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1. Introduction

In last RAN1 meeting, some essential problems for PDSCH and PUSCH enhancements are discussed and some important agreements are achieved [1]. In this contribution, we will provide further discussions on some scheduling enhancements for PDSCH and PUSCH to support NR operation between 52.6 GHz and 71 GHz.
2. Discussions 
2.1 General aspects
The following agreements are achieved in last meeting:

Agreement:
· For a UE and for a serving cell, scheduling multiple PDSCHs by single DL DCI and scheduling multiple PUSCHs by single UL DCI are supported.

· Each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot.

· FFS: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI

· FFS: Whether multiple PDSCH scheduling applies to 120 kHz in addition to 480 and 960 kHz

· At least for 120 kHz SCS, single-slot scheduling with slot-based monitoring will still be supported as specified in Rel-15/Rel-16

· The followings will not be considered in this WI.

· Single DCI to schedule both PDSCH(s) and PUSCH(s)

· Single DCI to schedule one or multiple TBs where any single TB can be mapped over multiple slots, where mapping is not by repetition

· Single DCI to schedule N TBs (N>1) where a TB can be repeated over multiple slots (or mini-slots)

· Note: This does not imply that existing slot aggregation and/or repetition for PDSCH and PUSCH by single DCI is precluded for the serving cell.

The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI could be 8 for 480kHz and 960kHz. Firstly, setting different scheduling number for different SCS has limited significance for the cost saving of multi-slot scheduling. Secondly, to support 16 slots or above multi-slot scheduling, considering the channel variation during multiple time slots, different MIMO schemes for different scheduled slots need to be considered to improve scheduling accuracy. Thirdly, since each PDSCH or PUSCH has individual/separate TB(s) and each PDSCH/PUSCH is confined within a slot, all scheduled PDSCH/PUSCH should use different HARQ processes. If the number of scheduled PDSCH/PUSCH is more than 8, it will be a big burden for HARQ process number. Therefore, the maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI could be 8.
Proposal 1: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI could be 8 for 480kHz and 960kHz.
Multiple PDSCH scheduling could also apply to 120 kHz. For low-speed slow channel variation scenario, multiple PDSCH scheduling could be used to save scheduling overhead. 
Proposal 2: Multiple PDSCH scheduling could apply to 120 kHz.

2.2 HARQ
Agreement:
· For a DCI scheduling multiple PDSCHs, HARQ-ACK information corresponding to PDSCHs scheduled by the DCI is multiplexed with a single PUCCH in a slot that is determined based on K1,

· where K1 (indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI or provided by dl-DataToUL-ACK if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI) indicates the slot offset between the slot of the last PDSCH scheduled by the DCI and the slot carrying the HARQ-ACK information corresponding to the scheduled PDSCHs.

· It is noted that granularity of K1 can be separately discussed.

· FFS: If needed, further discuss whether or not HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s)

When a DCI schedules multiple PDSCHs, if all HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI are carried by one PUCCH, the last PDSCH should be chosen as the reference point for single PUCCH feedback and there will be some feedback latency delay for partial PDSCHs. If a DCI schedules multiple PDSCHs for both eMBB and URLLC service and partial slots are used for URLLC service, using the uplink slot after the continuous downlink slot for HARQ feedback can bring some benefits for URLLC service. Fig.1 provides an example of two PUCCH feedback occasions for one DCI with two UL slots follow 8 DL slots. The HARQ-ACK information of the first 4 slots could be sent at the following UL slots and the HARQ-ACK information for the next 4 slots are sent till the next uplink occasion. The same function should be also realized by two separated multiple PDSCHs scheduling. However, comparing with one DCI scheduling 8 slot, two separated multiple PDSCH scheduling requires additional scheduling cost and extra PDCCH monitoring.
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Fig.1 An example of two PUCCH occasions for one DCI scheduling multiple PDSCHs

Proposal 3: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s).
2.2 TDRA for multi-slot PDSCH/PUSCH scheduling
Agreement:
· For the multi-PUSCH scheduling in Rel-17, study the enhancement of the following in addition to Rel-16 multi-PUSCH scheduling.

· CBGTI: Whether or not CBG (re)transmission is supported when more than one PUSCHs are scheduled (Already supported when only one PUSCH is scheduled).

· CSI-request: Whether to apply same or different rule compared to Rel-16 (e.g., the PUSCH that carries the AP-CSI feedback is the first PUSCH that satisfies the multiplexing timeline).

· TDRA: Down-select among

· Alt 1: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.

· Alt 2: TDRA table is extended such that each row indicates up to [X, FFS for X] multiple PUSCHs (that can be non-continuous in time-domain). Each PUSCH has a separate SLIV and mapping type. The number of scheduled PUSCHs is signalled by the number of indicated valid SLIVs in the row of the TDRA table signalled in DCI.

· Alt 3: TDRA table is extended such that each row indicates up to 8 multiple PUSCH groups (that can be non-continuous between PUSCH groups). Each PUSCH group has a separate SLIV, mapping type and number of slots/PUSCHs N. Within each PUSCH group, N PUSCHs occupy the same OFDM symbols indicated by the SLIV and mapping type. The number of scheduled PUSCHs is the sum of number of PUSCHs in all PUSCH groups in the row of the TDRA table signalled in DCI.

· FDRA: Whether/how to enhance FDRA e.g., by increasing RBG size or changing allocation granularity

· Frequency hopping: Whether/how to support frequency hopping for scheduled PUSCHs, e.g., inter-PUSCH/intra-PUSCH hopping
· URLLC related fields such as priority indicator and open-loop power control parameter set indication: Whether/how to apply URLLC related fields for scheduled PUSCHs
· Applicability to multi-PDSCH scheduling in Rel-17. 

· Note: Other enhancements are not precluded.

Comparing with the three proposed alternatives agreed in last meeting for TDRA table of multi-PUSCH scheduling, the main difference between Alt.1 and Alt. 2 is whether non-continues PUSCH transmission is supported or not and Alt.3 is fixed length continues PUSCH scheduling. The complexity of Alt.1 and Alt.2 is almost the same, while Alt.2 could provide some gaps between different PUSCH for SRS transmission. Therefore, Alt.2 should be supported for multi-PUSCH scheduling. 
Proposal 4: Alt.2 is proposed for multi-PUSCH TDRA.
When scheduling multiple PDSCH slots with one DCI, considering the transmission of PDCCH, available symbols in each slot for PDSCH might be different. Therefore, it is necessary to consider different symbols allocation in different time slots. If multi-PUSCH scheduling could support non-continues transmission, then the same TDRA scheme could also be used for multi-PDSCH scheduling.
Proposal 5: Multi-PDSCH scheduling could also use the TDRA scheme for Multi-PUSCH scheduling under the condition of non-continues transmission is supported.
3. Conclusion
In summary, the following proposals are provided:
Proposal 1: The maximum number of PDSCHs or PUSCHs that can be scheduled with a single DCI could be 8 for 480kHz and 960kHz.

Proposal 2: Multiple PDSCH scheduling could apply to 120 kHz.

Proposal 3: HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s).

Proposal 4: Alt.2 is proposed for multi-PUSCH TDRA.

Proposal 5: Multi-PDSCH scheduling could also use the TDRA scheme for Multi-PUSCH scheduling under the condition of non-continues transmission is supported.
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