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1 Introduction
During RAN#94-e meeting, the work item of Release 18 NR sidelink evolution has been approved. The following objective of the SI is included in the WID[1]:  

	2. 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

· 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.

· Physical channel design framework: Required changes to NR sidelink physical channel structures and procedures to operate on unlicensed spectrum

· The existing NR sidelink and NR-U channel structure shall be reused as the baseline.

· No specific enhancements for existing NR SL feature

· The study should focus on FR1 unlicensed bands (n46 and n96/n102) and is to be completed by RAN#98.


This contribution discusses physical channel design for sidelink-unlicensed, including slot structure, the impact of OCB requirement, the design for the SL-U channel. 
2 The slot structure design for SL-U
The slot structure of R16 sidelink can be used as the baseline for SL-U. In the R16 sidelink, GP symbol locates in the last symbol of the slot.  However, when the SCS is 15 KHz or 30 KHz, the duration of GP symbol will be larger than 25us. For channel access in unlicensed spectrum, the condition to use type 2 LBT includes that the gap between two transmissions shall be no larger than 25us. Therefore, even a UE transmits in contiguous slots, due to the impact of gap symbol, the UE cannot use type 2 channel access for later transmissions. The sidelink communication efficiency and performance would be greatly degraded by repeatedly performing type 1 LBT in all the slots. Also, it makes other RAT e.g. WIFI devices can easily occupy the channel during the gap symbol, which is not fair for NR SL UEs. Therefore, it is necessary to study mechanisms to shorten the length of GP symbol in the SL-U. For example, CP extension can be used to shorten the length of GP symbol.
Proposal 1: The slot structure of R16 sidelink is the baseline for SL-U. 
Proposal 2: It is necessary to study mechanism to shorten the length of GP symbol in the SL-U.
3 The impact of OCB requirement for physical channel design
In the unlicensed band, regulations about the occupied channel bandwidth (OCB) should be complied with. In order to satisfy the 70% OCB (in 60GHz) or 80% OCB (in 5GHz) requirement on the actual transmission, interlaced PRB introduced by NR-U shall be reused in SL-U to satisfy the OCB requirement.
In NR-U, for SCS 15kHz, in a 20MHz RB set there are 10 orthogonal interlaces and each interlace occupies 10 PRBs which are uniformly distributed within the 20MHz bandwidth. That is, any two adjacent PRBs in an interlace are separated by 10 PRBs, and there are 10 interlaces, i.e. IRB index {0, 1, …, 9}. For SCS 30kHz, in a 20MHz RB set there are 5 orthogonal interlaces and each interlace also occupies 10 RBs which are uniformly distributed within the 20MHz bandwidth. That is, any two adjacent PRBs in an interlace are separated by 5 PRBs, and there are 5 interlaces, i.e. IRB index {0,1,2,3,4}. In NR sidelink, SCS of 15kHz, 30kHz, and 60kHz are supported for FR1. For SCS 15kHz and SCS 30kHz, the interlaced PRB structure in NR-U can be reused.
Proposal 3: Interlaced PRB in NR-U is reused in SL-U to satisfy the OCB requirement. 

In Release 16/17 sidelink, the minimum frequency domain granularity of PSCCH/PSSCH resource allocation is a sub-channel. Each sub-channel includes multiple frequency domain contiguous PRBs, and a sidelink resource pool has one or multiple sub-channels. For example, in Release 16, the number of PRBs in a sub-channel can be set to a value within {10, 12, 15, 20, 25, 50, 75, 100}. The size of a sub-channel can be adaptively (pre-)configured based on the size of SL BWP, and thus the blind detection complexity of PSCCH for sensing and receiving can be restricted. The resource pool is defined to flexibly manage the sidelink time-frequency resources, e.g. an exceptional pool is defined for exceptional cases. 

Therefore, the concept of resource pool and sub-channel shall also be supported for SL-U design. Considering the OCB requirement, the frequency domain resource configuration of resource pool and sub-channel shall also comply with the IRB structure. 
In unlicensed spectrum, sidelink transmissions are supposed to occupy integer number of RB sets. It would be simple and efficient to configure SL BWP to include integer number of frequency domain contiguous RB sets. If so, the frequency domain resource from multiple RB sets can be (pre-)configured to be included in a resource pool. In some cases, a sub-channel may include IRBs from different RB sets. For example, assume there are 2 RB sets included in a resource pool, and in each RB set there are 5 IRBs (e.g. 30KHz SCS), the number of IRBs of a sub-channel is configured to be 2, then there will be a sub-channel occupies 1 IRB from each of the RB set.

Proposal 4: A resource pool can include IRBs from multiple RB sets, and a sub-channel may include IRBs from different RB sets.  
In RAN1#109-e agreement, sub-channel is the resource allocation granularity, and 1 sub-channel is equal to K interlaces. If 1 sub-channel is mapped to discontinuous K interlaces, the complexity of mapping will be increased, therefore, 1 sub-channel shall be mapped to the continuous K interlaces. Meanwhile, it is necessary to design the mapping rule, it is simple that sub-channel is mapped to the K interlaces from small to large in a logical order. For example, sub-channel 0 is mapped to the interlaces{0,1,2,…K -1}, then sub-channel 1 is mapped to the interlaces{ K, K+1, K+2,….. 2K -1}.

The size of one subchannel shall also be defined, one RB set has M interlaces specified in NR-U, e.g., M =10 interlaces for SCS=15kHz, M =5 interlaces for SCS=30kHz, in our opinion, at least the following options shall be considered:

· Option 1 : one sub-channel =K interlaces ≤M interlaces 

· Option 2: one sub-channel =K interlaces  ＞M interlaces 

For option 2, the bandwidth of one sub-channel is wider than one RB set, it is not benefit for the small data transmission, because small data transmission is more suitable for small bandwidth. For option 1, K interlaces are confined within one RB set , the bandwidth of one sub-channel is narrower than the bandwidth corresponding to option 2, and it can satisfy the narrow bandwidth transmission and wide bandwidth transmission simultaneously by resource allocation. Specially, when K interlaces is equal to M interlaces, subchannel and RB set are one-one mapping, which can simplify the design of mapping rule.Therefore, option 1 is more preferred.

Proposal 5: The sub-channel and sidelink resource pool is supported in SL-U based on interlaced RB structure.

· The number and position of IRBs occupied by a resource pool is (pre)configurable
Proposal 6: 1 sub-channel shall be mapped to the continuous K interlaces.

Proposal 7: Subchannel is mapped to the interlace from small to large in a logical order.
Proposal 8: The value of K shall not greater than M which is the number of interlaces in one RB set.
4 The design for SL channels based on interlaced RB
If interlaced RB is introduced, the frequency domain structure of sidelink channels and signals including S-SSB, PSCCH/PSSCH, PSFCH, etc. shall be also revised to comply with the interlaced RB structure. 

PSCCH/PSSCH
In release 16/17 sidelink, PSCCH is TDM/FDMed with its associated PSSCH in the same slot. PSSCH occupies one or multiple sub-channel(s), and its associated PSCCH is located in the frequency domain lowest sub-channel in the sub-channel(s). The same principle can be reused in SL-U.
Proposal 9: The PSCCH occupies the frequency domain lowest subchannel of its associated PSSCH.
PSFCH 
In release 16/17 sidelink, PSFCH format 0 occupies 1 PRB to convey one bit HARQ ACK/NACK. To satisfy the OCB requirement, the frequency domain resource occupied by a PSFCH shall be expanded from 1 PRB to 10 PRB in an IRB. 

Proposal 10: Each PSFCH occupies one IRB index in SL-U.

Meanwhile, how to expanded PSFCH from 1 PRB to 10 PRB in an interlace, and there have at least following methods:
· Option 1: Repetition of the length-12 Rel-16 sidelink PF0 sequence in each PRB of an interlace 
· Option 2：Mapping of a single long sequence to the PRBs of an interlace
In our opinion, option 1 is preferred with the small impact on the specification, and option 2 need design the new PSFCH sequence, which brings more workload. 
Proposal 11: Repetition of the length-12 Rel-16 sidelink PF0 sequence to expanded PSFCH from 1 PRB to 10 PRB in an IRB.

In release 16/17 sidelink, the PSFCH resource used to feedback the HARQ-ACK information is determined by the slot and sub-channel of the associated PSCCH/PSSCH. There exists a mapping relationship between the sub-channels in each slot and the PSFCH resources such that different PSFCH resource shall be determined if the PSCCH/PSSCH occupies different sub-channels.  If the same mapping relationship is kept in SL-U design, the number of PSFCH resources in a PSFCH period shall be larger than that of subchannels in a PSFCH period. This can be easily achieved in Release 16/17 sidelink as each subchannel occupies at least 10 PRBs but each PSFCH occupies only 1 PRB. However, if the number of PRBs occupied by a PSFCH is 10 (i.e. an IRB), in some configurations there will be more than 1 subchannels are mapped to the same IRB of PSFCH resource. Further CDM based solution shall be considered to increase the multiplexing capability of PSFCH such that HARQ-ACK feedback will not collide with each other if the associated PSCCH/PSSCH transmission does not collide. For example, it is feasible to use the RE-based or RB-based OCC (Orthogonal Cover Code) to increase the multiplexing capability.
Proposal 12: CDM based solution shall be studied to increase the multiplexing capability of PSFCH when PSFCH occupies a whole IRB.
Proposal 13: RE-based or RB-based OCC can be considered to increase the multiplexing capability of PSFCH.

S-SSB

In the R16 sidelink, S-SSB occupies the 11 contiguous RB, which does not satisfy the OCB requirements. The frequency resource utilization of S-SSB shall also be extended to satisfy the OCB requirement, for example, repeated S-SSB in frequency domain to occupy the whole bandwidth of a RB set.

Proposal 14: The frequency domain of S-SSB shall be expanded to satisfy the OCB requirement.

In the RAN1#109e, the following agreement were made:

	 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


For option 1, the continuous RB is expanded to the interlaced RB, S-PSS/S-SSS sequence need be mapped to the interlaced RB, which increases the complexity. There need discuss which SL transmissions can be multiplexed with S-SSB for option 2, and option 3 has benefit on small specification impact and simplicity. There need design the new S-PSS/S-SSS sequence for option 4, which will increase the workload. Therefore, option 3 is preferred.
Proposal 15: Repetition of S-PSS/S-SSS/PSBCH in frequency domain to satisfy the OCB requirement.
5 The impact of LBT failure   

In unlicensed band, other RAT may occupy the channel and thus LBT failure may happen. When LBT failure happens, UE cannot transmit in the scheduled resource. If the transmission is for some important control message or signals, e.g. HARQ-ACK, SSB, the on-going communication would be interrupted. The performance of throughput and reliability will be in turn degraded. it would be rather important to design mechanisms to mitigate the negative impact of LBT failure in SL-U. In our opinion, the following options can be considered:

· Support (pre-)configuration of additional time/frequency resource for important signals and channels; if LBT failure happens, the additional resource can be used to improve the reliability.

· Use time-domain continuous transmissions instead of time domain distributed transmissions for sidelink signals and channels, e.g. for multiple S-SSB transmissions in a given period, for PSSCH/PSCCH transmissions in multi-slot transmission. If transmissions are time-domain continuous, Type 2 LBT can be used for later transmissions and thus the probability of LBT failure can be reduced.
Proposal 16: Investigate the solutions to mitigate the negative impact of LBT failure, including

· (pre-)configuration of additional time/frequency resource
· time-domain continuous transmissions instead of time domain distributed transmissions 
In the time domain, we can configure multiple PSFCH occasions associated with a PSSCH. As illustrated in the figure 1, when parameter periodPSFCHresource is equal to 4, the PSFCH resource can be configured in every 4th slot, and the green part indicates the PSFCH resource preconfigured by the legacy Rel-16, we can mark the green resource as the PSFCH occasion 1. The yellow part indicates the additional time resource preconfigure by RRC parameter to solve the LBT failure, and we can can mark it as PSFCH occasion 2,  and the PSFCH occasion 2 and PSFCH occasion 1 are located in the  adjacent  slots. In details, the PSSCH located in the slot2, slot3, slot4, and slot5 can use the PSFCH occasion 1 and PSFCH occasion 2 to transmit the HARQ feedback information, if HARQ feedback information cannot be transmitted in the  PSFCH occasion 1 due to LBT failure , then HARQ feedback information can be transmitted in PSFCH occasion 2. 

However, preconfigure more PSFCH occasions might cause a waste of resource, therefore, preconfigure additional one PSFCH occasion is preferred, meanwhile, to reduce the latency due to the LBT failure, the preconfigure additional  PSFCH occasion and PSFCH occasion preconfigured by  the legacy Rel-16 are located in the  adjacent slots.

Proposal 17: Preconfigure multiple PSFCH occasions shall be supported.
Proposal 18: Preconfigure additional one PSFCH occasion is preferred, and additional PSFCH occasion and PSFCH occasion preconfigured by  the legacy Rel-16 are located in the  adjacent  slots.
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Figure 1: Multiple PSFCH occasions associated with a PSSCH

In the legacy Rel-16, bitmap is used to indicate the configured PSFCH PRB set, to configure the additional frequency resource, it is feasible and simple to configure multiple PRB sets in the every PSFCH occasion by RRC parameter. 

As illustrated in the figure 2, the green resource indicates the PSFCH resource preconfigured by the legacy Rel-16, we can mark the green resource as the PSFCH PRB set 1. The yellow resource indicates the preconfigured additional PSFCH resource, and we can mark it as PSFCH PRB set 2, and the preconfigured additional PSFCH RB set and PSFCH RB set preconfigured by the legacy Rel-16 are located in the adjacent PSFCH occasion to reduce the latency.
 In figure 2, the PSSCH located in the slot2, slot3, slot4, and slot5 can use the PSFCH RB set1 and PSFCH RB set2 to transmit the HARQ feedback information. If HARQ feedback information cannot be transmitted in the PSFCH RB set1 due to LBT failure, then HARQ feedback information can be transmitted in the PSFCH RB set2 when the result of LBT is success.
Proposal 19:  Preconfigure multiple PRB sets in the every PSFCH occasion shall be supported.

Proposal 20: The preconfigured additional PSFCH RB set and PSFCH RB set preconfigured by the legacy Rel-16 are located in the adjacent PSFCH occasion.
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Figure 2: Multiple PSFCH RB sets associated with a PSSCH
6 Conclusion 
This contribution discusses about physical channel design for sidelink-unlicensed. Based on the discussion, the following proposals are provided:

Proposal 1: The slot structure of R16 sidelink is the baseline for SL-U. 

Proposal 2：It is necessary to study mechanism to shorten the length of GP symbol in the SL-U.

Proposal 3：Interlaced PRB in NR-U is reused in SL-U to satisfy the OCB requirement. 

Proposal 4:
A resource pool can include IRBs from multiple RB sets, and a sub-channel may include IRBs from different RB sets.  
Proposal 5：The sub-channel and sidelink resource pool is supported in SL-U based on interlaced RB structure.
· The number and position of IRBs occupied by a resource pool is (pre)configurable
Proposal 6:
1 sub-channel shall be mapped to the continuous K interlaces.
Proposal 7:
Subchannel is mapped to the interlace from small to large in a logical order.

Proposal 8:
The value of K shall not greater than M which is the number of interlaces in one RB set.

Proposal 9:
The PSCCH occupies the frequency domain lowest subchannel of its associated PSSCH.

Proposal 10:
Each PSFCH occupies one IRB index in SL-U.

Proposal 11:
Repetition of the length-12 Rel-16 sidelink PF0 sequence to expanded PSFCH from 1 PRB to 10 PRB in an IRB.

Proposal 12:
CDM based solution shall be studied to increase the multiplexing capability of PSFCH when PSFCH occupies a whole IRB.

Proposal 13:
RE-based or RB-based OCC can be considered to increase the multiplexing capability of PSFCH.

Proposal 14:
The frequency domain of S-SSB shall be expanded to satisfy the OCB requirement.

Proposal 15:
Repetition of S-PSS/S-SSS/PSBCH in frequency domain to satisfy the OCB requirement.

Proposal 16:
Investigate the solutions to mitigate the negative impact of LBT failure, including

· (pre-)configuration of additional time/frequency resource

· Time-domain continuous transmissions instead of time domain distributed transmissions

Proposal 17:
PreConfigure multiple PSFCH occasion shall be supported.

Proposal 18:
Preconfigure additional one PSFCH occasion is preferred, and additional PSFCH occasion and PSFCH occasion preconfigured by  the legacy Rel-16 are located in the  adjacent  slots.

Proposal 19:
 PreConfigure multiple PRB sets in the every PSFCH occasion shall be supported.

Proposal 20:
The preconfigured additional PSFCH RB set and PSFCH RB set preconfigured by the legacy Rel-16 are located in the adjacent PSFCH occasion.
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