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[bookmark: _Ref513464071]Introduction
In the last RANP #101 meeting, R18 SL evolution work item was declared to be completed in RAN1. In this contribution, we discuss the remaining issues for SL U physical layer design framework. Specifically, we discuss some remaining issues related to PSCCH/PSSCH, PSFCH and HARQ feedback. 
Discussion
[bookmark: _Hlk127453776]PSCCH/PSSCH:

In the last RAN1 #113 meeting, we have the following agreement regarding COT maintenance in the slot having PSFCH configured:
	Agreement
When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, select one or more of the followings:
· Option 1: COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s)
· FFS details, e.g., how PSSCH Rx UE knows such transmission, etc.
· Option 2: COT initiating UE or responding UE transmits a PSFCH-like signal on such PSFCH occasion(s)
· FFS details, e.g., signaling design, etc.
· Option 3: no optimization for this case.



In our view, Option 1, in which the COT initiating UE or responding UE transmits PSCCH on such PSFCH occasion(s) is the simplest and spectrum efficient solution and should be supported. Moreover, when the UE acquire the COT, other UE is not expected to be successfully in LBT and transmit PSFCH. Therefore, collision between PSFCH and PSSCH is not expected.
Proposal 1: When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, Support Option 1, in which the COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s).
In the last RAN1 #112b meeting, we have the following agreements regarding two starting symbols for PSCCH/PSSCH transmission:
	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



One remaining issue is whether to support the Tx UE choosing only the first starting symbol for PSCCH/PSSCH transmission for the remaining slots of a COT. In our view, it is desirable that the UE performs slot-based PSCCH/PSSCH transmission from the first starting symbol. It is because slot-based transmission, which requires the UE to transmit only one SCI in the slot, is more spectrum efficient than sub-slot-based transmission, which requires the UE to transmit multiple SCI in the slot. Therefore, if the UE acquires the COT from the first starting symbol, it should continue using slot-based transmission starting from the first starting symbol. Alternatively, if the UE acquires the COT from the second starting symbol, the UE can transmit sub-slot-based transmission for the first transmission. The UE then should switch to slot-based transmission, in which each transmission starts from the first starting symbol, for the remaining slots of the COT. 
Proposal 2: Support the Tx UE to choose only the first starting symbol for PSCCH/PSSCH transmission for the remaining slots of a COT.
Regarding COT sharing, it is desirable for a responding UE to perform slot-based transmission and share the COT from the first starting symbol of a slot within the COT. It is because it can help increase the spectrum efficiency. In addition, it also can help reduce the SCI decoding of Rx UEs as the Rx UE can skip decoding SCI in the second starting symbol (e.g., switching from sub-slot-based SCI decoding to slot-based SCI decoding) if it detects another UE transmitting in a COT regardless of whether the transmission is from the COT initiator or responder. 
Proposal 3: Support the responding UE to only perform slot-based transmission and shares the COT of the COT initiator UE from the first starting symbol.
It is expected that for each channel access time, the UE can obtain a COT consisting of multiple consecutive slots for transmissions of one or multiple TBs. COT reservation is beneficial for interference avoidance since other UE can avoid selecting the reserved COT of the UE for LBT and transmission. Therefore, COT reservation should be supported in SL U. 
Proposal 4: Support COT reservation of a COT consisting of multiple consecutive slots.

For mode 1, new DCI information is needed to support network scheduling for SL U. At first, as wideband operation is supported, the gNB needs to indicate at least the RB set(s) and the set of subchannels assigned to the UE. In addition, the network may need to request the UE to use specific LBT parameters including LBT type, channel access priority class, and CPE based on the scheduling decision from the gNB. For example, the gNB may schedule multiple UEs transmitting at the same time. In this case, the network needs to request all UEs to use the same CPE to avoid inter-UE blocking.  
Due to the uncertainty of the availability of the unlicensed channel, the UE may fail LBT multiple times before acquiring COT. Therefore, to increase the channel access opportunity to the UE, the network can schedule multiple channel access occasions in time and/or frequency domain (e.g., a time window and/or a set of frequency resources to perform LBT) to the UE in one DCI.
Contiguous transmission across multiple slots is necessary to maintain the COT initialized by a UE. Therefore, new DCI information is needed to support multiple-slot scheduling which may include the indication of the number of slots and a possibly a set of interlaces in each slot.
Proposal 5: Consider a scheduling DCI indicating at least the following information:
· LBT type and the channel access priority class
· CPE used before the scheduled resource
· The RB set(s)
· A set of subchannels and time window for the UE to access the channel
· Indication of number of allocated slots for one or more TBs scheduling.  

[bookmark: _Hlk127453801]PSFCH and HARQ feedback:
Each PSCCH/PSSCH has N associated PSFCH occasion(s) and the Rx UE should attempt LBT and transmit on all occasion until it successfully transmits in at least one PSFCH occasion. However, in sidelink transmission, each TB has an associated packet delay budget (PDB) and if the TB is not delivered within the PDB, such TB can be considered as a failure TB. It is possible that a subset of associated PSFCH occasion(s) for one PSCCH/PSSCH is beyond the PDB. Therefore, transmitting HARQ feedback in these PSFCH occasion(s) is not necessary. The Rx UE should ignore the PSFCH occasion(s) beyond the PDB. Since the Tx UE is aware of the PDB of the TB, it knows the HARQ latency bound for one PSCCH/PSSCH. Such HARQ latency bound should be indicated to the Rx UE (e.g., in SCI) to support the Rx UE in determining when to stop LBT to transmit PSFCH.    
Proposal 6: Support the Tx UE to indicate the HARQ latency bound for one PSCCH/PSSCH.
Regarding the transmission power on the common PRB for Alt. 1-1b of PSFCH feedback, the following proposal was considered but no agreement was reached due to lack of time:
	Proposal 4-6 (PSFCH, Alt 1-1b, power on common PRB)
In “Alt 1-1b: each PSFCH transmission occupies 1 common interlace and K3 dedicated PRB(s)”:
· When UE transmits multiple PSFCH, the power on common PRBs are not accumulated 
· Down-select one of the followings:
· Alt 1: Power on one common PRB can be lower than power on one dedicated PRB
· Alt 1-1: (pre-)configure an offset between power on one dedicated PRB and average power on all PRBs
· Alt 1-2: (pre-)configure an offset between power on one common PRB and power on one dedicated PRB
· Alt 1-3: (pre-)configure two maximum power for power on one common PRB and power on one dedicated PRB, respectively
· Alt 1-4: Total power on one common interlace is lower than the total power on K3 dedicated PRB(s)
· Alt 2: Power on one common PRB is the same as the power on one dedicated PRB


In our view, it is not necessary to consider different transmission power for dedicated and common PRBs since it will complicate the power setting of the transmission UE. Therefore, we propose to support Alt. 2, in which transmission power for dedicated and common PRB are the same. 
Proposal 7: For PSFCH transmission occupying 1 common interlace and K3 dedicated PRBs, the transmission power of all PRBs are the same.
Regarding the mapping between PSCCH/PSSCH and PSFCH for Alt. 2-3a, in which each PSFCH transmission occupies 1 dedicated interlace, we have the following WA:
	Working assumption
In “Alt 2-3a: each PSFCH transmission occupies 1 dedicated interlace”, regarding mapping between PSSCH and 1 dedicated interlace:
· Alt 2: Map to a dedicated interlace
· Within one RB set, for mapping between “one sub-channel on one slot” to “interlace for PSFCH”
· Step 1: For nth PSFCH occasion, UE determines the (pre-)configured dedicated interlace set#n using legacy PRB-level bitmap
· , N refers to “one PSCCH/PSSCH transmission has N associated candidate PSFCH occasion(s)”
· Step 2: Index dedicated interlace(s) in set#n, based on interlace index
· The total number of dedicated interlace(s) is  , and UE expects that  is a multiple of ().
·  is the number of sub-channels within one RB set
·  is the (pre-)configured PSFCH periodicity
· i is RB set index
· Step 3: Legacy PSSCH-PSFCH mapping is reused with changes that “one sub-channel on one slot” is mapped to one or multiple dedicated interlace(s) above
· On the dedicated interlace, multiple CS pairs can be used as in legacy NR SL PSFCH transmission
· Let  denote the number of dedicated interlace(s) for “one sub-channel on one slot” on RB set i, i.e., 
· 
· For a PSCCH/PSSCH transmission, UE determines PSFCH resources as below
· For this PSCCH/PSSCH transmission, the total number of PSFCH resources is  , where  is the number of (pre-)configured cyclic shift pairs
· if sl-PSFCH-CandidateResourceType is configured as startSubCH,
·  
· 
· and the  dedicated interlace(s) are associated with the lowest sub-channel index of lowest RB set of the corresponding PSSCH 
· if sl-PSFCH-CandidateResourceType is configured as allocSubCH,
·  
· X is the total number of all dedicated interlace(s) corresponding all allocated sub-channels on all allocated RB sets of the corresponding PSSCH
· and the X dedicated interlace(s) are associated with the  sub-channels of the corresponding PSSCH, where  is the total number of all allocated sub-channels on all allocated RB sets of the corresponding PSSCH
· The PSFCH resources are indexed according to dedicated interlace (s) first, RB set second, cyclic shift pair index third rule.
· The PSFCH resources are within the RB set(s) of PSCCH/PSSCH transmission
· UE determines an index of a PSFCH resource for a PSFCH transmission with HARQ-ACK information in response to a PSSCH reception as  , where  are same as legacy
· UE expects all the PRBs of one interlace within 1 RB set are available for PSFCH transmission


In our view, this mapping taking R16/17 SL as a baseline with modification for interlace transmissions. Such solution is shown to be beneficial during R16/17 SL design. Therefore, we propose to confirm the WA. 
Proposal 8: Confirm the WA on the mapping between PSCCH/PSSCH and PSFCH for Alt. 2-3a, in which each PSFCH occupies one dedicated interlace.
Conclusion
In this contribution, we have discussed and propose the following:
Proposal 1: When neither COT initiating UE nor responding UE intends to transmit PSFCH on some PSFCH occasion(s) within a COT, to avoid COT interruption, Support Option 1, in which the COT initiating UE or responding UE transmits PSSCH on such PSFCH occasion(s).
Proposal 2: Support the Tx UE to choose only the first starting symbol for PSCCH/PSSCH transmission for the remaining slots of a COT.
Proposal 3: Support the responding UE to only perform slot-based transmission and shares the COT of the COT initiator UE from the first starting symbol.
Proposal 4: Support COT reservation of a COT consisting of multiple consecutive slots.
Proposal 5: Consider a scheduling DCI indicating at least the following information:
· LBT type and the channel access priority class
· CPE used before the scheduled resource
· The RB set(s)
· A set of subchannels and time window for the UE to access the channel
· Indication of number of allocated slots for one or more TBs scheduling.  
Proposal 6: Support the Tx UE to indicate the HARQ latency bound for one PSCCH/PSSCH.
Proposal 7: For PSFCH transmission occupying 1 common interlace and K3 dedicated PRBs, the transmission power of all PRBs are the same.
Proposal 8: Confirm the WA on the mapping between PSCCH/PSSCH and PSFCH for Alt. 2-3a, in which each PSFCH occupies one dedicated interlace.
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