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Introduction
In RAN1 #110 meeting, the following agreements regarding multicarrier scheduling with a single DCI were made [1]:
Agreement
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.
Agreement
· Confirm below working assumption reached in RAN1#109e meeting. 
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
Working assumption:
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell.
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X
Working assumption:
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
FFS: The maximum number of configurable cells for co-scheduling
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
Agreement
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH
Agreement
· [bookmark: _Hlk115385438]For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.
Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.
Agreement
· At least cases 1-1 and 1-2 on SCS are supported:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.
· FFS: Whether Case 1-3 or 1-4 is additionally supported.

To support multiple cell scheduling via a single DCI, several aspects regarding DCI fields, scheduling possibilities, DCI size budget, BD/CCE counting, search space configuration, indication of co-scheduled cells, and HARQ-ACK feedback needs to be discussed.
Discussion
DCI fields
[bookmark: _Hlk861261][bookmark: _Hlk111063646]For the design of DCI fields, three types of DCI field were agreed. A DCI field belongs to a Type-1 field if the information indicated by the DCI field can be shared for the multiple cells or if the information for the multiple cells can be jointly indicated by the DCI field. In the last meeting, further classification of Type-1 field into Type-1A, Type-1B, and Type-1C was agreed. A DCI field should be classified as a Type-1 field to reduce the DCI size without impacting scheduling flexibility. A DCI field should be classified as a Type-2 fields for better scheduling flexibility. A DCI field should be classified as a Type-3 fields to allow gNB to configure between separate information or shared information for the multiple cells, based on the characteristics of the multiple cells and tradeoff between DCI size and scheduling flexibility. The types of the DCI fields of DCI format 1_X and DCI format 0_X are listed as in Table 1 and Table 2, respectively.
Table 1 – Type classification of fields of DCI format 1_X
	DCI fields of DCI format 1_X
	Type of field
	Comment

	Carrier indicator or Indicator of co-scheduled cells
	Type-1A
	The field name is FFS

	Bandwidth part indicator
	
	Not included

	[bookmark: _Hlk115386689]Frequency domain resource assignment
	Type-2
	

	Time domain resource assignment
	Type-1B
	

	VRB-to-PRB mapping
	Type-1A
	

	PRB bundling size indicator
	Type-3
	

	[bookmark: _Hlk115386422]Rate matching indicator
	Type-3
	

	[bookmark: _Hlk115386434]ZP CSI-RS trigger
	Type-3
	

	Modulation and coding scheme (TB1)
	Type-3
	

	Modulation and coding scheme (TB2)
	Type-3
	

	[bookmark: _Hlk115386513]HARQ process number
	Type-3
	

	Enhanced Type 3 codebook indicator
	Type-1A
	

	HARQ-ACK retransmission indicator
	
	Not included

	Antenna port(s)
	Type-3
	

	[bookmark: _Hlk115386531]Transmission configuration indication
	Type-3
	

	SRS request
	Type-1C
	

	SRS offset indicator
	
	Not included

	CBG transmission information (CBGTI)
	
	Not included

	CBG flushing out information (CBGFI)
	
	Not included

	DMRS sequence initialization
	Type-3
	

	Priority indicator
	Type-1A
	

	ChannelAccess-CPext
	
	Not included

	Minimum applicable scheduling offset indicator
	
	Not included

	SCell dormancy indication
	
	Not included

	PDCCH monitoring adaptation indication
	Type-1C
	PDCCH skipping is only applicable to scheduling cell

	PUCCH Cell indicator
	Type-1A
	



Table 2 – Type classification of fields of DCI format 0_X
	DCI fields of DCI format 0_X
	Type of field
	Comment

	Carrier indicator or Indicator of co-scheduled cells
	Type-1A
	The field name is FFS

	Bandwidth part indicator
	
	Not included

	DFI flag
	
	Not included

	UL/SUL indicator
	
	Not included

	Frequency domain resource assignment
	Type-2
	

	Time domain resource assignment
	Type-1B
	

	Frequency hopping flag
	Type-3
	

	Modulation and coding scheme
	Type-3
	

	HARQ process number
	Type-3
	

	1st downlink assignment index
	Type-1C or Type-3
	Type-3 if each co-scheduled PUSCHs in different slots would overlap with different PUCCHs

	2nd downlink assignment index
	
	Not included

	3rd downlink assignment index
	Type-1C
	

	TPC command for scheduled PUSCH
	Type-3
	

	SRS resource indicator
	Type-3
	

	Precoding information and number of layers
	Type-3
	

	Antenna ports
	Type-3
	

	[bookmark: _Hlk115386837]SRS request
	Type-1C
	

	SRS offset indicator
	
	Not included

	CSI request
	Type-1C
	

	CBG transmission information (CBGTI)
	
	Not included

	PTRS-DMRS association
	Type-3
	

	beta_offset indicator
	Type-1C or Type-3
	Type-3 if each co-scheduled PUSCHs in different slots would overlap with different PUCCHs

	DMRS sequence initialization
	Type-3
	

	[bookmark: _Hlk115386858]UL-SCH indicator
	Type-1C
	

	ChannelAccess-CPext-CAPC
	
	Not included

	Open-loop power control parameter set indication
	Type-3
	

	Priority indicator
	Type-1A
	

	Invalid symbol pattern indicator
	Type-1A
	

	Minimum applicable scheduling offset indicator
	
	Not included

	SCell dormancy indication
	
	Not included

	PDCCH monitoring adaptation indication
	Type-1C
	PDCCH skipping is only applicable to scheduling cell



Proposal 1: Adopt the type classification of DCI fields for DCI format 1_X in Table 1 and DCI format 0_X in Table 2.

Scheduling possibilities
From Rel-15, a scheduled cell can only have one scheduling cell. For DCI format 0_X/1_X, it is straightforward that similar restrictions are applicable since there is no motivation to support monitoring DCI format 0_X/1_X in more than one scheduling cell for a scheduled cell.
Proposal 2: For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell.
Since DCI format 0_X/1_X are configured for scheduling multiple cells, the DCI size are going to be larger than DCI format 0_1/1_1 or DCI format 0_2/1_2, which will require more PDCCH resources. To better utilize PDCCH resource, for a scheduled cell, DCI format 0_X/1_X should be used for scheduling when other co-scheduled cells are required to meet the service requirement, e.g., a certain data rate. On the other hand, to save PDCCH resource, DCI format 0_1/1_1 or DCI format 0_2/1_2 should be used for scheduling when no other co-scheduled cells are required. Therefore, the working assumption ”For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell.” should be confirmed. 
Proposal 3: Confirm the working assumption that ”For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell.”
In addition, to avoid PDCCH blocking in the scheduling cell, for a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling should be supported.
Proposal 4: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling.

DCI size budget, BD/CCE counting
For DCI size budget, option 1 is preferred since the UE complexity can be kept. For Alt. 1-1 and Alt. 1-2, DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells, which means a DCI size is counted multiple times. The alternative reduces the number of DCI sizes that can be monitored for the UE, which impacts the flexibility for configuration of other DCI formats, especially for PCell in which fallback DCI formats are configured in CSS. Since a DCI format 0_X/1_X only corresponds to one DCI size, it is more reasonable to adopt Alt. 1-3 to count the DCI size for one scheduled cell. If it is acceptable to increase DCI size budget in Rel-18, Alt. 2-1 is preferred for its simplicity.
Proposal 5: DCI size budget of multi-cell scheduling DCI is counted only in one potentially co-scheduled cell.
For BD/CCE counting, adopting Alt. 1 or Alt. 6 will cause the configurable number of BD/CCE for DCI format 0_X/1_X being limited by the serving cell configured with the largest number of BD/CCE, which will impact the flexibility of PDCCH configuration. Alt. 4 is not preferred since it does not fit well with the current BD/CCE counting method where the BD/CCE of a PDCCH candidate is counted towards the scheduled cell. Alt. 2 is preferred for its simplicity, and the method for determining the one scheduled cell can reuse that of Alt.1-3 or Alt. 2-1 for DCI size budget. Alt. 3 may also be considered since it follows the principle of the current BD/CCE counting method and can resolve the drawback of Alt. 1 by scaling down the counted numbers of BD/CCE.
Proposal 6: BD/CCE of a PDCCH candidate of multi-cell scheduling DCI is counted only in one potentially co-scheduled cell.

Search space configuration
For search space configuration of DCI format 0_X/1_X, the legacy method for configuration of cross-carrier scheduling may be reused. In legacy method, configurations of a search space of the scheduling cell include the associated CORESET, a search space ID, monitoring periodicity and offset, number of monitoring slots within a period and number of monitoring occasions within a slot, etc. Configurations of a search space of the scheduled cell includes the number of PDCCH candidates and the same search space ID as the search space of the scheduling cell. In other words, the search space of the scheduling cell and the scheduled cells are linked by the search space ID, and the PDCCH candidates are monitored on the scheduling cell based on the search space configurations of both the scheduling cell and scheduled cell.
For DCI format 0_X/1_X, for each cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured and associated with the search space on the scheduling cell with the same search space ID.
Proposal 7: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
Since the number of combinations of scheduled cells may be large, it is beneficial to associate a n_CI to more than one combinations of scheduled cells to avoid PDCCH blocking.
Proposal 8: The n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.

Indication of co-scheduled cells
For indicating the multiple scheduled cells, option 2 should not be considered since the full flexibility for indicating the multiple scheduled cell is not needed, and the DCI size should not be increased for such unnecessary flexibility. Option 1 allows gNB to configure the combinations of scheduled cells, and the configuration is a tradeoff between DCI size and scheduling flexibility. Option 3 reuses the CIF field for indicating all or a subset of a set of cells which can be co-scheduled. In option 3, one set of cells are configured via RRC signaling. The set of cells may be implicity determined based on the search space configuration. For example, if gNB wants to indicate cell 1, cell 2, and cell 3 by indicating a value of 1 in the CIF field, the gNB can configure cif-InSchedulingCell in CrossCarrierSchedulingConfig in the configurations of cell 1, cell 2, and cell 3 to all be equal to 1, and the search space ID should all be the same to link to the same search space in the scheduling cell. Continue from the example, the gNB may indicate a subset of cells from cell 1, cell 2, and cell 3 by other existing field, e.g., a cell is not scheduled by indicating an invalid value in the FDRA field corresponding to the cell. Compared to option 1, option 3 can provide good scheduling flexibility and the RRC signaling for indication of scheduled cells and search space configurations can be reused.
Proposal 9: Option 3 (first preference) or Option 1 (second preference) is adopted for indicating co-scheduled cells.

HARQ-ACK feedback
To determine the PUCCH slot for HARQ-ACK feedback, a reference PDSCH should be used. PDSCH-to-HARQ_timing indicator in a DCI format 1_X indicates a slot level offset, in the SCS of PUCCH, between a last UL slot overlapping with the slot where the reference PDSCH of the co-scheduled PDSCHs is received and a PUCCH slot with the PUCCH carrying HARQ-ACK feedback for co-scheduled PDSCHs. For simplicity, the reference PDSCH should also be used for DAI counting for Type-2 HARQ-ACK codebook. To this aim, the reference PDSCH should be determined as the PDSCH received in the lastet DL slot, and if there are more than one PDSCHs received in the latest DL slot, the PDSCH received in the cell with the lowest serving cell index is determined as the reference PDSCH. The latter part can facilitate DAI counting based on reference PDSCH.
Proposal 10: The reference PDSCH is the PDSCH received in the lastet DL slot (), and if there are more than one PDSCHs received in the latest DL slot (), the PDSCH received in the cell with the lowest serving cell index is determined as the reference PDSCH.
Proposal 11: The reference PDSCH is used for DAI counting.
For Type-2 HARQ-ACK codebook, it was agreed that two sub two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. For simplicity, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N.
Proposal 12: For Type-2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N.
Conclusions
In this contribution, we discussed the issues regarding DCI fields, scheduling possibilities, DCI size budget, BD/CCE counting, search space configuration, indication of co-scheduled cells, and HARQ-ACK feedback. We have the following proposals:
Proposal 1: Adopt the following type classification of DCI fields.
· For DCI format 1_X.
· Type-1A: Carrier indicator or Indicator of co-scheduled cells, VRB-to-PRB mapping, Enhanced Type 3 codebook indicator, Priority indicator, PUCCH Cell indicator.
· Type-1B: Time domain resource assignment.
· Type-1C: SRS request, PDCCH monitoring adaptation indication.
· Type-2: Frequency domain resource assignment.
· Type-3: PRB bundling size indicator, Rate matching indicator, ZP CSI-RS trigger, Modulation and coding scheme, HARQ process number, Antenna port(s), Transmission configuration indication, DMRS sequence initialization.
· For DCI format 0_X
· Type-1A: Carrier indicator or Indicator of co-scheduled cells, Priority indicator, Invalid symbol pattern indicator.
· Type-1B: Time domain resource assignment
· Type-1C: 3rd downlink assignment index, SRS request, CSI request, UL-SCH indicator, PDCCH monitoring adaptation indication.
· Type-2: Frequency domain resource assignment.
· Type-3: Frequency hopping flag, Modulation and coding scheme, HARQ process number, 1st downlink assignment index, TPC command for scheduled PUSCH, SRS resource indicator, Antenna ports, PTRS-DMRS association, beta_offset indicator, DMRS sequence initialization, Open-loop power control parameter set indication.
Proposal 2: For each scheduled cell, a UE monitors DCI format 0_X/1_X on at most one scheduling cell.
Proposal 3: Confirm the working assumption that ”For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell.”
Proposal 4: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling.
Proposal 5: DCI size budget of multi-cell scheduling DCI is counted only in one potentially co-scheduled cell.
Proposal 6: BD/CCE of a PDCCH candidate of multi-cell scheduling DCI is counted only in one potentially co-scheduled cell.
Proposal 7: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
Proposal 8: The n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
Proposal 9: Option 3 (first preference) or Option 1 (second preference) is adopted for indicating co-scheduled cells.
Proposal 10: The reference PDSCH is the PDSCH received in the lastet DL slot (), and if there are more than one PDSCHs received in the latest DL slot (), the PDSCH received in the cell with the lowest serving cell index is determined as the reference PDSCH.
Proposal 11: The reference PDSCH is used for DAI counting.
Proposal 12: For Type-2 HARQ-ACK codebook, if at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to 2*N.
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