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1      Introduction
According to the WID for SL enhancements [1], RAN1/RAN2/RAN4 will firstly study support of sidelink on unlicensed spectrum for both mode 1 and mode 2 where Uu operation for mode 1 is limited to licensed spectrum only.
After the discussion in meetings of RAN1 #109-e [2] and RAN1 #110 [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
The latest draft of the discussion on SL BWP and resource pool in RAN1 #110 (not agreed) was as follows:
	Proposal 1-1: For SL-U, PRBs within intra-cell guard band of two adjacent RB sets are used in the same way as R16 NR-U, i.e., such PRBs can only be used for transmission when UE’s LBT is successful on these two RB sets and the UE uses both of these two RB sets for transmission

· FFS which PHY channel/signal can use and how to use such guard band PRBs for transmission
Proposal 1-2: At least R16/R17 NR SL S-SSB slots are excluded from SL resource pool.

· Note: whether or not new S-SSB slots (if supported) are excluded from resource pool will be discussed after the details of new-SSB slots are clearer
Proposal 1-3: UE expects all slots of an unlicensed carrier can be used for SL-U transmission.
Proposal 1-4: Do not support one SL resource pool includes sub-set of PRBs of one RB set.


Proposal 1-1 is OK for us, in legacy NR-U, whether the PRBs within intra-cell guard band of two adjacent RB sets can be used for transmission can be divided into two cases:

· If the UE’s LBT(s) is(are) successful on these two RB sets and the UE uses both of these two RB sets for transmission, the PRBs within the intra-cell guard band can be used for transmission.

· Otherwise, the PRBs within the intra-cell guard band cannot be used for transmission

That means the utilization of PRBs within the intra-cell guard band is uncertain. From our point of view, it is not suitable for the transmission of PSCCH considering the potential increased complexity of UE blind detection. 
Proposal 1: Do not support PSCCH uses the PRBs within the intra-cell guard band of two adjacent RB sets.

Additionally, we want to clarify how to understand the draft “UE’s LBT is successful on these two RB sets” in Proposal 1-1? For example, does it mean one LBT sensing channel with 40 MHz to cover these two RB sets? Or does it mean two LBT sensing channels each with 20 MHz to cover these two RB sets? From our point of view, we think the latter understanding may be more suitable considering a LBT sensing channel larger than 20MHz is not introduced. So, we think it is better to clarify this point to reach a consensus.
Observation 1: In Proposal 1-1: “when UE’s LBT is successful on these two RB sets”, it is better to clarify the LBT is “one LBT with 40MHz”, or “two LBTs each with 20MHz”.
Proposal 1-2, 1-3, and 1-4 are OK for us.
2.2     Slot Structure

The latest draft of the discussion on SL-U slot structure in RAN1 #110 (not agreed) was as follows 
	Proposal 2-1: On whether/how to introduce additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission, at least the following candidates can be further studied

· Alt 2: There are two starting symbols within a slot for the PSCCH/PSSCH transmission

· 1st starting symbol index is M1, and 2nd starting symbol index is M2

· The starting symbol(s) are used for AGC purpose

· FFS other details, e.g., whether M2 is a fixed value or (pre-)configured, Tx/Rx UE behaviors, etc.

· Alt 3: There are two or more starting symbols within a slot 

· Tx UE only transmits PSSCH from starting symbols other than the 1st starting symbol

· FFS other details

· FFS other details, e.g., whether M1 is fixed as 0 or indicated by sl-StartSymbol as in R16 NR SL, applicable scenario, etc.
Proposal 2-1-2: For the case where there is only 1 starting symbol within a slot for the PSCCH/PSSCH transmission

· starting symbol index is M1

· FFS other details, e.g., whether M1 is fixed as 0 or indicated by sl-StartSymbol as in R16 NR SL, etc.
Proposal 2-2: When a UE starts transmission from either 1st or 2nd starting symbol (if supported), the transmission occupies all the rest symbols available for AGC/PSCCH/PSSCH transmission of a slot

· Further discuss which are the available symbols

· FFS whether the transmission can be extended to the next slot


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. 
Observation 2: The introduction of additional starting symbol(s) within a slot can improve the competitiveness of SL-U when it coexists with asynchronous systems like WiFi.
As for the number of additional starting symbol(s) introduced within a slot, we think the option of multiple starting symbols within a slot should be supported with the following considerations. First of all, there is no doubt that only with multiple starting symbols within a slot, SL-U can achieve a better channel access efficiency when it competes with other RATs, e.g., asynchronous WiFi system and/or NR-U system with multiple starting symbols within a slot. For only one or two starting symbols(s) within a slot, the performance of SL-U is still poor especially when the loading from WiFi and/or NR-U system is high. 
To illustrate this point, we conduct an evaluation to compare the performance of SL-U under three configurations of starting symbol within a slot as summarized below. NR-U can access the channel on multiple starting symbols 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 data repetition is used here after LBT is finished to achieve us-to-symbol-to-slot boundary alignment so that for multiple starting symbols within a slot, UE can access the channel at the end of the LBT procedure.
The average UPT of SL-U over different per-UE offered loads in the above three cases are provided in Figure 1. Additionally, in Figure 2, 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.
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Figure 1. Comparison of SL-U average UPT performance over per-UE offered load for differnet starting symbol configurations within a slot
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Figure 2. 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.
Proposal 2: Support multiple starting symbols within a slot.

For the case that SL-U UE can access the channel with multiple starting symbols within a slot, as an example shown in Figure 3, the transmission on the starting symbols within a slot may exist two options:

· Option 1: PSCCH can be transmitted on each starting symbol within a slot.

· Option 2: Only PSSCH (e.g., for AGC/combining purpose) can be transmitted on the starting symbols other than the 1st starting symbol within a slot.
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(a) Option 1: Each starting symbol within a slot can be used for PSCCH transmission
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(b) Option 2: The starting symbols within a slot can only be used for PSSCH transmission other than the 1st starting symbol

Figure 3: Transmission on multiple starting symbols with a slot
Option 1 will critically complicate UE implementation and consume more power due to the increased number of blind detection/decoding for PSCCH on each candidate symbol in the time domain. Therefore, Option 2 is preferred in the case of multiple starting symbols within a slot. Based on the above analysis, we have the following observation:
Observation 4: For multiple starting symbols with only PSSCH transmission from starting symbols other than the 1st starting symbol, the following benefits can be observed:
· Multiple starting symbols within a slot to achieve an equivalent competitiveness for SL-U compared with asynchronous RATs as WiFi.

· Only PSSCH (e.g., for AGC/combining purpose) transmission allowed on starting symbols other than the 1st starting symbol within a slot to reduce UE complexity and power consumption due to the blind detection/decoding of PSCCH.
Additionally, for Option 2, it depends on the UE capability/implementation to decide whether/how many data in the past (partial) slot can be buffered down. Based on the above observation, we have the following proposal:

Proposal 3: Support only PSSCH transmission (e.g., for AGC/combining purpose) on the starting symbols other than the 1st starting symbol in the case of multiple starting symbols within a slot.
Correspondingly, we think Proposal 2-2 should be revised to cover the case of multiple starting symbols within a slot.

Proposal 4: When a UE starts transmission from either the 1st or the other starting symbol(s), the transmission occupies all the rest available symbols of a slot.

·  Further discuss which are the available symbols.
2.3     PSCCH/PSSCH Channel Structure
For the part of PSCCH/PSSCH channel structure, the following agreements were achieved in RAN1 #110 meeting:  
	Agreement
For PSCCH and PSSCH in SL-U:

· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission

· 1 sub-channel equals K interlace

· FFS: whether K is fixed as 1 or (pre-)configured

· Discuss whether one or both of the following alternatives are supported

· Alt 1: 1 sub-channel is confined within 1 RB set

· Alt 2: 1 sub-channel spans 1 or multiple RB set(s) belonging to a resource pool

Agreement
For PSCCH and PSSCH resource indication in time/frequency domain:

· For time domain: R16 NR SL TRIV is reused as baseline

· For frequency domain: 
· further study sub-channel indexing and resource indication 
· FFS: whether any enhancement needed on R16 NR SL TRIV/FRIV if new feature is introduced in SL-U, e.g., multi-slot consecutive transmission


We achieved the agreement that for IRB based transmission, one sub-channel can be used as the granularity of frequency domain resource allocation for PSSCH transmission. It should be noted that the size of the sub-channel will also impact the resource allocation of PSCCH, e.g., whether PSCCH is always transmitted within 1 sub-channel considering that the max PRB number of PSCCH is 25. For example, if PSCCH is always transmitted within one sub-channel, that means one sub-channel should be larger enough to cover that case of max PRB number of PSCCH of 25. 
In this case, considering one interlace equals to 10 or 11 PRBs for the SCS of 15kHz and 30kHz, we have the following observations on the definition of sub-channel:

· If the transmission of PSCCH is confined within 1 sub-channel:

· Option 1: 1 sub-channel equals K interlace(s), where K is fixed as 1 and 1 sub-channel can span multiple RB set(s) belonging to a resource pool.

· Option 2: 1 sub-channel equals K interlace(s), where K is (pre-)configured and 1 sub-channel is confined within 1 RB set.
· Otherwise, the PSCCH should not be confined with 1 sub-channel.

In legacy SL, the PSCCH is always transmitted within one sub-channel, and the size of sub-channel can be (pre-)configured from a set of {10, 15, 20, 25, 50, 75, 100} PRBs per resource pool. In a similar fashion, we think the PSCCH transmission for SL-U should also be confined within one sub-channel and further, the above Option 2 of sub-channel configuration is preferred.
Proposal 5: Support one sub-channel equals K interlace(s) within one RB set for interlace RB-based transmission, where K is (pre-)configured.
· FFS details (e.g., how to handle the case that different interlace may have different number of PRBs).
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. 
Figure 4 is an example of frequency grid for unlicensed spectrum. In legacy NR-U, one interlace within one RB set is used as the resource allocation granularity in frequency domain. Correspondingly, one sub-channel defined based on interlace(s) is used for the resource allocation granularity in frequency domain for SL-U for the case of interlace RB-based transmission. Similarly, 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: Support one sub-channel equals N continuous RB(s) within one RB set for contiguous RB-based transmission, where N is (pre-)configured.
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Figure 4: An illustration of frequency grid for unlicensed spectrum
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. In SL-U, we think one sub-channel can be used as the resource allocation granularity in frequency domain with the definition based on interlace(s) and consecutive RB(s) within one RB set for interlace RB-based transmission and contiguous RB-based transmission, respectively. Therefore, similar to legacy NR-U, the allocated resource for transmission can be determined through the indication of sub-channel and RB set.
Proposal 7: For the resource indication in frequency domain, sub-channel indicator and RB set indicator can be used for both contiguous RB-based transmission and interlace RB-based transmission.
Additionally, there are some proposals discussed in RAN1 #110 meeting but not agreed due to limit stime:
	Proposal 3-2: For PSCCH and PSSCH in SL-U:

· FFS whether PSCCH is always transmitted within 1 sub-channel

· FFS the case where a Tx UE uses multiple RB sets

· R16 NR-V PSCCH and PSSCH multiplexing is reused, i.e., PSCCH locates in the sub-channel with the lowest index of the sub-channel(s) of corresponding PSSCH




As described previously, we support that PSCCH is always transmitted within one sub-channel as in legacy SL. Additionally, to avoid the increased UE blind detection/decoding of PSCCH, we think the position/index of the sub-channel used for PSCCH transmission should be fixed within the RB set(s), e.g., the lowest sub-channel of the RB set(s).

Proposal 8: Support PSCCH is always transmitted within one fixed sub-channel (e.g., the 1st/lowest sub-channel).
For the case that Tx UE uses multiple RB sets, there may exist two options for the transmission of PSCCH:
· Option 1: PSCCH is transmitted within 1 fixed sub-channel of one RB set (e.g., the lowest RB set) of the occupied multiple RB sets.

· Option 2: PSCCH is transmitted within 1 fixed sub-channel of each RB set of the occupied multiple RB sets.

From our point of view, we slightly prefer Option 2 with the following considerations. For the scenario with Redcap UE and/or power saving UE, maybe only one and/or a limit number of 20MHz (i.e., one RB set) is supported by some UEs. In this case, Option 2 is still available while Option 1 may not appropriate. But generally, both Options can be remained for discussion at current stage. Therefore, we have the following proposal:
Proposal 9: For the transmission of PSCCH in the case where Tx UE uses multiple RB sets, the following options can be FFS:

· Option 1: PSCCH is transmitted within 1 fixed sub-channel of one RB set (e.g., the lowest RB set) of the occupied multiple RB sets.

· Option 2: PSCCH is transmitted within 1 fixed sub-channel of each RB set of the occupied multiple RB sets.
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 5: It is slim chance for FDM operation within 20MHz for out-of-COT operation considering the nature of 20MHz LBT sensing unit, and uncertainty length of LBT and potential CPE operation.
Observation 6: 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 7: 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 10: 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 #110 meeting:  

	Agreement
To meet OCB and PSD requirement for PSFCH transmission, at least RB-based interlace is supported at least for 15 kHz and 30 kHz SCS, FFS details.

Agreement
Regarding PSFCH transmission, at least the followings alternatives can be further studied 

· Alt 1: each PSFCH transmission occupies a common interlace and zero or one or more dedicated PRB(s)

· Alt 2: each PSFCH transmission occupies an interlace, and may or may not further apply code domain enhancement (e.g., OCC, PRB-level cyclic shifts)

· Alt 3: each PSFCH transmission occupies some dedicated PRBs and some common PRBs

· FFS details of above alternatives
Agreement

If RAN1 decides that LBT is performed for PSFCH transmission, for the time and frequency domain locations of PSFCH resources, at least the followings alternatives can be further studied

· Alt 1: PSFCH resources are (pre-)configured

· Alt 2: PSFCH resources are dynamically indicated

· Combination of above alternatives are not precluded 

· FFS details of above alternatives


In our understanding, it is beneficial to transmit (all) HARQ feedback(s) for the corresponding data in the same shared COT considering the current NR UE processing time required. From this point of view, we slightly prefer PSFCH resource should be dynamically indicated. In this way, if the PSSCH Tx UE is the COT initiator, the PSFCH time/frequency resource allocation for the Rx UE can be carried in the COT indicator. Besides, considering the PSFCH occasion(s) are within-COT, a Type 2 channel access can be performed by the Rx UE before the transmission on PSFCH occasion(s).
However, it is understood in some cases, the HARQ feedback has to be transmitted in a separate COT from the one the corresponding data was transmitted. In this case, to avoid the increased complexity of blind detection at PSSCH Tx UE side, we think the HARQ feedback occasion(s) should be known by the PSSCH Tx UE. That means the candidate PSFCH reception occasion(s) should always be a prior information for the PSSCH Tx UE.
Observation 8: To avoid the increased blind detection complexity at the PSSCH Tx UE side, the candidate PSFCH reception occasion(s) should be a prior information for the PSSCH Tx UE.
Additionally, for both cases of PSFCH occasion(s) within-COT (Type 2 channel access), and out-of-COT (Type 1 channel access), the channel access failure before the PSFCH occasion(s) will block the transmission of PSFCH and the corresponding HARQ feedback may be dropped, which may result in the increment of DTX at the Tx UE side and further trigger the HARQ-based RLF detection incorrectly. From this point of view, we think multiple PSFCH occasions can be set corresponding to one PSSCH transmission. The details for the design of PSSCH-multiple PSFCH mapping, e.g., the multiple PSFCH occasions should be consecutive within one slot/COT and/or non-consecutive over multiple slots/COTs can be FFS.
Proposal 11: Support one PSSCH mapping to multiple related PSFCH occasions. 

· FFS details (e.g., the position of the multiple PSFCH occasions).
2.5     S-SSB and synchronication
For the part of S-SSB and synchronization, the following agreements were achieved in RAN1 #110 meeting:

	Agreement
If RAN1 decides that LBT is performed for S-SSB transmission, in addition to the S-SSB occasions in R16/R17 NR SL design, support additional candidate S-SSB occasions

· FFS the number and locations of additional candidate S-SSB occasions

· FFS when a UE transmits S-SSB on such additional candidate S-SSB occasions, and the related Rx UE’s behavior

Agreement
For S-SSB and synchronization in SL-U: 

· No changes on R16 NR SL S-PSS/S-SSS sequence generation

· Continue studying the 4 options from the previous agreement and whether/how temporary exemption of OCB requirement is applicable for S-SSB transmission, e.g., how to meet the minimum of 2 MHz requirement under 15 kHz SCS


After the discussions in RAN1 #109-e and RAN1 #110 meetings, there are 4 options for the S-SSB transmission to meeting OCB and PSD requirements on unlicensed spectrum:
o
Option 1: Using interlaced RB transmission

o
Option 2: S-SSB multiplexing with other SL transmissions in the same slot

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

o
Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth

Considering the agreement of “No changes on R16 NR SL S-PSS/S-SSS sequence generation”, the S-SSS/S-PSS sequence for SL-U is limited as same as the one in R16 NR SL and the S-PSS/S-SSS with wider bandwidth in Option 4 is not suitable anymore.

Observation 9: The option of S-PSS/S-SSS with wider bandwidth is not suitable considering the agreement of no changes on R16 NR SL S-PSS/S-SSS sequence generation.
Besides, for Option 2, we think the intention is to reuse the SSB transmission mechanism as in legacy NR-U, that means the SSB will occupy a set of contiguous RBs. Correspondingly, considering we agreed that both contiguous RB-based and interlace RB-based transmission are supported for PSCCH/PSSCH transmission, it should be clarified in Option 2 that only contiguous RB-based transmission for the resource pool with S-SSB transmission is supported, or both contiguous RB-based and interlace RB-based transmission are support within the resource pool with S-SSB transmission.
Observation 10: For the case that S-SSB slots are included in the resource pool, whether contiguous RB-based and interlace RB-based transmissions are both supported in the resource pool.
3      Summary

Observation 1: In Proposal 1-1: “when UE’s LBT is successful on these two RB sets”, it is better to clarify the LBT is “one LBT with 40MHz”, or “two LBTs each with 20MHz”.


 REF o2 \h 

Observation 2: The introduction of additional starting symbol(s) within a slot can improve the competitiveness of SL-U when it coexists with asynchronous systems like WiFi.


 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: For multiple starting symbols with only PSSCH transmission from starting symbols other than the 1st starting symbol, the following benefits can be observed:
· Multiple starting symbols within a slot to achieve an equivalent competitiveness for SL-U compared with asynchronous RATs as WiFi.

· Only PSSCH (e.g., for AGC/combining purpose) transmission allowed on starting symbols other than the 1st starting symbol within a slot to reduce UE complexity and power consumption due to the blind detection/decoding of PSCCH.



 REF o5 \h 

Observation 5: It is slim chance for FDM operation within 20MHz for out-of-COT operation considering the nature of 20MHz LBT sensing unit, and uncertainty length of LBT and potential CPE operation.



 REF o6 \h 

Observation 6: 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 o7 \h 

Observation 7: 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 o8 \h 

Observation 8: To avoid the increased blind detection complexity at the PSSCH Tx UE side, the candidate PSFCH reception occasion(s) should be a prior information for the PSSCH Tx UE.



 REF o9 \h 

Observation 9: The option of S-PSS/S-SSS with wider bandwidth is not suitable considering the agreement of no changes on R16 NR SL S-PSS/S-SSS sequence generation.



 REF o10 \h 

Observation 10: For the case that S-SSB slots are included in the resource pool, whether contiguous RB-based and interlace RB-based transmissions are both supported in the resource pool.


 REF p1 \h 

Proposal 1: Do not support PSCCH uses the PRBs within the intra-cell guard band of two adjacent RB sets.



 REF p2 \h 

Proposal 2: Support multiple starting symbols within a slot.



 REF p3 \h 

Proposal 3: Support only PSSCH transmission (e.g., for AGC/combining purpose) on the starting symbols other than the 1st starting symbol in the case of multiple starting symbols within a slot.



 REF p4 \h 

Proposal 4: When a UE starts transmission from either the 1st or the other starting symbol(s), the transmission occupies all the rest available symbols of a slot.

·  Further discuss which are the available symbols.


 REF p5 \h 

Proposal 5: Support one sub-channel equals K interlace(s) within one RB set for interlace RB-based transmission, where K is (pre-)configured.
· FFS details (e.g., how to handle the case that different interlace may have different number of PRBs).


 REF p6 \h 

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


 REF p7 \h 

Proposal 7: For the resource indication in frequency domain, sub-channel indicator and RB set indicator can be used for both contiguous RB-based transmission and interlace RB-based transmission.



 REF p8 \h 

Proposal 8: Support PSCCH is always transmitted within one fixed sub-channel (e.g., the 1st/lowest sub-channel).


 REF p9 \h 

Proposal 9: For the transmission of PSCCH in the case where Tx UE uses multiple RB sets, the following options can be FFS:

· Option 1: PSCCH is transmitted within 1 fixed sub-channel of one RB set (e.g., the lowest RB set) of the occupied multiple RB sets.

· Option 2: PSCCH is transmitted within 1 fixed sub-channel of each RB set of the occupied multiple RB sets.


 REF p10 \h 

Proposal 10: Study whether/how to support FDM transmissions for in-COT operation in the way of scheduling considering the spec impact, UE complexity and performance.



 REF p11 \h 

Proposal 11: Support one PSSCH mapping to multiple related PSFCH occasions. 

· FFS details (e.g., the position of the multiple PSFCH occasions).
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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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Late DCI to indicate the starting symbols for potential combining
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