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Introduction
The following agreements for physical channel design framework for sidelink-unlicensed (SL-U) were made in the RAN1#110bis-e, RAN1#112, and RAN1#112bis-e meetings [1][2][3]:
	Agreement [1]:
Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· Such PRBs can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in multi-channel case and the UE uses both of these two RB sets for PSSCH transmission
· FFS details, e.g., handling of potential unequal sub-channel size, for interlaced RB based transmission, whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as the PRBs for PSSCH transmission in these two RB sets
· Such PRBs are not used for PSCCH transmission
· FFS: whether or not such PRBs are used for PSFCH/S-SSB transmission

Agreement [2]:
For contiguous RB-based PSCCH/PSSCH transmission in SL-U:
· Regarding mapping between sub-channel and PRBs, down-select one of the followings during RAN1#112:
· Option 1 (sub-channel aligns with resource pool boundary): Same as in legacy NR SL, i.e., the mapping of sub-channel starts from the first PRB of the resource pool and mapped sequentially within the resource pool according to the sub-channel size
· FFS: how to deal with the remaining PRBs, e.g. for meeting OCB requirements

Agreement [3]:
For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, down-select one or more of the followings in RAN1#113:
· Option 2: Such sub-channel(s) can be used for PSCCH/PSSCH transmission
· Note: PRBs within intra-cell guard band are not used for PSCCH transmission as per previous agreement
· Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission
· FFS details, e.g., conditions to apply the above Option(s)
· FFS impacts on definition of candidate resource, and resource selection



Based on the above agreements, this contribution presents our views on physical channel design framework for SL-U.

Physical channel design
Frequency-domain allocation of physical channels
In NR-U, resource allocation of downlink (DL) and uplink (UL) is performed using a Listen-Before-Talk (LBT)-based channel sensing mechanism. Through the LBT mechanism, the UE and gNodeB estimate channel availability. According to the current Rel-16 NR-U specifications, the granularity of LBT-based channel sensing is an RB set. When the energy level measured on an RB set is less than an energy detection (ED) threshold (e.g., -72 dBm), the RB set is considered Idle and can be used for DL/UL transmission.
In the last meeting [2], option 1 in which the sub-channel aligns with the resource pool (RP) boundary was agreed upon for contiguous RB (CRB)-based PSCCH/PSSCH transmission in SL-U. As depicted in Figure 1, while option 1 can facilitate the reuse of legacy SL operation for SL-U in many cases owing to a subchannel structure similar to the legacy Rel-16/17 NR SL, it has more remaining PRBs as compared with option 2 in which subchannels are aligned to RB set boundaries.
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[bookmark: _Ref131774729]Figure 1: Sub-channel alignment options discussed in RAN1#112 meeting.

Meanwhile, in RAN1#110bis-e meeting [1], it was agreed that similar to Rel-16 NR-U, PRBs within an intra-cell guard band (GB) of two adjacent RB sets can be used for PSSCH transmission if and only if a UE can transmit on the respective LBT channels after performing channel access procedure in the multi-channel case and the UE uses both of these two RB sets for PSSCH transmission. For instance, as illustrated in Figure 2, once LBTs of a TX UE performed on RB sets 0 and 1 succeed and the RB sets are chosen for PSCCH/PSSCH transmission, the UE can use PRBs within the GB between RB sets 0 and 1 for PSSCH transmission.
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[bookmark: _Ref115448753]Figure 2: An example of PSSCH/PSSCH transmission using PRBs within a GB in SL-U.

[bookmark: _Hlk131780264]In other words, if one of the LBTs on adjacent RB sets fails, PRBs of the GB can not be used for PSSCH/PSCCH transmission. In this case, as illustrated in Figure 3, considering that the frequency-domain granularity of SL is subchannel, the entire PRBs of subchannel 3 cannot be utilized, which results in inefficient resource utilization. Therefore, to ensure more efficient resource utilization, it is necessary to consider utilizing the remaining PRBs of subchannels that do not belong to the GB for PSCCH/PSSCH transmission. For instance, as illustrated in Figure 3, even if only the LBT on RB set 0 is successful, UE 0 should be able to utilize the remaining PRBs of subchannel 3 that do not belong to the GB. If the utilization of the remaining PRBs is considered in SL-U, it is necessary to further study whether using such PRBs should be considered a UE’s mandatory behavior or not. If it’s not a mandatory behavior, it is also necessary to study other relevant specification impacts (e.g., the indication of remaining PRB allocation to RX/sensing UEs, TBS calculation).
Proposal 1: It is necessary to discuss how to efficiently utilize the remaining PRBs (i.e., PRBs not belonging to the GB) of a subchannel that partially overlaps with a GB and study relevant specification impacts (e.g., the indication of remaining PRB allocation to RX/sensing UEs, TBS calculation).
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[bookmark: _Ref115453056]Figure 3: An example of PSSCH/PSSCH transmission without using PRBs within a GB in SL-U.

In RAN1#110bis-e meeting [1], it was also agreed that using PRBs within an intra-cell GB of two adjacent RB sets is not allowed for PSCCH transmission and PSCCH is only sent within one sub-channel. The main rationale behind this agreement is that allowing TX UE to use such PRBs for PSCCH transmission would result in increasing RX UE processing complexity of PSCCH blind decoding. Since the RX/sensing UE cannot know whether or not the PSCCH of the TX UE is allocated to the PRBs of a GB, blind decoding must be performed for both when the PSCCH is allocated to the PRBs of the GB and when it is not. Hence, regardless of whether PRBs of a GB can be used or not, TX UE should not use the PRBs at least for PSCCH transmission.
In the last meeting [3], it was agreed to down-select one or more of two options for the utilization of subchannel(s) including intra-cell GB PRBs in RAN1#113: Option 2 in which such subchannel(s) can be used for PSCCH/PSSCH transmission and Option 3 in which such subchannel(s) cannot be used for PSCCH transmission and can be used for PSSCH transmission). In our opinion, while option 2 capable of increasing resource utilization efficiency is reasonable to support, option 3 has an issue to be addressed first. In Rel-16/17 NR SL, PSCCH is allocated from the lowest PRB within the subchannel(s) occupied by the associated PSSCH. That is, PSCCH and PSSCH have the same lowest PRB, which conflicts with option 3 which may have cases when the lowest subchannel including intra-cell GB PRBs is not used for PSCCH but occupied by the associated PSSCH.
Observation 1: Regarding the options for the utilization of subchannel(s) including intra-cell GB PRBs for CRB-based PSCCH/PSSCH transmission in SL-U, while option 2 capable of increasing resource utilization efficiency is reasonable to support, option 3 conflicts Rel-16/17 NR SL specifications in which PSCCH and PSSCH have the same lowest PRB.
Proposal 2: Among two options for the utilization of subchannel(s) including intra-cell GB PRBs for CRB-based PSCCH/PSSCH transmission in SL-U, we prefer to support option 2 in which such subchannel(s) can be used for PSCCH/PSSCH transmission.

When the remaining PRBs can be used for more efficient resource utilization as explained in the example of Figure 3, not using the PRBs within a GB causes another problem. Figure 4 illustrates two examples of PSCCH transmission on a subchannel overlapping with a GB. In the first case, UE’s LBTs on RB sets 0 and 1 are successful, and the UE sends PSCCH and PSSCH using subchannels 3 and 4. In the other case, only the UE’s LBT on RB set 1 is successful, and the UE sends PSCCH and PSSCH using subchannels 4 and 5. From the two examples, in our opinion, depending on the alignment between RB sets and subchannels, the number of PRBs for PSCCH transmission in a subchannel (e.g., subchannel 3 in Figure 4) that partially overlaps with a GB may be insufficient to ensure its reliability. Therefore, it is necessary to study how to address this.
Observation 2: When a PSCCH is transmitted through a subchannel including intra-cell GB PRBs, the remaining PRBs for PSCCH transmission may be insufficient to ensure its reliability.
Proposal 3: It is necessary to investigate how to address the insufficient remaining PRBs for PSCCH transmission using a subchannel including intra-cell GB PRBs.
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[bookmark: _Ref115456971]Figure 4: Examples of PSCCH transmission using a subchannel overlapping with a GB.

One approach to address the insufficient number of PRBs for PSCCH transmission in a subchannel containing PRBs belonging to intra-cell GB is to allocate additional symbols for PSCCH transmission (e.g., 4 or 5-symbol PSCCH). For instance, as depicted in Figure 4, a UE using subchannels 3 and 4 for SL communication and obliged to allocate only a small part of PRBs in subchannel 3 for its PSCCH transmission can allocate additional symbols for PSCCH transmission to ensure its reliability enhancement.
Proposal 4: To address the insufficient number of PRBs for PSCCH transmission using a subchannel including intra-cell GB PRBs, we propose allocating additional symbols for PSCCH transmission (e.g., 4 or 5-symbol PSCCH).

Summary
In this contribution, the following observations and proposals are made for SL-U physical channel design framework.
Observation 1: Regarding the options for the utilization of subchannel(s) including intra-cell GB PRBs for CRB-based PSCCH/PSSCH transmission in SL-U, while option 2 capable of increasing resource utilization efficiency is reasonable to support, option 3 conflicts Rel-16/17 NR SL specifications in which PSCCH and PSSCH have the same lowest PRB.
Observation 2: When a PSCCH is transmitted through a subchannel including intra-cell GB PRBs, the remaining PRBs for PSCCH transmission may be insufficient to ensure its reliability.

Proposal 1: It is necessary to discuss how to efficiently utilize the remaining PRBs (i.e., PRBs not belonging to the GB) of a subchannel that partially overlaps with a GB and study relevant specification impacts (e.g., the indication of remaining PRB allocation to RX/sensing UEs, TBS calculation).
Proposal 2: Among two options for the utilization of subchannel(s) including intra-cell GB PRBs for CRB-based PSCCH/PSSCH transmission in SL-U, we prefer to support option 2 in which such subchannel(s) can be used for PSCCH/PSSCH transmission.
Proposal 3: It is necessary to investigate how to address the insufficient remaining PRBs for PSCCH transmission using a subchannel including intra-cell GB PRBs.
Proposal 4: To address the insufficient number of PRBs for PSCCH transmission using a subchannel including intra-cell GB PRBs, we propose allocating additional symbols for PSCCH transmission (e.g., 4 or 5-symbol PSCCH).
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