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Discussion
1      Introduction
The last RAN plenary had confirmed additional 1 TU is allocated to Rel-18 multi-carrier enhancement WI for RAN1 #112 meeting to discuss about the remaining issues. For multi-cell scheduling with a single DCI, the potential remaining RAN1 works were listed as [1]:
· For Multi-cell PUSCH/PDSCH scheduling with a single DCI 

· Details on DCI fields in DCI format 0_X/1_X 

· Details on TDRA, ChannelAccess-CPext, FDRA, indicator of co-scheduled cells, UL/SUL indicator, Priority indicator, beta-offset indicator, CSI request, antenna port indication fields and some other Type-1B fields 

· Whether/how to support additional fields e.g., Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator, DFI flag, HARQ-ACK bitmap, Invalid symbol pattern indicator, ChannelAccess-CPext-CAPC and so on 

· Whether/how to support multiple sets of cells for multi-cell scheduling 

· Whether MC-DCI and legacy SC-DCI can be from different scheduling cells for a scheduled cell 

· DCI size alignment 

· Details on HARQ, such as reference PDSCH for HARQ-ACK feedback timing determination, last DCI format for PUCCH resource determination, reference PDSCH to determine DAI counting and support of Type-1 HARQ-ACK codebook enhancements 

This contribution discusses some of the remaining issues regarding the multi-cell PUSCH/PDSCH scheduling with a single DCI objective.
2      Discussion
2.1     One or multiple sets of cells configured for multi-cell scheduling
In the previous RAN1 meeting, for a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells were agreed to be supported. Whether multiple sets of cells can be configured with each set for multi-cell scheduling using DCI format 0_X/1_X was discussed as in following proposal 2-3 rev4 [2].
Proposal 2-3 rev4:

· A UE can be configured one or multiple sets of cells with each set configured for multi-cell scheduling using DCI format 0_X/1_X. 

· When multiple sets of cells are configured, 

· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.

· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.

· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells. 

· DCI size of DCI format 1_X is independently determined for each set of cells. 

· Alt 1: Multiple sets of cells scheduled from a same scheduling cell is not supported in Rel-18;

· Alt 2: Multiple sets of cells scheduled from a same scheduling cell is supported in Rel-18, where which set of cells the DCI format 1_X/0_X is associated with is differentiated by network configuration for the multiple sets of cells.

· Alt 3: Multiple sets of cells scheduled from a same scheduling cell is supported in Rel-18, where the DCI format 1_X/0_X has an indication field that indicates which set of cells the DCI format 1_X/0_X is associated with.

If at most only one set of cells is supported to be configured for multi-cell scheduling and 8 cells are configured for the same PUCCH group, legacy DCI formats have to be used by gNB for the remaining cells within the same PUCCH group via one-to-one scheduling way. In that sense, the remaining cells can’t enjoy the benefit of co-scheduling. Multiple sets of cells need to be supported for respective multi-cell scheduling for more flexibility in Rel-18 CA framework.
For PDCCH load adjustment flexibility, the multiple sets of cells are preferred to be scheduled on different or same scheduling cell based on gNB configuration. When the scheduling cell is the same for the multiple sets, it needs to distinguish which set of cells the DCI format 1_X/0_X is associated with. Although n_CI value is independently configured and can be different for the sets of cells, resulted CCE indexes still might be same according to the hashing function. The network configuration alternative relies on different DCI sizes or different monitoring occasions for separated sets, which is a configuration restriction for the scheduling of the multiple sets. As discussed in the next section about the indicator of co-scheduled cells, the indicator could be used to indicate the set of cells the DCI format 1_X/0_X is associated with.
Proposal 1: A UE can be configured one or multiple sets of cells with each set configured for multi-cell scheduling using DCI format 0_X/1_X, and multiple sets of cells scheduled from a same scheduling cell is supported in Rel-18.
2.2     DCI field design
The type classification for most of the DCI fields of DCI format 1_X/0_X was discussed and agreed in the last meeting [2]. However, there are still some left issues to be discussed and decided.
· UL/SUL indicator

RAN1 had agreed to support UL/SUL indicator field in DCI format 0_X. There was extensively discussion about the type of UL/SUL indicator field in the last RAN1 and RAN plenary meetings. In the previous discussion, companies’ views were not aligned for the following alternative 1 and alternative 2 [1].
Alt.1: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is 1 bit (when it is present), which is for one serving cell within the set of co-scheduled cells (i.e., Type 1C)
Alt.2: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is sum of {0, 1} bits for each cell in the set configured for the DCI format 0_X (i.e., Type 2)
· The number of bit (i.e., 0 or 1) for a cell in the set is determined according to the existing mechanism defined in TS 38.212 for UL/SUL indicator field.

With alternative 2, multiple co-scheduled cells can be configured with SUL and indicated separately whether NUL or SUL is used for the scheduled transmission. SUL configured for more than one bands has benefit to boost the wide band UL performance for operators holding the refarming bands. In the last RAN plenary, a dedicated spectrum WI was approved to specify RF requirements for NR CA combinations with dual SUL bands in Rel-18 [3]. Thus it is no reason to preclude more than one SUL configuration for single DCI scheduling. Alternative 2 is also flexible since the number of bits can be adjusted based on the practical deployment scenarios. For scenario only one cell is configured with SUL, this UL/SUL indicator field is only 1 bit just as defined by Alt.1.

Proposal 2: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is sum of {0, 1} bits for each cell in the set configured for the DCI format 0_X (i.e., Type 2)

· The number of bit (i.e., 0 or 1) for a cell in the set is determined according to the existing mechanism defined in TS 38.212 for UL/SUL indicator field.

· Frequency domain resource assignment
The frequency domain resource assignment field was agreed as type 2, i.e. separate field for each of the co-scheduled cells. The field consumes the most bit number so optimization should be taken into account to reduce the field size. Enlarge the resource allocation granularity with larger RBG is the solution agreed as:
· 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 [2]
For resource allocation type 0, the available frequency resource in BWPs of all the cells that can be co-scheduled within a set constitutes a larger bandwidth. RBG size selection based on the larger bandwidth results into larger RBG, which can reduce the bit number required for the bitmap to indicate the allocated RBG. When the composed bandwidth is larger than 275 RBs, new RBG size larger than existing maximum value needs to be defined. The constituted bandwidth of BWPs for all the cells within a set can be as large as 4 times compared with the BWP bandwidth of single cell scheduling as there are up to 4 cells within a set of cells for multi-cell scheduling. The new RBG size is considered as 2~4 times as much as the existing maximum value as in the table below.
Table 1 Value of larger RBG size than the existing maximum value

	Sum of the BWP size of cells within a set
	RBG size

	276 ~ 2*275
	32

	2*275+1 ~ 3*275
	48

	3*275+1 ~ 4*275
	64


For resource allocation type 1, the configurable granularity of RBG size value for RBG-based RIV similar as DCI format 1_2/0_2 can be chosen from {1, 2, 4, 8, 16, 32, 48, 64}. 

The RBG division can reuse the current way within each cell. There is no need for a single RBG to be mapped to multiple cells, only the RBG size might be different.

Proposal 3: For frequency domain resource assignment, reuse the current RBG division way within each cell without cross cell RBG.
· For resource allocation type 0, the RBG size is based on the total bandwidth of the BWPs for all the cells can be co-scheduled within a set. Larger RBG sizes than the existing maximum value are introduced as 32, 48, 64.
· For resource allocation type 1, the RBG size is configured from {1, 2, 4, 8, 16, 32, 48, 64}.
· Type 1B field design
In the last RAN1 meeting, the agreed Type 1B fields include rate matching indicator
(up to 4 bits), ZP CSI-RS trigger (up to 3 bits), TCI (up to 4 bits), SRS request (up to 4 bits), SRS offset indicator (up to 3 bits) [2]. The field size is dependent on number of rows in configured table which contains combinations of indication for each cell in the set configured for the DCI to co-schedule. The indicated value is interpreted as pointing one row in the configured table. The details about how the table is configured had not been discussed. In our view, one row of the table contains N elements corresponding respectively to each cell in the configured set on which the single cell scheduling DCI also has the same field. For a cell the same DCI field does not exist in the legacy single cell scheduling DCI, there is no element corresponding to the cell in a row of the table for the type 1 B DCI field to indicate. N is the number of cells on which the legacy single cell scheduling DCI has the same field in the cell set associated with the DCI 0_X/1_X. An element has the same value range and is interpreted in the same way as the same field in legacy DCI. An example for the table configured for DCI format 1_X ZP CSI-RS trigger field is shown in table 2.

Table 2 Example for the table configured for DCI format 1_X ZP CSI-RS trigger field
	
	Cell 1 (0 bit ZP CSI-RS trigger in DCI format 1_1)
	Cell 2 (1 bit ZP CSI-RS trigger in DCI format 1_1)
	Cell 3 (2 bit ZP CSI-RS trigger in DCI format 1_1)
	Cell 4 (2 bit ZP CSI-RS trigger in DCI format 1_1)

	Value of ZP CSI-RS trigger in DCI format 1_X
	ZP CSI-RS trigger for cell 1 (no such element)
	ZP CSI-RS trigger for cell 2 (element range 0~1)
	ZP CSI-RS trigger for cell 3 (element range 0~3)
	ZP CSI-RS trigger for cell 4 (element range 0~3)

	0
	
	0
	0
	0

	1
	
	0
	1
	0

	2
	
	0
	2
	1

	3
	
	0
	3
	1

	4
	
	1
	0
	2

	5
	
	1
	1
	2

	6
	
	1
	2
	3

	7
	
	1
	3
	3


Proposal 4: A type 1B field in DCI format 0_X/1_X indicates one row of a configured table, which contains N elements corresponding respectively to each cell in the associate set and on the cell the single cell scheduling DCI also has the same field.
· N is the number of cells on which the legacy single cell scheduling DCI has the same field in the cell set associated with the format 0_X/1_X DCI.

· An element is interpreted in the same way as the same field in legacy DCI.

· Indication of actual co-scheduled cells
The actual co-scheduled cells among the maximum 4 cells in a set being able to be scheduled by DCI 0_X/1_X are indicated dynamically by the DCI based on the instantaneous traffic, channel condition etc. The solution for co-scheduled cells indication within a set discussed in the last meeting is [2]:
Proposal 3-2 rev3:

· For a set of cells which is configured 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 for the set of cells.

· The table is configured by RRC signaling for the set of cells.

· The size of the indicator is determined based on the number of rows in the table.

· Repurposing any field in the DCI format 0_X/1_X based on the indicator is not supported in Rel-18.

The proposal requires dedicated bits to point one row of the table. If less rows are configured in the RRC table to reduce the number of required bits to be less than 4 bits, the combination of the actual co-scheduled cells is restricted by the RRC configured table. Since DCI overhead reduction is quite important for designing DCI format 0_X/1_X with limitation of 164 bits including CRC, and the indication flexibility of the co-scheduled cell combination is also aspect to be considered, we think the indication based on a RRC configured table is not the most efficient way.
There was another option considered in RAN1#109-e meeting [2]:

· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not

Observing the frequency domain resource assignment field was agreed as type 2 field, the size of the field is determined based on the configured cells within the cell set with the bits of the field divided in to parts. Each part of bits is mapped to one cell within the associate set of cells and indicates the frequency domain resource for the cell. Then the unused code point of the part of bits can indicate whether the mapped cell is scheduled or not. For resource allocation type 0, if the part of bits mapped to RBGs within the BWP of a cell are all set to 0, the corresponding cell is not scheduled, otherwise the cell is scheduled. For resource allocation type 1, if the part of bits to indicate RIV of a cell are all set to 1, the corresponding cell is not scheduled. In this way, no additional bit is brought in the DCI for co-scheduled cell combination indication within a set and the co-scheduled cell indication can have the most flexibility. 
For the agreed indicator of co-scheduled cells as Type-1 field, it is used to indicate the set of cells associated with the DCI format 1_X/0_X as a Type-1A field.
Proposal 5: The indicator of co-scheduled cells is a Type-1A field to indicate the set of cells associated with the DCI format 1_X/0_X.
Proposal 6: For the indication of actual co-scheduled cells within a set, the type 2 FDRA field is divided in to bit parts mapped respectively to each cell within the associated set, and a code point of a bit part is used to indicate the mapped cell is not scheduled.
· Payload size of DCI format 0_X/1_X
There was a proposal discussed in the last meeting about the payload size of DCI format 0_X/1_X.
Proposal 2-2 rev1:

· For a set of cells which is configured for multi-cell scheduling, 

· the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.

· The payload size of DCI format 0_X is the same for all the co-scheduled cell combinations of the set of cells.

· The payload size of DCI format 1_X is the same for all the co-scheduled cell combinations of the set of cells.

· the bit width of each Type-3 field of DCI format 0_X/1_X is the maximum width among all the co-scheduled cell combinations within the set of cells.
As proposed in proposal 6, there is no need for RRC to configure a table of co-scheduled cell combinations. For a set of cells associated with DCI format 0_X/1_X, the number and the cell contained in the set are configured by RRC, the payload size of DCI format 0_X/1_X can be derived by UE based on RRC configuration of cells within the set of cells.
Proposal 7: For a set of cells which is configured for multi-cell scheduling, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of cells within the set of cells.
3      Conclusion
In this contribution, we discuss multi-cell PUSCH/PDSCH scheduling with a single DCI. Based on the discussion, we have following proposals:
Proposal 1: A UE can be configured one or multiple sets of cells with each set configured for multi-cell scheduling using DCI format 0_X/1_X, and multiple sets of cells scheduled from a same scheduling cell is supported in Rel-18.
Proposal 2: UL/SUL indicator in a DCI format 0_X for multi-cell PUSCH scheduling is sum of {0, 1} bits for each cell in the set configured for the DCI format 0_X (i.e., Type 2)

· The number of bit (i.e., 0 or 1) for a cell in the set is determined according to the existing mechanism defined in TS 38.212 for UL/SUL indicator field.

Proposal 3: For frequency domain resource assignment, reuse the current RBG division way within each cell without cross cell RBG.
· For resource allocation type 0, the RBG size is based on the total bandwidth of the BWPs for all the cells can be co-scheduled within a set. Larger RBG sizes than the existing maximum value are introduced as 32, 48, 64.
· For resource allocation type 1, the RBG size is configured from {1, 2, 4, 8, 16, 32, 48, 64}.
Proposal 4: A type 1B field in DCI format 0_X/1_X indicates one row of a configured table, which contains N elements corresponding respectively to each cell in the associate set and on the cell the single cell scheduling DCI also has the same field.

· N is the number of cells on which the legacy single cell scheduling DCI has the same field in the cell set associated with the format 0_X/1_X DCI.

· An element is interpreted in the same way as the same field in legacy DCI.

Proposal 5: The indicator of co-scheduled cells is a Type-1A field to indicate the set of cells associated with the DCI format 1_X/0_X.
Proposal 6: For the indication of actual co-scheduled cells within a set, the type 2 FDRA field is divided in to bit parts mapped respectively to each cell within the associated set, and a code point of a bit part is used to indicate the mapped cell is not scheduled.
Proposal 7: For a set of cells which is configured for multi-cell scheduling, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of cells within the set of cells.
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