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1 Introduction
In this contribution, we discuss remaining issues such as DCI to data out of order and determination of HARQ process number for HARQ operation on multi-PDSCH/PUSCH.

2 [bookmark: OLE_LINK71][bookmark: OLE_LINK72]Remaining issues on PDSCH/PUSCH enhancement 
[bookmark: OLE_LINK69]Remaining issue #1: Out of order handling
	Agreement at RAN1#106b-e: [2]:
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


In the previous RAN1#107-e meeting, RAN1 could not conclude how to deal with the out-of-order problem of DCI to data such as PDSCH and PUSCH for the two cases above which were FFS in the RAN1#106b-e meeting. From the UE’s perspectives, it seems desirable to expect the same UE behaviors regardless of scheduling by single- or multi-PDSCH (or multi-PUSCH) scheduling DCIs for more than one PDSCH (or PUSCH) when the UE determines our-of-order scheduling. Therefore, we support the followings: 
· A UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI 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).
· 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, is considered as out-of-order scheduling and is not expected by UE.
· This applies also when one of two DCIs is single-PDSCH (or single-PUSCH) scheduling DCI.
· Proposal 1: We propose to support the followings:
· A UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI 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)
· 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, is considered as out-of-order scheduling and is not expected by UE.
· This applies also when one of two DCIs is single-PDSCH (or single-PUSCH) scheduling DCI.

Remaining issue #2: Handling of collision with semi-static DL/UL/flexible symbols
	Agreement at RAN1#106-e: [1]:
If a scheduled PDSCH/PUSCH is dropped due to collision with UL/DL symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, HARQ process number increment is skipped for the PDSCH/PUSCH and applied only for valid PDSCH(s)/PUSCH(s).
· FFS: HARQ process number determination for the case where a scheduled PDSCH/PUSCH collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated) if the UE is configured to monitor DCI format 2_0.

Agreement at RAN1#106b-e: [2]:
For multiple PDSCHs (or PUSCHs) scheduled by a single DCI,
· Rel-15/16 behavior that is described in TS 38.213 Clauses 11 and 11.1 for a PDSCH (or PUSCH) indicated by DCI also applies for multiple PDSCHs (or PUSCHs) schedule by a single DCI.
· If one of multiple PDSCHs (or PUSCHs) scheduled by the DCI collides with a flexible symbol (indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated),
· If that PUSCH is collided with SSB symbols indicated by ssb-PositionsInBurst [or symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set], the HARQ process number increment is skipped for the PUSCH.
· Otherwise, the HARQ process number increment is not skipped for that PDSCH (or PUSCH).


In the RAN1#106b-e meeting, it was agreed that HARQ process number increment is skipped for the PUSCH if one of multiple PUSCH(s) is collided with SSB symbols indicated by ssb-PositionsInBurst on a flexible symbol indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated. At the previous RAN1#107-e meeting, it was discussed whether or not to include symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set to skip the HARQ process number increment for the PUSCH, but no conclusion was reached. 
Considering that there is no ambiguity between gNB and UE on flexible symbol(s) indicated by pdcch-ConfigSIB1 in MIB and also flexible symbol(s) indicated by CORESET#0 are regarded as semi-static DL both for Type-B PUSCH repetition in Rel-16 and for SPS HARQ-ACK deferral in Rel-17 IIoT/URLLC work item, it seems beneficial to skip HARQ process number for the PUSCH collided with semi-static flexible symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set.
· Proposal 2: If one of multiple PUSCHs is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is skipped for the PUSCH.

Remaining issue #3: SPS/CG-related issues
At the previous RAN1#107-e meeting, it was discussed how to allocate HARQ process number for a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) when it collides with that assigned for SPS PDSCH (or configured grant PUSCH), but no conclusion was reached. 
According to the TS38.214 specification in Rel-16 [4], for a PDSCH, a UE is not expected to decode a PDSCH in a serving cell scheduled by a PDCCH with C-RNTI, CS-RNTI or MCS-C-RNTI and one or multiple PDSCH(s) required to be received according to this Clause in the same serving cell without a corresponding PDCCH transmission if the PDSCHs partially or fully overlap in time except if the PDCCH scheduling the PDSCH ends at least 14 symbols before the earliest starting symbol of the PDSCH(s) without the corresponding PDCCH transmission. 
According to the TS38.214 specification in Rel-16 [4], for a PUSCH, a UE is not expected to be scheduled by a PDCCH ending in symbol i to transmit a PUSCH on a given serving cell overlapping in time with a transmission occasion, where the UE is allowed to transmit a PUSCH with configured grant according to current TS 38.321 specification, starting in a symbol j on the same serving cell if the end of symbol i is not at least N_2 symbols before the beginning of symbol j. 
Considering UE’s behaviors on current TS 38.214 in Rel-16 for a PDSCH(or PUSCH) which is collided with that assigned for SPS PDSCH (or CG PUCH), it seems beneficial for the multi-PDSCH/PUSCH scheduling  from the UE perspective to have the same UE behaviors regardless of scheduling by single- or multi-PDSCH (or multi-PUSCH) scheduling DCI when the UE determines HARQ process ID for one of the multi-PDSCH/PUSCH. Therefore, we propose to support that 
· If the timeline condition defined in Rel-15/16 is met, HARQ process number configured for SPS PDSCH (or CG PUSCH) can be allocated to a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling.
· Otherwise, HARQ process number increment for a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling is skipped for the HARQ process number configured for SPS PDSCH (or CG PUSCH).

· Proposal 3: We propose to support that 
· If the timeline condition defined in Rel-15/16 is met, HARQ process number configured for SPS PDSCH (or CG PUSCH) can be allocated to a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling.
· Otherwise, HARQ process number increment for a PDSCH(or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling is skipped for the HARQ process number configured for SPS PDSCH (or CG PUSCH).

3 Conclusion
In this contribution, we discussed remaining issues such as DCI to data out of order and determination of HARQ process number for HARQ operation on multi-PDSCH/PUSCH. The following is proposed: 
· Proposal 1: We propose to support the followings:
· A UE does not expect any of the scheduled PDSCHs (or PUSCHs) and the scheduling DCI 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)
· 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, is considered as out-of-order scheduling and is not expected by UE.
· This applies also when one of two DCIs is single-PDSCH (or single-PUSCH) scheduling DCI.
· Proposal 2: If one of multiple PUSCHs is collided with symbol(s) indicated by pdcch-ConfigSIB1 in MIB for a CORESET for Type0-PDCCH CSS set, the HARQ process number increment is skipped for the PUSCH.
· Proposal 3: We propose to support that 
· If the timeline condition defined in Rel-15/16 is met, HARQ process number configured for SPS PDSCH (or CG PUSCH) can be allocated to a PDSCH (or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling.
· Otherwise, HARQ process number increment for a PDSCH(or PUSCH) of multi-PDSCH (or multi-PUSCH) scheduling is skipped for the HARQ process number configured for SPS PDSCH (or CG PUSCH).
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