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1	Introduction
In RAN1#110bis-e discussion [1] of Multi-cell PXSCH scheduling with a single DCI, the following agreements are achieved. 

	Agreement:
· Confirm below working assumption reached in RAN1#110 meeting.
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:
At least below fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 
Agreement:
For DCI format 1_X/0_X, Type-1 fields at least include below:
· Priority indicator
· Indicator of co-scheduled cells
· beta offset indicator
· CSI request
· UL-SCH indicator
· FFS: ChannelAccess-CPext
Agreement:
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· 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. 
· 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 co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design
Agreement
Confirm below working assumption:
Working Assumption
HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3) are applicable when multi-cell PDSCH scheduling is configured.
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.
· 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.
· Search 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.
· FFS which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How to address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· 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
· 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.
Agreement
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by 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 of the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
Agreement
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with 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. 
· If a UE is scheduled by a DCI format 1_X to receive PDSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the cell is an uplink symbol, the UE does not receive the PDSCH in the cell. 
· If a UE is scheduled by a DCI format 0_X to transmit PUSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the cell is a downlink symbol, the UE does not transmit the PUSCH in the cell.




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

2	Discussion
[bookmark: _GoBack]2.1	Indication of scheduled cells
In legacy DCI format 0_1/1_1/0_2/1_2, 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.
In RAN1#110bis-e meeting, FL provides the proposal on how do indicate co-scheduled cells. For multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells. The table is configured by RRC signaling. To support that the maximum number of co-scheduled cells, and 4 bits may be used for the carrier indication field and a mapping table can be defined to specify the index of allowed configurations.
One issue of such indication is whether DCI size would be changed if the indicated co-scheduled cells are changed. There are two options. Option 1 is DCI size is static, which equals to the maximum of DCI size among all combinations of co-scheduled cells configured by RRC. Option 2 is DCI size is dynamic, which equals to the needed size of indicated co-scheduled cells. The pro of option 1 is easier implementation while the con is the reduction of DCI detection performance when the number of indicated co-scheduled cells is small.

Proposal 1: The co-scheduled cells are indicated by an indicator (e.g. 4 bits CIF field) in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells. RAN1 further discuss whether DCI size should be changed when the indicator changes, i.e. whether DCI size is changed like BWP indicator in legacy 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)



It has been agreed that DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells. For that cell, legacy 3+1 rules should be applied. New issue here 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: For the cell among the set of cells counting DCI size of DCI format 0_X/1_X, align size of format 0_X/1_X after alignment of DCI format 0_1/1_1 on that cell.

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.

2.4	DCI format 0_X/1_X for CG/SPS transmission
Another issue is whether DCI format 0_X/1_X can be applied for CG/SPS transmission, including activation/release/retransmission. Since it has little time to discuss this issue, RAN1 could have a simple conclusion in Rel-18 DCI format 0_X/1_X and further discussion could be continued in future release. There are two options on ‘simple conclusion’.
Option 1: DCI format 1_X/0_X is not used for CG/SPS transmission, i.e. not scrambled with a CS-RNTI.
Option 2: DCI format 1_X/0_X is used for CG/SPS transmission only one cell is indicated to schedule.

Proposal 4: Two options could be down-select on whether DCI 0_X/1_X can be applied for CG/SPS transmission.
· Option 1: DCI format 1_X/0_X is not used for CG/SPS transmission, i.e. not scrambled with a CS-RNTI.
· Option 2: DCI format 1_X/0_X is used for CG/SPS transmission only one cell is indicated to schedule.


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

Proposal 1: The co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells. RAN1 further discuss whether DCI size should be changed when the indicator changes, i.e. whether DCI size is changed like BWP indicator in legacy DCI.
Proposal 2: For the cell among the set of cells counting DCI size of DCI format 0_X/1_X, align size of format 0_X/1_X after alignment of DCI format 0_1/1_1 on that cell.
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.
Proposal 4: Two options could be down-select on whether DCI 0_X/1_X can be applied for CG/SPS transmission.
· Option 1: DCI format 1_X/0_X is not used for CG/SPS transmission, i.e. not scrambled with a CS-RNTI.
· Option 2: DCI format 1_X/0_X is used for CG/SPS transmission only one cell is indicated to schedule.
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