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Introduction
This document provides our view on the multi-PDSCH/PUSCH scheduling for extending NR up to 71 GHz. The work item description (WID) for extending NR up to 71 GHz is shown in [1].

Discussion on multi-PDSCH/PUSCH scheduling
Details on multi-PDSCH/PUSCH scheduling 
For details on multi-PDSCH/PUSCH scheduling by a DCI, we will discuss maximum gap between PDSCHs/PUSCHs, multiple PDSCHs/PUSCHs in a slot, CBGTI, and FDRA in the following sub-subsections.
Maximum gap between PDSCHs/PUSCHs 
In RAN1#105-e, it was agreed that a row of TDRA table can indicate PDSCHs (or PUSCHs) that are allocated in consecutive or non-consecutive slots. 
	Agreement:
For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· A row of the TDRA table can indicate PDSCHs (or PUSCHs) that are in consecutive or non-consecutive slots.
· FFS: The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs
· FFS: The maximum value of the gap between the first scheduled PDSCH and the last scheduled PDSCH or between the first scheduled PUSCH and the last scheduled PUSCH
· FFS: Details to introduce the gap between PDSCHs or between PUSCHs


In RAN1#106-e, it was further agreed that each PDSCH (or PUSCH) in the row of TDRA table is configured with {SLIV, mapping type, scheduling offset K0 (or K2)}. We think that it is necessary to discuss the 3 FFS points in above RAN1#105-e agreement because the motivation of these FFS points are to limit a duration of reception of multiple PDSCHs or a duration of transmission of multiple PUSCHs, respectively. This is because all PDSCHs (or PUSCHs) scheduled by a DCI has the same MCS and the resource allocation. Therefore, they should be sent within the similar radio channel conditions, so that the gap between two consecutively scheduled PDSCHs (or between two consecutively scheduled PUSCHs) should not be large, i.e., it can be 1 or 2 slots. The number of gaps is also not required to be large, i.e., it can be 1 or 2. This simplifies UE implementation to support multiple PDSCHs or PUSCHs. Therefore, we propose the following 
Proposal 1: For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs is 2 slots,
· The maximum number of gaps is 2.

Multiple PDSCHs/PUSCHs in a slot
In RAN1#106-e, for single TRP operation with 120 kHz SCS, it has been agreed that it is subject to a UE capability when the UE is scheduled with multiple PDSCHs (or multiple PUSCHs) in a slot by either a single DCI or multiple DCIs as shown in the following agreement. 

	Agreement:
· For single TRP operation, for 480/960 kHz SCS,
· FFS: A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· FFS: A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· For single TRP operation, for 120 kHz SCS (same as current specification for FR2-1 for PUSCH),
· Subject to UE capability, a UE can be scheduled with more than one PDSCH in a slot, by a single DCI or multiple DCIs.
· Subject to UE capability, a UE can be scheduled with more than one PUSCH in a slot, by a single DCI or multiple DCIs.
· FFS for multi-TRP operation
· Note: The optimization of HARQ codebook size for Type 1 or Type 2 codebook design is considered as a low priority in Rel-17 (this does not preclude HARQ ACK bundling in time domain).
· The agreement made in RAN1#105-e is revised as follows.
	Agreement: (RAN1#105-e)
For enhancements of generating type-1 HARQ-ACK codebook corresponding to DCI that can schedule multiple PDSCHs, the set of candidate PDSCH reception occasions corresponding to a UL slot with HARQ-ACK transmission is determined based on a set of DL slots and a set of SLIVs corresponding to each DL slot belonging to the set of DL slots.
· The set of DL slots contains all the unique DL slots determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The set of SLIVs corresponding to a DL slot (belonging to the set of DL slots) contains all the SLIVs for that slot determined by considering all combinations of the configured K1 values and the configured rows of the TDRA table.
· The Rel-16 procedure is reused for determining the candidate PDSCH reception occasions for the set of SLIVs corresponding to each DL slot belonging to the set of DL slots
· Note: The Rel-16 procedure already handles pruning of multiple SLIVs corresponding to a DL slot, for both UEs that are and are not capable of receiving multiple PDSCHs per slot
· FFS impact of time domain bundling, if supported





For single TRP operation with SCSs of 480 kHz and 960 kHz, we don’t see a strong motivation to support multiple PDSCH/PUSCH within a slot by a single DCI due to their short durations of the slot. The multiple DCIs case should be concluded by agenda item 8.2.2 PDCCH monitoring enhancements. It can be subject to UE capability. Therefore, we propose the following 
Proposal 2: For single TRP operation, for 480/960 kHz SCS,
· A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI,
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI.

CBGTI
The CBG-based (re)transmission has the merit to re-schedule the part of TB when only the part of TB were not correctly decoded as an improvement of the radio efficiency. To have CBG-based (re)transmission for a DCI scheduling multiple PUSCHs requires the indication of which CBG on which TB, which makes DCI overhead increase much. Therefore, the following agreement was made in RAN1#105e for SCS of 120 kHz, where CBGTI is present when a single PUSCH is scheduled but not present when more than one PUSCHs are scheduled.
	Agreement:
· 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.
· FFS:
· For 480/960 kHz SCS, whether to apply the same behavior with 120 kHz SCS or not to support CBGTI field configuration in the DCI that can schedule multiple PUSCHs
· For a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs, whether/how to configure CBGTI/CBGFI fields


For a unique solution, we think that the same behaviour with 120 kHz SCS in above agreement should be applied for SCSs of 480 kHz and 960 kHz. In addition, the same principle of multi-PUSCH scheduling can be applied to multi-PDSCH scheduling for all SCSs, i.e., CBGTI/CBGFI fields are not present if multiple PDSCHs are scheduled, but present if only one PDSCH is scheduled.
Proposal 3: For SCSs of 480 kHz and 960 kHz, 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.
Proposal 4: For SCSs of 120 kHz, 480 kHz, and 960 kHz, for a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI/CBGFI fields are not present when more than one PDSCHs are scheduled, but are present when a single PUSCH is scheduled, as in Rel-16.

FDRA 
For NR 52.6-71 GHz, the requirement for RF components is increased and our view is the main usage of FDRA assignment is continuous resource allocation, i.e., frequency resource allocation type 1. For frequency resource allocation type 1, to reduce the DCI overhead, a possible way is to change the minimum number of allocated RBs, but the DCI overhead reduction gain is limited. We don't think it is necessary to optimize frequency allocation type 0 because it would be less frequently used in 52.6-71GHz, and it would require more DCI overhead in general. 
Proposal 5: No need to have the optimization of FDRA size.

HARQ related
Different PUCCHs for different PDSCHs scheduled by a DCI 
For timing related to multi-PDSCH/PUSCH scheduling by a DCI, the following agreement was made in RAN1#104e.
	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)


For the FFS point in above agreement, we think that it is necessary to clarify how to indicate multiple PUCCH timings/resources and DAI by a single DCI. In addition, in agenda item 8.13.2 (Multi-cell PDSCH scheduling via a single DCI in DSS AI), similar issues have been discussed, but the following conclusion was made in RAN1#105-e. As the remaining available meeting time is limited in Rel. 17, we do not support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s). In future release, a more flexible function should be introduced, together with a consideration DSS.
	Conclusion:
Stop the RAN1 work on two-cell PDSCH scheduling via a single DCI for specification support in Rel-17 DSS
· Due to Rel-17 WID scope only focusing on two DL carriers within FR1, RAN1 did not study the potential benefits for more than 2 carriers for both UL and DL within FR1 and FR2.  
· It is up to RAN to decide whether or not the feature is studied/specified in Rel-18 with extension to more than 2 carriers for both UL and DL within FR1 and FR2.


In addition, the similar function with HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI is carried by different PUCCH(s) can be achieved by multiple DCIs in current specifications using FG3-5b in TR 38.822 and it is configured by higher layer parameter pdcch-MonitoringAnyOccasionsWithSpanGap in TS 38.306 as shown in the following. Particularly, two PDCCHs are sent in a slot for a UE, where each of them schedules several TBs such as less than 8 TBs, so that different PUCCHs can be used to meet the requirement of latency. Therefore, the gain of this function is just DCI overhead reduction. Therefore, we propose to reuse the function of FG3-5b.
TR 38.822
	3-5b: All PDCCH monitoring occasion can be any OFDM symbol(s) of a slot for Case 2 with a span gap
<skipped>
For the set of monitoring occasions which are within the same span:
•	Processing one unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for FDD
•	Processing one unicast DCI scheduling DL and two unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
•	Processing two unicast DCI scheduling DL and one unicast DCI scheduling UL per scheduled CC across this set of monitoring occasions for TDD
<skipped>



TS 38.306
	Definitions for parameters 
	Per 
	M 
	FDD
TDD
DIFF
	FR1-
FR2
DIFF

	pdcch-MonitoringAnyOccasionsWithSpanGap
Indicates whether the UE supports PDCCH search space monitoring occasions in any symbol of the slot with minimum time separation between two consecutive transmissions of PDCCH with span up to two OFDM symbols for two OFDM symbols or span up to three OFDM symbols for four and seven OFDM symbols. Value set1 indicates the supported value set (X,Y) is (7,3), value set2 indicates the supported value set (X,Y) is (4,3) and (7,3) and value set 3 indicates the supported value set (X,Y) is (2,2), (4,3) and (7,3).
	FS 
	No 
	N/A 
	N/A



Proposal 6: Not to support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) in Rel. 17.
Observation 1: Different PUCCHs for multi-PDSCH scheduling from a span can be achieved by multiple DCIs using the functionality of FG3-5b specified in TR 38.822. 

Type 2 HARQ-ACK Codebook Generation 
For Type 2 HARQ-ACK codebook generation, the following agreement were made in RAN1#106-e.
	Agreement:
Consider the following options to construct type-2 HARQ-ACK codebook when CBG operation is configured, and down-select to one of the following options in RAN1#106bis-e.
· Option 1: HARQ-ACK bits corresponding to CBG-based PDSCH reception and multi-PDSCH reception are merged into the same sub-codebook.
· Option 2: HARQ-ACK bits corresponding to CBG-based PDSCH reception and HARQ-ACK bits corresponding to multi-PDSCH reception are contained in separate sub-codebooks.
· Option 3: UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.
· Note: Multi-PDSCH reception refers to the case where multiple PDSCHs are scheduled by a DCI that is configured with TDRA table containing at least one row with multiple SLIVs.


Among three options, we think that Option 2 or Option 3 would be the possibility in order to distinguish CBG-based and multi-PDSCH based. Our preference is Option 3 because of its simplicity. Therefore, we propose that 
Proposal 7: For Type-2 HARQ-ACK codebook, when CBG operation is configured,
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.




Conclusions
In this contribution, we made the following proposals and observations.
Proposals:

Proposal 1: For TDRA in a DCI that can schedule multiple PDSCHs (or PUSCHs),
· The maximum value of the gap between two consecutively scheduled PDSCHs or between two consecutively scheduled PUSCHs is 2 slots,
· The maximum number of gaps is 2.
Proposal 2: For single TRP operation, for 480/960 kHz SCS,
· A UE does not expect to be scheduled with more than one PDSCH in a slot, by a single DCI,
· A UE does not expect to be scheduled with more than one PUSCH in a slot, by a single DCI.
Proposal 3: For SCSs of 480 kHz and 960 kHz, 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.
Proposal 4: For SCSs of 120 kHz, 480 kHz, and 960 kHz, for a DCI that can schedule multiple PDSCHs and is configured with the TDRA table containing at least one row with multiple SLIVs,
· If CBG-based (re)transmission is configured, CBGTI/CBGFI fields are not present when more than one PDSCHs are scheduled, but are present when a single PUSCH is scheduled, as in Rel-16.
Proposal 5: No need to have the optimization of FDRA size.
Proposal 6: Not to support HARQ-ACK information corresponding to different PDSCHs scheduled by the DCI can be carried by different PUCCH(s) in Rel. 17.
Proposal 7: For Type-2 HARQ-ACK codebook, when CBG operation is configured,
· UE does not expect to be configured with both of CBG operation and multi-PDSCH scheduling in the same PUCCH cell group.

Observations:
Observation 1: Different PUCCHs for multi-PDSCH scheduling from a span can be achieved by multiple DCIs using the functionality of FG3-5b specified in TR 38.822.
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