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Introduction
The following agreements regarding the physical channel design framework for sidelink-unlicensed (SL-U) were made in the RAN1#112, RAN1#113, RAN1#114, and RAN1#114bis meetings [1][2][3][4]:
	Agreement 1 [1]
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 2 [2]
For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, support only option 3.
· FFS other details, e.g., impacts on resource selection, PSCCH mapping, etc.
· Note:
· 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
·  : the number of remaining PRBs of a sub-channel belonging to a RB set after excluding the PRBs belonging to intra-cell guardband
·  : the number of PRBs for PSCCH transmission

[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Agreement 3 [3]
Regarding “For contiguous RB-based PSCCH/PSSCH transmission in SL-U, regarding sub-channel(s) which include intra-cell guardband PRBs, support only option 3” and “Option 3: Such sub-channel(s) cannot be used for PSCCH transmission, and can be used for PSSCH transmission”:
· Candidate resource, whose lowest sub-channel includes intra-cell guardband PRBs, is excluded
· Such exclusion is performed in PHY layer, and such candidate resource is excluded in Step 1

Agreement 4 [4] 
For the contiguous RB-based PSCCH/PSSCH,
· For the case where the highest sub-channel of a candidate resource overlaps with a single RB set and intra-cell guardband PRBs
· a reference number of PRBs of one sub-channel is used for TBS determination, and it is equal to the (pre-)configured sub-channel size.
· TP#3-1 in Section 4.7.1 of R1-2310354 is endorsed for TS 38.214 clause 8.1.3.2.
· Note: the above sub-channel “cannot be used for PSCCH transmission, and can be used for PSSCH transmission” as per previous agreement



Based on the above agreements, this contribution presents our views on the remaining issues for the SL-U physical channel design framework, particularly focusing on the highlighted FFS points.

Remaining issues on SL-U physical channel design
Utilization of remaining PRBs
In the RAN1#112 meeting, Agreement 1 [1] was reached regarding mapping between subchannel and physical resource blocks (PRBs) for contiguous RB (CRB)-based PSCCH/PSSCH transmission in SL-U. However, no conclusion has been made regarding the FFS related to the remaining PRBs in the agreement. Figure 1 illustrates an example of the mapping between subchannels and PRBs when a resource pool includes two RB sets with intracell guard band (GB) PRBs between them. As shown in this figure, after dividing the resource pool into subchannels, some PRBs may not be able to constitute a Complete Subchannel. These are referred to as Remaining PRBs.
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[bookmark: _Ref146753764]Figure 1 Subchannel allocations for CRB-based transmission in Rel-18 SL-U.
[bookmark: _Ref142388668]In our view, it is necessary to explicitly specify in the specification how to handle the remaining PRBs.
Proposal 1: it is necessary to explicitly specify how to handle the remaining PRBs (i.e., the number of PRBs insufficient to compose a subchannel) in the specification.

Regarding how to handle the remaining PRBs, our views are as follows. Firstly, if we reuse Rel-16/17 SL specifications where subchannels are considered as the frequency granularity of resource allocation, it is plausible that the remaining PRBs having fewer PRBs than a subchannel are not regarded as a subchannel and cannot be utilized. However, not using the remaining PRBs leads to inefficient resource utilization. One relatively simple approach to address this issue is that the remaining PRBs are used only when the adjacent subchannel (e.g., subchannel 7 in Figure 1) is used for the same PSSCH transmission.
Proposal 2: Although the remaining PRBs(s) cannot compose a subchannel, to maximize resource utilization, we propose using the remaining PRBs only when the adjacent subchannel is allocated for the same PSSCH transmission.

On the contrary, if we do not stick with Rel-16/17 SL specifications, there is another simple alternative. According to Agreements 2 and 4 [2][4], in Rel-18 SL-U, the highest subchannel of a candidate resource overlapping with a single RB set and intra-cell GB PRBs can be used for PSSCH transmission as shown in Figure 1. As highlighted at the bottom of the figure, using this subchannel is very similar to utilizing the remaining PRBs for PSSCH transmission. The only difference is that the remaining PRBs are an Incomplete Subchannel. Nevertheless, if we can utilize such PRBs as a subchannel could result in enhancing resource efficiency in the SL-U transmission. Therefore, we make the following proposal.
Proposal 3: As another alternative, we propose that the remaining PRBs are specified as a subchannel and how to handle such a subchannel follows the behavior specified for the highest subchannel of a candidate resource overlapping with a single RB set and intra-cell GB PRBs.
Since the remaining PRBs are regarded as a subchannel in this case, Agreement 4 [4] can be reused for the Transport Block Size (TBS) determination, which can minimize the specification impact.

To further minimize the specification impact, we propose not using the remaining PRB(s) for SL transmissions other than PSSCH transmission (e.g., PSCCH, PSFCH, S-SSB). In addition, when the remaining PRBs are not considered as a subchannel, we can also apply Agreement 4 [4] to the TBS determination when the remaining PRBs are utilized. Simply put, when calculating the reference number of PRBs (i.e., ) in this case, the remaining PRBs are not counted as a subchannel for the TBS determination.
Proposal 4: To minimize the specification impact, we propose not using the remaining PRB(s) for SL transmissions other than PSSCH transmission (e.g., PSCCH, PSFCH, S-SSB).
Proposal 5: For PSSCH transmission using the remaining PRBs, we propose reusing the same reference number of PRBs (i.e., ) for TBS determination regardless of whether the remaining PRBs are defined as a subchannel or not.

Figure 2 depicts two examples when the remaining PRBs not as a subchannel are used for PSSCH transmission. Examples 1 and 2 show when UE selects candidate resources with 𝐿subCH = 2 and 𝐿subCH = 3 for PSSCH transmission, respectively. As can be seen from the figure, the remaining PRBs can be utilized for both initial and retransmissions of PSSCH. In addition, since the remaining PRBs are not counted for the TBS determination, using such PRBs results in lowering the real code rate, contributing to reception performance improvement.
Observation 1: Using the remaining PRBs is beneficial in lowering the real code rate, contributing to reception performance improvement.
[image: ]
[bookmark: _Ref149756445]Figure 2 Examples for allocating remaining PRBs not as a subchannel for PSSCH transmission.

Summary
In this contribution, the following observations and proposals are made for the maintenance of the SL-U physical channel design framework.
Observation 1: Using the remaining PRBs is beneficial in lowering the real code rate, contributing to reception performance improvement.

Proposal 1: it is necessary to explicitly specify how to handle the remaining PRBs (i.e., the number of PRBs insufficient to compose a subchannel) in the specification.
Proposal 2: Although the remaining PRBs(s) cannot compose a subchannel, to maximize resource utilization, we propose using the remaining PRBs only when the adjacent subchannel is allocated for the same PSSCH transmission.
Proposal 3: As another alternative, we propose that the remaining PRBs are specified as a subchannel and how to handle such a subchannel follows the behavior specified for the highest subchannel of a candidate resource overlapping with a single RB set and intra-cell GB PRBs.
Proposal 4: To minimize the specification impact, we propose not using the remaining PRB(s) for SL transmissions other than PSSCH transmission (e.g., PSCCH, PSFCH, S-SSB).
Proposal 5: For PSSCH transmission using the remaining PRBs, we propose reusing the same reference number of PRBs (i.e., ) for TBS determination regardless of whether the remaining PRBs are defined as a subchannel or not.

References
[1] [bookmark: _Ref131721069][bookmark: _Ref146789134]R1-2302256, Final Report of 3GPP TSG RAN WG1 #112 v1.0.0 (Athens, Greece, 27th February – 3rd March 2023).
[2] [bookmark: _Ref133779190]R1-2306352, Final Report of 3GPP TSG RAN WG1 #113 v1.0.0 (Incheon, South Korea, 22nd – 26th May 2023).
[3] [bookmark: _Ref146788749]R1-2308802, Final Report of 3GPP TSG RAN WG1 #114 v1.0.0 (Toulouse, France, 21st – 25th August 2023).
[4] [bookmark: _Ref149752111]Draft Report of 3GPP TSG RAN WG1 #114bis v0.2.0 (Xiamen, China, 9th – 13th October 2023).
--
image1.emf
SubCH

0 1 2 3 4 5 6 7

PSCCH PRBs

PSSCH PRBs

Subchannels where PSCCH cannot be allocated 

(option 3 agreed in RAN1#113 meeting)

Frequency

Time

Resource Pool

GB Frequency

UE 0 LBT Success/Fail UE 0 LBT Success/Fail

RB set 0

LBT case 0: RB set 0 Success, RB set 1 Success

LBT case 1: RB set 0 Success, RB set 1 Fail

LBT case 2: RB set 0 Fail, RB set 1 Success

Supported for

LBT case 0

(

n

subCH

=5)

Supported for

LBT case 1

(

n

subCH

=3)

Supported for

LBT case 2

(

n

subCH

=2)

Not supported (RAN1#114 agreement)

for LBT case 2 (

n

subCH

=3)

Intracell GB PRBs

RB set 1

Remaining PRBs (Incomplete Subchannel)

Not concluded 

Utilizing the remaining PRBs for PSSCH transmission can be done in a similar way that 

the highest subchannel of a candidate resource overlapping with a single RB set and intra-cell is used for PSSCH transmission 

n

subCH

=3 if the remaining PRBs are a subchannel

n

subCH

=2 if the remaining PRBs are not a subchannel


image2.emf
SubCH

0 1 2 3 4 5 6 7

Frequency

Time

Resource Pool

GB Frequency RB set 0

Initial transmission of

TB 1 with TBS

1 

(

n

subCH

=2)

RB set 1

PSCCH PRBs

PSSCH PRBs

Intracell GB PRBs

Remaining PRBs

Example 1

N

itx-PRB 

< N

retx-PRB

Retransmission of

TB 1 with TBS

1 

(

n

subCH

=2)

Example 2

N

itx-PRB 

> N

retx-PRB

Retransmission of

TB 2 with TBS

2 

(

n

subCH

=3)

Initial transmission of

TB 2 with TBS

2 

(

n

subCH

=3)

Remaining PRBs are not counted

for TBS determination


