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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]. As one major evolution step for NR sidelink to better support mostly commercial use cases, the WID includes an objective to study and specify the support of operating NR sidelink in unlicensed spectrum (SL-U) I.e., not the 5.9GHz frequency band dedicated for ITS that is also commonly known as an unlicensed band.
According to the objective for SL-U in the WID (copied below for convenience), one major work topic is on identifying and making necessary changes to the physical channel structures and procedures in order to operate NR sidelink on unlicensed spectrum (yellow highlights).
	1. Study and specify 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 [RAN1, RAN2, RAN4]
· Channel access mechanisms from NR-U shall be reused for sidelink unlicensed operation
· [bookmark: _Hlk89917081]Assess the applicability of sidelink resource reservation from Rel-16/Rel-17 to sidelink unlicensed operation within the boundaries of unlicensed channel access mechanism and operation
· No specific enhancements for Rel-17 resource allocation mechanisms
· If the existing NR-U channel access framework does not support the required SL-U functionality, WGs will make appropriate recommendations for RAN approval.
· [bookmark: _Hlk89917101]Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum
· [bookmark: _Hlk89917118]The existing NR sidelink and NR-U channel structure shall be reused as the baseline.
· [bookmark: _Hlk89917140]No specific enhancements for existing NR SL feature
· [bookmark: _Hlk89917215]The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


In this contribution, we will provide discussions and our views on the following technical topics:
· SL bandwidth part and resource pool configuration in unlicensed channels 
· Support of IRB for SL transmission in unlicensed channels 
· PSCCH/PSSCH/PSFCH
· S-SSB
· 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 configuration in unlicensed channels 
· SL bandwidth part
In Rel-16 NR-U, a BWP can be configured with a large bandwidth which includes integral multiple of one RB set. One RB set is defined as a 20MHz bandwidth. When a BWP is configured to include multiple RB sets, Intra-cell Guard Band can be configured between each two adjacent RB sets to avoid interference caused by band emission. In Rel-16 NR V2X / Rel-17 eSL, only one BWP can be configured for SL communication. For Rel-18 SL-U, the configuration of SL BWP can follow the similar design by considering both NR-U BWP and NR V2X BWP. One BWP is configured for SL over unlicensed spectrum, and the BWP includes integral multiple of RB set as well as Intra-cell Guard Band(s) can be configured between 2 adjacent RB sets.
Proposal 1: 
· For SL-U, only one SL BWP is configured within the unlicensed carrier.
· SL BWP can be configured to include integral multiple of RB sets by following the UL BWP design in Rel-16 NR-U.
· Intra-cell guard band can be configured between 2 adjacent RB sets within the SL BWP.

· Resource pool configuration
In NR V2X, one or multiple resource pool(s) can be configured within the SL BWP. By following the similar design, Rel-18 SL can be also configured one or multiple resource pool(s) within the SL BWP which includes multiple RB sets. If the SL BWP is configured to include M (M1) RB set(s), a SL resource pool over unlicensed spectrum within this BWP can include N(N1) RB set(s), where MN. An example on the configuration of SL BWP and resource pool can be found in Figure 1.
Proposal 2: For Rel-18 SL-U, one or multiple resource pool(s) can be configured within the SL BWP, and each resource pool includes integral multiple of RB set.


Figure 1. SL BWP and resource pool configuration

The resource pool configuration in Rel-18 SL can also follow the design principle of resource pool configuration in Rel-16 NR V2X. The slots of S-SSB are excluded from resource pool. 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. Sub-channel is used as the granularity in frequency domain for a resource pool, in which a sub-channel can be configured to include either continuous PRBs or continuous IRBs. 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 3: For Rel-18 SL-U, the configuration of resource pool(s) can follow the design principle in Rel-16 NR V2X, such as S-SSB resources are excluded from RP, bitmap is used to indicate time domain resource, both TDMed and FDMed RP are supported.

2.2 Interlaced-RB structure for SL-U
· PSCCH / PSSCH / PSFCH
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 4: IRB based channel structure for SL-U is supported.
For PSCCH/PSSCH in SL-U, the multiplexing structure of NR SL can be reused. While if IRB is applied, PSCCH and PSSCH are mapped to interlaced RB instead of continuous RB. The basic frequency unit for PSSCH frequency domain resource allocation is IRB instead of sub-channel. The PSSCH occupies several IRB resources, and the associated PSCCH occupies the first IRB resource of the PSSCH. For PSFCH, only one PRB per PSFCH in NR SL. If IRB is applied, the one PRB PSFCH should be extended to one IRB. How to extend the PSFCH to one IRB can be based on PUCCH format 0 in NR-U. One illustration of IRB based channel structure is shown in Figure 2. 



Figure 2. IRB based channel structure
In NR SL, sub-channel is the frequency resource allocation unit. One sub-channel includes K PRBs, and value of K is configurable. In our view, sub-channel based resource allocation/indication can also be reused in SL-U so that legacy resource allocation/indication, such as frequency resource indication in DCI and SCI, can be reused as much as possible. 
Proposal 5: For IRB based channel structure in SL-U, sub-channel based frequency domain resource allocation/indication is supported in SL-U. 
If one sub-channel corresponds to only one IRB, that will higher coding rate of PSCCH of SL-U compared to NR SL. In NR SL, the number of PRB of PSCCH can be configured within the set  {10,12,15,20,25}. SL-U can also follow the same principle of NR SL. The resource of PSCCH in frequency is less than the sub-channel. If one sub-channel corresponds to one IRB, is about 10 PRBs, the maximum frequency resource of PSCCH is 10 PRBs, which is much less than the available PRB in NR SL and will result in higher coding rate of PSCCH in SL-U. Therefore, it is beneficial to make the sub-channel size (number of IRBs) configurable.  
Observation 1: If one sub-channel corresponds to only one IRB, it will result in higher coding rate of PSCCH in SL-U compared to NR SL.
Proposal 6: For IRB based channel structure in SL-U 
· The sub-channel size (number of IRBs) is configurable.
· PSCCH occupies the first sub-channel of associated PSSCH frequency resource. 
· One PSFCH occupies one IRB. 

· S-SSB
In NR-U, SSB is transmitted by gNB and gNB can guarantee the occupied channel bandwidth is larger than 80% channel bandwidth. For example, gNB can schedule PDSCH, PDCCH or reference signal in the same slot/symbol as SSB. While for SL-U, S-SSB is transmitted by UE, and to fulfill the OCB and PSD requirement, some enhancement of S-SSB is necessary. 
Proposal 7: Enhancement of S-SSB structure to fulfill regulation requirement is necessary. 
In NR SL, the S-SSB occupies 11 PRB in frequency domain. To fulfill the OCB/PSD requirement, the following options can be considered.
· Option 1: repetition of S-SSB in frequency domain
The legacy S-SSB structure is repeated in frequency domain to guarantee the OCB is larger than 80% channel bandwidth.
· Option 2: long S-SSB sequence
New S-PSS/S-SSS sequence is introduced so that the resource of S-PSS/S-SSS is larger than 80% channel bandwidth. Similarly, the PSBCH will occupy the same number of PRBs as S-PSS/S-SSS.
· Option 3: interlaced resource block for S-SSB
Legacy NR SL S-SSB includes 11 PRBs. To fulfill 80% OCB requreiemnt, the 11 PRBs of S-SSB is mapped to interlaced PRBs within the channel bandwidth. 
· Option 4: FDM between S-SSB and PSCCH/PSSCH
This mechanism is similar as SSB in NR-U. while it cannot work well 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.
One illustration of S-SSB enhancement option 1 to option 3 is shown below with assumption of 30kHz SL SCS. 



Figure 3. Potential S-SSB enhancement schemes

Proposal 8: The following options can be considered for S-SSB enhancement
· Option 1: repetition of S-SSB in frequency domain
· Option 2: long S-SSB sequence
· Option 3: interlaced resource block for S-SSB
Proposal 9: FDM between S-SSB and PSCCH/PSSCH 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 4. 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. 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 is applied:  one level indication for allocated RB set and another level indication for allocated IRB within the associated RB sets. 


Figure 4. IRB structure in NR-U UL
If sub-channel based resource allocation/indication is applied in SL-U, and 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 if one sub-channel corresponds to one IRB of one RB set, which can have finer resource allocation in frequency domain.  One illustration of mapping sub-channel to IRB is shown in Figure 5. 


 
Figure 5. Mapping between Sub-channel and IRB
Proposal 10: For the mapping between IRB to CRB in SL-U, NR-U mechanism can be baseline.
Proposal 11: The mapping between sub-channel and IRB can be studied in SL-U. 

2.3 PHY procedures
· Effects of LBT failure 
To avoid collision with other RAT operating on the same unlicensed spectrum, UE has to perform LBT to ensure the channel is clear before actual sidelink transmission, LBT failure may cause sidelink transmission dropping in SL-U system. 
The dropping of PSCCH/PSSCH may degrade the reliability of sidelink data, furthermore, if SL-U is in mode 2 resource allocation, the dropping of PSCCH may also lead to more intra-RAT collision. The reason is that mode 2 resource allocation mainly relies on resource reservation for (re-)transmissions of same TB or different TB, if resource reservation information carried in PSCCH is missing, other UE cannot preclude the resource and collision will happen in then end. More specifically, in R-17 a PSCCH can reserve up to 2 resources for the retransmissions of the same TB and also corresponding resources in the next period for another TB, if the PSCCH is missing due to LBT failure, all the resource resources would be deemed usable by other UEs. 
PSFCH dropping may cause unnecessary re-transmissions and bring down resource efficiency of the system. But as analyzed in our companion contribution [2], PSFCH is possible to be transmitted as Short Control Signaling (SCSt) in most cases, that is PSFCH can be transmitted even though LBT is failure or LBT is not performed, thanks to the low coding rate (1/12), PSFCH may be decodable even there is collision with other RAT, this scheme can to some extent mitigate the impact of LBT failure.  
In NR sidelink S-SSB is transmitted by multiple UEs in SFN manner, S-SSB dropping at one UE due to LBT failure may degrade the overall power of the S-SSB. But as S-SSB can also be transmitted as SCSt, and the UEs access the channel successfully can still transmit the S-SSB, therefore whether LBT failure for some particular UEs will impact synchronization of SL-U system should be further studied. 
Proposal 12: Further study the impact of PSCCH/PSSCH/PSFCH and S-SSB dropping caused by LBT failure to SL-U system.

· 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 our intended wireless communication in the unlicensed spectrum, the main target use case is for commercial application such as smart home/office network, 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. 
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 definition is applied in SL-U, as shown in Fig. X, 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 mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel. 
[image: ]
Figure 6
Observation 2: If the same existing CBR 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 mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel.

3. Conclusion
Physical layer design of SL-U was discussed in this paper. The following observations and proposals are given to summarize our view.
Proposal 1: 
· For SL-U, only one SL BWP is configured within the unlicensed carrier.
· SL BWP can be configured to include integral multiple of RB sets by following the UL BWP design in Rel-16 NR-U.
· Intra-cell guard band can be configured between 2 adjacent RB sets within the SL BWP.
Proposal 2: For Rel-18 SL-U, one or multiple resource pool(s) can be configured within the SL BWP, and each resource pool includes integral multiple of RB set.
Proposal 3: For Rel-18 SL-U, the configuration of resource pool(s) can follow the design principle in Rel-16 NR V2X, such as S-SSB resources are excluded from RP, bitmap is used to indicate time domain resource, both TDMed and FDMed RP are supported.
Proposal 4: IRB based channel structure for SL-U is supported.
Proposal 5: For IRB based channel structure in SL-U, sub-channel based frequency domain resource allocation/indication is supported in SL-U. 
Observation 1: If one sub-channel corresponds to only one IRB, it will result in higher coding rate of PSCCH in SL-U compared to NR SL.
Proposal 6: For IRB based channel structure in SL-U 
· The sub-channel size (number of IRBs) is configurable.
· PSCCH occupies the first sub-channel of associated PSSCH frequency resource. 
· One PSFCH occupies one IRB. 
Proposal 7: Enhancement of S-SSB structure to fulfill regulation requirement is necessary. 
Proposal 8: The following options can be considered for S-SSB enhancement
· Option 1: repetition of S-SSB in frequency domain
· Option 2: long S-SSB sequence
· Option 3: interlaced resource block for S-SSB
Proposal 9: FDM between S-SSB and PSCCH/PSSCH is not supported in SL-U
Proposal 10: For the mapping between IRB to CRB in SL-U, NR-U mechanism can be baseline.
Proposal 11: The mapping between sub-channel and IRB can be studied in SL-U. 
Proposal 12: Further study the impact of PSCCH/PSSCH/PSFCH and S-SSB dropping caused by LBT failure to SL-U system.
Observation 2: If the same existing CBR 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 mechanism should be introduced to in order for sidelink UE to distinguish between sidelink and non-sidelink transmissions in the unlicensed channel.
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