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1	Introduction
In RAN1#109-e discussion [1] of Multi-carrier enhancements for NR, following agreements and working assumptions are achieved. 

	Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.
Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.
Agreement
The DCI for multi-cell scheduling is monitored only in USS set.
Agreement
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells including the scheduling cell.
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells not including the scheduling cell.
Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled
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 paper, we discuss and give our views on Multi-cell PXSCH scheduling with a single DCI.

2	Discussion
2.1	Co-scheduled cells indication
In legacy DCI format 0_1/1_1, DCI format size is based on active BWP. When active BWP is switched, the size of DCI would be changed accordingly. Dynamic changing DCI size based on active BWP instead of giving a static DCI size based on the BWP with maximum size can reduce DCI overhead when active BWP needs lesser DCI payload.
For multiple cells scheduling of DCI format 0_X/1_X, RRC may configure the cell combinations that applied to the DCI formats. For scheduling flexibility perspective, RRC should configure all possible cell combinations that could be scheduled. For DCI size detection complexity perspective, RRC should configure as less as possible of the different number of DCI size. One method to solve the trade-off problem is RRC configures one static cell combinations with plenty of cells and DCI could dynamically indicate whether the cell in the cell combinations is used.
For example, there are only 6 ways of choosing 2 cells from 4 active carriers. So a 3-bit CIF field would be enough to support four active carriers, for example encoded as follows (CIF can be used in the existing way if only one cell is being scheduled). Thus, when the CIF field is used for two-cell scheduling the DCI still matches the original size of the CIF field for a one-cell DCI (three bits).
	CIF 
	Scheduled Cells
	CIF 
	Scheduled Cells

	0
	0,1
	4
	1,3

	1
	0,2
	5
	2,3

	2
	0,3
	6
	Reserved

	3
	1,2
	7
	Reserved


Table 1 Mapping of CIF Field to Scheduled Cells
Regarding cross-carrier scheduling mechanism from SCell to PCell and scheduling PDSCHs on multiple carriers via a single DCI format, the corresponding agreements are made as below in RAN1#102-e meeting:
Agreements:
•	Following scheduling combinations are allowed/not allowed when cross-carrier scheduling from an SCell to PCell/PSCell is configured
a.	self-scheduling on PCell/PSCell is allowed
b.	cross-carrier scheduling from PCell/PSCell to another SCell is not allowed
c.	self-scheduling on the ‘SCell used for scheduling PCell/PSCell’ is allowed
d.	cross-carrier scheduling from the ‘SCell used for scheduling PCell/PSCell’ to another serving cell is allowed
e.	cross-carrier scheduling from another serving cell to the ‘SCell used for scheduling PCell/PSCell’ is not allowed

For more than four active carriers, there are more than eight 2-cell combinations. Note that not all combinations are schedulable, a carrier is only schedulable if it is active and is allowed to be cross-carrier scheduled from the carrier of the scheduling DCI. In addition, some 2-cell combinations are more likely to be scheduled than others depending on the individual setting. In this case, the table to map CIF value to the scheduled cell pair could be configured by higher layers, so that up to eight 2-cell combinations could be supported in the case of more than 4 active carriers. Thus, when the CIF field is used for two-cell scheduling the DCI still matches the original size of the CIF field for a one-cell DCI (three bits).

Proposal 1: RRC configures a static configuration of cell combination which includes list of cells used for DCI format 0_X/1_X, and DCI could dynamically indicate whether the cell in the cell combinations is used in this DCI.

When maximum of two TBs configured for a cell and only one TB is used, IMCS = 26 and rvid = 1 is used to indicate the TB is unavailable implicitly. For frequency domain resource allocation in some DCI format, all ‘0’ or all’1’ allocation has a specific meaning to the DCI which implies the DCI is not a normal scheduling DCI. To reduce payload in DCI to dynamic indicate cell scheduling, similar implicit indicated could be used.
Proposal 2: Implicit indication of dynamic indication of the scheduling cell in DCI format 0_X/1_X should be used. For example, specific frequency domain allocation value when Type-2 field is applied for FDRA field or specific MCS and RV value  combination when Type-2 field is applied for MCS and RV field.

2.2	DCI size alignment
There is DCI size restriction “3+1” per serving cell. When the total number of different DCI sizes configured to monitor is more than 4 for the cell or the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the cell, DCI size of different DCI format should be aligned step by step.

Table 1. DCI size alignment steps
	DCI format
	length
	1st step
	2nd step
	3rd step

	1_0/0_0 on CSS
	A
	A
	A
	A

	1_0/0_0 on USS
	B
	A
	A
	A

	0_1
	C
	C
	C
	max(C,D)

	1_1
	D
	D
	D
	max(C,D)

	0_2
	E
	E
	max(E,F)
	max(E,F)

	1_2
	F
	F
	max(E,F)
	max(E,F)



To reuse the current DCI size restriction to limit the impact on implementation, it is suggest to count DCI format 0_X/1_X in each cells that have non-fully overlapped USS to monitor the DCI. If USS of one cell is fully overlapped with USS of another cell to monitor DCI format 0_X/1_X, only one of the cell is to count the DCI size.
Proposal 3: DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells that have non-fully overlapped USS to monitor the DCI.

Another issue is to align format 0_X/1_X before or after alignment of DCI format 0_1/1_1. Usually, DCI format 0_X/1_X has larger size and possible larger size difference especially when the number of scheduled cell is different. Hence, alignment of format 0_X/1_X after alignment of DCI format 0_1/1_1 could have lesser padding bits. It can increase detection performance and reduce PDCCH CCE occupation.
Proposal 4: DCI size budget is maintained via DCI size alignment. Align size of format 0_X/1_X after alignment of DCI format 0_1/1_1.

2.3	HARQ-ACK codebook
HARQ-ACK codebook generation for a single DCI scheduling multiple PDSCH in a cell could be reused as much as possible for multi-cell PXSCH scheduling with a single DCI due to the limited TU and workload. For both HARQ-ACK codebook type 1 and type 2, the mechanism of codebook generation between a single DCI scheduling multiple PDSCH in a cell or across cell could be the same. For CB type 1, K1 set extension could be different but modification workload is expected to be small. TDRA table extension to combine different TDRA table in different cell is not needed because the allocation of different TDRA table in different cell can never overlapped. A reference cell could be indicated to determine the bit position of co-scheduled cells for type 1 CB.

Proposal 5: Confirm the working assumption that all HARQ-ACK codebook types (Type-1/2/3) are applicable. Mechanism of codebook generation of a single DCI scheduling multiple PDSCH in a cell could be the baseline for scheduling multiple PDSCH across cell.

3	Conclusion
In this contribution, we give our views on Multi-cell PXSCH scheduling with a single DCI, and propose that:

Proposal 1: RRC configures a static configuration of cell combination which includes list of cells used for DCI format 0_X/1_X, and DCI could dynamic indicate whether the cell in the cell combinations is used in this DCI.
Proposal 2: Implicit indication of dynamic indication of the scheduling cell in DCI format 0_X/1_X should be used. For example, specific frequency domain allocation value when Type-2 field is applied for FDRA field or specific MCS and RV value  combination when Type-2 field is applied for MCS and RV field.
Proposal 3: DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells that have non-fully overlapped USS to monitor the DCI.
Proposal 4: DCI size budget is maintained via DCI size alignment. Align size of format 0_X/1_X after alignment of DCI format 0_1/1_1.
Proposal 5: Confirm the working assumption that all HARQ-ACK codebook types (Type-1/2/3) are applicable. Mechanism of codebook generation of a single DCI scheduling multiple PDSCH in a cell could be the baseline for scheduling multiple PDSCH across cell.
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