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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 the impact of OCB requirement, the design for the SL-U channel, the impact of LBT failure. 
2 The impact of 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. 

Proposal 1：A resource pool can include IRBs from multiple RB sets.
Proposal 2：The number and position of IRBs occupied by a resource pool is (pre)configurable.
3 Impact of interlaced RB on the subchannel 
There can be multiple mapping rules to map a subchannel to K interlaces in a RB set. We do not see the necessity to map 1 sub-channel to K interlaces with discontinuous interlace indexes in a RB set. Therefore, to simplify the design of mapping rule, one sub-channel shall be mapped to the K interlaces with continuous index. Meanwhile, 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}. On the other hand, one sub-channel shall be mapped firstly in different IRB indexs of the same RB set, and secondly be mapped in RB sets.

Proposal 3：One sub-channel shall be mapped to the K interlaces in continuous index.

Proposal 4：One sub-channel shall be mapped firstly in IRB index, and be mapped secondly in RB sets.

It has been supported that SL resource pool can be (pre-)configured to include integer number of RB sets, and 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 5: A sub-channel may include IRBs from different RB sets. 
4 Impact of interlaced RB on physical sidelink channels
If interlaced RB is introduced, the frequency domain structure of sidelink channels and signals including S-SSB, PSCCH/PSSCH, PSFCH, etc. shall be investigated to comply with the interlaced RB structure. 

PSCCH/PSSCH
	Agreement
For PSCCH and PSSCH in SL-U:

· PSCCH is transmitted within 1 sub-channel

· At least support Option 1 below

· Option 1: PSCCH locates in the lowest sub-channel of lowest RB set of corresponding PSSCH

· Note: the lowest sub-channel may not be entirely contained in the lowest RB set

· FFS whether/how to handle the case where UEs supporting different bandwidths can use the same resource pool to communicate with each other, e.g., whether/how to additionally support Option 2 below

· Option 2: PSCCH locates in every RB set of corresponding PSSCH

· Note: the above options do not imply any restriction on the mapping of sub-channels to PRBs.

· FFS other details


For the interlaced PSCCH transmission, the option 2 shall not be supported as it will cause additional signalling cost and introduce large specification impact. In legacy sidelink operation, different UEs need to be in the same resource pool to be able to correctly communicate with each other. The same assumption can be considered for SLU. The necessity to introduce in every PB set is not clear..  
Proposal 6 : It is not supported that PSCCH locates in every RB set of corresponding PSSCH. 
	Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 

· When more than one RB set is used for transmissions, down-select one of the followings

· Option A: Support that the used interlace index(s) in different RB sets are always the same

· Option B: Support that the used interlace index(s) in different RB sets can be different

· FFS details

Agreement
Regarding frequency domain resource indication for interlace RB-based PSSCH transmission: 

· Down-select one of the followings

· Option 1: Support explicitly indicating the used sub-channel index(s) and RB set index(s)

· Option 2: Support explicitly indicating at least the used sub-channel index(s)

· At least RB set index(s) is not explicitly indicated

· FFS details


In RAN1#110bis-e, whether same or different interlace index can be used in different RB sets has been discussed. In our opinion, the potential impact of PAPR caused by option B is not a critical issue as the range requirement of SL-U is not much, and option B has benefit on scheduling flexibility which is important to enhance SL resource utilization efficiency. Therefore, option B is preferred.
In our opinion, the sub-channel index can be determined by IRB index and RB set index, and one sub-channel shall be mapped firstly in IRB index and secondly in RB sets. For example, one SL resource pool is (pre-)configured to include two RB sets with 10 IRB interlaces for 30kHz SCS, and 10 IRB interlaces are specified with logical order from 0 to 9, and one sub-channel equals 2 interlace(s). Following above method, sub-channel 1 is mapped to interlaces {0,1}, and sub-channel 2 is mapped to interlaces{2,3}, and sub-channel 3 is mapped to interlaces {4,5 }, until sub-channel 5 is mapped to interlaces{8,9}. In this way, it is sufficient to only indicate sub-channel index for frequency domain resource indication.
Proposal 7： The used interlace index(s) in different RB sets can be different. 
Proposal 8：Explicitly indicating at least the used sub-channel index(s) is supported.
PSFCH 

In release 16/17 sidelink, PSFCH format 0 occupies 1 PRB to convey one bit HARQ ACK/NACK or conflict indication. To satisfy the OCB requirement, the frequency domain resource occupied by a PSFCH shall be expanded. Based on following RAN1#l10 meeting agreement, it is necessary to make a down selection between the three alternatives.

	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
· 


For Alt1 and Alt3, the TX power used by a UE to transmit the common interlace or common PRBs is wasted as there is no any information conveyed on these resources. In addition, the power on common interlace or common PSFCH PRBs could be high as many UEs will simultaneously transmit on these common interlace or common PSFCH PRBs, which might bring interference to the useful transmission (e.g due to inband emission). Finally, in NR-U design, PUCCH format 0 is expanded from 1 PRB to 1 interlace. As in the WID the existing NR-U structure shall be used as the baseline, the same principle can be used for SL PSFCH. Therefore, Alt 2 is more preferred. 
Proposal 9: Each PSFCH occupies one IRB index in SL-U.
Meanwhile, on how to expanded PSFCH from 1 PRB to 10 PRB in an interlace, at least the following methods can be discussed:
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 as it is more aligned with the current NR-U design. In addition, option 2 need the new design of PSFCH sequence, which will bring more specification complexity. 

Proposal 10: 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 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 11: CDM based solution shall be studied to increase the multiplexing capability of PSFCH when PSFCH occupies a whole IRB.
Proposal 12: 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 13: The frequency domain of S-SSB shall be expanded to satisfy the OCB requirement.

In the RAN1#109e, the following agreement were made:
	Agreement
To meet OCB and PSD requirement for S-SSB transmission, down-select between the followings for 15 kHz and 30 kHz SCS:

· Option 1: Using interlaced RB transmission for S-PSS/S-SSS/PSBCH

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

· FFS: whether/how the above options apply to all or subset of channel type of S-PSS/S-SSS/PSBCH

· Note: RAN1 further study the relationship between above options and temporary OCB exemption, and the discussion on temporary OCB exemption can continue even if option 1 or option 3 is supported

· 


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. Compared with option1, option 3 is aligned with NRU SSB design, which is feasible and simple. Therefore, option 3 is preferred.

Proposal 14: 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 muti-consecutive slots 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 15: Investigate the solutions to mitigate the negative impact of LBT failure, including

· (pre-)configuration of additional time/frequency resource
· Muti-consecutive slots transmission instead of time domain distributed transmissions 
	Agreement
To address PSFCH transmission dropping due to LBT failure, the followings are to be studied:

· Alt 1: Support more than 1 PSFCH occasion per PSCCH/PSSCH transmission

· Alt 2: PSFCH resources are dynamically indicated

· Alt 3: Convey SL-HARQ feedback information in PSCCH/PSSCH, e.g., new SCI or new MAC-CE

· Alt 4: drop PSFCH transmission

· Alt 5: Support trigger based HARQ feedback reporting for non-numerical HARQ FB and one shot HARQ FB

· Combination of above alternatives are not precluded 

· FFS details of above alternatives


In the last meeting, the above alternatives are agreed for further study. Comparing with other alternatives, Alt1 is preferred because of its simplicity. Only additional time and frequency resource (pre)configuration is needed. For Alt 2, that the mapping relationship between PSCCH/PSSCH and the corresponding PSFCH will be broken. Thus PSFCH transmissions collision problem needs to be investigated and solved. High specification impact would be expected. For Alt 3, if SL HARQ information needs to be multiplexed with SL SCH data transmission, it would be difficult to guarantee the short timing gap between PSSCH and the corresponding SL-HARQ feedback when UE makes resource selection. For Alt 4, the impact of LBT failure on PSFCH would be high. For Alt 5, new HARQ-ACK codebook needs to be introduced and a new PSFCH format needs to be defined, which has unnecessary large specification impact.
The details of supporting more than 1 PSFCH occasion per PSCCH/PSSCH transmission is illustrated in the figure1. 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, the green resource can be marked as the PSFCH occasion 1. The yellow part indicates the additional time resource preconfigure by RRC parameter to solve the LBT failure, and can be marked  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 16:  More than 1 PSFCH occasion per PSCCH/PSSCH transmission shall be supported.
Proposal 17 : 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 18: Preconfigure multiple PRB sets in the every PSFCH occasion shall be supported.

Proposal 19: 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：A resource pool can include IRBs from multiple RB sets.

Proposal 2：The number and position of IRBs occupied by a resource pool is (pre)configurable.
Proposal 3：One sub-channel shall be mapped to the K interlaces in continuous index.

Proposal 4：One sub-channel shall be mapped firstly in IRB index, and be mapped secondly in RB sets.

Proposal 5: A sub-channel may include IRBs from different RB sets. 
Proposal 6 : It is not supported that PSCCH locates in every RB set of corresponding PSSCH. 

Proposal 7： The used interlace index(s) in different RB sets can be different. 

Proposal 8：Explicitly indicating at least the used sub-channel index(s) is supported.
Proposal 9: Each PSFCH occupies one IRB index in SL-U.
Proposal 10: Repetition of the length-12 Rel-16 sidelink PF0 sequence to expanded PSFCH from 1 PRB to 10 PRB in an IRB.

Proposal 11: CDM based solution shall be studied to increase the multiplexing capability of PSFCH when PSFCH occupies a whole IRB.
Proposal 12: RE-based or RB-based OCC can be considered to increase the multiplexing capability of PSFCH.
Proposal 13: The frequency domain of S-SSB shall be expanded to satisfy the OCB requirement.

Proposal 14: Repetition of S-PSS/S-SSS/PSBCH in frequency domain to satisfy the OCB requirement.
Proposal 15: Investigate the solutions to mitigate the negative impact of LBT failure, including

· (pre-)configuration of additional time/frequency resource
· Muti-consecutive slots transmission instead of time domain distributed transmissions 
Proposal 16:  More than 1 PSFCH occasion per PSCCH/PSSCH transmission shall be supported.
Proposal 17 : 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 18: Preconfigure multiple PRB sets in the every PSFCH occasion shall be supported.

Proposal 19: 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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