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Introduction
In this contribution, we provide our views on the remaining issues of SL-U physical channel design based on the agreements made in previous RAN1 meetings.

Remaining issues on physical channel design
2.1 SL BWP and resource pool configuration
Intra-cell guard band
In RAN1#110bis-e meeting, the following agreement was reached on SL BWP and resource pool configuration:
	Agreement
[bookmark: OLE_LINK161][bookmark: OLE_LINK162]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


[bookmark: OLE_LINK160]It was agreed that the intra-cell guard band of two adjacent RB sets can be used for PSSCH transmission if and only if multi-channel access procedure is successful on the respective corresponding RB sets. During the discussion, some companies raised concerns on the potential unequal sub-channel size caused by using the PRBs within intra-cell guard band, and whether the PRB(s) in the intra-cell guard band have the same interlace index(s) as that for PSSCH transmissions in the two RB sets, etc., which were listed as an FFS point. 
First of all, for the potential unequal sub-channel size, our understanding is that this is not particularly caused by using intra-cell guard band. As the number of RBs within an RB set could be from 100 to 110 for 15kHz SCS and from 50 to 55 for 30kHz SCS, even without intra-cell guard band, the unequal sub-channel size exists. Handling of unequal sub-channel size with and without intra-cell guard band, including TBS determination, can be separately discussed later. 
Observation 1: The unequal sub-channel size is not a specific issue caused by using intra-cell guard band. Even without using intra-cell guard band, the unequal sub-channel size exists as the number of RBs within an RB set could be from 100 to 110 for 15kHz SCS and from 50 to 55 for 30kHz SCS.
In addition, regarding the index of PRB(s) in the intra-cell guard band, our view is that the PRB(s) in the intra-cell guard band should have the same interlace index(s) as the PRBs for PSSCH transmission in the two RB sets, which reuses NR-U design. Therefore, we propose that:
Proposal 1: Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· For interlaced RB based transmission, 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.

RP includes sub-set of one RB set
In addition, there was an open issue of whether a SL-U RP can include sub-set of one RB set, which was not discussed during RAN1#110b-e meeting. The latest intermediate proposal (in RAN1#110 meeting) was recapped as follows:
	Proposal 1-4: Do not support one SL resource pool includes sub-set of PRBs of one RB set. 


In unlicensed spectrum, LBT is performed based on a 20MHz operation channel (i.e., an RB set defined in NR-U). In NR-U, a UE can be configured with one or more BWPs, each of them equals to or larger than 20MHz, with the limitation of the BWP shall include N continuous RB sets, where N is a positive integer as shown below.


Figure 1: NR-U BWP and RB sets
In NR sidelink, a resource pool in frequency domain consists of N continuous sub-channels, and each sub-channel consists of M continuous PRBs. The candidate values of the sub-channel size are {10, 15, 20, 25, 50, 75, 100} PRBs, which is (pre)configured per resource pool.


Figure 2: NR sidelink resource pool in frequency domain
For frequency domain resource pool configuration in SL-U, as it is over unlicensed spectrum, to follow the LBT operation on a 20MHz channel and to ensure the OCB requirement, we think that a SL-U resource pool should consist integer number of RB sets, at least for the resource pool enabling interlace RB-based transmissions. 
[bookmark: _Hlk131666220]Proposal 2: For a SL-U resource pool with interlace RB-based transmission, support the resource pool to include integer number of RB sets by (pre)configuration.
Note that in RAN1#112bis-e meeting, the following agreement on mapping between sub-channel and interlace was made. There was an FFS bullet if RAN1 agrees to support a SL-U RP includes sub-set of PRBs of one RB set, and as described above, we think that such discussion should NOT be pursued. 
	Agreement
For interlace RB-based PSCCH/PSSCH transmission in SL-U, regarding details of mapping between sub-channel and interlace:
· In a resource pool with multiple RB sets, sub-channel with the same index is mapped to K interlace(s) with the same index(s) in different RB sets.
· In a resource pool, support the following
· At least for the agreed case where one SL resource pool can be (pre-)configured to include integer number of RB sets
· Option 2: sub-channel#0 is mapped to K interlace(s) starting from interlace#0
· sub-channel#1 is mapped to K interlace(s) starting from interlace#K, and so on
· At least support that the above K interlace(s) are contiguous
· FFS: whether/how to support the above K interlace(s) are non-contiguous
· FFS: if RAN1 agrees to support that one SL resource pool can be (pre-)configured to include sub-set of PRBs of one RB set, the mapping between sub-channel and interlace for this case will be further discussed
· Interlace is indexed as per NR-U



Proposal 3: For interlace RB-based PSCCH/PSSCH transmission in SL-U, mapping details between sub-channel and interlace when one SL RP includes sub-set of PRBs of one RB set is not pursued in RAN1.

Time domain resources
The time domain resources of SL-U BWP and resource pool configuration was still open to further discuss. The latest intermediate proposal (in RAN1#110 meeting) was recapped as follows:
	Proposal 1-3: UE expects all slots of an unlicensed carrier can be used for SL-U transmission.


[bookmark: OLE_LINK661][bookmark: OLE_LINK662]In NR sidelink, the set of slots that belong to a sidelink resource pool is determined by a bitmap after excluding slots with S-SSB and slots of which at least one of the symbols determined by startSLsymbols and lengthSLsymbols are not semi-persistently configured as UL. In other words, the logical slots with consecutive index may not be actually continuous from the perspective of physical. 


Figure 3: NR sidelink resource pool in time domain
Note that the potential gaps between two logical slots with consecutive index are in slot level, and much longer than 16us or 25us, therefore, the discontinuity of the logical slots will prevent a UE to keep the occupancy of the channel, which is not feasible to maintain a COT.
Observation 2: The slots configured for NR sidelink resource pool in time domain may not be continuous in physical slots, and is difficult to maintain a COT in unlicensed spectrum.
To solve this problem, the most straightforward solution is to enhance the resource pool configuration in time domain, and ensure that a resource pool contains contiguous physical slots. Specifically, a SL-U resource pool is configured with a bitmap of all “1” by default, which implies that no NR-U co-exists with SL-U in the same carrier, in this case different SL-U resource pools can be FDMed. 
Proposal 4: The resource pool configuration in time domain should be enhanced to ensure that a SL-U resource pool contains contiguous physical slots.
· By default, a SL-U resource pool can be configured with a bitmap of all “1”.

2.2 Slot structure
In NR sidelink, a minimum resource allocation unit in time domain is a slot. A UE can only transmit PSSCH in the symbols available for sidelink within a slot, which are (pre-)configured per SL BWP by higher layer parameters startSLsymbols and lengthSLsymbols, where startSLsymbols is the symbol index of the first symbol of lengthSLsymbols consecutive symbols. 
[bookmark: OLE_LINK755][bookmark: OLE_LINK756]According to the LBT procedures defined for NR-U, the basic unit for sensing (sensing granularity) is a duration of 9us. A device can occupy the channel if is the channel is sensed to be idle during the sensing duration of a specific LBT type. Note that the sensing granularity is much smaller than the duration of a sidelink slot, so it is possible that a channel is sensed to be idle in the middle of a sidelink slot. In such a case, if the legacy NR sidelink slot structure is reused, the UE is not able to access the channel until the next slot boundary, which is not smart from the resource utilization efficiency point of view, and may have potential risks to lose the available channel which will bring more transmission delay.
To solve this issue, in RAN1#111 meeting, it was agreed to support 2 candidate starting symbols within a slot for a PSCCH/PSSCH transmission. As shown in the following figure, if a UE clears a channel at starting position #1, it follows the legacy slot structure. On the other hand, if LBT successes after starting position #1, the UE is still able to access the channel at starting position #2.


Figure 4: Illustration of multiple starting positions within a slot
During previous RAN1 meeting, the details on TBS determination, Tx/Rx UE behaviours for AGC purpose, etc., have been agreed. There was a remaining issue regarding the Tx UE behaviours on using 1st or 2nd starting symbol:
	Agreement
Regarding Tx UE behavior, at least when it initiates a COT:
· For the 1st slot of a COT, the Tx UE chooses the earliest starting symbol for PSCCH/PSSCH transmission after clearing LBT.
· Note: in the same slot, Tx UE can use the 2nd starting symbol only if LBT fails at the 1st starting symbol
· FFS: whether/how to support that for the remaining slots of a COT, the Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission.
· FFS applicable scenarios
· e.g., at least for MCSt with no greater than 16us gap
· e.g., at least for transmission with no greater than 16us gap from the previous transmission by any UE
· FFS: Rx UE behavior
FFS: COT sharing case


For MCSt transmissions, since it is ensured that the gap between adjacent transmissions is no greater than 16 us gap, the Tx UE can choose the 1st starting symbol for PSCCH/PSSCH transmission in the remaining slots of a COT. It should also be applicable to cases when transmission with no greater than 16us gap from the previous transmission by any UE.
Proposal 5: Regarding Tx UE behaviour:
· For the remaining slots of a COT except the 1st slot, Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission, for the case when transmission with no greater than 16us gap from the previous transmission by any UE, including MCSt transmission.

2.3 PSFCH and SL-HARQ
PSCCH/PSSCH associated to N PSFCH occasions
In NR sidelink, PSFCH can only be dropped due to prioritization; while PSFCH dropping would be more frequent in SL-U due to LBT failure, which will be more harmful for reliability. In RAN1#112 meeting, it was agreed to support more than 1 PSFCH occasion per PSCCH/PSSCH transmission to address this issue. 
Based on discussions in previous meetings, there was a remaining issue on HARQ RTT restrictions. During the discussion in the last RAN1 meeting, the following alternatives were propsoed for further down-selection:
	Proposal 4-11 (N PSFCH occasions, HARQ RTT, z=a+b)
In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding “the minimum time gap Z=a+b between any two selected resources of a TB in case PSFCH is configured for this resource pool”:
· Down-select one of followings in RAN1#114:
· Alt 1: Z is updated as Z=a + b + c, where 
· a and b remain the same as legacy NR SL
· c is the time gap between the first candidate PSFCH occasion and the last candidate PSFCH occasion for the corresponding PSCCH/PSSCH transmission.
· Alt 2: Z = a + b, where
· a is re-defined as: a is the time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the last corresponding PSFCH reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources; and
· b remains the same as legacy NR SL
· Alt 3: no update on Z, i.e., a and b remain the same as legacy NR SL
· Note: the meaning of a and b in legacy NR SL is
· a is the time gap between the end of the last symbol of a PSSCH transmission of the first resource and the start of the first symbol of the corresponding PSFCH reception determined by sl-MinTimeGapPSFCH and sl-PSFCH-Period for the pool of resources
· b is the time required for PSFCH reception and processing plus sidelink retransmission preparation including multiplexing of necessary physical channels and any TX-RX/RX-TX switching time.


Some companies suggested to updated HARQ RTT restrictions in Rel-16 to include the processing timeline of N PSFCH occasions. In our views, such update directly lead to larger latency as the Tx UE has to wait for N PSFCH occasions for the retransmission. In addition, it may also have impact on resource selection, so that the updated HARQ-RTT time restriction can be met. From this perspective, we prefer Alt. 3, i.e., reused the legacy value of Z = a+b, and we don’t see any technical issue. In such cases, the 1st retransmission may be transmitted after the 1st occasion of PSFCH, and the HARQ-ACK information of the initial transmission and 1st retransmission can be mapped to the 2nd occasion of PSFCH.
Proposal 6: In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding “the minimum time gap Z=a+b between any two selected resources of a TB in case PSFCH is configured for this resource pool”, support the following:
· Alt. 3: no update on Z, i.e., a and b remain the same as legacy NR SL


[bookmark: _Ref31533076]Conclusions
In this contribution, we provide our views on the physical channel design framework of SL-U, and the following observations and proposals are made:
Observation 1: The unequal sub-channel size is not a specific issue caused by using intra-cell guard band. Even without using intra-cell guard band, the unequal sub-channel size exists as the number of RBs within an RB set could be from 100 to 110 for 15kHz SCS and from 50 to 55 for 30kHz SCS.
Observation 2: The slots configured for NR sidelink resource pool in time domain may not be continuous in physical slots, and is difficult to maintain a COT in unlicensed spectrum.

Proposal 1: Regarding usage of PRBs within intra-cell guard band of two adjacent RB sets:
· For interlaced RB based transmission, 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.
Proposal 2: For a SL-U resource pool with interlace RB-based transmission, support the resource pool to include integer number of RB sets by (pre)configuration.
Proposal 3: For interlace RB-based PSCCH/PSSCH transmission in SL-U, mapping details between sub-channel and interlace when one SL RP includes sub-set of PRBs of one RB set is not pursued in RAN1.
Proposal 4: The resource pool configuration in time domain should be enhanced to ensure that a SL-U resource pool contains contiguous physical slots.
· By default, a SL-U resource pool can be configured with a bitmap of all “1”.
Proposal 5: Regarding Tx UE behaviour:
· For the remaining slots of a COT except the 1st slot, Tx UE only chooses the 1st starting symbol for PSCCH/PSSCH transmission, for the case when transmission with no greater than 16us gap from the previous transmission by any UE, including MCSt transmission.
Proposal 6: In “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”, regarding “the minimum time gap Z=a+b between any two selected resources of a TB in case PSFCH is configured for this resource pool”, support the following:
· Alt. 3: no update on Z, i.e., a and b remain the same as legacy NR SL
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