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1. Introduction
One of the objectives of CA enhancement in Rel-18 is to specify a solution for multi-cell PUSCH/PDSCH scheduling with a single DCI. And the following aspects are identified in WID.
	· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling


Based on the agreements [1] in RAN1#109-e meeting, this contribution further discusses how to support multi-cell PUSCH/PDSCH scheduling with a single DCI.
2. Discussion
According to the agreement below, 3 types of DCI fields in DCI format for multi-PUSCH/PDSCH scheduling are defined. 
	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.


Based on the definition, RAN1 needs to discuss the types of all fields in the DCI formats and the detail how the fields provide information for multi-PUSCH/PDSCH scheduling. 
For NR evolution, some new DCI formats or new configurable fields in DCI were introduced in Rel-16/17. The time budget for this work item is very tight. It may be challenging for RAN1 to discuss and conclude the types and detailed design of all of the fields until Rel-17 to support multi-cell PUSCH/PDSCH scheduling. Therefore, it is preferred to take the DCI fields in DCI format 0_1/1_1 in Rel-15 as the starting point.
Proposal 1: For discussion on DCI fields in DCI format 0_X/1_X, take DCI fields in DCI format 0_1/1_1 in Rel-15 as the starting point.
According to the definition of types, our views on the fields in DCI format 1_X/0_X based on the fields in Rel-15 DCI format 1_X/0_X are summarized in Table 1 and Table 2.
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	Fields in Rel-15 DCI format 1_1
	Types of corresponding fields in DCI format 1_X
	comments

	Identifier for DCI formats
	Type-1
	A single field is enough.

	Carrier indicator
	Type-1
	A single field should be enough to indicate co-scheduled cells

	Downlink assignment index
	Type-1
	These fields provide information related to HARQ-ACK feedback. The HARQ-ACK information for all scheduled PDSCHs on the co-scheduled cells can be reported in a same PUCCH.

	TPC command for scheduled PUCCH
	Type-1
	

	PUCCH resource indicator
	Type-1
	

	PDSCH-to-HARQ ACK timing indicator
	Type-1
	

	TB1: Modulation and coding scheme
	Type-2
	These fields provide information related to TB. Since different TBs are transmitted on different cells, it is straightforward to include multiple fields, one-to-one mapping to cells. 

	TB1: New data indicator
	Type-2
	

	TB1: Redundancy version
	Type-2
	

	TB2: Modulation and coding scheme
	If support: Type-2
	

	TB2: New data indicator
	If support: Type-2
	

	TB2: Redundancy version
	If support: Type-2
	

	CBG transmission information (CBGTI)
	If support: Type-2
	

	CBG flushing out information (CBGFI)
	If support: Type-2
	

	HARQ process number
	Type-2
	

	Bandwidth part indicator
	Type-3
	These fields provide information related to resource allocation/MIMO. The number of the fields varies in different scenarios (e.g. intra-band/inter-band CA).

	Frequency domain resource assignment
	Type-3
	

	Time domain resource assignment
	Type-3
	

	VRB-to-PRB mapping
	Type-3
	

	PRB bundling size indicator
	Type-3
	

	Rate matching indicator
	Type-3
	

	ZP CSI-RS trigger
	Type-3
	

	[bookmark: _Hlk110259544]Antenna port(s)
	Type-3
	

	Transmission configuration indication
	Type-3
	

	SRS request
	Type-3
	

	[bookmark: _Hlk110259614]DMRS sequence initialization
	Type-3
	


Table 2. Summary of types of fields for DCI format 0_X
	Fields in Rel-15 DCI format 0_1
	Types of corresponding fields in DCI format 0_X
	comments

	Identifier for DCI formats
	Type-1
	A single field is enough.

	Carrier indicator
	Type-1
	A single field should be enough to indicate co-scheduled cells

	1st downlink assignment index
	Type-1
	These fields provide information related to HARQ-ACK feedback. A single field is enough.

	2nd downlink assignment index
	Type-1
	

	CSI request
	Type-1
	These fields provide information related to UCI on PUSCH. The CSI reports triggered by the CSI request can be carried on PUSCH on one of the co-scheduled cells. A single field is enough.

	beta_offset indicator
	Type-1
	

	UL-SCH indicator
	Type-1
	

	Modulation and coding scheme
	Type-2
	These fields provide information related to TB. Since different TBs are transmitted on different cells, it is straightforward to include multiple fields, one-to-one mapping to cells.

	New data indicator
	Type-2
	

	Redundancy version
	Type-2
	

	CBG transmission information (CBGTI)
	If support: Type-2
	

	HARQ process number
	Type-2
	

	UL/SUL indicator
	If support: Type-3
	These fields provide information related to resource allocation, antenna or RS. The number of the fields varies in different scenarios (e.g. intra-band/inter-band CA).

	Bandwidth part indicator
	Type-3
	

	Frequency domain resource assignment
	Type-3
	

	Time domain resource assignment
	Type-3
	

	Frequency hopping flag
	Type-3
	

	TPC command for scheduled PUSCH
	Type-3
	

	SRS resource indicator
	Type-3
	

	Precoding information and number of layers
	Type-3
	

	Antenna port(s)
	Type-3
	

	SRS request
	Type-3
	

	PTRS-DMRS association
	Type-3
	

	DMRS sequence initialization
	Type-3
	


Proposal 2: At least the following DCI fields can be included in DCI format 1_X.
· Type-1
· Identifier for DCI formats
· Carrier indicator
· Downlink assignment index
· TPC command for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ ACK timing indicator
· Type-2
· TB1: Modulation and coding scheme
· TB1: New data indicator
· TB1: Redundancy version
· HARQ process number
· Type-3
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· SRS request
· DMRS sequence initialization
Proposal 3: At least the following DCI fields can be included in DCI format 0_X.
· Type-1
· Identifier for DCI formats
· Carrier indicator
· 1st downlink assignment index
· 2nd downlink assignment index
· CSI request
· beta_offset indicator
· UL-SCH indicator
· Type-2
· Modulation and coding scheme
· New data indicator
· Redundancy version
· HARQ process number
· Type-3
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· Frequency hopping flag
· TPC command for scheduled PUSCH
· SRS resource indicator
· Precoding information and number of layers
· Antenna port(s)
· SRS request
· PTRS-DMRS association
· DMRS sequence initialization
For relation between scheduling cell and scheduled cell in case of multi-cell scheduling, the following agreement was achieved. We would like to share our views on the FFS point.
	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].


According to the discussions above for DCI fields, DCI format 0_X needs to include DAI fields for HARQ-ACK feedback. If the co-scheduled cells by DCI format 0_X and the scheduling cell are in different PUCCH group, it would be questionable how to interpret the DAI fields for HARQ-ACK feedback. Therefore, it is preferred that all the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.
Proposal 4: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.
3. Conclusion
According to the discussions above, we have the following proposals for multi-cell PUSCH/PDSCH scheduling with a single DCI.
Proposal 1: For discussion on DCI fields in DCI format 0_X/1_X, take DCI fields in DCI format 0_1/1_1 in Rel-15 as the starting point.
Proposal 2: At least the following DCI fields can be included in DCI format 1_X.
· Type-1
· Identifier for DCI formats
· Carrier indicator
· Downlink assignment index
· TPC command for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ ACK timing indicator
· Type-2
· TB1: Modulation and coding scheme
· TB1: New data indicator
· TB1: Redundancy version
· HARQ process number
· Type-3
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· SRS request
· DMRS sequence initialization
Proposal 3: At least the following DCI fields can be included in DCI format 0_X.
· Type-1
· Identifier for DCI formats
· Carrier indicator
· 1st downlink assignment index
· 2nd downlink assignment index
· CSI request
· beta_offset indicator
· UL-SCH indicator
· Type-2
· Modulation and coding scheme
· New data indicator
· Redundancy version
· HARQ process number
· Type-3
· Bandwidth part indicator 
· Frequency domain resource assignment
· Time domain resource assignment
· Frequency hopping flag
· TPC command for scheduled PUSCH
· SRS resource indicator
· Precoding information and number of layers
· Antenna port(s)
· SRS request
· PTRS-DMRS association
· DMRS sequence initialization
Proposal 4: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.
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