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1	Introduction
In RAN1#110 discussion [1] of Multi-carrier enhancements for NR, following agreements are achieved:

	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
· 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.




In this paper, we discuss and give our views on Multi-cell PXSCH scheduling with a single DCI.

2	Discussion
2.1	Co-scheduled cell 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.

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.
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 2: 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, the main difference is that TDRA of a first slot can be indicated simultaneously with TDRA of a second slot, but TDRA of a first cell cannot be indicated simultaneously with TDRA of a second cell. Combining TDRA of different cell is not needed. One the other hand, if a common TDRA index is indicated, if PDSCH of a first row index of TDRA in cell A and a second row index of TDRA in cell A are not overlapped, but the PDSCH of the first row index of TDRA in cell B and the second row index of TDRA in cell B are overlapped, simultaneous indication of the first index and the second index is not allowed in type-1 codebook. Thus, type-1 codebook should consider TDRA on all cells scheduled by one DCI to reduce number of bits in codebook than generate on each cell based on TDRA only on the corresponding cell independently. 
Using TDRA table of the reference cell generates type-1 codebook on each cells among multiple cells that could be scheduled by a DCI. Determining a reference cell can reduce the proceeding complexity to find the proper set of index for generating type-1 codebook.

Proposal 3: For HARQ-ACK codebook Type-1 and for joint TDRA indication among cells, a reference cell among multiple cells is used to generate type-1 codebook. Each PDSCH on non-reference cell has the same HARQ-ACK bit position with the corresponding PDSCH indicated by TDRA on the reference 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: 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 3: For HARQ-ACK codebook Type-1 and for joint TDRA indication among cells, a reference cell among multiple cells is used to generate type-1 codebook. Each PDSCH on non-reference cell has the same HARQ-ACK bit position with the corresponding PDSCH indicated by TDRA on the reference cell.
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