the last meeting.
· Option 1: Regarding mapping between sub-channel and interlace, 1 sub-channel is defined and indexed within 1 RB set, and is periodically indexed across different RB sets within the resource pool
Additionally, from our understanding to the current agreement on sub-channel indexing for IRB based transmission, the sub-channel indexing on the PRBs/interlace within the intra-cell guard band is not clear. Besides, the sub-channel is defined within one resource pool regarding the current agreement. But per agreement in RAN1 #109-e, one SL BWP can be (pre-)configured to include one or multiple SL resource pools. For the case that multiple SL resource pools are included in one SL BWP, the sub-channel indexing across different resource pool should also be figured out. To this end, the following issue of sub-channel indexing for IRB based transmission should be further investigated from our point of view.
· The sub-channel indexing on the PRBs within the intra-cell guard band
· The sub-channel indexing across different resource pools
For the 1st bullet mentioned above, as mentioned earlier, in legacy NR-U, the PRB(s) within the intra-cell guard band have the same interlace index(s) method as the PRBs for PSSCH transmission in these two RB sets wrapped around the intra-cell guard band. This principle should also be followed when sub-channel is indexed from interlace in SL-U.
[bookmark: p10]Proposal 10: For interlace RB-based transmission, the interlace(s) within the intra-cell guard band have the same sub-channel index(s) as the interlace(s) for PSSCH transmission in these two RB sets wrapped around the intra-cell guard band.
[bookmark: OLE_LINK24][bookmark: OLE_LINK37][bookmark: OLE_LINK38]For the 2nd bullet mentioned above, per current agreement on sub-channel indexing, it is bounded with the interlace index and is limited within one resource pool. For legacy NR-U, the interlace is defined within one BWP. But for SL, a new concept of resource pool is introduced. Therefore, we may need to reconsider the issue of interlace definition regarding the frequency range (e.g., per BWP and/or per resource pool). This issue may further impact the sub-channel indexing especially when sub-channel is indexed across multiple resource pools. To illustrate this issue, Figure 4 is given below, where one SL BWP consists of multiple SL RPs, and the sub-channel is indexed across multiple RPs. From our point of view, it can be divided into the following three options regarding the sub-channel and interlace indexing across multiple RPs. It should be noted that the terms of logical and physical in the following options are stated from the perspective of logical index and physical location, respectively.
· [bookmark: OLE_LINK39][bookmark: OLE_LINK160][bookmark: OLE_LINK161][bookmark: OLE_LINK148][bookmark: OLE_LINK150]Option 1: Interlace is defined within one SL BWP, and the 1st logical sub-channel index (i.e., sub-channel #0) is mapped from the 1st physical interlace index (the 1st interlace regarding physical location, i.e., interlace #2 in Option 1).
· [bookmark: OLE_LINK40][bookmark: OLE_LINK149]Option 2: Interlace is defined within one BWP and the 1st logical sub-channel index (i.e., sub-channel #0) is mapped from the 1st logical interlace index (i.e., interlace #0 in Option 2).
· [bookmark: OLE_LINK47]Option 3: Interlace is defined within one resource pool and the 1st logical sub-channel index (i.e., sub-channel #0) is mapped from the 1st physical interlace index (the 1st interlace regarding physical location, i.e., interlace #0 in Option 3) or the 1st logical interlace index (i.e., interlace #0 in Option 3).
[image: 日程表
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[bookmark: OLE_LINK23]Figure 4. Interlace and sub-channel indexing across different resource pools for IRB based transmission
A potential issue for Option 1 is that regarding a same sub-channel index, the UEs in different resource pools may have different understanding to the corresponding interlace index. For example, regarding sub-channel #0, the UE in RP0 may map it to interlace #0. While for the UE in RP1, it may map it to interlace #2. This misalignment on the sub-channel index may introduce collision when UE reserves resource especially on the RB set overlapped by different RPs. Due to this observation, we have the following proposal.
[bookmark: p11]Proposal 11: Study interlace and/or sub-channel indexing across different resource pools for IRB based transmission.
Additional to the above issue, the remaining main controversial issue for IRB based transmission may as follow:
· 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.
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 the current agreement on sub-channel indexing, the allocated resources for transmission can be indicated naturally through the indication of sub-channel index(s) and RB set index(s).
[bookmark: p12]Proposal 12: Regarding frequency domain resource indication for interlace 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 to avoid additional issues like increased PAPR, uneven power distribution, etc.
[bookmark: p13]Proposal 13: When more than one RB set is used for interlace RB-based transmission, support the used interlace index(s) in different RB sets are always the same as in legacy NR-U.
CRB based transmission
For the method of frequency domain resource indication in the case of CRB based transmission, one problem needs to be clarified. Considering the OCB requirement over unlicensed spectrum, when multiple consecutive RB sets are occupied, the OCB requirement of 80% is counted for the overall bandwidth. If FRIV method of legacy SL is reused, it may require a UE to occupy a much larger bandwidth to satisfy the OCB requirement. It may degrade the spectrum efficiency and not friendly to the FDM transmission for the other UE(s).
[bookmark: o3]Observation 3: Considering OCB requirement in the case of contiguous RB-based transmission, legacy SL resource indication method of FRIV may introduce complex issue especially when multi-RB sets are occupied.
[bookmark: p14]Proposal 14: For SL-U, contiguous RB-based transmission is only applicable when OCB requirement is not required.
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 RB set configuration. We think the related use cases are quite common and essential. 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/RedCap 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 RB set configuration, it may also exist some devices under the mode of power saving only receive the transmission over a specific/limited RB set(s). 
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.
[bookmark: p15]Proposal 15: SL-U should support the case where UEs with different bandwidth configuration 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 collision 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. 
During RAN1#111 meeting, we notice some proposals are given towards this issue. From our point of view, the following 4 options in Figure 5 can be summarized to reflect the corresponding solutions:
[image: ]
Figure 5: Resource pool configurations for wide-bandwidth UE
To support UE w/ different bandwidth configuration (e.g., a wide-BW UE and a narrow-BW UE) can communicate with each other in the same RP, the RP configuration and PSCCH transmission of wide-BW UE can have the following candidate options
· Option 1: One wide-BW RP is configured, where PSCCH of wide-BW UEs can locate in each RB set within the wide-BW RP
· Option 2: Two RPs w/ different BWs are configured w/ overlapping, where PSCCH of wide-BW UEs locates in the common narrow-BW RP (i.e., RP #1)
· Option 3: Two RPs w/ different BWs are configured w/o overlapping, where PSCCH of wide-BW UEs locates in the narrow-BW RP (i.e., RP #1)
· Option 4: Multiple RPs w/ narrow-BW are configured w/o overlapping, where PSCCH of wide-BW UEs locates in the narrow-BW RP (i.e., RP #0, #1, #2, or #3)
For option 1, one wide-bandwidth RP is configured for wide-bandwidth UE and narrow-bandwidth UE. The PSSCH of wide-bandwidth UE may occupy all or several RB sets within the resource pool, and the PSSCH of narrow-bandwidth UE may occupy one or several RB set(s) within the resource pool. In this case, the PSCCH transmission of wide-bandwidth UE can locate in each RB set of the corresponding PSSCH within the wide-bandwidth RP to make the resource reservation information is always available for the narrow-bandwidth UE. Besides, the diversity gain can be harvested for this option if the PSCCH is repeated in each RB set of the corresponding PSSCH.
For option 2, two RPs w/ different BWs are configured w/ overlapping, where a narrow-bandwidth RP (e.g., RP #1) is configured as a common RP for all UEs. The PSSCH of wide-bandwidth UE may occupy all or several RB sets within the resource pool, and the PSSCH of narrow-bandwidth UE only occupies the common narrow-bandwidth RP. In this case, the PSCCH transmission of all wide-bandwidth UE(s) shall locate on the common narrow-RP to make the resource reservation information is always available for the narrow-bandwidth UE. However, this option may result in heavy collision issue if the PSCCH of all UEs, actually including both wide-bandwidth and narrow-bandwidth UEs, are located on a same bandwidth.
For option 3, two RPs w/ different BWs are configured w/o overlapping, where one is wide-bandwidth RP (i.e., RP#0) and another is narrow-bandwidth RP (i.e., RP #1). The PSSCH/PSCCH of wide-bandwidth UE may occupy wide-bandwidth RP (i.e., RP#0) or narrow-bandwidth RP (i.e., RP #1), and the PSSCH/PSCCH of narrow-bandwidth UE only occupies narrow-bandwidth RP (i.e., RP #1). In this case, if the wide-bandwidth UE want to communicate w/ the narrow-bandwidth UE, Both PSSCH and PSCCH of wide-bandwidth UE should locate on the narrow-bandwidth RP (i.e., RP #1). However, in this option, the PSCCH/PSSCH transmission of wide-bandwidth UE (even w/ large traffic) may be limited on the narrow-bandwidth RP (i.e., RP #1), while the wide-bandwidth RP (i.e., RP #0) is wasted in this case, which will degrade the spectrum efficiency.
For option 4, Multiple RPs w/ narrow-BW are configured w/o overlapping. The PSSCH/PSCCH of both wide-bandwidth and narrow-bandwidth UE may occupy one of the narrow-bandwidth RP. Within any narrow-bandwidth RP, the resource reservation information of wide-bandwidth UE is always available for the narrow-bandwidth UE. However, from our point of view, too many individual narrow-bandwidth RP will also reduce the spectrum efficiency and the peak data rate considering the RBs within inter-RP guard band can never be used. 
Additionally, in our opinion, the motivation here is that narrow-bandwidth UE can acquire the resource reservation information of the wide-bandwidth UE through the PSCCH within the RB set occupied by the narrow-bandwidth UE. From that point of view, introducing additional RP w/ risk of degrading the spectrum efficiency (i.e., Option 3 and Option 4) are not preferred.
[bookmark: o4][bookmark: OLE_LINK162]Observation 4: Considering the collision ratio, spectrum efficiency and peak data rate, PSCCH located in each RB set is desirable to enable UEs with different bandwidth configuration can use the same resource pool to communicate with each other.
Furthermore, for option 1, it may further exist two sub-options when PSCCH locates in each RB set of corresponding PSSCH:
· Sub-option 1-1: One PSCCH is transmitted in each RB set of the corresponding PSSCH (i.e., one PSCCH across multiple RB sets).
· Sub-option 1-2: 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 1-2 is preferred considering Option 1-2 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. Besides, the diversity gain can also be harvested by Option 1-2 and the transmission opportunity is also increased in Option 1-2 considering the uncertainty of LBT over unlicensed spectrum.
[bookmark: p16]Proposal 16: Support PSCCH is repeated in each RB set of the corresponding PSSCH.
PSFCH and SL-HARQ
The following agreements were achieved in RAN1 #112 regarding time domain enhancement for PSFCH and SL-HAQR transmission:  
	[bookmark: OLE_LINK140]Agreement
To address PSFCH transmission dropping due to LBT failure:
· [bookmark: OLE_LINK141][bookmark: OLE_LINK142]Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission
· Down-select one or support both of the followings
· Option 1: Such PSFCH occasion(s) are (pre-)configured
· [bookmark: OLE_LINK143]Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated
· FFS applicable scenarios, e.g., considering the applicability of COT sharing, MCSt, etc. 
· FFS other details



From our point of view, both (pre-)configured and dynamically indicated PSFCH occasion(s) can be supported for SL-U.
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, which is also the motivation to support more than 1 PSFCH occasion per PSCCH/PSSCH transmission.
Additionally, the resource(s) for PSFCH transmission can also be dynamically indicated. In our understanding, it means the COT initiator can dynamically indicate the resource(s) for PSFCH transmission within an initiated COT. In this way, a Type 2 (e.g., Type 2C) 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.
[bookmark: p17]Proposal 17: Support more than one 1 PSFCH occasion per PSCCH/PSSCH transmission.
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated.
In NR-U, UE may switch from Type 1 channel access to Type 2A channel access for its transmission when satisfying the following conditions [5]:
	TS 37.213 Section 4.2.1.0.0
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:
[bookmark: p18]Proposal 18: 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 intended PSFCH transmission(s) within the determined resources of the remaining COT.
· FFS details (e.g., ID information, CAPC level)
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.
[bookmark: o5]Observation 5: 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.
S-SSB and synchronization
For the part of S-SSB and synchronization, the following agreements were achieved in RAN1 #112:
	[bookmark: OLE_LINK17][bookmark: OLE_LINK18]RAN1 #112
Agreement
For S-SSB transmission within 1 RB set, down-select to one or more of the following for 15 kHz and 30 kHz SCS:
· [bookmark: OLE_LINK13]Option 1-1: Using interlaced RB transmission for all of S-PSS/S-SSS/PSBCH
· FFS: whether/how to handle the case when each interlace has only 10 PRBs in a RB set, e.g. whether 1 or 2 interlaces will be used for S-SSB
· [bookmark: OLE_LINK153]Option 3-1: Transmit S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement
· [bookmark: OLE_LINK144]FFS details, e.g., the length of gap between repetitions is (pre-)configured or pre-defined, value of N (e.g., N=2), how to reduce PAPR, etc.
· FFS gap of 0
· [bookmark: OLE_LINK14]Option A: Apply OCB exemption to all of S-PSS/S-SSS/PSBCH
· Continue studying how to meet the minimum 2 MHz requirements under 15 kHz SCS.
Agreement
Down-select one or support both of the followings:
· Option 1: Additional candidate S-SSB occasions are excluded from resource pool
· Option 2: Additional candidate S-SSB occasions belong to resource pool
· Note: Companies are encouraged to consider aspects including: S-SSB resource overhead, Tx/Rx UE behavior (e.g., whether any blind detection in Option 2), applicable scenarios, etc.
Agreement
RAN1 further study the followings:
· Whether/how to maintain a COT when the COT contains multiple RB sets and includes S-SSB slot(s), e.g., whether to transmit S-SSB repetitions in more than one RB set, etc.



2.4     
2.5     
Additionally, we also have the agreement on the configuration and transmission of additional candidate S-SSB occasion(s) in RAN1 #111:
	RAN1 #111
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
· [bookmark: OLE_LINK32]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
[bookmark: OLE_LINK12]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)
· [bookmark: OLE_LINK11]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



S-SSB transmission in time domain
[bookmark: OLE_LINK28][bookmark: OLE_LINK33][bookmark: OLE_LINK31]Regarding the number configuration of additional candidate S-SSB occasion(s), it is agreed that both Type 2A and Type 1 channel access with  are applicable for S-SSB transmission from a UE without a shared COT, which actually guarantee the highest priority of S-SSB transmission from the perspective of channel access procedures. Therefore, from our point of view, we think it is it is unnecessary to (pre-)configure a very large number of additional candidate S-SSB occasion(s). Each R16/R17 NR SL S-SSB has one corresponding additional candidate S-SSB occasion is preferred from the perspectives of both channel access and spectrum utilization.
[bookmark: o6][bookmark: OLE_LINK9][bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK20]Observation 6: Considering a relaxed channel access (i.e., Type 2A and Type 1 channel access with ) is applicable for S-SSB transmission from a UE without a shared COT, one additional candidate S-SSB occasion for each R16/R17 NR SL S-SSB is suitable from the perspectives of both channel access and spectrum efficiency.
Regarding the location configuration of additional candidate S-SSB occasion(s), we think the concept of discovery burst transmission in legacy NR-U copied below can be reused to relax the channel access procedure for a UE to transmission S-SSB signal. 
	TS 37.213 Cause 4.0
· A UL transmission burst is defined as a set of transmissions from a UE without any gaps greater than 16μs. Transmissions from a UE separated by a gap of more than 16μs are considered as separate UL transmission bursts. A UE can transmit transmission(s) after a gap within a UL transmission burst without sensing the corresponding channel(s) for availability. 


Following the principle of transmission burst in legacy NR-U, a S-SSB transmission burst including both legacy R16/R17 NR SL S-SSB occasion(s) and corresponding additional candidate SL S-SSB occasion(s) are preferred. An example is given in Figure 6 to reflect the above idea.
[image: ]
Figure 6. SL-U S-SSB transmission burst including both legacy S-SSB and additional candidate S-SSB occasion(s)
[bookmark: p19]Proposal 19: Each R16/R17 S-SSB has one additional candidate S-SSB occasion arranged in a transmission burst.
Regarding the transmission on the additional candidate S-SSB occasion(s), it is preferred to transmit on the additional candidate S-SSB occasion to gain a power boosting and increase the coverage. To this end, Alt 2 is supported.
[bookmark: p20][bookmark: OLE_LINK21]Proposal 20: Regarding additional candidate S-SSB occasions, in the same S-SSB period, 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).
[bookmark: OLE_LINK19]Regarding the relation between additional candidate S-SSB occasion(s) and resource pool, the motivation of introducing additional candidate S-SSB occasion(s) into the resource pool may from the point of spectrum efficiency. As mentioned before, due to relaxed channel access procedures for S-SSB transmission without a shared COT, only one additional candidate S-SSB occasion is suitable from the perspectives of both channel access and spectrum utilization. Besides, the limit legacy R16/R17 S-SSB occasion(s) per 160ms period (e.g., only 1 for 15kHz and 1/2 for 30kHz) also enjoy a low overhead. Therefore, from our perspective, it will not have large impact on the resource overhead of S-SSB for the case that additional candidate S-SSB occasion is excluded from resource pool. On the contrary, introducing additional candidate S-SSB occasion(s) into the resource pool may introduce additional complex issue like the pattern of additional candidate S-SSB (e.g., 1-slot pattern or 4-symbol pattern) if it is multiplexed with data, the location design of the additional candidate S-SSB with consideration of the location of control signal. Specifically, additional the blind detection of control signal, it may further introduce blind detection of S-SSB if the additional candidate S-SSB occasion(s) is included in the resource pool.
[bookmark: o7]Observation 7: If additional candidate S-SSB occasion(s) belong to resource pool, blind detection issue for S-SSB will be additionally introduced on the basis of the blind detection of control signal.
Based on the above observations, we have the following proposal:
[bookmark: p21]Proposal 21: Support additional candidate S-SSB occasion(s) are excluded from resource pool.
S-SSB transmission in frequency domain
Regarding current options for S-SSB transmission to meet OCB requirement, our perspectives are as follows:
For Option 1-1, interlaced RB based transmission is used for all of S-PSS/S-SSS/PSBCH, which is not a suitable solution from our perspective with the following considerations:
· Interlace RB-based transmission is required for all of S-PSS/S-SSS/PSBCH in Option 1-1, which is actually cannot be used for 60kHz SCS and thus a unified design of S-SSB transmission for all SCSs of 15/30/60 kHz cannot be achieved. 
· The uncertainty number of PRB contained within one interlace also bring the issue that different S-SSB occasions may need to occupy different number of interlace. For example, for the case that one interlace contains 11 PRBs, S-SSB can be arranged in one interlace. While 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; decrease the power of S-SSB transmission; and make the design more complex. 
· The correlation performance of S-PSS/S-SSS will be degraded if interlace RB based transmission is used due to the non-contiguous distribution in frequency domain. A simulation result is attached below to illustrate this issue. The S-PSS sequence is used in the simulation and the FFT size is set as 1024. It can be observed from Figure 7 that compared with the original S-PSS (i.e., contiguous S-PSS in frequency domain), a number of sidelobes with a similar peak power as the main lobe are introduced for the case of IRB based S-PSS transmission, which may further degrade the performance of system synchronization.
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Figure 7. Correlation performance of IRB based S-PSS transmission
[bookmark: o8]Observation 8: IRB based transmission is not suitable for S-PSS/S-SSS since non-contiguous distribution of S-PSS/S-SSS in frequency domain will degrade the correlation performance.
For Option A of applying OCB exemption to all of S-PSS/S-SSS/PSBCH, which is also not a suitable solution due to the following considerations:
· [bookmark: OLE_LINK15][bookmark: OLE_LINK16]15KHz issue: For 15kHz SCS, legacy S-SSB is about 1.98 MHz and 1.905 MHz for PSBCH and S-PSS/S-SSS, respectively, thus cannot meet the requirement of 2MHz OCB exemption and a new S-SSB pattern is needed. Therefore, a unified design for all SCSs of 15/30/60 kHz cannot be achieved.
· Coverage issue: Considering PSD limit on unlicensed spectrum (e.g., 10dBm/MHz), the coverage will be very low if OCB exemption is used (e.g., 13dBm trans power for 2MHz BW).
· “Temporary” issue: From our point of view, it is very hard for RAN1 to achieve consensus on the meaning of “temporary”, e.g., whether 1 slot or N symbol(s) is considered as “temporary”.
· NR-U: No OCB exemption in NR-U spec., i.e., SSB is multiplexed with data up to gNB implementation.
[bookmark: o9]Observation 9: S-SSB enhancement to meet OCB requirement is necessary from RAN1 perspective, and the OCB exemption for S-SSB can be optional up to regulation.
On the other hand, repetition of S-PSS/S-SSS/PSBCH is a much simpler and effective way to satisfy the OCB and PSD requirement for all SCSs of 15/30/60 kHz and also has less spec impact. Additionally, the coverage and reliability can also be improved by the repetition of S-SSB in frequency domain. From this point of view, repetition of S-PSS/S-SSS/PSBCH is preferred from our side. In addition, considering a unified design to meet OCB requirement for PSBCH/S-PSS/S-SSS, and also considering the correlation property of S-PSS, Option 3-1 is more preferred.
[bookmark: p22]Proposal 22: Regarding OCB requirement for S-SSB transmission, Option 3-1 below is supported.
· [bookmark: OLE_LINK154]Option 3-1: Transmit S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement.
The remaining issues for Option 3-1 could be the configuration on transmission time N and gap length L between repetition(s). Considering the PSD limit for unlicensed spectrum (e.g., 10 dBm/MHz), the transmission power of S-SSB should be considered when designing the value of N and L. From our perspective, it is preferred that the coverage range of synchronization signal in SL-U should not be degraded much compared to the S-SSB transmission in legacy SL. Therefore, it is slightly intended to have a S-SSB pattern with a large bandwidth within one RB set to gain a high transmission power.
[bookmark: o10][bookmark: OLE_LINK155]Observation 10: For the configuration on transmission time N and gap length L, a high transmission power of synchronization signal is desirable to achieve a comparable coverage range as that in legacy SL.
Correspondingly, we give an example on the configuration of transmission time N and gap length L regarding to different SCS in Table 1.
Table 1. The configuration on repetition time N and gap length L regarding S-SSB repetition in frequency domain
	[bookmark: _Hlk131509249]SCS (kHz)
	80% of LBT channel
	Transmission time N
	Gap length L (RB)
	Total BW (RB)
	OCB of PSBCH
	OCB of S-PSS/S-SSS

	15
	88.9 RB
	9
	0
	99
	0.891
	0.88725

	30
	44.4 RB
	4
	2
	50
	0.9
	0.8925

	60
	22.2 RB
	2
	2
	24
	0.864
	0.849


Based on the above observation, we have the following proposal for S-SSB repetition method in frequency domain regarding OCB requirement:
[bookmark: p23]Proposal 23: For Option 3-1, the S-SSB transmission time N and gap length L can be configured as follows:
· SCS = 15 kHz: N = 9, L = 0
· SCS = 30 kHz: N = 4, L = 2
· SCS = 60 kHz: N = 2, L = 2
The potential concern for S-SSB repetition in frequency domain may be the increment of PAPR. From our point of view, there actually exists several solutions to combat the high PAPR issue caused by repetition in frequency domain. For example, a phase adjustment mechanism, scrambling method, and cyclic shift method can be applied among repetitions to alleviate the increased PAPR when S-SSB is repeated in frequency domain. Regarding this issue, the following simulation results are provided to evaluate the performance of PAPR regarding different repetition times in the following three cases:
· Case 1: PAPR of the signal before repetition
· Case 2: PAPR of the signals after repetition(s) w/o phase adjustment mechanism
· Case 3: PAPR of the signals after repetition(s) w/ phase adjustment mechanism
In Figure 8 and Figure 9, PSBCH and S-PSS signals are used, respectively, as an example to evaluate the PAPR performance under the above three cases. It can be observed for both PSBCH signal and S-PSS signal, phase adjustment among repetitions can be used to reduce the PAPR increment when sequence is repeated in frequency domain. 

Figure 8. PAPR performance for PSBCH signal under Case 1/2/3

Figure 9. PAPR performance for S-PSS signal under Case 1/2/3
[bookmark: o11]Observation 11: Phase adjustment mechanism can be used to reduce PAPR regarding S-SSB repetition in frequency domain.
Additionally, regarding the S-SSB transmission when COT contains multiple RB sets, e.g., whether to transmit S-SSB repetitions in more than one RB set. From our perspective, it is not preferred due to the following considerations:
· The power of S-SSB on each RB set will be decreased considering the total power (e.g., 23dBm) will be split into multiple RB sets, which will further introduce synchronization error for Rx UE due to the power variance of the received S-SSB signal.
· S-SSB transmission across multiple RB sets will introduce additional issues and spec work like OCB calculation, multi-channel access, etc.
With the above consideration, we have the following proposal:
[bookmark: p24]Proposal 24: The transmission of S-SSB on frequency domain should be restrained within one RB set.
Power control mechanism
Similar to OCB requirement, PSD limit (e.g., 10dBm/MHz) for the transmission over unlicensed spectrum is also mandatory in some regions. That may have additional impact on the power control mechanism for legacy SL, which is actually not take the PSD limit into consideration. For example, for the requirement of max PSD not larger than 10dBm/MHz, only when 20MHz is occupied, the Tx power can be up to 23dBm. Otherwise, it should be less than 23dBm. From this point of view, the power control mechanism for SL-U should take the PSD limit into consideration.
[bookmark: p25]Proposal 25: The power control mechanism for SL-U should take the PSD limit into consideration.
Summary
Observation 1: For the case of two candidate starting symbols within a slot, 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.
Observation 2: 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.
Observation 3: Considering OCB requirement in the case of contiguous RB-based transmission, legacy SL resource indication method of FRIV may introduce complex issue especially when multi-RB sets are occupied.
Observation 4: Considering the collision ratio, spectrum efficiency and peak data rate, PSCCH located in each RB set is desirable to enable UEs with different bandwidth configuration can use the same resource pool to communicate with each other.
Observation 5: 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.
Observation 6: Considering a relaxed channel access (i.e., Type 2A and Type 1 channel access with ) is applicable for S-SSB transmission from a UE without a shared COT, one additional candidate S-SSB occasion for each R16/R17 NR SL S-SSB is suitable from the perspectives of both channel access and spectrum efficiency.
Observation 7: If additional candidate S-SSB occasion(s) belong to resource pool, blind detection issue for S-SSB will be additionally introduced on the basis of the blind detection of control signal.
Observation 8: IRB based transmission is not suitable for S-PSS/S-SSS since non-contiguous distribution of S-PSS/S-SSS in frequency domain will degrade the correlation performance.
Observation 9: S-SSB enhancement to meet OCB requirement is necessary from RAN1 perspective, and the OCB exemption for S-SSB can be optional up to regulation.
Observation 10: For the configuration on transmission time N and gap length L, a high transmission power of synchronization signal is desirable to achieve a comparable coverage range as that in legacy SL.
Observation 11: Phase adjustment mechanism can be used to reduce PAPR regarding S-SSB repetition in frequency domain.
Proposal 1: Confirm the 1st bullet of Proposal 1-1: for interlaced RB based transmission, 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.
Proposal 2: Confirm the 2nd bullet of Proposal 1-1: the PRB(s) within the intra-cell guard band are not used for PSFCH/S-SSB transmission.
Proposal 3: Confirm the working assumption on the TBS determination.
· At least for COT initiation, TBS is determined based on a reference number of symbols as follows:
· Option 4: The reference number of symbols is determined by (pre-)configuration
Proposal 4: For the case of more than one candidate starting symbol within a slot, UE always prepares one TB for each slot, where the TBS is determined based on symbol #0.
Proposal 5: For the transmission in a shared COT, the same reference number of symbols for TBS as for that in the case of COT initiation shall be used.
Proposal 6: A full-slot TB (i.e., TBS determined by symbol #0) is prepared for both outside and inside COT.
· For outside COT
· If the channel access is finished before the 1st starting symbol within a slot, a full-slot TB is transmitted.
· If the channel access is finished before the starting symbol(s) other than the 1st starting symbol within a slot, a repetition of a sub-set of the full-slot TB is transmitted.
· For inside COT
· For UE sharing the COT, a full-slot TB is transmitted from the 1st starting symbol within a slot
Proposal 7: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, regarding Tx UE behavior, if PSCCH/PSSCH transmission starts from 1st starting symbol, Option 2 is supported.
· Option 2: The PSCCH/PSSCH transmission has only 1 symbol for AGC purpose
Proposal 8: For a slot with 2 candidate starting symbols for a PSCCH/PSSCH transmission, regarding Rx UE behavior, Option D is supported.
· It is up to UE implementation to monitor 1 or 2 AGC symbol(s) in such slot.
Proposal 9: For the case of two candidate starting symbols within a slot, enhancement is needed between the end of the channel access procedures and the start of SL-U transmission to retain the channel.
Proposal 10: For interlace RB-based transmission, the interlace(s) within the intra-cell guard band have the same sub-channel index(s) as the interlace(s) for PSSCH transmission in these two RB sets wrapped around the intra-cell guard band.
Proposal 11: Study interlace and/or sub-channel indexing across different resource pools for IRB based transmission.
Proposal 12: Regarding frequency domain resource indication for interlace RB-based transmission, support explicitly indicating the used sub-channel index(s) and RB set index(s).
Proposal 13: When more than one RB set is used for interlace RB-based transmission, support the used interlace index(s) in different RB sets are always the same as in legacy NR-U.
Proposal 14: For SL-U, contiguous RB-based transmission is only applicable when OCB requirement is not required.
Proposal 15: SL-U should support the case where UEs with different bandwidth configuration can use the same resource pool to communicate with each other.
Proposal 16: Support PSCCH is repeated in each RB set of the corresponding PSSCH.
Proposal 17: Support more than one 1 PSFCH occasion per PSCCH/PSSCH transmission
· Option 2: Such PSFCH occasion(s) are (pre-)configured and dynamically indicated
Proposal 18: 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 intended PSFCH transmission(s) within the determined resources of the remaining COT.
· FFS details (e.g., ID information, CAPC level)
Proposal 19: Each R16/R17 S-SSB has one additional candidate S-SSB occasion arranged in a transmission burst.
Proposal 20: Regarding additional candidate S-SSB occasions, in the same S-SSB period, 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).
Proposal 21: Support additional candidate S-SSB occasion(s) are excluded from resource pool.
Proposal 22: Regarding OCB requirement for S-SSB transmission, Option 3-1 below is supported.
· Option 3-1: Transmit S-PSS/S-SSS/PSBCH N times by repetition in frequency domain, and there is a gap between the repetition(s) to meet OCB requirement.
Proposal 23: For Option 3-1, the S-SSB transmission time N and gap length L can be configured as follows:
· SCS = 15 kHz: N = 9, L = 0
· SCS = 30 kHz: N = 4, L = 2
· SCS = 60 kHz: N = 2, L = 2
Proposal 24: The transmission of S-SSB on frequency domain should be restrained within one RB set.
Proposal 25: The power control mechanism for SL-U should take the PSD limit into consideration.
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Appendix 1 
Table 2. Summary of evaluation configurations for indoor scenario at 5GHz
	Layout for nodes
	Layout dimensions: 120mx80m
[image: ]
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




Avg. gain of UPT over per-UE offered load

Slot-based access (1 starting symbol)	11.200000000000001	14.000000000000002	16.8	19.600000000000001	23.520000000000003	1	1	1	1	1	Half-slot-based access (2 starting symbols)	11.200000000000001	14.000000000000002	16.8	19.600000000000001	23.520000000000003	0.9899117276166457	0.99579242636746146	0.99531981279251169	1.0566801619433199	1.1913357400722022	symbol-based access (multiple/14 starting symbols)	11.200000000000001	14.000000000000002	16.8	19.600000000000001	23.520000000000003	1.030264817150063	1.0168302945301544	1.0577223088923557	1.1234817813765183	1.4115523465703972	Per-UE offered load (Mbps)


Avg. gain




PSBCH signal

Case 1	
1	2	3	6	7.25	Case 2	
1	2	3	6	9.6	11.31	14.2	Case 3	
1	2	3	6	7.77	7.95	8.24	Transmission time N


PAPR (dB)




S-PSS signal

Case 1	
1	2	3	6	4.9000000000000004	Case 2	
1	2	3	6	7.5	9.3000000000000007	12.3	Case 3	
1	2	3	6	7.2	7.7	8.3000000000000007	Transmission time N


PAPR (dB)
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Opt 1: Interlace is defined within one BWP and logical sub-channel index is mapped from physical interlace index

sub-channel

Opt 2: Interlace is defined within one BWP and logical sub-channel index is mapped from logical interlace index

Opt 3: Interlace is defined within one RP and logical sub-channel index is mapped from physical/logical interlace index
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