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Introduction
In RAN#94e, a work item for multi-cell scheduling was approved. According to the WID[1], the following objectives are to be discussed:
	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.




In this contribution, we provide our views on multi-cell scheduling via a single DCI, including the maximum number of cells scheduled simultaneously, the definition of scheduled cell combination, PDCCH monitoring capability, and the design of a new DCI format.
Discussion
The cell combination configuration for multi-cell scheduling
A UE can be configured with at most 32 serving cells, among which up to 16 can join in carrier aggregation. Further, at most 8 cells can be scheduled by a same cell. When multi-cell scheduling with a single DCI is supported, it needs to be discussed how many cells are scheduled, which cell can be included in the scheduled cell set and how the scheduled cells are indicated. 
The real-time selection of N cells could be achieved according to the following schemes:
· Scheme 1: the cells scheduled simultaneously (the scheduled cell combination) are indicated in the DCI directly. As showed in Figure 1, assuming at most M=3 cells can be scheduled simultaneously, cells {1,2,4} are indicated by DCI 1 directly (N=3), or cells {1,4} are indicated by DCI 2 (N=2).
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Figure 1 Scheduled-cell indication schemes 1
· Scheme 2: The cells scheduled simultaneously are pre-defined/configured as several cell combinations. As showed in Figure 2, the pre-defined combinations could include at most M=3 cells, and the pre-configured cell combinations {1,2,4} (N=3) and {1,3} (N=2) can be indicated by the DCI. 
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Figure 2 Scheduled cells indication schemes 2
For scheme 1, the scheduled cells can be dynamic indicated, and no restriction for the scheduled cells. But it needs explicit indication in the DCI. The field bit width will be determined by the number of scheduled cells, more cells scheduled simultaneously. For an example, if using 3 bits to indicate a scheduled cell and the maximum number of cells scheduled by the DCI is N, 3*N bits are needed. Also a bitmap can be used for cells indication. In this case, N bits are needed and the sequence order of indicated cells needs to be pre-defined. 
For scheme 2, the scheduled cells are limited by the pre-defined cell combinations, e.g. a mapping table between indicated values and cell combinations. The cell combinations not covered by the pre-defined cell combinations cannot be scheduled. But the indication in the DCI has lower overhead in general than scheme 1. 
In our view, the bitmap-based indication and mapping-table-based indication are both promising solutions with different pros and cons. However, the flexibility upon carrier indication is the first valve in DCI to control the overall scheduling flexibility and therefore should be the last DCI field to be sacrificed in the tradeoff between DCI flexibility and DCI overhead. In addition, it is more cost-effective to maintain flexibility on carrier indication than to maintain flexibility on scheduling parameters, given there is only one carrier indication field but there are so many scheduling parameters.  
Proposal 1: RAN1 determines carrier indication method from bitmap-based indication and cell-combination table based indication. Bitmap-based indication should be selected whenever allowed by the DCI payload budget. 

New DCI format design
To support single DCI scheduling PUSCH/PDSCH on multi-cells, some modifications on DCI and cell configurations are obvious, e.g. new DCI format, DCI size alignment. 
DCI field design
In previous RAN1 meeting, three types of DCI field are identified, where the Type-1 field can be: 
· a single field indicating common information to all the co-scheduled cells;
· a joint indicator for separate information to each of co-scheduled cells;
· an information to only one of co-scheduled cells. 
It was also provided in last meeting that the Type-1 field may also be used to indicate information to a sub-group of cells. For an example, txConfig for PUSCH of different cells or BWPs, some BWPs/cells can be configured with txConfig = codebook, and others are configured as txConfig = nonCodeBook. When txConfig = noncodebook, the bits number of DCI field “Precoding information and number of layers” is 0, otherwise the bits number of the filed could be 0~6. Then if the indication of “Precoding information and number of layers” filed is determined as a common field and this common field is not applicable to the BWPs/cells with txConfig = noncodebook, the current Type-1 failed to cover this case, due to missing a common field that is only applicable to a sub-group of cells. There are some similar DCI fields, such as Frequency hopping flag, Open-loop power control parameter set indication, minimum applicable scheduling offset indicator, beta_offset indicator.
Proposal 2: The Type-1 filed can also indicate an information that is applicable to a sub-group of scheduled cells.
The following tables give the candidate DCI payload budget planning for 3 cells being simultaneously scheduled. It is shown that, with 3 scheduled cells, the DCI bit size reaches 160bits (with CRC bits) for PDSCH, and 154bits (with CRC bits) for PUSCH, almost reaching the DCI payload limit (164bits) in Polar coding scheme. When the number of scheduled cells is more than 3, the DCI size breaks the upper limit.
[bookmark: _GoBack]Proposal 3: The maximum number of cells scheduled by the new DCI format is no more than 3.
Table 1 DCI format for PDSCH
	DCI fields 
	Maximum bit size for single cell scheduling
	Indication type
	Total bit size for scheduled cell combination

	Identifier for DCI formats
	1
	Common
	1

	Carrier indicator
	3
	Common
	3

	Bandwidth part indicator
	2
	Separated
	6

	Frequency domain resource assignment
	10
	Separated/configured
	30

	Time domain resource assignment
	4
	Common
	4

	VRB-to-PRB mapping
	1
	Common
	1

	PRB bundling size indicator
	1
	Common
	1

	Rate matching indicator
	2
	Common
	2

	ZP CSI-RS trigger
	2
	Separated
	6

	Modulation and coding scheme-TB1
	5
	Separated
	15

	New data indicator-TB1
	1
	Separated
	3

	Redundancy version-TB1
	2
	Separated
	6

	Modulation and coding scheme-TB2
	5
	Separated
	15

	New data indicator-TB2
	1
	Separated
	3

	Redundancy version-TB2
	2
	Separated
	6

	HARQ process number
	4
	Common
	4

	Downlink assignment index
	6
	Common
	6

	TPC command for scheduled PUCCH
	2
	Common
	2

	PUCCH resource indicator
	3
	Common
	3

	HARQ timing indicator
	3
	Common
	3

	Antenna port(s)
	6
	Common
	6

	Transmission configuration indication
	3
	Common
	3

	SRS request
	3
	Common
	3

	Priority indicator
	1
	Separated
	3

	Minimum applicable scheduling offset indicator
	1
	Common
	1

	24-bit CRC
	24
	　
	24

	Total bits
	98
	　
	160



Table 2 DCI format for PUSCH
	DCI fields 
	maximum size for single cell scheduling
	Indication type
	Candidate bit size

	Identifier for DCI formats
	1
	Common
	1

	Carrier indicator
	3
	Common
	3

	Bandwidth part indicator
	2
	Separated
	6

	Frequency domain resource assignment
	10
	Separated/configured
	30

	Time domain resource assignment
	6
	Common
	6

	Frequency hopping flag
	1
	Separated
	3

	Modulation and coding scheme
	5
	Separated
	15

	New data indicator
	1
	Separated
	3

	Redundancy version
	2
	Separated
	6

	HARQ process number
	4
	Common
	4

	1st downlink assignment index 
	4
	Common
	4

	2nd downlink assignment index 
	4
	Common
	4

	TPC command for scheduled PUSCH
	2
	Separated
	6

	SRS resource indicator
	4
	Common
	4

	Precoding information and number of layers
	6
	Common
	6

	Antenna port(s)
	5
	Common
	5

	SRS request
	2
	Common
	2

	CSI request
	6
	Common
	6

	PTRS-DMRS association
	2
	Common
	2

	beta_offset indicator
	2
	Common
	2

	DMRS sequence initialization
	1
	Common
	1

	Open-loop power control parameter set indication
	2
	Separated
	6

	Priority indicator
	1
	Separated
	3

	Invalid symbol pattern indicator 
	1
	Common
	1

	Minimum applicable scheduling offset indicator
	1
	Common
	1

	24-bit CRC
	24
	
	24

	Total bits
	102
	　
	154



Some DCI fields in the above tables are discussed as following. 
Due to the different BWP bandwidths and various channel conditions for scheduled cells, the transmission information relating to channel conditions either at present or in the past, such as MCS, NDI and RV indication should be separately indicated for each scheduled cell (each TB) to ensure flexibility of scheduling and the transmission performance. Also, enhanced indication could be considered for the lack of payload size for the new DCI format. For an example, dividing the scheduled cells into two or three groups, the indication fields are shared among the cells belong to one group. 
Proposal 4: MCS, NDA and RV indications are separated for each scheduled PDSCH/PUSCH.
With separated transmission information indication, the HARQ process number field could be common for all scheduled cells. The flexibility for scheduling is maintained. 
Proposal 5: HARQ process number field could be a common indication for scheduled cells.
When PDSCHs on multi-cells are scheduled simultaneously, the HARQ-ACK feedback procedure could reuse the existing one. In some case, HARQ-ACK for the scheduled PDSCHs can be transmitted in a same PUCCH. So the indication fields used for PUCCH can be shared mostly, e.g. PUCCH resource indicator, TPC command for PUCCH, etc. 
According to the working assumption in RAN1 #109e meeting, both Type-1 and Type-2 HARQ-ACK codebook are applicable when multi-cell scheduling is configured. When single-cell scheduling and multi-cell scheduling are configured simultaneous with Type-2 HARQ-ACK codebook, 2 codebooks are needed, one for single-cell scheduling and one for multi-cell scheduling. For the codebook used for multi-cell scheduling, the candidate bit size for each DCI is determined by the maximum number of cells that can be scheduled by the DCI, so that it is feasible to decode the HARQ-ACK codebook even when some of DCIs are lost. 
Proposal 6: PUCCH related DCI field could be shared. Two HARQ-ACK codebooks should be defined respectively for single-cell scheduling and multi-cell scheduling.
Power control is needed for PUSCH transmission. When a DCI scheduled multiple PUSCHs on different cells, the transmission power adjustment are independent for each PUSCH. In this way, the power control indication filed, e.g. TPC for PUSCH and open loop power control parameter, shall be separated to match the different requirement for power adjustment.
Proposal 7: The DCI field for power control is separated per scheduled cell.

DCI size alignment
If a New DCI format is defined for multi-cell scheduling, the new DCI format has different size with legacy DCI formats mostly. The number of different DCI size with CRC scrambled by C-RNTI for each scheduled cell is limited to 3. If the new DCI format is defined as format x_3, when the new DCI format is configured together with legacy DCI format 0_0/0_1/0_2/1_0/1_1/1_2, at least one of the DCI format x_1 and x_2 need align with format x_3. The aligned size for format x_3 may be much larger than the original size of aligned format x_y. It would disadvantageous for PDCCH resource saving (the purpose for multi-cell scheduling). So the DCI size alignment procedure need to be discussed. If the new DCI format can replace one of the legacy DCI formats, such as extend the use case for DCI forma 0_1/1_1 to support multi-cell scheduling, it may be more similar with the procedure in current spec. Or set a restriction for the number of DCI format configured for a UE. As the new DCI could also schedule only one cell, only one of DCI format 0_1/1_1 and 0_2/1_2 could be configured together with the new DCI format. In this way, DCI size alignment could be reused to meet the budget of different DCI size.
Proposal 8: DCI size budget is maintained via DCI size alignment.
DCI monitoring procedure
In current spec, search space sets are configured for each scheduled cell separately. During PDCCH monitoring capability determination, PDCCH candidates/ CCEs for channel estimation are counted separately for each scheduled cell. If a new DCI format is configured for each cell of multi-cell PUSCH/PDSCH scheduling, the new DCI format would be monitored for each scheduled cell in the current procedure. When the new DCI format is only configured in one of the candidate scheduled cells, the PDCCH monitoring for the new DCI is just counted by the selected cell. The redundancy monitoring is reduced directly. The selected cell could be one or more according to the scheduled cell combination configuration.
Proposal 9: PDCCH monitoring capability is counted in one candidate scheduled cell configured for the new DCI format.

Conclusions
In this contribution, we show our views on multi-cell PUSCH/PDSCH scheduling with a single DCI and concludes with following proposals:
Proposal 1: RAN1 determines carrier indication method from bitmap-based indication and cell-combination table based indication. Bitmap-based indication should be selected whenever allowed by the DCI payload budget. 
Proposal 2: The Type-1 filed can also indicate an information that is applicable to a sub-group of scheduled cells.
Proposal 3: The maximum number of cells scheduled by the new DCI format is no more than 3.
Proposal 4: MCS, NDA and RV indications are separated for each scheduled PDSCH/PUSCH.
Proposal 5: HARQ process number field could be a common indication for scheduled cells.
Proposal 6: PUCCH related DCI field could be shared. Two HARQ-ACK codebooks should be defined respectively for single-cell scheduling and multi-cell scheduling.
Proposal 7: The DCI field for power control is separated per scheduled cell.
Proposal 8: DCI size budget is maintained via DCI size alignment.
Proposal 9: PDCCH monitoring capability is counted in one candidate scheduled cell configured for the new DCI format.
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