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Introduction
[bookmark: _Hlk58595024]In RAN#97-e, WI has been further revised for multi-carrier enhancements in NR Rel-18. One of the main objectives of the WI includes multi-cell PDSCH/PUSCH scheduling with a single DCI as follows [1]:
Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling

In this contribution, we discuss and provide our views on the remaining aspects related to multi-cell PUSCH/PDSCH scheduling with a single DCI including:
· Scheduling cell(s) for multiple sets of cells
· BD/CCE counting
· Legacy cross-carrier scheduling with multi-cell scheduling
· DCI fields
· TDRA field
· FDRA field
· DMRS antenna port indication field
· SUL/UL indicator field
· Other aspects
Discussion
Scheduling cell(s) for multiple sets of cells
In RAN1#111, following agreement has been made related to the maximum number of cells that an be configurable within a set:

Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.

One remaining aspect is when multiple sets of cells can be configured, then how the scheduling cell can be configured for these sets of cells. Essentially, there are 2 possibilities that can be considered:

· Option 1: Same cell can be a scheduling cell for multiple sets of cells
· Option 2: Same cell cannot be a scheduling cell for more than one set of cells

In our view, option 2 is the more preferable option. The reason is that if same scheduling cell can be used for multiple sets of cells and furthermore, if the scheduling cell is also a reference cell for a set of cells, then it can easily become overloaded. Additionally, it is expected to increase UE complexity to perform blind decoding considering same scheduling cell for multiple sets of cells. Therefore, option 2 should be supported.

Proposal 1: For multiple sets of cells configured to UE for multi-cells scheduling, same cell should not be supported to be configured as a scheduling cell for more than one set of cells.

BD/CCE counting
In RAN1#111, following working assumption has been made related to DCI size, BD/CCE counting, and search space configuration associated with DCI format 0_X/1_X [2]:

Agreement
Confirm the RAN1#110bis-e working assumption with the following changes: 
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 the reference cell.
· 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 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 Ssearch 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 if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· FFS It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How tTo 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
· 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.

In our view, to further optimize the BD/CCE counting in case when the search space associated with legacy DCI formats and the search space associated with DCI format 0_X/1_X can be configured for a reference cell, splitting the budget between legacy and new format can be considered. UE can report a capability to support splitting of BD/CCE budget between DCI format 0_X/1_X and legacy DCI formats. It can be a UE to the report splitting factors that it can support or could be a gNB configuration as well. If UE doesn’t report the above capability, then gNB can configure any combination of PDCCH/CCE candidates for between DCI format 0_X/1_X and legacy DCI formats. If configured, the total sum of the BD/CCE candidates for both DCI format 0_X/1_X and legacy DCI formats shall remain within the limit BD/CCE limits per cell.

Proposal 2: For BD/CCE counting, splitting factor could be supported to divide the budget between DCI format 0_X/1_X and legacy DCI formats:
· BD/CCE budget limit per factor as well as a total for a cell should be followed
· It can be considered as an optional UE capability

Legacy cross-carrier scheduling with multi-cell scheduling
Another remaining aspect that needs to be discussed whether a cell can be configured with both cross-carrier scheduling and multi-cell scheduling. Basically, multi-cell scheduling is a type of cross-carrier scheduling. Therefore, from this point view, it may not be necessary/beneficial for a UE to be configured with cross-carrier scheduling and multi-cell scheduling. However, if both cross-carrier scheduling and multi-cell scheduling are possible to be configured for a cell, then further details related to UE complexity in terms of BD/CCE counting and search space configuration among the set of co-scheduled cells should be discussed. 
Proposal 3: RAN1 should discuss if both cross-carrier scheduling and multi-cell scheduling can be configured for a cell
· If both cross-carrier scheduling and multi-cell scheduling can be configured for a cell, then the potential UE complexity in terms of BD/CCE counting and search space configuration should be discussed.

Two possibilities can be considered in this. One possibility could be that if UE supports and is configured with single DCI-based multi-cell scheduling for a cell, then cross-carrier scheduling is not configured. Other possibility could be that if UE supports and is configured with both single DCI-based multi-cell scheduling for a cell, then multi-cell scheduling is used for this cell only in combination with at least one more cell from the set (except for the case of self-scheduling), otherwise, if only this cell needs to be scheduled, then legacy cross-carrier scheduling is used. This would allow the better manage the BD/CCE budget. In case of single DCI-based multi-cell scheduling, the counting is done towards the reference cell, while for cross-carrier scheduling, the counting is done towards the scheduled cell. This is preferred to allow sharing the budget. 

Proposal 4: If both legacy cross-carrier scheduling and single DCI-based multi-cell scheduling is configured to a UE for a cell, then multi-cell scheduling is used for this cell only in combination with at least one more cell from the set (except for the case of self-scheduling), otherwise, if only this cell needs to be scheduled, then legacy cross-carrier scheduling is used
DCI fields for format 0_X/1_X
TDRA field
In RAN1#110bis-e, following agreement has been made related to the time-domain resource allocation for the set of cells that can be co-scheduled cells by DCI format 0_X and 1_X [3]:


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

Based on above agreement, the details related to TDRA table design need to be further discussed and agreed. In our view, regardless of whether multi-cell scheduling is configured or not for a cell, the legacy TDRA table will need to be supported/configured, as scheduling by legacy DCI formats still need to be supported. The efficient way of indicating the TDRA for each of the co-schedulable cells would be to reuse the existing TDRA tables configured for each of the co-schedulable cells. However, based on the agreement, UE needs to be indicated by single field such that specific rows corresponding to each of the table for each of the co-schedulable cells can be signaled. One possible solution is to configure a new table where each row of the table simply points to one or multiple index values corresponding to one or multiple co-scheduled cells. The new table doesn’t need to directly indicate SLIVs, slot offset and mapping type, but rather point to the suitable row of the already configured TDRA table for each of the cells, respectively. An illustration is shown in Table 1. In the table, an index value is indicated for each of the cell. This index value is basically the indication to the row index of the TDRA table for the corresponding cell. In certain rows of the table, there is no index indicated for some cells. In this case, it can be assumed that the particular cell is not scheduled. This would also help to avoid any additional field to indicate which cells are co-scheduled by DCI format 0_X/1_X. Furthermore, since only one cell can be used to schedule multiple cells, therefore, it should be enough to configure this new table only for the scheduling cell, while the legacy TDRA tables are respectively configured for each of the co-schedulable cells.

Table 1: New table to indicate the rows of TDRA table for the co-schedulable cells

	Index
	Cell 1 
	Cell 2
	Cell 3
	Cell 4

	0
	0
	0
	2
	1

	1
	-
	-
	0
	-

	2
	1
	-
	-
	2

	3
	0
	0
	3
	-

	4
	…
	….
	….
	..

	….
	….
	….
	….
	…





Proposal 5: For indication time domain resource allocation for multiple cells by single joint TDRA field in DCI format 0_X/1_X, UE should be configured with a new table, where each row of the new table indicates the row index to the legacy TDRA table for each of the co-scheduled cell, as illustrated in the table.
· Joint TDRA field in the DCI format 0_X/1_X indicates the index of the new proposed table
· New proposed table can be configured only on the scheduling cell
· New proposed table can also be used to indicate which cells are configured
· If no row index to TDRA table is indicated for a cell, then it can imply that the cell is not scheduled

	Index
	Cell 1 
	Cell 2
	Cell 3
	Cell 4

	0
	0
	0
	2
	1

	1
	-
	-
	0
	-

	2
	1
	-
	-
	2

	3
	0
	0
	3
	-

	4
	…
	….
	….
	..

	….
	….
	….
	….
	…




FDRA field
In RAN#111, FDRA field for single-DCI multi-cell scheduling with DCI format 0_X/1_X for PUSCH/PDSCH scheduling is agreed type 2, i.e. separate field corresponding to each of the scheduled cells. Furthermore, it needs to be discussed whether and how some compression scheme can be applied to reduce the overhead. In our view, UE can be configured by network with a set of RBG sizes for resource allocation type 0 for a cell and the nominal RBG size is determined corresponding to the number of RBs in the active BWP and the number of actual scheduled cells. Basically, if small number of cells are scheduled, then the corresponding RBG size can be smaller as well. Otherwise, if large number of cells such as 4 are scheduled, then the RBG size can be larger. One such possibility is shown in Table 2. Furthermore, this RGB size can be applied for both RA type 0 and for RIV calculation in RA type 1.

Table 2: RBG size corresponding to number of scheduled cells

	Bandwidth Part Size
	1 Cell Scheduled
	2 Cells Scheduled
	3 Cells Scheduled
	4 Cells scheduled

	1 - 36
	2
	2
	4
	4

	37 - 72 
	4
	4
	8
	8

	73 - 144
	8
	8
	16
	16

	145 - 275
	16
	16
	32
	32




Proposal 6: For FDRA determination with DCI format 0_X/1_X, UE can be configured by network with a set of RBG sizes for resource allocation type 0 for a cell and the nominal RBG size is determined corresponding to the number of RBs in the active BWP and the number of actual scheduled cells
· This can be used for both RA type 0 and RIV calculation for RA type 1

	Bandwidth Part Size
	1 Cell Scheduled
	2 Cells Scheduled
	3 Cells Scheduled
	4 Cells scheduled

	1 - 36
	2
	2
	4
	4

	37 - 72 
	4
	4
	8
	8

	73 - 144
	8
	8
	16
	16

	145 - 275
	16
	16
	32
	32



DMRS antenna port indication field
In RAN1#111, it is agreed that DMRS antenna port indication field can either be configured as Type 1A field or Type 2 field. With Type 1A field type for DMRS antenna port indication, there is going be an issue in cases when the indicated index by single bitfield is not available in all of the DMRS tables corresponding to each of the co-scheduled cells	. For example, if for the first co-scheduled cell, DMRS table for DMRS type 1 and max_length = 1 is configured, while for the second co-scheduled cell, DMRS table for DMRS type 1 and max_length = 2 is configured, then index from 0-15 can be used for first cell and index 0-31 can be used for second cell. However, since only single index is used for both cells, therefore, if any index greater than 15 is indicated, then it is not clear on what index to use for first cell. In our view, one possibility to solve this issue is to configure a default index for DMRS antenna port indication table when the indicated entry by DCI format 0_X/1_X is not valid for one or more of co-scheduled cells. 

Proposal 7: For DMRS antenna port indication with format 0_X/1_X, when the field type is 1A and when the indicated index by single bitfield is not available in all of the DMRS tables corresponding to each of the co-scheduled cells, then a default index is configured and applied for DMRS antenna port indication for those cells

SUL/UL indicator field
It needs to be discussed and agree on whether SUL/UL indicator field is supported for DCI format 0_X and if supported, whether one or multiple bits  are needed. In our view, it is reasonable to at least support the SUL/UL indicator field in the DCI format 0_X. In terms of number of bits, it depends on whether more than one SUL can be configured and/or indicated in case of multi-cell scheduling. In our view, the most straightforward option would be to consider that only single cell can be configured and scheduled with SUL carrier. However, if there is no strong justification, to have more than one SUL carrier, then the other possibility could be to allow for more than one cell with SUL carrier, however, limit the schedule to only one SUL carrier. 

Proposal 8: SUL/UL indicated field can be supported in the DCI format 0_X

Proposal 9: If SUL/UL indicated field is agreed to be supported in the DCI format 0_X, then the baseline should be a single bit field which allows for only one of the cell among the set to support SUL carrier and be actually scheduled
· Additionally, if justified, it can be considered that more than one cell is configured with SUL carrier, but the actual scheduling is still limited to just one SUL carrier

Other aspects
On the aspect of beam management, one thing needs to be considered how the default beams are applied for the multiple scheduled PDSCH associated with multiple cells. According to legacy behavior for a single-cell scheduling, if the TCI is not indicated in the DCI or if the scheduling offset is not long enough to apply the indicated TCI state in the DCI, then default beam is applied to the scheduled PDSCH. For the case of multiple PDSCH scheduled for multiple cells, different default beams could be associated with each of the scheduled cells. However, it needs to be discussed whether the default beams would be applied to all the scheduled PDSCHs (in case the legacy conditions are met) or it is also possible to apply default beams only for some of the scheduled PDSCHs. For example, the scheduling offset for the PDSCHs associated with cells in the latter part may have sufficient scheduling offset to apply the indicated TCI, but the earlier ones may not have sufficient offset. Therefore, in this case, it may not be clear if and when the default beams are applied and to which cells.

Proposal 10: RAN1 should discuss the application of default beams for multiple scheduled cells in case when scheduling offset may not be long enough for all of the scheduled cells to apply the indicated TCI in the multi-cell scheduling DCI
Conclusion
In this contribution, we have discussed our views on remaining aspects for multi-cell scheduling by single DCI and have made following proposals:
Proposal 1: For multiple sets of cells configured to UE for multi-cells scheduling, same cell should not be supported to be configured as a scheduling cell for more than one set of cells.

Proposal 2: For BD/CCE counting, splitting factor could be supported to divide the budget between DCI format 0_X/1_X and legacy DCI formats:
· BD/CCE budget limit per factor as well as a total for a cell should be followed
· It can be considered as an optional UE capability

Proposal 3: RAN1 should discuss if both cross-carrier scheduling and multi-cell scheduling can be configured for a cell
· If both cross-carrier scheduling and multi-cell scheduling can be configured for a cell, then the potential UE complexity in terms of BD/CCE counting and search space configuration should be discussed.

Proposal 4: If both legacy cross-carrier scheduling and single DCI-based multi-cell scheduling is configured to a UE for a cell, then multi-cell scheduling is used for this cell only in combination with at least one more cell from the set (except for the case of self-scheduling), otherwise, if only this cell needs to be scheduled, then legacy cross-carrier scheduling is used

Proposal 5: For indication time domain resource allocation for multiple cells by single joint TDRA field in DCI format 0_X/1_X, UE should be configured with a new table, where each row of the new table indicates the row index to the legacy TDRA table for each of the co-scheduled cell, as illustrated in the table.
· Joint TDRA field in the DCI format 0_X/1_X indicates the index of the new proposed table
· New proposed table can be configured only on the scheduling cell
· New proposed table can also be used to indicate which cells are configured
· If no row index to TDRA table is indicated for a cell, then it can imply that the cell is not scheduled

	Index
	Cell 1 
	Cell 2
	Cell 3
	Cell 4

	0
	0
	0
	2
	1

	1
	-
	-
	0
	-

	2
	1
	-
	-
	2

	3
	0
	0
	3
	-

	4
	…
	….
	….
	..

	….
	….
	….
	….
	…



Proposal 6: For FDRA determination with DCI format 0_X/1_X, UE can be configured by network with a set of RBG sizes for resource allocation type 0 for a cell and the nominal RBG size is determined corresponding to the number of RBs in the active BWP and the number of actual scheduled cells
· This can be used for both RA type 0 and RIV calculation for RA type 1

	Bandwidth Part Size
	1 Cell Scheduled
	2 Cells Scheduled
	3 Cells Scheduled
	4 Cells scheduled

	1 - 36
	2
	2
	4
	4

	37 - 72 
	4
	4
	8
	8

	73 - 144
	8
	8
	16
	16

	145 - 275
	16
	16
	32
	32



Proposal 7: For DMRS antenna port indication with format 0_X/1_X, when the field type is 1A and when the indicated index by single bitfield is not available in all of the DMRS tables corresponding to each of the co-scheduled cells, then a default index is configured and applied for DMRS antenna port indication for those cells

Proposal 8: SUL/UL indicated field can be supported in the DCI format 0_X

Proposal 9: If SUL/UL indicated field is agreed to be supported in the DCI format 0_X, then the baseline should be a single bit field which allows for only one of the cell among the set to support SUL carrier and be actually scheduled
· Additionally, if justified, it can be considered that more than one cell is configured with SUL carrier, but the actual scheduling is still limited to just one SUL carrier


Proposal 10: RAN1 should discuss the application of default beams for multiple scheduled cells in case when scheduling offset may not be long enough for all of the scheduled cells to apply the indicated TCI in the multi-cell scheduling DCI
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