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Introduction
Several agreements have been achieved in RAN1#109 e-meeting [1] as follows. We discuss further details.
	Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.

Agreement
· Different TBs are scheduled on different cells by DCI format 0_X.
· Different TBs are scheduled on different cells by DCI format 1_X.

Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.

Agreement
The DCI for multi-cell scheduling is monitored only in USS set.

Agreement
· PDSCH cannot be scheduled by DCI format 0_X. 
· PUSCH cannot be scheduled by DCI format 1_X. 

Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].

Agreement
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells including the scheduling cell.
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells not including the scheduling cell.

Agreement
· For a UE, the maximum number of cells scheduled by a DCI format 0_X can be same or different to the maximum number of cells scheduled by a DCI format 1_X.

Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.

Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 

Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.

Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.

Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 

Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.





DCI format design
DCI format 0_X
Table 1 shows our view on categorization of DCI fields originally specified for DCI format 0_1. Detailed reasonings for several (or controversial) fields are provided as follows.
Table 1: Sharp’s view on categorization of DCI fields originally specified for DCI format 0_1
	Type-1 field
	Identifier for DCI formats

	
	UL/SUL indicator

	
	Bandwidth part indicator

	
	CSI request

	
	Beta offset indicator

	
	SCell dormancy indication

	Type-2 field
	Modulation and coding scheme

	
	New data indicator

	
	Redundancy version

	
	HARQ process number

	
	Invalid symbol pattern indicator

	Type-3 field
	Frequency domain resource assignment

	
	Frequency hopping flag

	
	Time domain resource assignment

	
	TPC command for scheduled PUSCH

	
	1st downlink assignment index

	
	2nd downlink assignment index

	
	3rd downlink assignment index

	
	SRS resource set indicator

	
	SRS resource indicator

	
	Second SRS resource indicator

	
	Precoding information and number of layers

	
	Second precoding information

	
	Antenna ports

	
	SRS request

	
	SRS offset indicator

	
	CBG transmission indication

	
	PTRS-DMRS association

	
	Second PTRS-DMRS association

	
	DMRS sequence initialization

	
	ChannelAccess-CPext-CAPC

	
	Priority indicator

	
	Minimum applicable scheduling offset indicator

	Others
	Carrier indicator

	
	DFI flag

	
	UL-SCH indicator

	
	Sidelink assignment index

	
	PDCCH monitoring adaptation indication



0. Type-1 field
Bandwidth part indicator field
In our view, Bandwidth part indicator field should be categorized as Type-1 field. This is because, if the field is configured for each scheduled cell, the total number of DCI sizes in terms of frequency domain resource assignment field drastically increases. In worst case, the UE needs to be prepared for N x 4 DCI sizes for potential BWP change where N is the maximum number of scheduled cell by a single DCI format 0_X and 4 is the maximum number of BWPs available for BWP switching. 
Proposal 1: Bandwidth part indicator field should be categorized as Type-1 field.
UL/SUL indicator
Similar to Bandwidth part indicator field, UL-SUL indicator field may trigger size change of frequency domain resource assignment field. Therefore, we propose:
Proposal 2: UL/SUL indicator field should be categorized as Type-1 field.
Beta offset indicator
Beta offset indicator could be categorized as Type-1 field if we could have agreed the following FFS at the last meeting. From bitwidth reduction perspective, we think the following could be proposed. By the way, we are fine with either “cell group” or “PUCCH group”.
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group]
Proposal 3: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].
Proposal 4: Beta offset indicator should be categorized as Type-1 field.
0. Type-2 field
Invalid symbol pattern indicator
This field is to indicate invalid symbols which are pre-empted by other communication. Therefore, this field can be Type-2 field.
0.  Type-3 field
Frequency domain resource assignment
Although the frequency domain resource assignment should be independent of scheduled cell, categorizing it as Type-2 field is dangerous, since this field has the biggest size (approximately 10 to 15 bits). Therefore, we should give configurability of a group of cells in one frequency domain resource assignment field for potential bitwidth reduction.
Proposal 5: Frequency domain resource assignment field should be categorized as Type-3 field.
Time domain resource assignment field
Many companies including us seem to assume aligned time resources for single multi-cell scheduling. On the other hand, in some cases, for example, if different carrier types (e.g., FR1 and FR2) are included in scheduled cells by single DCI format 0_X, different time domain resource assignment for each carrier type may be considered. Therefore, we propose as follows:
Proposal 6: Time domain resource assignment field should be categorized as Type-3 field.
MIMO related fields
At least for intra-band continuous CA case, the gNB may set up MIMO configuration common to those cells. Therefore, it should be possible for gNB to configure a group of cells for MIMO related fields to reduce bitwidth.
Proposal 7: MIMO related parameters should be categorized as Type-3 field.
0. Other fields
UL-SCH indicator
UL-SCH indicator field is used when A-CSI without UL-SCH is triggered. However, we don’t see the benefit to set this field for each scheduled cell. A-CSI without UL-SCH could be triggered by single cell DCI format.
Proposal 8: A-CSI without UL-SCH is not considered for multi-cell scheduling in Rel-18. 
DCI format 1_X
Table 2 shows our view on categorization of DCI fields originally specified for DCI format 1_1. Detailed reasonings for several (or controversial) fields are provided as follows.
Table 2: Sharp’s view on categorization of DCI fields originally specified for DCI format 1_1
	Type-1 field
	Identifier for DCI formats

	
	Bandwidth part indicator

	
	TPC command for scheduled PUCCH

	
	Second TPC command for scheduled PUCCH

	
	PUCCH resource indicator

	
	PDSCH-to-HARQ_feedback timing indicator

	
	One-shot HARQ-ACK request

	
	Enhanced Type 3 codebook indicator

	
	PUCCH cell indicator

	Type-2 field
	Modulation and coding scheme

	
	New data indicator

	
	Redundancy version

	
	HARQ process number

	
	Rate matching indicator

	
	ZP CSI-RS trigger

	Type-3 field
	Frequency domain resource assignment

	
	VRB-to-PRB mapping

	
	Time domain resource assignment

	
	PRB bundling size indicator

	
	TPC command for scheduled PUSCH

	
	Downlink assignment index

	
	PDSCH group index

	
	New feedback indicator

	
	Number of requested PDSCH group(s)

	
	HARQ-ACK retransmission indicator

	
	Antenna ports

	
	CBG transmission indication

	
	CBG flushing out information

	
	DMRS sequence initialization

	
	ChannelAccess-CPext

	
	Priority indicator

	
	Minimum applicable scheduling offset indicator

	Others
	Carrier indicator

	
	PDCCH monitoring adaptation indication



0. Type-1 field
Fields related to PUCCH transmission
As agreed at the last meeting, scheduled cells by single DCI format 1_X should be confined within the same PUCCH cell group. Therefore, all the PUCCH related fields could be categorized as Type-1 field.
Proposal 9: All the PUCCH related fields for DCI format 1_X should be categorized as Type-1 field.
0. Type-2 field
Rate matching indicator, ZP CSI-RS trigger
These fields are for indicating resource for rate matching. Therefore, these fields can be categorized as Type-2 field.
Configurability of scheduling cell for a scheduled cell
It is highly possible that the size of DCI format 0_X/1_X can be much larger than the size of DCI format 0_1/1_1. Therefore, although support for single cell scheduling by single DCI format 0_X/1_X has been agreed, it is preferred to support for UEs to monitor both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.
Proposal 10: UE supports monitoring both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.
DCI size budget
DCI size budget is considered per scheduled cell. In cross-carrier scheduling, a DCI format in a configured with multiple scheduled cells monitored in a scheduling cell is counted in each scheduled cell. In our view, there isn’t any reason to change this counting principle. Therefore, we propose counting per scheduled cell for DCI format 0_X/1_X.
Proposal 11: Counting per scheduled cell for DCI format 0_X/1_X is supported for DCI size budget requirement.
Conclusion
In this contribution, for the HARQ enhancements of IoT NTN, we propose the following.
Proposal 1: Bandwidth part indicator field should be categorized as Type-1 field.
Proposal 2: UL/SUL indicator field should be categorized as Type-1 field.
Proposal 3: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].
Proposal 4: Beta offset indicator should be categorized as Type-1 field.
Proposal 5: Frequency domain resource assignment field should be categorized as Type-3 field.
Proposal 6: Time domain resource assignment field should be categorized as Type-3 field.
Proposal 7: MIMO related parameters should be categorized as Type-3 field.
Proposal 8: A-CSI without UL-SCH is not considered for multi-cell scheduling in Rel-18. 
Proposal 9: All the PUCCH related fields for DCI format 1_X should be categorized as Type-1 field.
Proposal 10: UE supports monitoring both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.
Proposal 11: Counting per scheduled cell for DCI format 0_X/1_X is supported for DCI size budget requirement.
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