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Introduction
The following agreements for physical channel design framework for sidelink-unlicensed (SL-U) have been made in the RAN1#109-e and RAN1#110 meetings [1][2]:
	Agreement [1]:
SL BWP, SL resource pool in R16/R17 NR SL and RB set in R16 NR-U are reused for SL-U as baseline
· Only one SL BWP is (pre-)configured within a carrier
· The SL BWP is (pre-)configured to include one or multiple SL resource pools
· At least support that one SL resource pool can be (pre-)configured to include integer number of RB sets
· FFS: whether/how to support one SL resource pool can include sub-set of PRBs of one RB set
· FFS: the applicable resource pool
· FFS: the impact on sub-channel size and number of sub-channels in a resource pool if sub-channel is supported
· PRBs within intra-cell guard band of two adjacent RB sets belong to a resource pool if the resource pool includes the two adjacent RB sets
· FFS details, e.g., how such PRBs are used, the applicable resource pool, etc.
· FFS: whether R16/R17 NR SL S-SSB slots and/or new S-SSB slots (if supported) are excluded from resource pool
· FFS: which slots belong to resource pool, e.g., how to set the value of bitmap, whether to consider SL-U/NR-U operating in the same carrier and whether TDD configuration are considered, etc.
· FFS: the impact of PSCCH/PSSCH mapping to frequency resources on resource pool configuration, on sub-channel definition if sub-channel is supported, etc.

Agreement [1]:
For slot structure in SL-U:
· At least R16/R17 NR SL slot-based PSCCH/PSSCH transmission is supported
· FFS: whether/how to support additional starting symbol(s) within a slot for the PSCCH/PSSCH transmission

Agreement [2]:
For PSCCH and PSSCH in SL-U:
· Both R16/R17 NR SL contiguous RB-based and interlace RB-based transmissions similar to R16 NR-U are supported



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 Listen-Before-Talk (LBT)-based channel sensing mechanisms. The UE and gNodeB check whether there is any ongoing communication in the channel by estimating its availability through an LBT mechanism. 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., an ED threshold of -72 dBm), the RB set is considered Idle and can be used for resource allocation.
Meanwhile, in RAN1#110 meeting [2], it was agreed that PRBs within an intra-cell guard band (GB) of two adjacent RB sets belong to a resource pool (RP) if the RP includes the two adjacent RB sets, and how to use the PRBs within a GB is under discussion. In the case of NR-U, PRBs belonging to a GB can be used for resource allocation only when UE’s LBTs on two adjacent RB sets of the GB succeed. Otherwise, the PRBs cannot be used. Therefore, if PRBs within a GB of two adjacent RB sets are used in the same way as Rel-16 NR-U, as illustrated in Figure 1, for transmission of PSCCH/PSSCH, a TX UE can use the PRBs belonging to the GB between RB sets 0 and 1 when the LBTs performed on RB sets 0 and 1 succeed. In our option, reusing the NR-U method for SL-U should be prioritized.
Proposal 1: As in NR-U, PRBs belonging to the GB of two adjacent RB sets can be used for PSCCH/PSSCH transmission in SL-U only when UE’s LBTs are successful on the two RB sets.
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[bookmark: _Ref115448753]Figure 1: An example of PSSCH/PSSCH transmission using PRBs within a GB in SL-U.

While reusing the NR-U method of using PRBs within a GB is acceptable in terms of minimizing standardization efforts for SL-U, it is necessary to further investigate how to better utilize PRBs in subchannels partially overlapping with a GB. More specifically, the PRBs within such subchannels that do not belong to the GB should be utilized for PSCCH/PSSCH transmission. As illustrated in Figure 2, even if only the LBT on RB set 0 is successful, UE 0 should be able to utilize the PRBs of subchannel 3 that do not belong to the GB for efficient resource utilization. If this is considered, it is necessary to further study whether using such PRBs should be considered a mandatory behavior or not. If not, it is necessary to study how to indicate the PRB allocation status to RX/sensing UEs and other relevant specification impacts (e.g., TBS calculation).
Proposal 2: It is necessary to further investigate how to better utilize PRBs of subchannels partially overlapping with a GB and relevant specification impacts.
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[bookmark: _Ref115453056]Figure 2: An example of PSSCH/PSSCH transmission without using PRBs within a GB in SL-U.

In addition, using partial PRBs of subchannels overlapping with a GB also has an impact on PSCCH transmission. Figure 3 illustrates two examples of PSCCH transmission using subchannels 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. In our option, allowing TX UE to use such PRBs for PSCCH transmission would result in increasing RX UE processing complexity of PSCCH blind decoding. This is because RX UE cannot know whether PSCCH of TX UE is allocated in PRBs of the GB or 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 this case, however, depending on the alignment between RB sets and subchannels, PRBs in subchannels partially overlapping with a GB may be insufficient for PSCCH transmission. Therefore, it is necessary to study how to address this.
Proposal 3: Regardless of whether PRBs of a GB can be used or not, TX UE should not use the PRBs at least for PSCCH transmission.
Proposal 4: It is necessary to investigate how to address insufficient PRBs in subchannels partially overlapping with a GB for PSCCH transmission.
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[bookmark: _Ref115456971]Figure 3: Examples of PSCCH transmission using subchannels overlapping with a GB.

Time-domain allocation of physical channels
It was agreed in RAN1#109-e meeting [1] to support at least R16/17 NR SL slot-based PSCCH/PSSCH transmission and discuss whether/how to support starting symbol(s) within a slot for the PSCCH/PSSCH transmission. In SL-U, a UE expects to access the channel as soon as an LBT succeeds. However, since the LBT success occurs at any time within a slot, it is likely for a UE configured with one starting symbol to miss transmission chance within the slot and wait until the next slot for SL-U transmission. That’s the main motivation for introducing additional starting symbol(s) for PSCCH/PSSCH transmission. It allows a TX UE to have more chances to access the channel and reduce the loss of channel occupancy time (COT). 
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[bookmark: _Ref115454629][bookmark: _GoBack]Figure 4: An example of an SL-U slot structure with one additional starting symbol.
However, having additional starting symbol(s) has large specification impacts. For instance, additional starting symbols mandate the RX SL-U UE to perform blind detection of PSCCH for each configured starting symbol, which increases UE complexity. Hence considering the trade-off between performance gain and UE complexity, it is reasonable to introduce one additional starting symbol within a slot for PSCCH/PSSCH transmission in SL-U as depicted in Figure 4.
Proposal 5: Consider introducing one additional starting symbol within a slot for PSCCH/PSSCH transmission in SL-U.

It is also important to note that depending on the starting symbol location, PSFCH is may not be allocated. Moreover, when the LBT fails at the first starting symbol and succeeds at the second starting symbol, the number of symbols may not be sufficient to carry the TB whose size is computed for the full-slot PSSCH transmission in the PSSCH starting from the second starting symbol. For instance, as illustrated in Figure 4, the TB to be transmitted in the slot with 12 available symbols may not be carried by PSSCH with 5 symbols. In our opinion, one approach to tackle such a deficiency is to extend the transmission duration to the next slot.
Proposal 6: If additional starting symbol(s) is supported, it is necessary to consider extending transmission to the next slot and investigate relevant specification impacts.

Summary
In this contribution, the following proposals are made for SL-U physical channel design framework.
Proposal 1: As in NR-U, PRBs belonging to the GB of two adjacent RB sets can be used for PSCCH/PSSCH transmission in SL-U only when UE’s LBTs are successful on the two RB sets.
Proposal 2: It is necessary to further investigate how to better utilize PRBs of subchannels partially overlapping with a GB and relevant specification impacts.
Proposal 3: Regardless of whether PRBs of a GB can be used or not, TX UE should not use the PRBs at least for PSCCH transmission.
Proposal 4: It is necessary to investigate how to address insufficient PRBs in subchannels partially overlapping with a GB for PSCCH transmission.
Proposal 5: Consider introducing one additional starting symbol within a slot for PSCCH/PSSCH transmission in SL-U.
Proposal 6: If additional starting symbol(s) is supported, it is necessary to consider extending transmission to the next slot and investigate relevant specification impacts.
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