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1. Introduction
In this contribution, we discuss remaining issues on PDSCH/PUSCH enhancements for NR from 52.6 – 71 GHz, including:
· Scheduling/HARQ

2. Scheduling/HARQ
Here we discuss some remaining aspects for multi-PDSCH/PUSCH scheduling by single DCI.

2.1. OoO scheduling and HARQ
For out-of-order scheduling, following agreement and conclusion were made at RAN1#106bis-e and RAN1#107bis-e, respectively. 

	Agreement (@RAN1#106bis-e):
For two multi-PDSCH (or two multi-PUSCH) scheduling DCIs, UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI to lead to out-of-order scheduling.
· FFS: whether to allow OOO scheduling for the following two cases:
· for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH)
· for the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV
· Note: The above FFS aspect applies only to multi-PDSCH and multi-PUSCH scheduling with single DCI

Conclusion (@RAN1#107bis-e)
· UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCIs to lead to out-of-order scheduling, also for the case of one multi-PDSCH (or multi-PUSCH) scheduling DCI and one single-PDSCH (or single-PUSCH) scheduling DCI, where multi-PDSCH (or multi-PUSCH) scheduling DCI schedules more than one PDSCH (or PUSCH).
· This may not have specification impact.
· Note: It is separately discussed whether the scheduled PDSCHs (or PUSCHs or SLIV) is based on configured SLIV or valid SLIV.



Whether the second case should be regarded as out-of-order scheduling is still FFS. For this case, the reason to not support OoO scheduling in Rel-16 would also be valid even for this case. As no strong motivation for such scheduling is identified for operation in 52.6 – 71 GHz, and given that Rel-17 52.6 – 71 GHz WI is under maintenance phase, it’s better to define the case as OoO scheduling, and it should not be allowed.

Proposal 1: The following case is defined as OoO scheduling, and should not be allowed:
· the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV.


2.2. Multi-PUSCH/PDSCH scheduling considering DL/UL collision
In RAN1#107bis-e, it was agreed that NDI/RV field and CBGTI field determination are based on scheduled SLIVs. 
	Agreement (@RAN1#107bis-e)
For a DCI that can schedule multiple PDSCHs or multiple PUSCHs,
· It is clarified that NDI/RV fields in the following previous agreements correspond to scheduled PDSCHs indicated by the TDRA information field.

	Agreement: (RAN1#104-bis)
For a DCI that can schedule multiple PDSCHs,
· NDI for the 1st TB: This is signaled per PDSCH and applies to the first TB of each PDSCH
· RV for the 1st TB: This is signaled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the first TB of each PDSCH

Agreement: (RAN1#106bis-e)
For a DCI that can schedule multiple PDSCHs, and if RRC parameter configures that two codeword transmission is enabled,
· NDI for the 2nd TB: This is signalled per PDSCH and applies to the 2nd TB of each PDSCH
· RV for the 2nd TB: This is signalled per PDSCH, with 2 bits if only a single PDSCH is scheduled or 1 bit for each PDSCH otherwise and applies to the 2nd TB of each PDSCH



· Above clarification also applies to the DCI scheduling multiple PUSCHs, i.e., NDI/RV fields in the DCI correspond to scheduled PUSCHs indicated by the TDRA information field.
· The following example change to 38.214 Sections 5.1.3 and 6.1.4 can be recommended to the editor of 38.214 to use at the editor’s discretion

Conclusion (@RAN1#107bis-e)
It is clarified that the absence or presence of CBGTI field in the following previous agreement is determined based on scheduled PUSCHs indicated by the TDRA information field (i.e. irrespective of whether this is a valid PUSCH).
	Agreement: (RAN1#105-e)
· At least for 120 kHz SCS, for a DCI that can schedule multiple PUSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI field is not present when more than one PUSCHs are scheduled, but is present when a single PUSCH is scheduled, as in Rel-16.








Similar issue needs to be clarified for OoO scheduling, type 2 HARQ-ACK CB construction, SPS/DG PDSCH overriding, A-CSI reporting and CG/CG PUSCH overriding.
 
If multiple PUSCHs are scheduled by single DCI, and there is at least one PUSCH collides with a semi-static DL symbol, and/or a symbol configured for SSB or CORESET#0 reception, 
· Whether the cancelled PUSCH(s) due to DL collision will be accounted for OoO scheduling limitation?
· As agreed in RAN1#106bis-e and the discussion above, UE does not expect that any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI lead to out-of-order scheduling (while a few FFSs remain). However, it should be clarified whether the limitation is based on scheduled PUSCHs or valid PUSCHs. As in the following example, the last PUSCH scheduled by DCI#1 and the first PUSCH scheduled by DCI#2 are cancelled due to collision with semi-static DL symbol. Considering the cancelled PUSCHs will not be transmitted by UE, allowing the case will not cause any problem but can provide more flexibility. Therefore, it is proposed that OoO scheduling limitation is based on valid PUSCHs.
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Fig 1: OoO scheduling consideration for multi-PUSCH scheduling 

· Whether the cancelled PUSCH(s) due to DL collision will be accounted for A-CSI reporting triggered by multi-PUSCH scheduling DCI?
· As concluded at RAN1#105 meeting, when the DCI schedules M PUSCHs, the PUSCH that carries the aperiodic CSI feedback is M-th scheduled PUSCH for M <= 2, or (M-1)-th scheduled PUSCH for M > 2. It should be clarified whether the “M PUSCHs” represents “M scheduled PUSCHs” or “M valid PUSCHs". If it intends for “M scheduled PUSCHs”, it may occur that the determined PUSCH for A-CSI reporting is cancelled. Since gNB and UE has common understanding on PUSCH cancellation due to collision with semi-static DL symbol or SSB/CORESET#0 symbol, A-CSI reporting based on valid PUSCHs will not cause any problem while can avoid A-CSI dropping due to PUSCH cancellation. Therefore, it is proposed that A-CSI reporting triggered by multi-PUSCH scheduling DCI is based on valid PUSCHs. In other words, when the triggering DCI schedules N valid PUSCHs, the PUSCH that carries the aperiodic CSI feedback is N-th valid PUSCH for N <= 2, or (N-1)-th valid PUSCH for N > 2.
· Whether the cancelled PUSCH(s) due to DL collision can override CG PUSCH when timeline is satisfied?
· In Rel-16, when timeline is satisfied, a DG PUSCH will override a CG PUSCH which overlaps with the DG PUSCH. In Rel-17, when a DG PUSCH (among multiple PUSCHs scheduled by single DCI) is cancelled, it should be clarified whether UE will transmit or cancel the CG PUSCH (non-overlapping with semi-static DL symbol) overlapping with the DG PUSCH. Since gNB and UE has common understanding on PUSCH cancellation due to collision with semi-static DL symbol or SSB/CORESET#0 symbol, transmission of the overlapping CG PUSCH will not cause any problem, while it can allow more CG PUSCH transmission opportunity. Therefore, it is proposed that a CG PUSCH overlapping with a cancelled DG PUSCH can be transmitted, when timeline is satisfied.

Proposal 2: If multiple PUSCHs are scheduled by single DCI, and there is at least one PUSCH collides with semi-static DL symbol, and/or symbol configured for SSB or CORESET#0 reception, 
· OoO scheduling limitation is based on valid PUSCHs.
· A-CSI reporting triggered by multi-PUSCH scheduling DCI is based on valid PUSCHs. When the A-CSI triggering DCI schedules N valid PUSCHs, the PUSCH that carries the aperiodic CSI feedback is N-th valid PUSCH for N <= 2, or (N-1)-th valid PUSCH for N > 2.
· When timeline is satisfied, the CG PUSCH overlapping with the cancelled DG PUSCH can be transmitted.

If multiple PDSCHs are scheduled by single DCI, and there is at least one PDSCH collides with semi-static UL symbol,
· Whether the cancelled PDSCH(s) due to UL collision will be accounted for OoO scheduling limitation?
· Similar to above discussion for multi-PUSCH scheduling, it should be clarified whether the OoO limitation is based on scheduled PDSCHs or valid PDSCHs. Considering that the cancelled PDSCHs will not be received by UE, and gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, allowing the case will not cause any problem but can provide more flexibility. Therefore, it is proposed that OoO scheduling limitation is based on valid PDSCHs.

· Whether the cancelled PDSCH(s) due to UL collision will be accounted for sub-codebook determination for type 2 HARQ-ACK feedback?
· [bookmark: _Hlk86925887]As agreed in RAN1#105-e, for type 2 HARQ-ACK codebook with C-DAI/T-DAI counter per DCI, DCI scheduling single PDSCH is included in the first sub-codebook, and the DCI scheduling multiple PDSCHs is included in the second sub-codebook. It should be clarified which sub-codebook will include a DCI scheduling multiple PDSCHs but only one valid PDSCH. Since gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, it will not cause any problem to include the DCI scheduling multiple PDSCHs but only one valid PDSCH in the first sub-codebook, while it can reduce HARQ-ACK payload. Therefore, it is proposed that the DCI scheduling multiple PDSCHs but with only one valid PDSCH is included in the first sub-codebook.
· Whether the cancelled PDSCH(s) due to UL collision can override SPS PDSCH when timeline is satisfied?
· In Rel-16, when timeline is satisfied, a DG PDSCH will override a SPS PDSCH which overlaps with the DG PDSCH. In Rel-17, when a DG PDSCH (among multiple PDSCHs scheduled by single DCI) is cancelled, it should be clarified whether UE will receive the SPS PDSCH (non-overlapping with semi-static UL symbol) overlapping with the DG PDSCH or not. Since gNB and UE has common understanding on PDSCH cancellation due to collision with semi-static UL symbol, reception of the overlapping SPS PDSCH will not cause any problem, while it can allow more SPS PDSCH reception opportunity. Therefore, it is proposed that a SPS PDSCH overlapping with a cancelled DG PDSCH can be received, when timeline is satisfied.


Proposal 3: If multiple PDSCHs are scheduled by single DCI, and there is at least one PDSCH collides with semi-static UL symbol,
· OoO scheduling limitation is based on valid PDSCHs.
· DCI scheduling multiple PDSCHs but with only one valid PDSCH is included in the first sub-codebook.
· When timeline is satisfied, the SPS PDSCH overlapping with the cancelled DG PDSCH can be received.

2.3. Maximum number of HARQ processes
In RAN1#107bis-e, it was agreed that UE can support maximum 32 HARQ processes for 120kHz, subject to UE capability.

	Agreement
· In NR FR2-2, a UE supporting 32 maximum number of HARQ processes for 480/960 kHz SCS for DL (or for UL) shall support 32 as the maximum number of HARQ processes for 120 kHz SCS for DL (or UL), subject to UE capability.



In the TS38.214 CR after RAN1#107bis-e [7], the agreement is captured only for DL in section 5.1. Similar change is needed for UL. Therefore, we propose the following TP. 

Proposal 4: Adopt the following TP.
	6.1	UE procedure for transmitting the physical uplink shared channel

<omitted text>
For uplink, 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ processes for the cases of =3, = 5 or = 6.
<omitted text>




3. Conclusion

Proposal 1: The following case is OoO scheduling, and should not be allowed:
· the case where two multi-PDSCH (or multi-PUSCH) scheduling DCIs end in the same symbol but two multi-PDSCH (or multi-PUSCH) scheduling DCIs have overlapping spans, where the span is defined from the beginning of the first scheduled SLIV till the end of the last scheduled SLIV.

Proposal 2: If multiple PUSCHs are scheduled by single DCI, and there is at least one PUSCH collides with semi-static DL symbol, and/or symbol configured for SSB or CORESET#0 reception, 
· OoO scheduling limitation is based on valid PUSCHs.
· A-CSI reporting triggered by multi-PUSCH scheduling DCI is based on valid PUSCHs. When the A-CSI triggering DCI schedules N valid PUSCHs, the PUSCH that carries the aperiodic CSI feedback is N-th valid PUSCH for N <= 2, or (N-1)-th valid PUSCH for N > 2.
· When timeline is satisfied, the CG PUSCH overlapping with the cancelled DG PUSCH can be transmitted.

Proposal 3: If multiple PDSCHs are scheduled by single DCI, and there is at least one PDSCH collides with semi-static UL symbol,
· OoO scheduling limitation is based on valid PDSCHs.
· DCI scheduling multiple PDSCHs but with only one valid PDSCH is included in the first sub-codebook.
· When timeline is satisfied, the SPS PDSCH overlapping with the cancelled DG PDSCH can be received.

Proposal 4: Adopt the following TP.
	6.1	UE procedure for transmitting the physical uplink shared channel

<omitted text>
For uplink, 16 HARQ processes per cell are supported by the UE, or subject to UE capability, a maximum of 32 HARQ processes for the cases of =3, = 5 or = 6.
[bookmark: _GoBack]<omitted text>
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