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1. Introduction
In RAN#94e, a new Release 18 NR sidelink WI, an evolution towards 5G-Advanced, was approved. The latest corresponding WID can be found in [1]. For the objective on SL-U, the scope was further clarified in RAN#96e with the following new note regarding the expected gNB behavior in performing LBT channel access schemes.
“	Note: In sidelink unlicensed operation, the gNB does not perform Type 1 channel access to initiate and share a channel occupancy, neither Type 2 channel access to share an initiated channel occupancy, nor semi-static channel access procedures to access an unlicensed channel.”
On the progress for channel access and resource allocation in SL-U, the following agreements were reached in the last RAN1#109-e meeting [2].
	Agreement
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.

Agreement
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and R16 NR-U interlace RB-based transmissions are considered as starting point
· RAN1 strives to have unified design for both contiguous RB-based and interlace RB-based transmissions
· FFS: whether/how to address IBE (In Band Emission) impact

Agreement
For PSCCH and PSSCH in SL-U:
· For interlace RB-based transmission (if supported), at least the following candidates can be discussed:
· Frequency domain resource allocation granularity is one sub-channel for PSSCH transmission
· FFS: Other resource allocation granularity, e.g., RB-level
· [bookmark: _Hlk110933605]1 sub-channel equals K interlaces if sub-channel is supported
· FFS details
· Other candidates are not precluded
· FFS: mapping of PSCCH to frequency resources
· FFS: resource indication in time/frequency domain, e.g., how to handle using one RB set or multiple RB sets, etc.

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

Agreement
For PSFCH and SL-HARQ in SL-U:
· At least R16 NR SL PSFCH format 0 is supported
· FFS whether to introduce new PSFCH format
· FFS: how to meet OCB and PSD requirement for PSFCH transmission, e.g., using interlaced RB transmission, whether/how to avoid too small PSFCH capacity, etc.
· FFS: the locations of PSFCH resources, e.g., (pre-)configured, dynamically indicated, etc.
· FFS: whether/how to address PSFCH transmission dropping due to LBT failure, e.g., whether to have multiple PSFCH occasions for a PSSCH and the related PSSCH-PSFCH mapping relationship, impact on SL HARQ-ACK reporting to the gNB for Mode 1, etc.
· FFS: whether/how to address PSFCH and related PSSCH in different COTs 

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


In this contribution, we will provide discussions and our views on the following technical topics:
· SL resource pool configuration in unlicensed channels
· Physical structure of SL in unlicensed channels
· IRB based PSCCH/PSSCH
· IRB based PSFCH
· S-SSB
· Multiple starting position within a slot
· Mapping between sub-channel and IRB
· PHY procedures
· Effects of LBT failure on PSCCH/PSSCH/ PSFCH/S-SSB transmission
· CBR measurement for congestion control in unlicensed channels


2. Discussion
2.1 NR sidelink resource pool configuration in unlicensed channels 
· Resource pool configuration with RB set(s)
In RAN1#109-e meeting, it was agreed to support that at least one SL resource pool can be (pre-)configured to include integer number of RB sets. There is one issue left for further study about SL resource pool including sub-set of PRBs of one RB set. When the carrier bandwidth is 20MHz which includes only one RB set, configuring only one SL resource pool on the 20MHz cannot efficiently utilize the frequency band resources. Since it is agreed to support IRB structure, it would be flexible to configure multiple SL resource pools mapping with different IRBs within one RB set. Furthermore, it can be further studied on how to mapping different IRBs to the resource pools, e.g. continuous or non-continuous IRBs to one resource pool.
Proposal 1: For Rel-18 SL-U, it can be studied to support SL resource pool including sub-set PRBs of one RB set. It can also be considered on how to map the PRBs of one RB set to different SL resource pools.
· Sub-channel defined in resource pool
In a SL resource pool, if sub-channel is supported, how to map sub-channel with IRB may have impact on SL transmission processing. In one RB set, different IRB may contain different number of PRBs, which leads to different sizes of PRBs between two sub-channels in a SL resource pool. It is supported that a TB can be transmitted multiple times in SL, consuming different number of PRBs for each transmission of a TB may have different TBS, which causes the TB un-decodable by the Rx UE. For example, the initial transmission of a TB occupies sub-channel #1 which is mapped with IRB #1 including 11 PRBs, while the retransmission of the TB occupies sub-channel #2 which is mapped with IRB #2 including 10 PRBs. The number of PRBs directly impact on the determination of TBS.
Proposal 2: For Rel-18 SL-U, the impact on sub-channel size and number of sub-channels in a SL resource pool should be studied.

· PRBs within Guard Band
It was agreed to include PRBs within intra-cell GB (guard band) of two adjacent RB sets if the SL resource pool includes the two adjacent RB sets. How to allocate and utilize those PRBs in GB should also be studied. For example, which RB set should include the whole or partial PRBs in GB. How to count or map the PRB indexes as IRB indexes to CRB indexes. Whether all of SL related transmission, e.g. PSCCH/PSSCH/PSFCH, are appropriate to use the PRBs in GB.
Proposal 3: For Rel-18 SL-U, how to use the PRBs within intra-cell guard band of two adjacent RB sets in one SL resource pool should be studied.

· Resource pool configuration with S-SSB slots exclusion
From Rel-14 LTE V2X to Rel-17 NR eSL, S-SSB sub-frames/slots are excluded from the SL resource pool to avoid interference between S-SSB and PSCCH/PSSCH. The legacy S-SSB slot design in Rel-16/17 is preferred to be reused in Rel-18 SL as well as the exclusion rule from the SL resource pool. If such exclusion rule is changed, e.g. SL resource pool can include S-SSB slots, it may need lots of effort on the specification work in Rel-18 SL, such as resource selection/reservation procedure and half-duplex issue. Even a new S-SSB slot structure may be selected from the 4 options as agreed in last meeting, the same exclusion rule in legacy should also be followed.
Proposal 4: Rel-16/Rel-17 NR SL S-SSB slots and new S-SSB slots (if supported) are excluded from SL resource pool.

· Resource pool configuration with bitmap indication
The resource pool configuration in Rel-18 SL can also follow the design principle of resource pool configuration in Rel-16 NR V2X. A bitmap with length of 10~160 bits is used for each resource pool to indicate the time domain resources. By configuring different bitmaps, multiple resource pools can be TDMed with the granularity of slot. Some slots, such as slots indicated as 0 by bitmap, are excluded from this resource pool. Such semi-static resource pool indication causes physically discontinuous on slots, and then UEs of other RAT may be successful for their LBT on these slots outside a SL resource pool and the current SL COT may also be interrupted. To avoid such issue, a SL resource pool can be configured with a bitmap of all “1” without specification impact. When operating in the same carrier for SL-U/NR-U or TDD configuration, even DL/UL slot pattern of NR-U is dynamic, setting the bitmap all “1” is equivalent applying all NR-U UL slots for SL transmission. It is therefore no necessary to have enhancement on resource pool configuration with bitmap. Multiple resource pools can be configured FDMed within the SL BWP. Furthermore, PSFCH resources can be configured with a periodicity, e.g. 0/1/2/4, within each resource pool.
Proposal 5: For Rel-18 SL-U, the legacy bitmap configuration of resource pool(s) can be followed to indicate time domain resources; both TDMed and FDMed RP are supported.


2.2 Physical structure for SL-U
· IRB based PSCCH / PSSCH
To fulfill the regulation requirement of OCB and PSD, interlaced resource block (IRB) based channel structure was introduced for NR-U UL. The IRB based channel structure can also be applied in SL-U. 
Proposal 6: IRB based channel structure for SL-U is supported.

To reuse sub-channel based resource allocation/indication mechanism in NR SL as much as possible, it was agreed to use sub-channel as frequency domain resource allocation granularity for PSSCH transmission, and 1 sub-channel equals K interlaces.  
For PSCCH/PSSCH multiplexing in SL-U, the multiplexing scheme of NR SL can be reused. In NR SL, the frequency domain resource allocation granularity for PSSCH transmission is sub-channel, and PSCCH only mapped to all or part of PRBs within the first sub-channel of associated PSSCH. Following the same principle, in SL-U, PSCCH can be mapped to all or part of IRBs within the first sub-channel of associated PSSCH. One illustration of IRB based PSCCH/PSSCH is shown in Figure 1. The number within each block is IRB index. 1 sub-channel equals to 1 IRB. If 2 sub-channels (IRB #0 and IRB #1) are allocated for PSSCH transmission (PSSCH1 in the figure), and the PSCCH is configured to mapped to all IRBs of the first sub-channel of associated PSSCH. Then the PSCCH (i.e., PSCCH1) is mapped to first IRB (IRB #0) of associated PSSCH frequency resource. If 1 sub-channels (IRB #2) are allocated for PSSCH transmission (PSSCH2 in the figure), the PSCCH (i.e., PSCCH2) is mapped to first IRB (IRB #2) of associated PSSCH frequency resource. 
Proposal 7: For PSCCH and PSSCH multiplexing in SL-U, the multiplexing scheme of NR SL is taken as baseline.
· PSCCH is (pre-)configured to occupy all or part of IRBs within the first sub-channel of the associated PSSCH.


Figure 1. IRB based channel structure
In NR SL, the number of PRB of PSCCH can be configured within the set {10,12,15,20,25} so that the coding rate of PSCCH can be flexible. If one sub-channel corresponds to only one IRB in SL-U and PSCCH resource is limited within one sub-channel, that will cause higher coding rate of PSCCH of SL-U compared to NR SL. For example, if SL SCS is 15kHz/30kHz and resource pool consists of one RB set, one IRB corresponds to 10 PRBs or 11 PRBs, the maximum frequency resource of PSCCH is 10 PRBs or 11 PRBs, which is much less than the available PRB of PSCCH in NR SL and will result in higher coding rate of PSCCH in SL-U. Therefore, it is beneficial to increase the available resource of PSCCH. One potential way is to increase the number of OFDM symbols of PSCCH.  
Observation 1: If one sub-channel corresponds to one IRB, it will result in higher coding rate of PSCCH in SL-U compared to NR SL.
Proposal 8: More OFDM symbols allocated for PSCCH can be considered for SL-U.  

· IRB based PSFCH 
One PRB is used for PSFCH in NR SL. To fulfill the OCB and PSD requirement, it is preferred to use IRB based structure for PSFCH, which is similar as IRB based PUCCH in NR-U. One IRB is used per PSFCH. 
Proposal 9: IRB based PSFCH is supported in SL-U.

Since there is limit IRB number per slot (such as 5 and 10 IRBs for 30kHz and 15kHz SCS respectively), that will cause a smaller number of candidate PSFCH resources in frequency domain. The candidate PSFCH resource can be increased in code domain. 
Proposal 10: Increase Candidate PSFCH resource in code domain can be considered in SL-U.

In NR SL, the PSFCH resource is determined by the time/frequency resource of the associated PSSCH. The same method can be applied in SL-U. The slot of PSFCH can be determined by the slot of PSSCH and minimal gap between PSSCH and PSFCH. The PSFCH resource in frequency domain (such as IRB index) and code domain (such as cyclic shift value) can be determined by the following factors: lowest sub-channel/IRB index of PSSCH, source ID, Destination ID or member ID. 
Proposal 11: The method to determine resource of PSFCH in NR SL can be reused in SL-U.

In NR SL, the locations of PSFCH resource is (pre-)configured per resource pool, which is based on sl-PSFCH-Period. There is mapping between PSFCH resource and associated PSSCH resource. This method is preferred for SL-U. If the PSFCH resource is dynamically indicated, it is hardly to avoid PSFCH resource collision among multiple SL-U UEs since SL-U is distributed system and there is no central scheduler to avoid such collision. 
Proposal 12: (Pre-)configure the PSFCH resource/location is preferred in SL-U.

· S-SSB
Several S-SSB structure for SL-U were proposed in last RAN1 meeting and it was agreed to down-select at least one of the following options:
· Option 1: Using interlaced RB transmission
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
· Option 3: Repetition of S-PSS/S-SSS/PSBCH in frequency domain
· Option 4: S-PSS/S-SSS/PSBCH with wider bandwidth

We are open to Option 1, Option 3 and Option 4, while we think it is hardly to apply Option 2 in SL-U. In SL-U, lots of UE use same S-SSB resource. It is hardly for all of the UEs to obtain resource for PSCCH/PSSCH in the same S-SSB slot. Furthermore, it will have half-duplex issue. The UEs transmitting S-SSB cannot receive PSCCH/PSSCH in the same slot. Therefore, we think Option 2 should be excluded from candidate S-SSB structure.
Proposal 13: Option 2 should be excluded from candidate S-SSB structure.
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot

4 symbols SSB structure was introduced in NR Uu and it was reused in NR-U without any enhancement to fulfill OCB and PSD requirement. That is because in NR-U, SSB is transmitted by gNB and gNB can guarantee the occupied channel bandwidth of DL transmission including SSB is larger than 80% channel bandwidth. For example, gNB can schedule PDSCH, PDCCH or reference signal in the same slot/symbol as SSB. S-SSB structure for SL is slot based even from the first release of D2D. That is because AGC and GP is specific issue in SL and needs to be considered in S-SSB design. Even if we reuse 4 symbols SSB structure in SL-U, one additional OFDM symbol for AGC and GP respectively are needed. Therefore, in our view, the introduce of 4 symbols S-SSB is not clear. 
Proposal: Whether and how to introduce 4 symbols S-SSB in SL-U needs FFS. 
In NR-U, to resolve the issue of potential LBT failure for SSB transmission, more SSB transmission occasions are configured. This mechanism can be applied to SL-U. While if short control signaling transmission (SCSt) mechanism can be applied to S-SSB [3], there is no necessary to introduce more S-SSB transmission occasions, which will simplify the system design and reduce specification work.
Proposal: whether to introduce more transmission occasions for S-SSB in SL-U depends on whether SCSt mechanism can be applied to S-SSB.

· Multiple starting position within a slot for PSCCH/PSSCH transmission
It was agreed to support slot-based PSCCH/PSSCH transmission in last RAN1 meeting. To increase the channel access opportunity of SL-U, more starting symbols/positions within a slot was proposed. Multiple starting positions within a slot is benefit for channel access, while that will complex the system design in the following aspects.
· Hardly to support FDM among different UEs.
Different UE may have different sensing results during channel access procedure so that they will use different starting position to perform SL transmission. It is hardly for them to be FDMed since that will cause AGC issue at receiver side.
· Increase the complexity of UE
From the RX UE’s side, when the TX UE performs SL transmission is not known. RX UE needs to perform blind detection at any candidate starting positions. That will increase detection complexity at RX UE. From  the TX UE’s side, whether and when it will perform LBT successfully is not known. Then the TX UE should perform channel coding and rate matching for any candidate starting position. That will increase processing complexity and need more buffer at TX UE. 
· TBS is different for multiple starting positions
The TBS is determined by available resource and MCS. If multiple staring position is supported, that will cause different available resources and corresponding different TBS for PSSCH transmission. The TX UE needs to perform multiple times of channel coding for different TBS. 
Observation 2: Introduce multiple starting position in SL-U will complex the system design,
Proposal 14: Multiple starting position is not supported in SL-U.

· Mapping of sub-channel to IRB
The mapping of IRB to CRB is specified in NR-U. one illustration is shown in Figure 2. The UL BWP includes two RB sets and there is one intra-cell guard band configured between RB sets. The IRB index 0 is mapped from CRB 0. The CRB corresponds to intra-cell guard band is also mapped by IRB index. The number of IRBs within the carrier is only determined by the SCS of the UL BWP, no matter how many RB sets are included within the UL BWP. In NR-U, when gNB schedules resource UL resource, two levels of resource indication are applied: one indication for allocated RB set and another indication for allocated IRB within the associated RB sets. 


Figure 2. IRB structure in NR-U UL
It was agreed to use sub-channel as frequency resource allocation granularity in SL-U, it is preferred to reuse frequency resource indication in SL-U, which is based on FRIV indication. If the mapping between IRB and CRB in NR-U is reused to SL-U, then one sub-channel corresponds to the IRB which may across the CRB of multiple RB sets. Since there is no two levels resource indication/allocation in SL, the resource allocation will be too coarse. For example, if SL SCS is 30kHz, only 5 IRBs are supported within the bandwidth, which means at most 5 UEs can be FDMed in the same slot. It is beneficial to define the mapping between sub-channel and IRB so that the frequency resource indication can be finer. One illustration of mapping sub-channel to IRB is shown in Figure 3. In this figure, one sub-channel corresponds to one IRB of one RB set. Then the resource pool corresponds to 10 sub-channels in frequency domain.
Proposal 15: For the mapping between IRB to CRB in SL-U, NR-U mechanism can be baseline.
Proposal 16: The mapping between sub-channel and IRB can be studied in SL-U. 

 
Figure 3. Mapping between Sub-channel and IRB
[bookmark: _Hlk111014704][bookmark: _Hlk111014741]In NR-U, if the resource of PUSCH cross multiple RB sets, the PRBs within the guard band can also be used for PUSCH transmission which can improve resource efficiency. The same mechanism can be applied for SL-U: if PSSCH resource crosses multiple RB sets, the PRBs within the guard band between the RB sets can be used for PSSCH transmission. How to use the PRBs within guard band can be further studied.

2.3 PHY procedures
· Effects of LBT failure 
To avoid sidelink collision with other RATs operating on the same unlicensed spectrum, UE has to perform LBT to ensure the channel is clear before the actual transmission of any sidelink signals and channels. If LBT is determined to be a failure, which means the channel is already occupied by another device, this may cause the sidelink transmission to drop. 
The dropping of PSCCH/PSSCH may degrade the reliability and introduce latency to the sidelink data, furthermore, if SL-U is operating in resource allocation Mode 2, the dropping of PSCCH may also lead to more intra-RAT collisions or resource re-selections due to pre-selected resources for (re)transmissions are not reserved in an earlier timing. In the end, it will need to heavily rely on re-evaluation and pre-emption checking to minimize the collision, but this is not a fool-prove solution. In any case, if LBT is determined to be a failure for a PSCCH/PSSCH transmission, the LBT failure should be reported to the higher layer and trigger a re-selection for the affected transmission resource to find a replacement. Similarly in Mode 1, UE should report the LBT failure event to the gNB for potentially a re-scheduling of the affected resource (if the gNB deems necessary to re-schedule). In the case when SL-HARQ feedback reporting in UL is enabled for the TB, the UE could report HARQ-NACK in an allocated PUCCH resource to the gNB instead of an explicit LBT failure message. On the other hand, when SL-HARQ reporting is disabled, a more direct / explicit indication of LBT failure from the UE would be necessary.
Proposal 17: When LBT failure occurs in Mode 2, L1 reports LBT failure to the higher layer. It is up to the higher layer to trigger resource re-selection for the affected resource.
Proposal 18: When LBT failure occurs in Mode 1,
· If SL-HARQ reporting in UL is enabled, UE reports HARQ-NACK in PUCCH to the gNB for the affected resource.
· If SL-HARQ reporting in UL is disabled, UE provides a direct/explicit indication of LBT failure to the gNB. FFS how.

PSFCH dropping may cause unnecessary re-transmissions and decrease resource efficiency of the system. As analyzed and shown by simulation results in our companion contribution [3], it is possible to transmit PSFCH as Short Control Signaling (SCSt) as it is allowed by regulations and the performance is the same to the case when LBT is performed (with negligible difference). Therefore, if SCSt is adopted for PFSCH transmissions, it will greatly simplify the design for PSFCH transmission in unlicensed band (e.g., no additional PFSCH format, transmission timing and consideration of LBT failure related procedure update). This would also resolve any issues related to PSFCH transmission and its associated PSSCH located in different COTs.
Proposal 19: Any design decision or enhancement to PFSCH operation due to LBT failure by introducing multiple PSFCH occasions, new PSSCH-PSFCH mapping relationship, new PSFCH format, modifying SL-HARQ reporting to gNB in Mode 1 and etc should be postponed until the channel access scheme for PFSCH is finalized.

In NR sidelink S-SSB is transmitted by multiple UEs in a SFN synchronized manner. If S-SSB transmission is dropped by one UE due to LBT failure, it may degrade the overall receive power of the S-SSB for others. If SCSt is supported for transmitting S-SSB and UEs that already have the access to the channel would still transmit the S-SSB, no enhancement to the S-SSB transmission would be necessary in terms of defining more candidate transmission occasions, changing the existing SL synchronization procedure and others to minimize standardization effort. Hence, firstly it is worthwhile to further study the performance of sidelink synchronization when SCSt is used for transmitting S-SSB in the presence of other RATs and also its impact to the performance of other RATs (e.g., Wi-Fi).
Proposal 20: Any design decision or enhancement to S-SSB operation due to LBT failure by introducing additional candidate occasions, changing sidelink synchronization procedures and etc should be postponed until the channel access scheme for S-SSB is finalized.

· Congestion control 
Congestion control of the radio transmission medium based on CBR and CR measurements to determine SL transmission parameters (such as Tx power, MCS selection, number of sub-channels, etc) was introduced since Rel-14 LTE-V2X and also in Rel-16/17 NR sidelink for advanced V2X services. The primary purpose of supporting congestion control in sidelink communication is to not overload V2X system resources by UE adjusting the amount of required radio resources and Tx power (hence the communication range) such that more users can be accommodated, for example in a heavy traffic environment in a peak hour traffic. This concept was originally/taken from the IEEE DSRC system designed for V2X, recommended by ETSI regulation and subsequently adopted in LTE- and NR-V2X communication.
For the intended wireless communication in the unlicensed spectrum, the main target use case is for commercial application such as smart home/office networks, wearable connections, IoT devices and etc, it is not yet clear whether the congestion control feature is still required or good to have for SL-U operation, since the unlicensed channel could be also occupied by transmission of other RATs (e.g., Wi-Fi) and it is also not clear if other RATs transmission supports congestion control. On the other hand, if SL-U system is deployed in a controlled environment without the presence of other RATs (e.g., smart warehouse/factory, private venues or others), the congestion control feature could still be useful. Furthermore, it has been expressed in the past by some that SL-U could still be used for V2X / ITS services. Therefore, it is still necessary continuing to support congestion control for NR sidelink operation in the unlicensed spectrum.
Proposal 21: Congestion control should continue to be supported for NR sidelink operation in unlicensed spectrum to avoid overloading radio resources.

If congestion control continues to be supported in SL-U, the next step is to consider whether it is appropriate to reuse the existing CBR and CR definitions. In the past, it has been always assumed only sidelink transmission is present in the radio channel / resource pool in the ITS frequency band/carrier, and as such CBR calculation results are always a measure of how much resources that are occupied by sidelink transmission over a time interval based on RSSI measurement. If the same CBR measurement definition is applied in SL-U, as shown in Fig. 4, Wi-Fi signals / channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a new mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in an unlicensed channel.
[image: ]
Figure 4
Observation 3: If the same existing CBR measurement definition is applied in SL-U, Wi-Fi signals / channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a new mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in an unlicensed channel.

3. Conclusion
Physical layer design of SL-U and sidelink procedure related topics were discussed in this paper. The following observations and proposals are given to summarize our view.
Proposal 1: For Rel-18 SL-U, it can be studied to support SL resource pool including sub-set PRBs of one RB set. It can also be considered on how to map the PRBs of one RB set to different SL resource pools.
Proposal 2: For Rel-18 SL-U, the impact on sub-channel size and number of sub-channels in a SL resource pool should be studied.
Proposal 3: For Rel-18 SL-U, how to use the PRBs within intra-cell guard band of two adjacent RB sets in one SL resource pool should be studied.
Proposal 4: Rel-16/Rel-17 NR SL S-SSB slots and new S-SSB slots (if supported) are excluded from SL resource pool.
Proposal 5: For Rel-18 SL-U, the legacy bitmap configuration of resource pool(s) can be followed to indicate time domain resources; both TDMed and FDMed RP are supported.
Proposal 6: IRB based channel structure for SL-U is supported.
Proposal 7: For PSCCH and PSSCH multiplexing in SL-U, the multiplexing scheme of NR SL is taken as baseline.
· PSCCH is (pre-)configured to occupy all or part of IRBs within the first sub-channel of the associated PSSCH.
Observation 1: If one sub-channel corresponds to one IRB, it will result in higher coding rate of PSCCH in SL-U compared to NR SL.
Proposal 8: More OFDM symbols allocated for PSCCH can be considered for SL-U.
Proposal 9: IRB based PSFCH is supported in SL-U.
Proposal 10: Increase Candidate PSFCH resource in code domain can be considered in SL-U.
Proposal 11: The method to determine resource of PSFCH in NR SL can be reused in SL-U.
Proposal 12: (Pre-)configure the PSFCH resource/location is preferred in SL-U.
Proposal 13: Option 2 should be excluded from candidate S-SSB structure.
· Option 2: S-SSB multiplexing with other SL transmissions in the same slot
Observation 2: Introduce multiple starting position in SL-U will complex the system design,
Proposal 14: Multiple starting position is not supported in SL-U.
Proposal 15: For the mapping between IRB to CRB in SL-U, NR-U mechanism can be baseline.
Proposal 16: The mapping between sub-channel and IRB can be studied in SL-U. 
Proposal 17: When LBT failure occurs in Mode 2, L1 reports LBT failure to the higher layer. It is up to the higher layer to trigger resource re-selection for the affected resource.
Proposal 18: When LBT failure occurs in Mode 1,
· If SL-HARQ reporting in UL is enabled, UE reports HARQ-NACK in PUCCH to the gNB for the affected resource.
· If SL-HARQ reporting in UL is disabled, UE provides a direct/explicit indication of LBT failure to the gNB. FFS how.
Proposal 19: Any design decision or enhancement to PFSCH operation due to LBT failure by introducing multiple PSFCH occasions, new PSSCH-PSFCH mapping relationship, new PSFCH format, modifying SL-HARQ reporting to gNB in Mode 1 and etc should be postponed until the channel access scheme for PFSCH is finalized.
Proposal 20: Any design decision or enhancement to S-SSB operation due to LBT failure by introducing additional candidate occasions, changing sidelink synchronization procedures and etc should be postponed until the channel access scheme for S-SSB is finalized.
Proposal 21: Congestion control should continue to be supported for NR sidelink operation in unlicensed spectrum to avoid overloading radio resources.
Observation 3: If the same existing CBR measurement definition is applied in SL-U, Wi-Fi signals / channels (and other RATs as well) will be also included as part of the RSSI measurement. If other RAT’s transmissions should not be included as part of the CBR measurement, then the current definition should be updated and a new mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in an unlicensed channel.
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