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1. Introduction
According to WID for Rel-18 SL evolution work item [1], the objective of this WI is as follows: 
	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
· [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 discuss issues on the physical channel design for NR sidelink transmission on unlicensed band. 

3. Discussion
3.1. SL resource pool configuration
In case of SL communication on licensed spectrum, for TDD, cell-specific UL slots can be belonging to a resource pool. For flexible slots, if the SL symbol group in a slot is set to cell-specific UL, then the flexible slots can be belonging to a resource pool as well. For simplicity, even for unlicensed spectrum operation, the same principle could be adopted for candidate slots that can be belonging to a resource pool. If it is allowed that other flexible slots or DL slots to belong to a resource pool, it would be further discuss how to define prioritization rule between DL reception (e.g., DL discovery burst, PDCCH monitoring, CSI measurement) and SL transmission/reception. 
Proposal 1: For SL communication on unlicensed spectrum, a resource pool can include following slots:
· Cell-specific UL slots, 
· Slots whose symbols from sl-StartSymbol to sl-StartSymbol + sl-LengthSymbols – 1 are cell-specific UL
According to NR-U, the granularity of channel sensing operation is RB set, and the size of the RB set is between 100 and 110 for 15kHz SCS or between 50 and 55 except for at most one RB set which may contain 56 RBs for 30kHz SCS. Moreover, depending on the carrier, there could exists guard-band between two RB sets. If UE accesses two RB sets, then the UE can transmit UL channel/signal on resources belonging to guard bands as well to ensure contiguous UL transmission in frequency domain. On the other hand, the granularity of PSCCH/PSSCH transmission is sub-channel. In this case, it would be necessary to investigate how to perform sub-channelization for one or multiple RB sets. 
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Figure 1: Examples of sub-channelization on unlicensed spectrum
Proposal 2: For SL communication on unlicensed spectrum, followings are considered to design frequency domain resources belonging to a resource pool:
· Whether or how the sub-channel is confined with RB set
· Whether or how the sub-channel is overlapping with guard band
· Whether or how to use resources within guard bands between RB sets for SL transmission

We will discuss issues related to sub-channelization for interlaced SL transmission to meet the OCB (occupied channel bandwidth) and PSD (power spectral density) requirements in section 3.3. 

3.2. SL burst transmission
To minimize overhead for channel sensing operation, it can be considered to introduce SL burst transmission for the same TB or different TBs. According to TS 37.213 [2], for burst transmission, UE can skip LBT operation for consecutive UL transmissions without gaps after the UE accesses the channel according to channel access procedure. 
Meanwhile, according to SL slot structure, the last SL symbol is used for TX-RX switching period, and any SL channel/signals is not mapped on the last SL symbol. In this case, at least for SL burst transmission, it would be necessary how to reduce or remove TX-RX switching period in SL slot. One simply way is that whether or not to use the last SL symbol for SL transmission is implicitly or explicitly indicated by PSCCH/PSSCH TX UE. 
Moreover, depending on the SL BWP (pre)configuration, it is possible that SL transmission resource presents in the middle of a slot, and this slot structure will be applied to all the SL slots. In this case, even though multiple SL channels/signals are mapped on consecutive slots, there time gap will exists between two consecutive SL transmissions. To support SL burst transmission, it would be necessary to fix the value of sl-StartSymbol to 0 and to fix the value of sl-LenthSymbols to 14 for normal CP or 12 for extended CP. Similarly, consecutive physical slots also need to be belonging to a resource pool for SL burst transmission. 
In SL slot structure, PSFCH resource is TDMed with PSCCH/PSSCH resource within a slot, and the maximum PSFCH resource period is 4 logical slots. In this case, the maximum duration of SL burst transmission would be also limited to 4 slots. To extend the time duration of the SL burst transmission, one way is to increase the maximum PSFCH resource period. Alternatively, it can be considered to use PSCCH/PSSCH for conveying SL HARQ-ACK feedback instead of PSFCH. 
SL burst transmission would be also useful to reduce latency due to LBT failure. To be specific, even though a UE cannot access the channel for SL transmission, the UE can attempt the channel access in the next transmission resource. In this case, it would be necessary to design SL burst transmission for S-SSB and SL HARQ-ACK feedback as well. 
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Figure 2: Example of SL burst transmission.
Proposal 3: For SL burst transmissions, followings are considered:
· Whether or how to reduce TX-RX switching period at least for SL burst transmissions 
· How to set or restrict sl-StartSymbol and sl-LengthSymbols
· Whether or not to support PSFCH TX/RX
· Whether or how to support SL burst transmission for S-SSB, PSCCH/PSSCH, PSFCH

3.3. Physical channel design for OCB (occupied channel bandwidth) and PSD (power spectral density) requirements
Depending on the regulation of unlicensed spectrum, the portion of the frequency resources for SL transmission over the RB set would need to be high enough. Moreover, average or peak PSD (power spectral density) needs to be sufficiently small. To meet this OCB (occupied channel bandwidth) and PSD requirements, the SL transmission may need to be form of wideband transmission or interlaced transmission. 
In case of PSCCH/PSSCH transmission, if wideband transmission is supported, then the TB size would be also increased. However, if the PSD is kept small, the TB size needs to be reduced even for the wideband transmission. To do this, a concept of scaling factor could be adopted to reduce the TB size of wideband transmission. Alternatively, for PSCCH/PSSCH, interlaced transmission can be supported. Since the granularity of PSCCH/PSSCH scheduling is a sub-channel, it would be necessary to discuss how to define sub-channel for the interlaced structure. Or, it would be necessary how to modify FRIV indication to indicate RB set and interlaced index for the current resource and the reserved resources. For sub-channelization of interlaced structure, it would be necessary to considered that when multiple RB sets are used for SL transmission, the same interlace index should be used across different RB sets. Considering contiguous sub-channel allocations, it seems difficult to perform this sub-channelization. For modifying FRIV indication for interlaced structure, if the value of N_max = 2, the modification would be simple. However, if the value of N_max = 3, it seems not straightforward to indicate RB set index and interlace index for both 2nd resource and 3rd resource. 
In case of S-SSB transmission, the current 11 RB occupancy would not meet the OCB requirement. If wideband transmission is supported for S-SSB on unlicensed spectrum, it would be necessary to design long sequences for S-PSS and S-SSS. Since the PSD will be relatively small, the gain achievable long sequence would be mitigated. If interlaced transmission is supported for S-SSB on unlicensed spectrum, since the number of RBs associated with a interlace index could be smaller than 11, it would be necessary to discuss how to map S-SSB on two interlaces. Depending on the design, it would require new sequence design. Alternatively, it can be considered that S-SSB transmission can be supported when at least one interlace consists of 11 RBs if the OCB and/or PSD requirements need to be met. In this case, the Rel-16 synchronization sequences could be reused for unlicensed spectrum. Instead, if the S-SSB transmission is not supported on unlicensed spectrum, it is assumed that the synchronization source for SL transmission would be limited to either gNB or GNSS. 
In case of PSFCH transmission, considering multiplexing capacity, the interlaced transmission could be considered rather than wideband transmission. Since the PSFCH format 0 is designed based on PUCCH format 0, and the PUCCH format 0 have interlaced transmission form, it can be considered that interlaced transmission form of PUCCH format 0 is considered as a baseline for interlaced PSFCH transmission. Since the number of PRBs for a single PSFCH transmission would be highly increased, it would be necessary to check whether the number of PSFCH resources are sufficient at least for groupcast HARQ-ACK feedback Option 2. The simple way is to use groupcast HARQ-ACK feedback Option 1, but the DTX problem would be worsened due to LBT failure. Alternatively, to increase the number of PSFCH resources, it can be considered to apply time-domain and/or frequency-domain OCC to PSFCH transmission. In case of time-domain OCC, it would be necessary to carefully investigate the impact of power imbalance across different symbols due to OCC. It would have negative impact on the AGC performance. Alternatively, it can be considered to introduce comb structure for the interlaced PSFCH transmission. However, in this case, the number of cyclic shift pairs could be reduced, so total number of PSFCH resources would not be large enough. When the PSFCH resource is associated with RB set index and interlaced index, it would be necessary to modify the implicit PSSCH-to-PSFCH resource determination rule as well. According to Rel-16 NR SL, subchannel index and slot index of PSSCH are used to determine RB sub-group of PSFCH, and source ID of PSSCH is used to determine RB index within the RB sub-group and cyclic shift pair index. For interlaced PSFCH transmission, it would be necessary to define how RB set index and interlace index of PSFCH are derived from PSSCH resource and source ID. 
Proposal 4: Considering OCB and PSD requirements, followings are considered:
· Whether or not to define interlaced PSCCH/PSSCH transmission
· Whether or how to define sub-channel for interlaced PSCCH/PSSCH transmission
· Whether or how to indicate reserved resource(s) for PSCCH/PSSCH transmission(s)
· Whether or how to design interlaced or wideband S-SSB transmission
· Whether or how to handle the case when the number of PRBs associated with a interlace index is smaller than 11. 
· Whether or how to design interlaced PSFCH transmission
· If PSFCH is supported for SL operation in unlicensed band, PUCCH format 0 with interlaced structure is a baseline. 
· Whether or how to increase the number of PSFCH resources in a slot
· Whether or how to update implicit PSSCH-to-PSFCH resource determination rule

According to principle of NR SL design, in-band emission problem is widely considered. As a results, SL CSI-RS is always confined within PSCCH/PSSCH resources, and contiguous PSCCH/PSSCH transmission is supported. However, in case of interlaced SL transmission, RB-level FDM would occur more frequently. So, when we discuss whether or how to support interlaced SL transmission, it would be necessary to carefully check the impact on the in-band emission problem. 
Observation 1: To study interlaced SL transmission, it is carefully to investigate impact on in-band emission problem.

4. Conclusions
In this contribution, we discussed physical channel design framework for sidelink on unlicensed spectrum. Based on the above discussion, our observations and proposals are given as follows:
Observation 1: To study interlaced SL transmission, it is carefully to investigate impact on in-band emission problem.

Proposal 1: For SL communication on unlicensed spectrum, a resource pool can include following slots:
· Cell-specific UL slots, 
· Slots whose symbols from sl-StartSymbol to sl-StartSymbol + sl-LengthSymbols – 1 are cell-specific UL
Proposal 2: For SL communication on unlicensed spectrum, followings are considered to design frequency domain resources belonging to a resource pool:
· Whether or how the sub-channel is confined with RB set
· Whether or how the sub-channel is overlapping with guard band
· Whether or how to use resources within guard bands between RB sets for SL transmission
Proposal 3: For SL burst transmissions, followings are considered:
· Whether or how to reduce TX-RX switching period at least for SL burst transmissions 
· How to set or restrict sl-StartSymbol and sl-LengthSymbols
· Whether or not to support PSFCH TX/RX
· Whether or how to support SL burst transmission for S-SSB, PSCCH/PSSCH, PSFCH
Proposal 4: Considering OCB and PSD requirements, followings are considered:
· Whether or not to define interlaced PSCCH/PSSCH transmission
· [bookmark: _GoBack]Whether or how to define sub-channel for interlaced PSCCH/PSSCH transmission
· Whether or how to indicate reserved resource(s) for PSCCH/PSSCH transmission(s)
· Whether or how to design interlaced or wideband S-SSB transmission
· Whether or how to handle the case when the number of PRBs associated with a interlace index is smaller than 11. 
· Whether or how to design interlaced PSFCH transmission
· If PSFCH is supported for SL operation in unlicensed band, PUCCH format 0 with interlaced structure is a baseline. 
· Whether or how to increase the number of PSFCH resources in a slot
· Whether or how to update implicit PSSCH-to-PSFCH resource determination rule
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