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1. Introduction
In RAN#97-e meeting, the following conclusion was made for multi-cell PUSCH/PDSCH scheduling in Rel-18:
	· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18. Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Following aspects are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18:
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell


Based on the conclusion and the agreements in previous RAN1 meetings, this contribution will discuss how to support multi-cell PUSCH/PDSCH scheduling.
2. Discussion
2.1 DCI fields
Regarding DCI fields for DCI format 0_X/1_X, the following agreements were achieved in RAN1#110 meeting. Accordingly, our views on other fields to be included in DCI format 0_X/1_X are summarized in Table 1 and Table 2.
	Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.

Agreement
For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field
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	Fields in DCI format 1_X
	Types
	comments

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

	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. 

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

	TB2: New data indicator
	If support: Type-2
	

	TB2: Redundancy version
	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 DCI format 0_X
	Types
	comments

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

	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.

	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 1: At least the following DCI fields can be included in DCI format 1_X.
· Type-1
· Carrier indicator (indicator of scheduled cells)
· Type-2
· TB1: Modulation and coding scheme
· 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 2: At least the following DCI fields can be included in DCI format 0_X.
· Type-1
· [bookmark: OLE_LINK1]Carrier indicator (indicator of scheduled cells)
· CSI request
· beta_offset indicator
· UL-SCH indicator
· Type-2
· Modulation and coding scheme
· 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
2.2 Indication of scheduled cells
In RAN1#109-e meeting, the following agreement was made for indication of scheduled cells.
	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. 


Compared with Option 2, Option 1 can reduce DCI overhead. Therefore, Option 1 is slightly preferred. As for Option 3, we think it is straightforward to combine it with Option 1. That is, the CIF can be the indicator mentioned in Option 1. 
Proposal 3: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of scheduled cells.
· The indicator is CIF.
· The table is configured by RRC signaling.
2.3 Search space
In the legacy, when cross-carrier scheduling (CCS) is enabled, a scheduled cell is a configured with a CIF value () (note that the CIF value is used for indication of scheduled cell in DCI) and search space sets which includes information of search space ID and the number of PDCCH candidate per aggregation level. Accordingly, by the formula below, it can be determined the PDCCH candidates in a search space on the scheduling cell with the same search space ID for scheduling the scheduled cell.

Here is an example. Assume , , and number of PDCCH candidate per AL for each serving cell (two serving cells in total) is as shown in Table 3. The CCEs for each PDCCH candidate corresponding to each serving cells are as shown in Figure 1.
Table 3. PDCCH candidate number per AL for each serving cell
	[bookmark: _Hlk101784549]AL
	Scheduling cell ()
	Scheduled cell ()

	4
	2
	2

	8
	2
	2




Figure 1. Example of PDCCH candidate set
As discussed in 2.2, for indicating scheduled cells, it is preferred to use an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of scheduled cells. If it is supported, regarding the value of  in the formula for determining PDCCH candidates, the following 2 options can be considered. Option 1 is slightly preferred because it is similar to the legacy method for cross-carrier scheduling where the value of the indictor (CIF) indicating a scheduled cell in the DCI is same as the value of the parameter () for determining PDCCH candidates for the scheduled cell.
· Option 1: the value of  is per combination of scheduled cells 
· the value of  is equal to the value of the indicator in DCI format 0_X/1_X for indicating scheduled cells.
· Option 2: the value of  is configured per set of cells that can be scheduled by the DCI format 0_X/1_X
· The set of cells includes all cells in the table defining combinations of scheduled cells.
As for number of PDCCH candidates per AL, it should just follow the same framework as for the value of () for simplicity. 
According to the discussions above, we have the following proposal.
Proposal 4: For determining PDCCH candidates for multi-cell scheduling, consider the following 2 options. Option 1 is slightly preferred because it is similar to the method for legacy cross-carrier scheduling.
· Option 1: the value of  and the number of PDCCH candidates per AL is per combination of scheduled cells 
· the value of  is equal to the value of the indicator in DCI format 0_X/1_X for indicating scheduled cells.
· Option 2: the value of  and the number of PDCCH candidates per AL is per set of cells that can be scheduled by the DCI format 0_X/1_X
· The set of cells includes all cells in the table defining combinations of scheduled cells.
3. Conclusion
According to the discussions above, we have the following proposals for multi-cell PUSCH/PDSCH scheduling with a single DCI.
Proposal 1: At least the following DCI fields can be included in DCI format 1_X.
· Type-1
· Carrier indicator (indicator of scheduled cells)
· Type-2
· TB1: Modulation and coding scheme
· 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 2: At least the following DCI fields can be included in DCI format 0_X.
· Type-1
· Carrier indicator (indicator of scheduled cells)
· CSI request
· beta_offset indicator
· UL-SCH indicator
· Type-2
· Modulation and coding scheme
· 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 3: For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of scheduled cells.
· The indicator is CIF.
· The table is configured by RRC signaling.
Proposal 4: For determining PDCCH candidates for multi-cell scheduling, consider the following 2 options. Option 1 is slightly preferred because it is similar to the method for legacy cross-carrier scheduling.
· Option 1: the value of  and the number of PDCCH candidates per AL is per combination of scheduled cells 
· the value of  is equal to the value of the indicator in DCI format 0_X/1_X for indicating scheduled cells.
· Option 2: the value of  and the number of PDCCH candidates per AL is per set of cells that can be scheduled by the DCI format 0_X/1_X
· The set of cells includes all cells in the table defining combinations of scheduled cells.
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