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1	Introduction
In RAN1#111 discussion [1] of Multi-cell PXSCH scheduling with a single DCI, the following agreements are achieved. 

	Agreement:
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.
· 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.
· 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 search space of DCI format 0_X/1_X is configured on 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.
· It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· To 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

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

2	Discussion
2.1	DCI size alignment
Based on the agreement, existing DCI size budget is maintained on each cell of the set of cells and DCI size of the DCI format 0_X/1_X is counted on the reference cell. When the total number of different DCI sizes configured to monitor is more than 4 for the reference cell or the total number of different DCI sizes with C-RNTI configured to monitor is more than 3 for the reference cell, DCI size of different DCI format should be aligned step by step.
One 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 1: Align size of format 0_X/1_X after alignment of DCI format 0_1/1_1 on the reference cell.

2.2	BWP switching indicator
It has been agreed that BWP indicator in format 1/0-X is type 1A, i.e. a single field indicating common information to all the co-scheduled cells. When network configures UE by using a single DCI format 1/0-X to schedule multiple PDSCH/PUSCH transmission on multiple cells, the number of BWP configured for each cell from multiple cells could be different. When BWP indicator in the DCI indicate BWP on a cell from multiple cells that the indicated BWP is invalid, UE behavior should be specified. We propose UE ignores the BWP indicator field in DCI for a cell if BWP indicator value in DCI is not within configured BWP indicator value for the cell.
By doing so, it allows more flexibility on BWP combination for multiple cells by multiple DCI(s). For example, single DCI can schedule PDSCH transmission on cell A and cell B. There are two BWPs configured on cell A which is BWP A-1 and BWP A-2. There are four BWPs configured on cell B which is BWP B-1, BWP B-2, BWP B-3 and BWP B-4. The table of BWP indicator value and BWP for cell A and cell B is listed below. When DCI firstly indicate ’0’ and secondly indicate ’2’, the combination is A-1 and B-3. On the other hand, when DCI firstly indicate ’1’ and secondly indicate ’2’, the combination is A-2 and B-3. By such multiple DCI indication, flexibility can be achieved. 

	BWP indicator value
	BWP of Cell A
	BWP of Cell B

	0
	A-1
	B-1

	1
	A-2
	B-2

	2
	Ignore
	B-3

	3
	Ignore
	B-4



Proposal 2: UE ignores the BWP indicator field in DCI for a cell if BWP indicator value in DCI is not within configured BWP indicator value for the cell.

For BWP switching from the active BWP to indicated BWP, the size of each fields (bitwidth) in DCI is determined based on the configuration of active BWP but the control information is interpreted/determined based on the configuration of indicated BWP. The bit size of a field (bitwidth) for active BWP could be different from that for indicated BWP, e.g. larger than or smaller than. For type 2 field, e.g. FDRA field, bitwidth of the field for a first cell for the indicated BWP may be larger than that for the active BWP and meanwhile the bitwidth of the same field for a second cell for the indicated BWP may be smaller than that for the active BWP as shown in fig. 1. 

[image: ]
Fig. 1. Example of per cell interpret type-2 field for BWP switching

For type-2 field, the legacy rules could be applied on each cell from multiple cells. However, for some examples it can be seen that more bits are wasted as shown in fig. 1. For such field, it has benefits to “borrow” some bits from other cells, if any, to the cell requiring bits. An example of such “borrowing” can be done through two steps with corresponding fig. 2 as shown below.
Step1: For each cell in a type-2 field, 
· if the bitwidth of a field of the active bandwidth part of a first cell is larger than the bitwidth of the field of the indicated bandwidth part of the first cell, and,
· if the bitwidth of the same field of the active bandwidth part of a second cell next to the first cell is smaller than the bitwidth of the field of the indicated bandwidth part of the second cell,
· then, bitwidth of the field of the indicated bandwidth part of the first cell MSB (most significant bits) is used to indicate the field of the indicated bandwidth part of the first cell and
· the left LSB (least significant bits) of field of the active bandwidth part of the first cell together with bits of field of the active bandwidth part of the second cell is used to indicate the field of the indicated bandwidth part of the second cell.
Step 2: For each cell in a type-2 field, 
· if the bitwidth of a field of the active bandwidth part of a third cell is larger than the bitwidth of the field of the indicated bandwidth part of the third cell, and,
· if the bitwidth used to indicate after step 1 of a second cell before to the third cell is smaller than the bitwidth of the field of the indicated bandwidth part of the second cell,
· then, bitwidth of the field of the indicated bandwidth part of the third cell LSB is used to indicate the field of the indicated bandwidth part of the third cell and
· the left MSB of field of the active bandwidth part of the third cell together with bits used to indicate after step 1 of a second cell is used to indicate the field of the indicated bandwidth part of the second cell.
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Fig. 2. Example of “borrowing” bits from neighbor cell for type-2 field for BWP switching

Proposal 3: It has benefit to study “borrowing” bits from other cell for type-2 field when the bitwidth of the field for a cell of the indicated BWP is larger than the bitwidth of the field for the cell of the active BWP.

2.3	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: Align size of format 0_X/1_X after alignment of DCI format 0_1/1_1 on the reference cell.
Proposal 2: UE ignores the BWP indicator field in DCI for a cell if BWP indicator value in DCI is not within configured BWP indicator value for the cell.
Proposal 3: It has benefit to study “borrowing” bits from other cell for type-2 field when the bitwidth of the field for a cell of the indicated BWP is larger than the bitwidth of the field for the cell of the active BWP.
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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