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Discussion
1      Introduction
Regarding the multi-cell PUSCH/PDSCH scheduling with a single DCI objective in the multi-carrier enhancements WID [1], the last RAN#97-e meeting had discussed the scope with the following agreement [2]：
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.

· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18. 

· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18. Additional restriction(s) can be discussed in RAN1.

· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18. 

· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell 

· Different SCS among co-scheduled cells 

· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells 

· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell 

· Support for any sidelink scheduling 

· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell

This contribution further discusses the multi-cell PUSCH/PDSCH scheduling with a single DCI objective.
2      Discussion
2.1     Scenarios
RAN1 #109e meeting encouraged companies to investigate the issues of UL/SUL scheduling combined with multi-cell PUSCH scheduling and presence of UL/SUL indicator in DCI format 0-X [3]. From our perspective, considering the benefit on coverage, latency, data rate etc. of configuring SUL, the SUL function needs to be maintained for multi-cell PUSCH scheduling. The specification effort is to define the type of UL/SUL indicator field in DCI format 0-X.

Proposal 1: Support co-scheduled UL cell configured with SUL for multi-cell PUSCH scheduling with a single DCI.

2.2     Scheduling possiblities for the cells to be scheduled by DCI format 0-X/1-X
Regarding the monitoring relationship between DCI format 0-X/1-X and legacy DCI format(s), there was following working assumption reached in the last RAN1 #110 meeting [4]:

Working Assumption

For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 

· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 

· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 

· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats

· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X

Regarding the first FFS sub-bullet, for the cell within the set of cells the same as the scheduling cell transmitting DCI format 0_X/1_X, simultaneous monitoring DCI format 0_X/1_X and the legacy DCI format(s) from a same cell is supported because legacy DCI needs self-scheduling. If there are N cells within the set of configured cells to be co-scheduled by a DCI format 0_X/1_X, and monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell simultaneously is supported for all of the cells, it needs to support legacy cross-carrier scheduling from the scheduling cell to N cells when the N cells do not include the scheduling cell, or to N-1 cells when the N cells include the scheduling cell. For the legacy cross-carrier scheduling, the CFI has up to 8 values thus up to 8 scheduled cells can be cross scheduled. In our view, for the cell within the set of configured cells not the same as the scheduling cell transmitting DCI format 0_X/1_X, the support of monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell depends on gNB configuration of legacy cross-carrier scheduling.
Proposal 2: For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell simultaneously:

· At least when the cell is the same as scheduling cell

· when the cell is not the same as scheduling cell, it depends on gNB configuration of legacy cross-carrier scheduling to support.
Another issue is whether to support monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells for a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X. In Rel-15/16, there is only one scheduling cell for each serving cell by self-scheduling or cross-carrier scheduling. In Rel-17, Scell can be configured to cross-carrier schedule Pcell in addition to Pcell self-scheduling so that Pcell can have two scheduling cells.
For a Scell within a set of cells to be co-scheduled, to maintain the principle one scheduling cell for Scell in order not to increase the blind decoding burden, the DCI format 0_X/1_X and legacy DCI format(s) are not supported to be monitored from different scheduling cells. Companies may concern if there are multiple Scells to be co-scheduled, DCI format 0_X/1_X and legacy DCI format(s) only from the same scheduling cell would lead to high DL control load on the scheduling cell. But DCI format 0_X/1_X is designed aiming to merge multiple legacy DCIs, the legacy DCI is transmitted instead of DCI format 0_X/1_X only for the light traffic.
For Pcell within a set of cells to be co-scheduled, based on the agreed scope for Rel-18 in [2], the scheduling cell to transmit DCI format 0_X/1_X can only be the Pcell and SCell should not be configured to schedule PCell. It means not supporting monitoring DCI format 0_X/1_X and legacy DCI format(s) from different scheduling cells.
Proposal 3: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, not support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from different scheduling cells.
2.3     DCI field design
In the last RAN1 meeting, the types of DCI fields are reformulated, and some Type-1A, Type-2 fields are agreed as in the following agreements [4]:

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

As the agreed working assumption that maximum 4 cells can be co-scheduled by a DCI format 0_X/1_X in Rel-18, the DCI fields should by designed supporting maximum 4 co-scheduled cells with the total bit number including CRC bits less than 164.
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

The evaluation examples of DCI format 1_X to schedule maximum 4 cells are shown in Table 1. The base line is Rel-15 DCI format 1_1. 
Table 1 DCI size budget evaluation for examples of DCI format 1_X to schedule maximum 4 cells
	Fields
	Range of bits
	4 cells

	
	
	Field type
	Bit number

	Identifier for DCI formats
	1
	Type-1A
	1

	Indicator of co-scheduled cells
	0,3
	Type-1A
	2

	Bandwidth part indicator
	0,1,2
	Type3
	2

	Frequency domain resource assignment
	3~19
	Type2
	76 (Note 1)

	Time domain resource assignment
	0,1,2,3,4
	Type3
	4

	VRB-to-PRB mapping
	0,1
	Type3
	1

	PRB bundling size indicator
	0,1
	Type3
	1

	Rate matching indicator
	0,1,2
	Type3
	2

	ZP CSI-RS Trigger
	0,1,2
	Type-1C
	2

	Modulation and coding scheme [TB1]
	5
	Type2
	11 (Note 2)

	New data indicator [TB1]
	1
	Type2
	4

	Redundancy version [TB1]
	2
	Type2
	4

	Modulation and coding scheme [TB2]
	5
	/
	0

	New data indicator [TB2]
	1
	/
	0

	Redundancy version [TB2]
	2
	/
	0

	HARQ process number
	4
	Type3
	4

	downlink assignment index
	0,2,4
	Type-1A
	4

	TPC command for scheduled PUCCH
	2
	Type-1A
	2

	PUCCH resource indicator
	3
	Type-1A
	3

	PDSCH-to-HARQ_feedback timing indicator
	0,1,2,3
	Type-1A
	3

	Antenna port(s)
	4,5,6
	Type3
	6

	Transmission configuration indication
	0,3
	Type3
	3

	SRS request
	2,3
	Type-1C
	3

	CBG transmission information（CBGTI）
	0,2,4,6,8
	/
	0

	CBG flushing out information（CBGFI）
	0,1
	/
	0

	DMRS sequence initialization
	1
	Type3
	1

	CRC
	24
	Type-1A
	24

	Total
	
	
	163


In the evaluation, 2 bits are assumed for the indicator of co-scheduled cells and type 3 fields are configured as common for the co-scheduled cells for the minimum field size. It is observed from Table 1 if we want to increase frequency allocation flexibility to allocate different frequency resources to schedule maximum 4 cells, the frequency domain resource assignment field needs optimization, otherwise the total DCI bit number exceeds the bit limit value, even with differentiated MCS applied, 1bit RV per cell, only one TB supported and all the type 3 fields set to common.
· Frequency domain resource assignment field optimization
Firstly, the resource allocation type for each of the cells to be co-scheduled can be the same, thus only 1 bit is used for resource allocation type indication.
For resource allocation type 0, the available frequency resource in BWPs of all the cells that can be co-scheduled 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 could be defined. Considering the cells within the set of cells to be co-scheduled may have different channel condition, the current way for RBG division within each cell is reused, avoiding single RBG mapping to different cells to get similar channel condition within a RBG.
For resource allocation type 1, using type 2 field to indicate the resource allocation separately for each cell requires maximum [image: image1.wmf]2
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 bits for total 4 cells. A type 1-B field can be utilized to indicate separate resource allocation for each of co-scheduled cells via joint indication. If taking the BWPs for all the cells as a composed larger bandwidth, indicating continuous resource allocation within the larger composed bandwidth needs maximum [image: image2.wmf]2
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 bits for total 4 cells. However, this way reduces the resource allocation flexibility. If it is wanted to use the frequency resource in 4 cells, all of the RBs within a BWP must be allocated for two cells within the 4 cells owing to the continuous resource indication way across all the BWPs. To maintain the resource allocation flexibility within each cell, another alternative as a type 1-B field for resource allocation type 1 is to jointly indicate the respective RIV of each cell. An example is illustrated in Figure 1 when there are 3 cells to be co-scheduled and 3 RBs within the BWP of each cell. The maximum required bit number for this alternative is [image: image3.wmf]2
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 bits for total 4 cells case, which saves 3 bits without any resource allocation flexibility sacrificing. If further reduced size of this field is to be supported, larger resource allocation granularity can be configured similar as current DCI format 1_2/0_2.
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Figure 1 Example to jointly indicate the respective RIV for each of the 3 cells when there are 3 RBs within BWP of each cell
Proposal 4: The following are considered for the design of frequency domain resource assignment field:
· Same resource allocation type for each of the cells to be co-scheduled.

· Larger RBG size based on the total bandwidth of all the BWPs of the cells to be co-scheduled, and one RBG mapped to a single cell for resource allocation type 0.
· Joint indication of the respective RIV for each of the cells to be co-scheduled, and configured resource allocation granularity for resource allocation type 1.
· Bandwidth part indicator field optimization
The channel condition of different cells would be less correlated especially for inter-band CA. If there is BWP indicator in the DCI, it is better to be type 3 supporting indication of different BWPs for the co-scheduled cells to choose the most suitable BWP, and in order not to trigger BWP switching simultaneously for all the scheduled cell. For the separate indication of BWPs for each of co-scheduled cells, since the initial BWP locates only on one of the co-scheduled cells, it is adequate to support to indicate the initial BWP for only one cell.
Proposal 5: For bandwidth part indicator field, when it is configured to indicate different BWPs for the cells to be co-scheduled, for only one cell the initial BWP is supported to be indicated by the field.
· The bit location arrangement of the DCI fields
The size of DCI format 0-X/1-X is determined by the maximum number of co-scheduled cells by the DCI. The separate scheduling information contained by a type 2 or 3 field is one to one mapped to each cell or each sub-group of cells that can be co-scheduled. The mapping order can be according to the ServCellIndex increasing order or increasing order of minimum ServCellIndex within the sub-group. Figure 2 shows different options for bit location arrangement of the type 2 or 3 fields, when there are maximum 3 cells to be scheduled by the DCI. In Option 1, the bits of different fields containing scheduling information for the same cell or sub-group of cells are consecutive. In option 2, The bits of the same field containing scheduling information for the different cells or sub-groups of cells are consecutive. As the type 3 fields is configured common or separate to each of the co-scheduled cells or each sub-group of cells, option 2 structure is more preferred.
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(a) Option 1: The bits of different fields containing scheduling information for the same cell or sub-group of cells are consecutive
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(b) Option 2: The bits of the same field containing scheduling information for the different cells or sub-groups of cells are consecutive
Figure 2: Bit location arrangement for type 2 or 3 fields indicating separate information for co-scheduled cells
Proposal 6: In DCI format 0-X/1-X, the bits containing separate scheduling information of a type 2 or 3 field are mapped to cells or sub-groups of cells that can be co-scheduled according to the ServCellIndex increasing order, and the bits of the same field containing scheduling information for the different cells or sub-groups of cells are consecutive.

· Indication of actual co-scheduled cells
The actual co-scheduled cells among the cells 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. In the last RAN1 meeting, the proposal to indicate the actual co-scheduled cells was discussed.
Proposal 3-3rev2:
· 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.

· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.

· FFS: reusing CIF field in the DCI as the indicator

The proposal requires a dedicated field as the indicator of co-scheduled cells. When the RRC configured cells that can be co-scheduled is more than the max number of co-scheduled cells by DCI format 0_X/1_X, e.g., 8 cells are configured by RRC for flexibility while only max 4 cells can be co-scheduled by a DCI, the dedicated indicator can choose cells to be scheduled by the DCI among the RRC configured cells. However, in our view, only depending on the dedicated indicator field to indicate all the combination of actual scheduled cells by the DCI is not an efficient way, as it requires large field size or the cell combination in the RRC configured table is restricted.
As an alternative way, the RRC configured table defines the combinations of maximum number co-scheduled cells, not requiring rows for one, two, three co-scheduled cells when the maximum number is 4. And the the dedicated indicator field indicates the maximum number e.g.4 co-scheduled cells among RRC configured cells. Since the DCI can indicate separate information for each of the maximum number of cells to be co-scheduled, the indicated information for a cell can be the cell is not scheduled. Thus whether actually one, two, three, four cells are scheduled can be indicated by the separate information.
FDRA field can indicate whether one or more cells are scheduled or not. For resource allocation type 0, the method is if the 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 joint indication of the respective RIV for each of the cells to be co-scheduled is utilized, an additional RIV can be used for each cell to represent the cell is not scheduled. For example, the maximum required bit number is [image: image7.wmf]2
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 bits for total 4 cells case which is the same as without the additional RIV indicating the not scheduling. 
The MCS and RV field can also be used to indicate the cell is scheduled or not as they indicate separate information for the co-scheduled cells. In current specification if two code words transmission is enabled, one of the two transport blocks is disabled if IMCS = 26 and if rvid = 1 for the corresponding transport block. Considering although in Table 1 it is assumed only one TB is supported to be scheduled for each cell by DCI format 0_X/1_X, in order not to sacrifice the throughput, it should be supported to configure maximum number of TBs can be scheduled per cell as 2 and dynamically disable a TB by a code point of MCS and RV. A cell is not scheduled when all the TBs are disabled for the cell.
Proposal 7: For the indication of actual co-scheduled cells, a dedicated indicator field pointing to one row of a table indicates maximum number of co-scheduled cells. And within the indicated maximum number of co-scheduled cells, the field containing separate information for each cell indicates whether the cell is actually scheduled or not.
· A code point of FDRA, or a code point of MCS and RV is considered for the indication of not scheduling cell(s).
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: Support co-scheduled UL cell configured with SUL for multi-cell PUSCH scheduling with a single DCI.

Proposal 2: For a cell within a set of configured cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring DCI format 0_X/1_X and legacy DCI format(s) from a same scheduling cell simultaneously:

· At least when the cell is the same as scheduling cell

· when the cell is not the same as scheduling cell, it depends on gNB configuration of legacy cross-carrier scheduling to support.
Proposal 3: For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, not support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from different scheduling cells.
Proposal 4: The following are considered for the design of frequency domain resource assignment field:

· Same resource allocation type for each of the cells to be co-scheduled.

· Larger RBG size based on the total bandwidth of all the BWPs of the cells to be co-scheduled, and one RBG mapped to a single cell for resource allocation type 0.
· Joint indication of the respective RIV for each of the cells to be co-scheduled, and configured resource allocation granularity for resource allocation type 1.
Proposal 5: For bandwidth part indicator field, when it is configured to indicate different BWPs for the cells to be co-scheduled, for only one cell the initial BWP is supported to be indicated by the field.
Proposal 6: In DCI format 0-X/1-X, the bits containing separate scheduling information of a type 2 or 3 field are mapped to cells or sub-groups of cells that can be co-scheduled according to the ServCellIndex increasing order, and the bits of the same field containing scheduling information for the different cells or sub-groups of cells are consecutive.

Proposal 7: For the indication of actual co-scheduled cells, a dedicated indicator field pointing to one row of a table indicates maximum number of co-scheduled cells. And within the indicated maximum number of co-scheduled cells, the field containing separate information for each cell indicates whether the cell is actually scheduled or not.
· A code point of FDRA, or a code point of MCS and RV is considered for the indication of not scheduling cell(s).
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