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Introduction
The following agreements were made on the support of multi-cell scheduling during the RAN1#111 meeting [1]:
Agreement
Confirm the RAN1#110bis-e working assumption with the following changes: 
Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell BD/CCE of the DCI format 0_X/1_X is counted on the reference cell.
· Same reference cell is used for both DCI format 0_X and DCI format 1_X.
· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which Ssearch space of DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· FFS It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How tTo address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· For the reference cell, a total number of configured BD/CCEs for both DCI formats 0_X/1_X and legacy DCI formats (if configured) does not exceed the Rel-17 limits. 
· For other cells in the sets of cells, Rel-17 limits for PDCCH/DCI monitoring and BD/CCE counting rules for legacy DCI formats (not including DCI formats 0_X/1_X) apply
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.



Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.


Agreement
For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· ChannelAccess-Cpext
· TDRA
· Below fields are agreed to be supported for DCI format 0_X/1_X. FFS: Whether the fields are type1, type2, type configurable, or omitted. FFS: details on the fields (e.g. length, which legacy configurations are applicable), other fields.
· HARQ process number
· MCS (FFS: potential compression scheme)
· Bandwidth part indicator 
· Frequency domain resource assignment (FFS: potential compression scheme)
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· DMRS sequence initialization
· Frequency hopping flag
· TPC command for scheduled PUSCH
· Precoding information and number of layers
· PTRS-DMRS association
· SRS request
· SRS resource indicator
· SRS offset indicator
· PTRS-DMRS association
· Open-loop power control parameter set indication
· UL/SUL indicator
Note: RAN1 strives to minimize the number of fields which are type configurable.

Agreement
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling.

Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.1.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.1.2

	BWP indicator
	Type 1A
	Details in Section 7.1.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.1.4

	VRB-to-PRB mapping
	Type 1A
	Details in Section 7.1.5

	PRB bundling size indicator
	Type 1A
	Details in Section 7.1.6

	Rate matching indicator
	Type 1B (up to 4 bits)
	Details in Section 7.1.7

	ZP CSI-RS trigger
	Type 1B (up to 3 bits)
	Details in Section 7.1.8

	Antenna port(s)
	Configurable between Type 1A and Type 2
	Details in Section 7.1.9

	TCI
	Type 1B (up to 4 bits)
	Details in Section 7.1.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.1.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.1.12

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.1.13


This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details

Agreement
· The types for below fields in DCI format 0_X are listed:
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.2.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.2.2

	BWP indicator
	Type 1A
	Details in Section 7.2.3

	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.2.4

	Frequency hopping flag
	Type 1A
	Details in Section 7.2.5

	TPC command for scheduled PUSCH
	Type 2
	Details in Section 7.2.6

	Open-loop power control parameter set indication
	Type 1A
	Details in Section 7.2.7

	Antenna port(s)
	Configurable between Type 1A and Type-2
	Details in Section 7.2.8

	Precoding information and number of layers
	Configurable between Type 1A and Type-2
	Details in Section 7.2.9

	PTRS-DMRS association
	Type 2
	Details in Section 7.2.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.2.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.2.12

	SRS resource indicator
	Configurable between Type 1A and Type-2
	Details in Section 7.2.13

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.2.14

	UL/SUL indicator
	FFS

	Details in Section 7.2.15


This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details


In this contribution, we present the discussion on the remaining issues related to the design of multi-cell scheduling with a single DCI. 
Discussion

DCI format design
Scheduling possibility

For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. The DCI format 0_X/1_X and the DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. However, it is still open whether more than one scheduling cell for a scheduled cell is supported or not. Only one scheduling cell is allowed for each scheduled cell for case 1, as illustrated in figure 1. For case 2, the CC#1 can be scheduled by the MC-DCI from CC#0 and self-scheduled using the legacy DCI from CC#1, while for case 3, the CC#1 can be scheduled by the MC-DCI from CC#0 and cross carrier scheduled using the legacy DCI from CC#2. The benefit of supporting the case 2 is to reduce the PDCCH load on a single cell. However, more than one set of cells can be configured if the control region capacity is a concern. Furthermore, we don’t see any benefit bring by supporting case 3 compared to supporting case 2. Considering the limited TU, it is suggested that for a scheduled cell, only one scheduling cell can be configured to monitor both MC-DCI and the legacy DCIs.

Proposal 1: Only one scheduling cell can be configured to the UE to monitor both MC-DCI and the legacy DCIs for a scheduled cell in Rel-18.

[image: ]
Figure 1: Illustration of the scheduling possibilities



Payload size of MC-DCI:
Another issue is how to derive the payload size of the DCI format 0_X/1_X, two options have been proposed [2]:
· Option 1: the payload size is directly configured by RRC
· Option 2: the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
In our understanding, option 2 is in line with the legacy design of determining the size of the non-fallback DCI formats and more efficient from the overhead aspects. Meanwhile, the payload size of 0_X/1_X is the same for all the co-scheduled cell combinations.
Proposal 2: For a set of cells which can be scheduled by DCI format 0_X/1_X, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.

Another issue related to the SS configuration is whether to support configuring more than one set of cells for co-scheduling for a UE. It is agreed that maximum 4 cells can be configured for co-scheduling within one set of cells. More than one set of cells can be configured to further improve the scheduling flexibility. Meanwhile, a cell can only be configured to be within one set of cells to avoid any issue on the DCI size determination and BD/CCE counting. If the UE is configured with multiple sets of cells, the UE may need to monitor multiple MC-DCIs on multiple scheduling cells simultaneously. Meanwhile, it should also be discussed whether the scheduling cells for different set of cells can be the same or separate. In our understanding, if the same scheduling cell is configured for multiple scheduling cell, additional standard work is needed to distinguish the set of cells. Meanwhile, the PDCCH blocking probability may also be increased. Given the limited TU left for this WI, we prefer to only support configuring separate scheduling cells for different set of cells.
Proposal 3: The UE can be configured with multiple sets of cells for multi-cell scheduling, without overlapped cells among different sets of cells.
Proposal 4: The scheduling cell for different set of cells is separately configured.

DCI field design
Our views on the DCI fields are illustrated in the tables below. The green highlighted DCI fields are the ones already agreed in previous meetings.

Table 1: Categorization of fields in DCI 1_X
	DCI fields in DCI 1_X
	Field type
	Comments

	Identifier for DCI formats
	Type-1A
1 bit
	1 bit commonly applied to all the co-scheduled cells

	New data indicator
	Type 2
Up to 4 bits
	It is agreed that the multi-cell and multi-PDSCH scheduling cannot be configured together. 
The field size is 1 x N bits where N is the maximum number of co-scheduled cells by DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently


	Redundancy version
	Type 2
Up to 8 bits
	As agreed in RAN1#110bis meeting, UE does not expect to be configured both multi-PDSCH scheduling and multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group. The number of scheduled PDSCH on each co-scheduled cell is 1, thus 2 bit is needed for each cell as in legacy.
Field size is 2 x N bits where N is the maximum number of co-scheduled cells by DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently


	Downlink assignment index
	Type 1A
4 bits
	Field size is 4 bits applicable to all co-scheduled cells, 
where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI

	TPC command for scheduled PUCCH
	Type 1-A
2bits
	Field size is 2 bit applied to the PUCCH cell

	PUCCH resource indicator
	Type 1-A
3bits
	Field size is 3 bits applied to the PUCCH cell

	PDSCH-to-HARQ_feedback timing indicator
	Type 1-A
Up to 3 bits
	Field size is 0, 1, 2, or 3 bits based on configuration of the reference cell in the set configured for the DCI format 1_X.


	One-shot HARQ-ACK request
	Type 1-A
1 bit
	Field size is 0 or 1 bit applicable to all co-scheduled cells.


	PDSCH group index
	Omitted
	

	New feedback indicator
	Omitted
	

	Number of requested PDSCH group(s)
	Omitted
	

	CBG transmission information (CBGTI)
	Omitted 
	

	CBG flushing out information (CBGFI)
	Omitted 
	

	Priority indicator
	Type 1
1 bits
	Suggested to be type 1A
Field size is 0 or 1 bit based on the maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
Indication is applied to cell(s) having 1 for this field in legacy formats
Indicated bit is interpreted independently for each cell for the corresponding cell

	Carrier indicator
	Can be omitted or used as the indicator of the co-scheduled cells
	If this filed is used to indicate the co-scheduled cells. This could be a type 1A field.
Field size is 0 or 3 bits applicable to all the configured cells in the set.

	Bandwidth part indicator
	Type 1A
Up to 2 bits
	Field size is 0, 1 or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
Indication is applied to cell(s) having 1 or 2 bits for this field in legacy formats
Indicated bit is interpreted independently for each cell based on the BWP indices for the corresponding cell

	Frequency domain resource assignment
	Type 2 

	See below sections for details.



	Time domain resource assignment
	Type-1B (Up to 6 bits)
	Suggested to be type 1B
The TDRA can be jointly indicated as what we do in 52.6GHz depending on the gNB’s configuration.
Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 0_X
Indicated bit is interpreted as pointing one row in the configured table

	VRB-to-PRB mapping
	Type 1A
1 bit
	Field size is 0 or 1 bit. If there is no cell having 1 bit for this field in legacy formats in the set configured for the DCI format 1_X, it is 0 bit in DCI format 1_X. Otherwise, it is 1 bit in DCI format 1_X
Indication is applied to cell(s) having 1 bit for this field in legacy formats

	PRB bundling size indicator
	Type 1A
1 bit
	Field size is 0 or 1 bit. If there is no cell having 1 bit for this field in legacy formats in the set configured for the DCI format 1_X, it is 0 bit in DCI format 1_X. Otherwise, it is 1 bit in DCI format 1_X
Indication is applied to cell(s) having 1 bit for this field in legacy formats
Indicated bit is interpreted independently for each cell based on the PRB bundling size indicator for the corresponding cell

	Rate matching indicator
	Type 1B (up to 4 bits)
	Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 1_X
Indicated bit is interpreted as pointing one row in the configured table


	ZP CSI-RS Trigger
	Type 1B (up to 3 bits)
	Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 1_X
Indicated bit is interpreted as pointing one row in the configured table


	Antenna port(s) 
	Configurable between Type 1A and Type 2

Up to 24 bits
	· Alt.1: Type 1A
· Field size is 4, 5 or 6 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
· Indicated bit is interpreted independently for each cell as in legacy formats
· Indication is applied to cells indicated by the indicator of co-scheduled cells in the DCI
· Alt.2: Type 2
· Field size is sum of {4, 5, 6} bits for each cell in the set configured for the DCI format 1_X
· Indicated bit for each cell is interpreted as legacy formats for the cell independently
· Field size can be reduced with legacy configuration 


	Transmission configuration indication
	Type 1B (up to 4 bits)
	Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 1_X
Indicated bit is interpreted as pointing one row in the configured table


	SRS request
	Type 1B (up to 4 bits)
	Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 1_X
Indicated bit is interpreted as pointing one row in the configured table


	SRS offset indicator
	Type 1B (up to 3 bits)
	If no compression scheme is applied, field size is sum of {0, 1, 2} bits for each cell in the set configured for the DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently

	DMRS sequence initialization
	Type 1A
1 bit
	Field size is 1 bit
Indication is commonly applied to each cell configured with 2 values of DMRS sequence initialization by the DCI format 1_X

	Modulation and coding scheme
	Type 2 (without compression)
Up to 20 bits
	Field size is 5 x N bits where N is the maximum number of co-scheduled cells by DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently

	HARQ process number
	Type-2
Up to 16 bits
	Field size is the sum of configured size for each cell of maximum number of co-scheduled cells by the DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently

	ChannelAccess-CPext
	Type 1A or 2
Up to 4 bits
	This field is to indicate the combinations of channel access type and CP extension for operation in a cell with shared spectrum channel access. This field could be type 1A or type 2.
If it is decided to be a type 2 field, the field size is the sum of configured size for each cell of maximum number of co-scheduled cells by the DCI format 1_X.
While if it is decided to be a Type 1A field, the field size is 0, 1, 2, 3 or 4 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X. Indicated bit is interpreted independently for each cell as in legacy formats

	Minimum applicable scheduling offset indicator
	Type-1A
1 bit
	This field is to indicate the minimum applicable K0 for the active DL BWP and serves for the power saving purpose.  The MC scheduling is normally used when the traffic load is high. It is not efficient to set different minimum applicable K0 for different co-scheduled cells. Thus, this could be a type 1A field.
Field size is 0 or 1 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
Indicated bit is interpreted independently for each cell as in legacy formats

	SCell dormancy indication
	Type-1A
Up to 5 bits
	This field is to indicate the dormancy state for multiple groups of cells. This should be a type 1A field.
The field size is 0 or 1, 2, 3, 4 or 5 bits bitmap based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X.


	PDCCH monitoring adaptation indication
	Type-1C
Up to 2 bits
	This field is to indicate the SS group switch or PDCCH skipping duration and it is associate with the scheduling cell, thus it should be a type 1C field
The field size is 0, 1 or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X


	PUCCH Cell indicator
	Type-1A
Up to 1 bit
	This field is a type 1A field.
The field size is 0 or 1 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X



Table 2: Categorization of fields in DCI 0_X
	DCI fields in DCI 0_X
	Field type
	Comments

	Identifier for DCI formats
	Type 1-A
1 bit
	1 bit commonly applied to all the co-scheduled cells

	New data indicator
	Type 2
Up to 4 bits
	Field size is 1 x N bits where N is the maximum number of co-scheduled cells by DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently

	Redundancy version
	Type 2
Up to 8 bits
	Field size is 2 x N bits where N is the maximum number of co-scheduled cells by DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently


	Downlink assignment index
	Type-1-A
4 bits
	Field size is 4 bits applicable to all co-scheduled cells, 
where the 2 MSB bits are the counter DAI and the 2 LSB bits are the total DAI

	Second TPC command for scheduled PUSCH
	Omitted
	

	Second Precoding information
	Omitted
	

	CSI request
	Type 1
	Suggest to be type 1A 
Field size is 0, 1, 2, 3, 4, 5, or 6 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 0_X. 
Indication is applied to cell(s) having this field in legacy formats
Indicated bit is interpreted independently for each cell for the corresponding cell

	Beta_offset indicator
	Type-1
	Suggest to be type 1A and the indicated information is applicable to all the co-scheduled cells.
Field size is 0, or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 0_X.
Indication is applied to cell(s) having this field in legacy formats
Indicated bit is interpreted independently for each cell for the corresponding cell

	UL-SCH Indicator
	Type-1
	Suggested to be type 1A
Field size is 0 or 1 bit based on the maximum size of this field in legacy formats across cells in the set configured for the DCI format 0_X
Indication is applied to cell(s) having 1 bit for this field in legacy formats
Indicated bit is interpreted independently for each cell for the corresponding cell

	Priority indicator
	Type-1
	Suggested to be type 1A
Field size is 0 or 1 bit based on the maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
Indication is applied to cell(s) having 1 bit for this field in legacy formats
Indicated bit is interpreted independently for each cell for the corresponding cell

	Sidelink assignment index
	Omitted
	

	Carrier indicator
	Can be omitted or used as the indicator of the co-scheduled cells
	If this filed is used to indicate the co-scheduled cells. This could be a type 1A field.
Field size is 0 or 3 bits applicable to all the configured cells in the set.

	Bandwidth part indicator
	Type-1A
	Field size is 0, 1 or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
Indication is applied to cell(s) having 1 or 2 bits for this field in legacy formats
Indicated bit is interpreted independently for each cell based on the BWP indices for the corresponding cell

	Frequency domain resource assignment
	Type 2

	See below sections

	Time domain resource assignment
	Type-1B (up to 6 bits)
	The TDRA can be jointly indicated as what we do in 52.6GHz depending on the gNB’s configuration.
Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 0_X
Indicated bit is interpreted as pointing one row in the configured table

	Frequency hopping flag
	Type 1A
	Field size is 0 or 1 bit. If there is no cell having 1 bit for this field in legacy formats in the set configured for the DCI format 0_X, it is 0 bit in DCI format 0_X. Otherwise, it is 1 bit in DCI format 0_X.
Indicated bit is applied to only cell(s) having 1 bit for this field in legacy formats

	Modulation and coding scheme
	Type 2 (without compression)
	Field size is 5 x N bits where N is the maximum number of co-scheduled cells by DCI format 1_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently

	HARQ process number
	Type-2
	If no compression scheme is applied, field size is equal to 4 x N, where N is maximum number of cells co-scheduled by one DCI format 0_X.

	TPC command for scheduled PUSCH
	Type 2
	If no compression scheme is applied, field size is equal to 2*N, wherein N is maximum number of cells co-scheduled by one DCI format 0_X

	SRS resource indicator (SRI)
	Configurable between Type 1A and Type-2
	· Alt.1: Type 1A
· Field size is 0 ~ 4 bits. If there is no cell having 4 bits for this field in legacy formats in the set configured for the DCI format 0_X, it is 4 bits in DCI format 0_X. 
· Indication is applied to all cells in the set configured for the DCI format 0_X.
· Indicated bit is interpreted independently for each cell based on the SRI configuration.
· Alt.3: Type 2
· If no compression scheme is applied, field size is sum of {0, 1, 2, 3, 4} bits for each cell in the set configured for the DCI format 0_X
· Indicated bit for each cell is interpreted as legacy formats for the cell independently


	Precoding information and number of layers
	Configurable between Type 1A and Type-2
	· Alt.1: Type 1A
· Field size is 0 ~ 6 bits in legacy DCI format
· Same codepoint is applied to all the co-scheduled cells
· Alt.2: Type 2
· If no compression scheme is applied, field size is sum of {0 ~ 6} bits for each cell in the set configured for the DCI format 0_X
· Field size can be reduced (e.g., by extracting some TPMI indexes in the TPMI table).


	Antenna port
	Configurable between Type 1A and Type-2
	· Alt.1: Type 1A
· Field size is 2, 3, 4, or 5 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 0_X
· Indicated bit is interpreted independently for each cell as in legacy formats
· Indication is applied to cells indicated by the indicator of co-scheduled cells in the DCI
· Alt.2: Type 2
· If no compression scheme is applied, field size is sum of {2, 3, 4, 5} bits for each cell in the set configured for the DCI format 1_X
· Indicated bit for each cell is interpreted as legacy formats for the cell independently
· Field size can be reduced, e.g., reducing the size of Antenna port table, restriction of port index for some of scheduled cells or the transmission rank


	SRS request
	Type 1B (up to 4 bits)
	Field size is dependent on number of rows in the configured table which contains combinations of indication for each cell in the set configured for the DCI format 0_X
Indicated bit is interpreted as pointing one row in the configured table


	SRS offset indicator
	Type 1B (up to 3 bits)
	If no compression scheme is applied, field size is sum of {0, 1, 2} bits for each cell in the set configured for the DCI format 0_X
Indicated bit for each cell is interpreted as legacy formats for the cell independently

	PTRS-DMRS association
	Type 2
	Field size is sum of {0, 2} bits for each cell in the set configured for the DCI format 0_X

	DMRS sequence initialization (SCID)
	Type 1A
	Field size is 1 bit
Indication is commonly applied to all cells co-scheduled by the DCI format 0_X

	ChannelAccess-CPext-CAPC
	Type 1A or type 2
	This field is to indicate the combinations of channel access type and CP extension for operation in a cell with shared spectrum channel access. This field could be type 1A or type 2.
If it is decided to be a type 2 field, the field size is the sum of configured size for each cell of maximum number of co-scheduled cells by the DCI format 1_X.
While if it is decided to be a Type 1A field, the field size is 0, 1, 2, 3 or 4 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X. Indicated bit is interpreted independently for each cell as in legacy formats

	Open-loop power control parameter set indication
	Type 1A
	Field size is 0 ~ 2 bits. If there is no cell having 2 bits for this field in legacy formats in the set configured for the DCI format 0_X, it is 2 bits in DCI format 0_X. 
Indication is applied to all cells in the set configured for the DCI format 0_X.
To be aligned with PHY priority indicator definition (same PHY priority, same OL TPC parameter sets)

	Invalid symbol pattern indicator 
	Type-1A
	Suggested to be type 1A.
Field size is 0 or 1 bit. If there is no cell having 1 bit for this field in legacy formats in the set configured for the DCI format 0_X, it is 0 bit in DCI format 0_X. Otherwise, it is 1 bit in DCI format 0_X.
Indicated bit is applied to only cell(s) having 1 bit for this field in legacy formats

	Minimum applicable scheduling offset indicator 
	Type-1A
Up to 1bit
	This field is to indicate the minimum applicable K2 for the active UL BWP and serves for the power saving purpose.  The MC scheduling is normally used when the traffic load is high. It is not efficient to set different minimum applicable K2 for different co-scheduled cells. Thus, this could be a type 1A field.
Field size is 0 or 1 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
Indicated bit is interpreted independently for each cell as in legacy formats

	SCell dormancy indication
	Type-1A
Up to 5 bits
	This field is to indicate the dormancy state for multiple groups of cells. This should be a type 1A field.
The field size is 0 or 1, 2, 3, 4 or 5 bits bitmap

	PDCCH monitoring adaptation indication
	Type-1C
	This field is to indicate the SS group switch or PDCCH skipping duration and it is associate with the scheduling cell, thus it should be a type 1C field
The field size is 0, 1 or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X

	PUCCH Cell indicator
	Type-1A
	This field is a type 1A field.
The field size is 0 or 1 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X

	UL/SUL indicator
	Type 2
	Field size is sum of {0, 1} bits for each cell in the set configured for the DCI format 0_X



· FDRA
It is agreed that the FDRA field is a type 2 field. However, the compression scheme need to be considered due to the excessive bit length required if legacy design is followed. The type 0 and type 1 resource allocation is supported in the legacy design. The required bit-length is up to 18 bits or 16 bits for resource allocation type 0 or type 1 respectively. It is agreed to further study the larger RBG granularity than existing maximum specified or configured value for RA type 0 and use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2 to reduce the required bit-length. 
For type 0 RA, a new configuration in higher layer parameter rbg-Size configured by PDSCH-Config and the size of the bandwidth part as defined in the table below. The resulted maximum bit-length required for each cell is 9.
	Bandwidth Part Size
	Configuration

	1 – 36
	4

	37 – 72
	8

	73 – 144
	16

	145 – 275
	32



For type 1 RA, a configurable granularity for larger RBG-based RIV as what we do for DCI format 0_2/1_2 can be used. For example, the configured granularities could be 2, 4, 8, 16 which results in a maximum required bit-length of 8 bits.
Proposal 5: For RA type 0, larger RBG size such as 32 can be configured to reduce the required bit-length for FDRA.
Proposal 6: For RA type 1, new configurations such as resourceAllocationType1GranularityDCI-1-X and resourceAllocationType1GranularityDCI-0-X with configurable granularities {n2, n4, n8, n16} can be introduce to reduce the required bit-length for FDRA.
· UL/SUL
It was widely discussed whether this field should be excluded from DCI format 0_X and which field it should belong to in previous meetings. Three options listed below was proposed:
· Option 1: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is 1 bit (when it is present), which is for one serving cell within the set of co-scheduled cells
· Option 2: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is sum of {0, 1} bits for each serving cell within the set of co-scheduled cells
· Option 3: UL/SUL indicator is excluded from a DCI format 0_X
In our understanding, SUL is an important feature to guarantee the UL coverage and thus should be included in the multi-cell scheduling DCI. Meanwhile, it is not necessary to limit the SUL to a specific cell to allow full flexibility. 
Proposal 7: The UL/SUL indicator is a type 2 field. The field size is sum of {0, 1} bits for each serving cell within the set of co-scheduled cells


Some other issues are also need to addressed to finalize the design of the DCI format.
One issue is how to distinguish the indication for each co-scheduled cell for a type 2 DCI field. A straightforward way is to map the indication field in the order of cell ID, e.g., from smaller cell id to larger cell id. Take the field new data indicator (NDI) in Figure 3 as an example, if cell#1, cell#2 and cell#4 are co-scheduled by MC-DCI 1_X, then separate NDI fields indicate the NDI information of cell#1, cell#2 and cell#4, separately. 
[image: ]
Figure 3 Illustration of indication mapping of type-2 field
Proposal 8: A predefined rule, e.g., in the order of the cell ID is needed to distinguish the target information for each co-scheduled cell for a type 2 DCI field.
Another issue is also related to the type 2 DCI field. The required bit-length for a type 2 field is the sum of the required bit-length for each cell in the configured cell. However, it is still not clear how to derive the required bit-length. One alternative is that the total bit-length for a type 2 field is derived based on the configured number of cells in the set. The other one alternative is that the total bit-length for a type 2 field is derived based on the configured number of cells that can be actually co-scheduled in the set. One example is that for a set of cells which is configured for multi-cell scheduling, 4 cells within the set of cells are configured. While only maximum 3 cells can be co-scheduled based on the configured combination of the co-scheduled cells. In order to save the signalling cost, the total bit-length required should be derived based on the sum of the configured number of cells that can be actually co-scheduled in the set.
Proposal 9: The total bit-length required for a type 2 DCI field is derived based on the configured cell combinations for co-scheduling rather than based on the configured cell number in the set.

A similar issue is how to distinguish the indication for each co-scheduled cell for a type 1A DCI field. Typically, the field size of a type 1A DCI field is based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X. For a co-scheduled cell that may require less bit-length than the maximum size of this field, a predefined rule is needed to acquire the target information. A straightforward way is to acquire the target information from the LSB/MSB of the DCI field.
Proposal 10: A predefined rule, e.g., from the LSB/MSB of the DCI field is needed to acquire the target information for a co-scheduled cell for a type 1A DCI field.


Indication of co-scheduled cells:
Another issue related to the DCI field design is the indication of the co-scheduled cells within one set of cells. ‘RRC+DCI’ indication has been discussed as a merged method in RAN110bis-e meeting. In our understanding, to define a table with combinations of co-scheduled cells by RRC signaling, reusing the CrossCarrierSchedulingConfigIE to indicate a combination of co-scheduled cells can minimize the impact on the MC-DCI design. If reusing carrier indicator field to indicate the co-scheduled cells, the association between a CIF value and a combination of co-scheduled cells can be configured through CrossCarrierSchedulingConfig configuration. In the legacy design, a one to one association between schedulingCellId and cif-InSchedulingCell is configured in CrossCarrierSchedulingConfig for a serving cell.  In order to support the multi-cell scheduling using a single DCI, the association between multiple schedulingCellId and cif-InSchedulingCell can be configured by CrossCarrierSchedulingConfig for a serving cell. As illustrated in the figure 4below, when the indicated CIF value of the MC-DCI transmitted in cell #0 is 1, the combination of co-scheduled cells includes cell#1 and cell#2. The actual scheduled cell combination can be determined by the CIF field of DCI 0_X/1_X to indicate one CIF value. 
[image: ]
Figure 4: Illustration of the co-scheduled cells indication
Proposal 11:  The associations between a CIF value and a combination of co-scheduled cells can be configured following legacy configuration framework to support the MC-scheduling with a single DCI.


HARQ enhancements
One issue related to the HARQ enhancements is how to determine the HARQ timing. In the legacy design, UE should provide 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 that overlaps with the DL slot  for the reference PDSCH reception. In the MC-scheduling, if a single field of PDSCH-to-HARQ_ACK feedback timing indicator is included in the multi-cell scheduling DCI, it is not clear which one of the co-scheduled PDSCHs is regarded as the reference PDSCH so as to determine the PUCCH slot based on the reference PDSCH and the indicated K1 value. One option is set the co-scheduled last PDSCH as the reference PDSCH, while the other option is set the co-scheduled PDSCH on a reference cell as the reference PDSCH. It is straightforward to set the co-scheduled last PDSCH as the reference PDSCH.
Proposal 12: For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.

For PUCCH resource, it is determined by the last DCI format among DCI formats pointing to a same slot for PUCCH transmission. The last DCI is defined as the DCI format that a UE detects in a last PDCCH monitoring occasion from the PDCCH monitoring occasions for which the UE would provide HARQ-ACK information in a PUCCH in a same slot. In legacy operation, the DCI formats are first indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. For the MC scheduling, it is straightforward to use the cell with the smallest serving cell index among the set of co-scheduled cells to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.

The issue arise in previous meetings is how to decide the last DCI in the case that both legacy DCI format and DCI format 1_X are presented in the same PDCCH MO on the same serving cell. In our understanding, the PUCCH resource is determined by the PUCCH resource indicator in the last DCI. The gNB can ensure the same PRI in the legacy DCI and MC-DCI to avoid the issue without any additional standard effort.
Proposal 13: For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format.

[bookmark: _GoBack]Proposal 14: It is up to gNB’s implementation to resolve the issue for PUCCH resource determination when multiple DCI formats are transmitted in same PDCCH monitoring occasion on same scheduling cell.

For Type-2 HARQ-ACK codebook, there is one open issue on DAI counting for DCI format 1_X. In legacy single cell scheduling operation, DAI is associated with the scheduled cell. For multi-cell scheduling, one DCI schedules multiple serving cells. One of co-scheduled cells should be selected for determining DAI order. Similarly, it is straightforward to use the PDSCH with smallest cell index among co-scheduled PDSCHs for determining last DCI among multiple DCIs in same MO.

Proposal 15: For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.


Conclusions
In this contribution, we present the discussion on some design aspects related to supporting multi-cell scheduling by a single DCI. The following proposals are made based on our analysis:

Proposal 1: Only one scheduling cell can be configured to the UE to monitor both MC-DCI and the legacy DCIs for a scheduled cell in Rel-18.
Proposal 2: For a set of cells which can be scheduled by DCI format 0_X/1_X, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
Proposal 3: The UE can be configured with multiple sets of cells for multi-cell scheduling, without overlapped cells among different sets of cells.
Proposal 4: The scheduling cell for different set of cells is separately configured.

Proposal 5: For RA type 0, larger RBG size such as 32 can be configured to reduce the required bit-length for FDRA.
Proposal 6: For RA type 1, new configurations such as resourceAllocationType1GranularityDCI-1-X and resourceAllocationType1GranularityDCI-0-X with configurable granularities {n2, n4, n8, n16} can be introduce to reduce the required bit-length for FDRA.
Proposal 7: The UL/SUL indicator is a type 2 field. The field size is sum of {0, 1} bits for each serving cell within the set of co-scheduled cells
Proposal 8: A predefined rule, e.g., in the order of the cell ID is needed to distinguish the target information for each co-scheduled cell for a type 2 DCI field.
Proposal 9: The total bit-length required for a type 2 DCI field is derived based on the configured cell combinations for co-scheduling rather than based on the configured cell number in the set.
Proposal 10: A predefined rule, e.g., from the LSB/MSB of the DCI field is needed to acquire the target information for a co-scheduled cell for a type 1A DCI field.
Proposal 11:  The associations between a CIF value and a combination of co-scheduled cells can be configured following legacy configuration framework to support the MC-scheduling with a single DCI.

Proposal 12: For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.
Proposal 13: For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format.
Proposal 14: It is up to gNB’s implementation to resolve the issue for PUCCH resource determination when multiple DCI formats are transmitted in same PDCCH monitoring occasion on same scheduling cell.
Proposal 15: For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
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