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1. Introduction
NR sidelink specification has been discussed and made in Rel-16/17. Further SL evolution has been desired as a part of Rel-18 and four topics are included in the scope for RAN1 work [1]; SL-CA/SL-U/SL-FR2/Co-channel coex of LTE-SL and NR-SL. In this contribution, we share our views on channel design framework in SL-U.

2. Discussions
2.0. OCB requirement
For unlicensed spectrum, there is a regulation on resource usage. In Europe, each channel bandwidth is 20 MHz (or less), and transmissions in a channel shall occupy 80% or more of the channel bandwidth; i.e., 16 MHz or more shall be used for transmissions. This regulation is Occupied Channel Bandwidth (OCB) requirement. Under this frequency-domain regulation, LBT, which is another regulation on resource usage discussed in [2], is performed per 20 MHz channel bandwidth (Let us call this channel LBT channel). OCB requirement can ensure that devices can detect other UE’s transmissions on each 20 MHz by LBT.
In NR-U, some mechanisms were introduced to meet OCB requirement; e.g., interlaced channel. For SL-U, we need to have discussions on how to meet OCB requirement.
In Rel-16 SL, resource pool concept was adopted. Frequency domain resources included in a resource pool are divided into multiple groups. Each group, i.e. sub-channel, is composed of the (pre-)configured number of contiguous PRBs. Each transmission of PSCCH/PSSCH is allocated on one or more contiguous sub-channels. Available sub-channel size is 10/12/15/20/25/50/75/100 PRBs, which equal to 1.8/2.16/2.7/3.6/4.5/9/13.5/18 MHz for 15 kHz SCS and 3.6/4.32/5.4/7.2/9/18/27/36 MHz for 30 kHz SCS. Therefore, most PSCCH/PSSCH transmissions in Rel-16 SL resource pool cannot satisfy OCB requirement. In addition, Rel-16/17 SL supports PSFCH and S-SSB. Each PSFCH is mapped on only 1 PRB and each S-SSB is transmitted on 11 PRBs or 127 REs. These also do not meet OCB requirement. We discuss and propose enhancement mechanisms to solve these issues below.
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Fig. 1: OCB requirement vs. Rel-16/17 SL resource pool.
Observation 1:
· Rel-16/17 resource pool cannot meet OCB requirement.

2.1. Resource pool
As discussed in the last section, OCB requirement is not considered in Rel-16/17 resource pool construction and thus is not met in most cases of PSCCH/PSSCH transmissions. To solve this issue, the following three options can be considered:
· Option 1: Sub-channel size restriction
If sub-channel size is the same or almost the same as LBT channel size, PSCCH/PSSCH transmissions with any number of sub-channels can satisfy OCB requirement. Meanwhile, the number of corresponding PRBs is approximately 100 for 15 kHz SCS and 50 for 30 kHz SCS. Resource allocation flexibility becomes quite less.
· Option 2: Resource allocation restriction
In this option, any sub-channel size is available; but each PSCCH/PSSCH shall use multiple sub-channels such that OCB requirement is met. Disadvantage would be the same as in Option 1.
· Option 3: Interlaced sub-channels
This option is illustrated as the following figure. Each sub-channel is composed of interlaced PRBs. In the illustration, PRBs with red color are a part of sub-channel#0; sub-channel#1 is composed of PRBs with blue color. In this mechanism, for example PSCCH/PSSCH transmissions with two sub-channels can be mapped over most of LBT channel. At the same time, sub-channel size / the number of sub-channels in the resource pool / the number of sub-channels per TX are flexible as in Rel-16/17 resource pool. 
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Fig. 2: OCB requirement vs. interlaced resource pool (Option 3).
Based on the above analysis, we believe that Option 3 should be introduced for SL-U.
Observation 2:
· PSCCH/PSSCH transmissions in one or more interlaced sub-channels can meet OCB requirement.
· Interlaced sub-channel mechanism maintains resource flexibility.
Proposal 1:
· Introduce interlaced sub-channel for Rel-18 SL-U.
· Each sub-channel is composed of multiple interlaced PRBs.

2.2. PSFCH
Unlike PSCCH/PSSCH, PSFCH is composed of 1 PRB only as abovementioned and not involved with sub-channel concept. Dedicated enhancement on PSFCH format 0 is necessary to meet OCB requirement. As the scheme, we believe that PUCCH format 0 in interlaced resource block, which was introduced in Rel-16 NR-U, can be baseline of PSFCH format in SL-U since PSFCH format 0 is almost the same as PUCCH format 0.
One note is that there are differences between PUCCH and PSFCH, for example resource allocation or HARQ feedback for groupcast; hence whether/how to modify PUCCH format 0 in interlaced resource block for PSFCH format 0 should be studied sufficiently.
Proposal 2:
· For PSFCH in SL-U, PUCCH format 0 in interlaced resource block is the baseline.
· Study the details including necessary modifications.

2.3. S-SSB
S-SSB is transmitted in slots outside of resource pool, and the amount of frequency-domain resources is 11 PRBs at PSBCH symbols and 127 REs at S-PSS/S-SSS symbols. Also for S-SSB, some enhancement mechanism is definitely required to meet OCB requirement. The following directions would be possible options and sufficient study is desirable though it seems that their differences are not so large.
· [bookmark: _Hlk101823707]Alt 1: S-SSB with interlaced structure
· Alt 2: S-SSB with more PRBs
· Alt 3: Simultaneous TX of S-SSB and other channel/signal
Here one note is that other channel/signal in Alt 3 is for example some RS like CSI-RS / Positioning RS. Although PSCCH/PSSCH might be another candidate, the availability for PSCCH/PSSCH is not so beneficial due to RX failure caused by half-duplex.
Proposal 3:
· For S-SSB in SL-U, study how to do enhancement to meet OCB requirement, including the following alternatives.
· Alt 1: S-SSB with interlaced structure
· Alt 2: S-SSB with more PRBs
· Alt 3: Simultaneous TX of S-SSB and other channel/signal

2.4. Wideband operation
In Rel-16 NR-U, although LBT channel is 20 MHz, each CC defined in 3GPP can be larger than the LBT channel bandwidth. PDSCH/PUSCH can be mapped on over multiple LBT channels, which can improve resource efficiency.
Of course LBT shall be performed per LBT channel. There is a case where LBT at a part of multiple LBT channels corresponding to a single transmission is successful and LBT at the remaining part is failed. In this case, gNB can transmit PDSCH only in the part of LBT channels where LBT is successful. On the other hand, it is not allowed for UE to transmit PUSCH partially. UE can transmit PUSCH only when LBT at all corresponding LBT channels is successful.
For SL-U, the same discussion would be necessary. One motivation to support SL-U is possibility to use wider channel bandwidth and thus SL carrier configuration over multiple LBT channels would be a straightforward direction. Regarding partial transmission as DL, partial transmission of SL channel would not be beneficial. The same mechanism as UL should be OK.
Proposal 4:
· In SL-U, support wideband operation over 20 MHz.
· UE can transmit SL channel/signal only when LBT is successful in all LBT channels where the SL channel/signal is transmitted.

To support wideband operation, NR-U supports intra-cell guard band (intraCellGuardBandsDL-List, intraCellGuardBandsUL-List). Middle frequency resources can be a guard band so that transmission within a LBT channel is performed regardless of the other LBT channels. For example, in 40 MHz carrier component, basically 106 PRBs are available. Then 50 – 6 – 50 PRBs are grouped. Each 50 PRBs is corresponding to transmissions at each LBT channel, and 6 PRBs are intra-cell guard band. The 6 PRBs are not available for any transmission. It would be reasonable to introduce the same mechanism to SL, but Rel-16/17 resource pool can be (pre-)configured only with contiguous PRBs. This restriction degrades applicability of wideband operation and hence should be removed.
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Fig. 3: SL wideband operation with intra-cell guard band.
Observation 3:
· In Rel-16 NR-U, intra-cell guard band was introduced to support transmission regardless of channel condition at the adjacent LBT channel.
· Rel-16/17 SL resource pool does not support non-contiguous PRBs.
Proposal 5:
· In SL-U, support intra-carrier guard band.
· Resource pool can be (pre-)configured with non-contiguous PRBs.

In the above wideband operation with intra-carrier guard band, how to support interlaced sub-channel structure is a discussion point if interlace concept is introduced. At least the following two options are considerable. The corresponding illustrations are presented below.
· Option A: Interlace over resource pool
For example, when 100 PRBs are available with 10 PRBs of sub-channel size for a resource pool, 1 PRB of each contiguous 10 PRBs is allocated to a sub-channel. In this option, the same interlace structure can be applied regardless of LBT channel. However, any transmission over one or more sub-channels is mapped across multiple LBT channels. Only when LBT is successful at all the LBT channels, UE can perform transmissions. Transmission failure due to LBT failure will occur in more situations.
· Option B: Interlace per LBT channel
In the same example, 1 PRB of each contiguous 5 PRBs is allocated to a sub-channel. PRBs constituting a sub-channel is defined only within a LBT channel. In this option, although interlace structure becomes a bit complicated, transmission with not so many number of sub-channels can be performed when LBT is successful only at the LBT channel, regardless of other LBT channels. Resource efficiency becomes much better due to less situations of transmission failure caused by LBT failure.
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Fig. 4: Interlaced sub-channel in wideband operation.
Observation 4:
· If interlace is applied across multiple LBT channels, any transmission can be performed only when LBT is successful at all of the LBT channels.
· If interlace is applied within a LBT channel, transmission with small number of sub-channels can be performed when LBT is successful at the LBT channel.
Proposal 6:
· In SL-U, support interlaced sub-channel defined within a LBT channel.


3. Conclusion
In this contribution, we discussed channel design framework in SL-U. Observations/Proposals are summarized as following: 
Observation 1:
· Rel-16/17 resource pool cannot meet OCB requirement.
Observation 2:
· PSCCH/PSSCH transmissions in one or more interlaced sub-channels can meet OCB requirement.
· Interlaced sub-channel mechanism maintains resource flexibility.
Proposal 1:
· Introduce interlaced sub-channel for Rel-18 SL-U.
· Each sub-channel is composed of multiple interlaced PRBs.
Proposal 2:
· For PSFCH in SL-U, PUCCH format 0 in interlaced resource block is the baseline.
· Study the details including necessary modifications.
Proposal 3:
· For S-SSB in SL-U, study how to do enhancement to meet OCB requirement, including the following alternatives.
· Alt 1: S-SSB with interlaced structure
· Alt 2: S-SSB with more PRBs
· Alt 3: Simultaneous TX of S-SSB and other channel/signal
Proposal 4:
· In SL-U, support wideband operation over 20 MHz.
· UE can transmit SL channel/signal only when LBT is successful in all LBT channels where the SL channel/signal is transmitted.
Observation 3:
· In Rel-16 NR-U, intra-cell guard band was introduced to support transmission regardless of channel condition at the adjacent LBT channel.
· Rel-16/17 SL resource pool does not support non-contiguous PRBs.
Proposal 5:
· In SL-U, support intra-carrier guard band.
· Resource pool can be (pre-)configured with non-contiguous PRBs.
Observation 4:
· If interlace is applied across multiple LBT channels, any transmission can be performed only when LBT is successful at all of the LBT channels.
· If interlace is applied within a LBT channel, transmission with small number of sub-channels can be performed when LBT is successful at the LBT channel.
Proposal 6:
· In SL-U, support interlaced sub-channel defined within a LBT channel.
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