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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 following aspects related to multi-cell PUSCH/PDSCH scheduling with a single DCI:
· Scenarios and general aspects
· DCI size and BD/CCE budget
· Search space configuration
· DCI field design
Discussion
Scenarios and general aspects
In RAN1#110, following working assumption has been made on monitoring of DCI format 0_X/1_X and legacy DCI format(s) [2]:

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

In RAN#97-e, it has been further concluded that 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 [3].

Based on the above WA and the conclusion, one critical remaining aspect is whether the legacy DCI format(s) can be additionally configured on a different/additional cell than the scheduling cell configured with DCI format 0_X/1_X. Currently, multiple scheduling cells for a scheduled cell is only supported for PCell in DSS (introduced in Rel-17) where the motivation is quite different compared to multi-cell scheduling single DCI. Therefore, extending this feature to multi-cell scheduling by single DCI should not further considered because of following reasons:
· First, we do not see the benefit of introducing such case along with multi-cell scheduling by single DCI
· Second, this would introduce additional complexity in terms of BD/CCE counting and not preferable for UE’s implementation in terms of PDCCH processing
· Third, we have very limited remaining time to consider such enhancements. 

Thus, for a given scheduled cell, both legacy DCI format(s) as well as DCI format 0_X/1_X should only be monitored on the same/single scheduling cell, no additional scheduling cell can be configured to monitor legacy DCI format(s).

Proposal 1: For each scheduled cell, a UE is configured to monitor both DCI format 0_X/1_X and legacy DCI format(s) on at most one/same scheduling cell
· It is not supported to monitor legacy DCI format(s) on an additional scheduling cell

Another aspect is whether to support one or more sizes for the DCI format 0_X/1_X. The size for the DCI format 0_X/1_X is primarily dependent on the number of scheduled cells ranging from 1 to 4. For a given number of scheduled cells, a single size should be the baseline. Perhaps, for different number of scheduled cells, the size could potentially be optimized accordingly. However, this would naturally require further discussion and specification effort and may not provide significant benefits. As already we are optimizing the DCI fields to include the possibility of having both separate and common fields for the scheduled cells, so we think it may be sufficient to optimize the DCI fields and size for the maximum number of scheduled cells and apply the same size for lower number of scheduled cells as well.

Proposal 2: For multi-cell scheduling DCI format 0_X/1_X, do not support different DCI sizes corresponding to different number of scheduled cells

Another working assumption related to maximum number of co-scheduled cells is made in RAN1#110 [2]:

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

For the maximum number of co-scheduled cells by a DCI format 0_X/1_X, the above working assumption can be confirmed in RAN1#110-bis-e. In addition, the exact maximum number of cells supported should depend on UE capability, the band or band combination, etc., which can be discussed in detail at a later stage. Regarding the other aspect that has been discussed is the maximum number of configurable cells for co-scheduling. In our view, the motivation, or the benefit of introducing additional configuration is not at all clear to us. Once we have agreed on the maximum number of co-scheduled cells, there is no need to consider any additional configurable number that is higher. This would further result in additional discussion to specify related signaling aspects. This should be avoided and not further discussed. 

Proposal 3: The maximum number of co-scheduled cells by both DCI format 0_X and format 1_X in Rel-18 is 4
· Maximum number of configurable cells for co-scheduling is 4
· Maximum number of configurable/co-scheduled cells exactly supported by UE is subject to UE capability

In addition, as a high-level principle, multi-cell scheduling DCI should not introduce any out-of-order scheduling or out-of-order HARQ-ACK for single-TRP operation.
Proposal 4: Multi-cell scheduling DCI shall not introduce out-of-order PDSCH/PUSCH scheduling or out-of-order HARQ-ACK for any scheduled cell

DCI size and BD/CCE budget
In RAN1#109-e, following was agreed for DCI size budget and BD/CCE counting [4]
Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.

Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.

Furthermore, in RAN1#110, although there was no agreement on the DCI size and BD/CCE budget, but the following proposal has been considered in the moderator’s summary [5]:
(Merged)Proposal 2-6 and Proposal 2-7rev3:
· In order to discuss BD/CCE budget in case a UE monitors DCI format 0_X/1_X or both legacy DCI formats and DCI formats 0_X/1_X in a slot on a scheduling cell, Rel-17 PDCCH monitoring limits (i.e., and) in the case where there is only one scheduling cell per scheduled cell is used for further discussion.
· For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Option 1 is considered: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same cell among the cells that can be potentially scheduled by DCI 0_X/1_X.
· Alt 3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X. 
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.
· FFS details on how to maintain the DCI size budget, e.g., via DCI size alignment or configured size for the DCI format 0_X/1_X.
· Other alternatives are not precluded.

For the alternatives listed under the proposal, 
· Alt 1
· It may be argued that it is not necessary to count the DCI size and BD/CCE budget for each of the co-scheduled cells, because the UE only processes a PDCCH candidate once not multiple times. This is true if we only consider the total PDCCH processing capability at the UE. On the other hand, the total number of BDs/CCEs for a scheduled cell also affect the processing timeline of PDSCH/PUSCH on that cell. If BDs/CCEs for a mcDCI is not counted on a scheduled cell, the actual number of BDs/CCEs the UE needs to process to determine whether there is a DCI for that scheduled cell can exceed the legacy per-cell limit, which can cause issue for meeting the processing timeline. Alt 1 is the way to ensure no potential timeline issue for UE processing.

· Alt 2
· Although, it is reasonable approach to count the DCI size and BD/CCE budget towards only one of the scheduled cells, however, it will need further discussion on how to determine the scheduled cell on which counting is done. Moreover, similar to the argument as discussed under Alt 1, counting only in a same cell may result in exceeding the per-cell limit when the BDs/CCEs for a mcDCI is not counted towards the scheduled cell. 

· Alt 3
· In our view, this option is not within the scope anymore, as it is already concluded in RAN#97-e that configuring more than one scheduling cell with DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18. Therefore, configuring more than one cell with multi-cell scheduling and counting on the corresponding cells should not be discussed anymore.
· Alt 4
· This solution provides a good trade-off between PDCCH monitoring flexibility and required UE complexity. It is reasonable approach to count the DCI size and BD/CCE budget towards only one of the scheduled cells and if counting is done towards scheduling cell, then no further discussion is needed on any other co-scheduled cells.
With the above reasoning, our preference is to support either Alt 1 or Alt 4 for DCI size and BD/CCE budget counting for multi-cell scheduling by DCI format 0_X/1_X. 
Proposal 5: For DCI size and BD/CCE budget with multi-cell scheduling, one of the two alternatives should be supported:
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.

Search space configuration
In RAN1#110, search space configuration for a set of cells that can be co-scheduled by DCI format 0_X/1_X was discussed, but no agreement was made. The related proposals from moderator’s summary include:
Proposal 2-8rev2 (moderator’s summary):
· For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Other alternatives are not precluded.

Proposal 2-9 (moderator’s summary):
· For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.
As per the reasons described in section 2.2 for DCI size and BD/CCE counting, search space of the DCI format 0_X/1_X can also be configured only on the scheduling cell. As it is already concluded in RAN#97-e that only single cell can be configured to monitoring of DCI format 0_X/1_X, so it is reasonable to support that only scheduling cell is configured with the corresponding search space configuration. 
Proposal 6: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support configuration of search space of the DCI format 0_X/1_X on the scheduling cell and linked with the set of cells configured by explicit RRC signaling

For the search space equation, we think essentially two options are broadly considered. One option is to determine a single value for n_CI for the configured set of cells that can be scheduled by DCI format 0_X/1_X. Another option is to configure multiple values for n_CI, where a value corresponds to a combination of co-scheduled cells within the set of cells. In our view, this is dependent also on the DCI size consideration for different number of scheduled cells. If different DCI sizes are not supported for different number of scheduled cells, then essentially a single n_CI value should be reasonable. 
Proposal 7: For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for the set of cells if different DCI sizes are not supported for different number of co-scheduled cells

DCI field design
In RAN1#110, following agreements have been made for DCI field design:
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

In RAN1#109-e, following agreement was made related to indicated of co-scheduled cells:

Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of 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.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 

For indication of co-scheduled cells, we think Option 2 is a good choice. It provides full flexibility in scheduling. For a maximum of 4 scheduled cells, at most 4 bits are needed with Option 2, which is only 1 bit more than the current carrier indicator field in the worst case.
Proposal 8: The co-scheduled cells are indicated in the DCI using a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 

For MCS, it is important that we have per-PDSCH/PUSCH indication because they are on different serving cells. The detailed signaling can be further discussed.
Proposal 9: MCS field belong to Type-2, with separate indication for each co-scheduled cell

For the remaining fields, the following table can be considered for further discussion. Our general view is that for many fields, Type-2 should be considered as the default, and Type-1A/1B/1C or Type-3 can be considered if sufficiently justified (i.e., no significant impact on scheduling flexibility and performance)






	Field
	Proposed Type
	Notes

	BWP indicator
	
	May not include the filed in the DCI

	TDRA
	Type-1B or Type-2
	

	FDRA
	Type-2
	

	VRB-to-PRB mapping
	Type-2
	

	PRB bundling size indicator
	Type-2 or Type-3
	

	Rate matching indicator
	Type-2
	

	ZP CSI-RS trigger
	Type-2
	

	HARQ-ACK process number
	Type-2
	

	SRS request
	Type-2
	

	DMRS sequence initialization
	Type-1B or Type-2
	

	Priority indicator
	Type-1A
	

	UL/SUL indicator
	Type-1A
	A single field that is applied to the cell with associated SUL

	Frequency hopping flag
	Type-1A or Type-2
	

	TPC command for scheduled PUSCH
	Type-2
	

	SRI
	Type-2
	

	Precoding information and number of layers
	Type-2
	

	Antenna port(s)
	Type-1B or Type-2
	

	CSI request
	Type-2
	

	Beta offset indicator
	Type-2
	

	UL-SCH indicator
	Type-1A
	

	ChannelAccess-CPext
	Type-1A
	

	Open-loop power control parameter set indication
	Type-2
	

	TCI
	Type-1B or Type-2
	




Conclusion
In this contribution, we have discussed our views on several aspects for multi-cell scheduling by single DCI and have made following proposals:
Proposal 1: For each scheduled cell, a UE is configured to monitor both DCI format 0_X/1_X and legacy DCI format(s) on at most one/same scheduling cell
· It is not supported to monitor legacy DCI format(s) on an additional scheduling cell

Proposal 2: For multi-cell scheduling DCI format 0_X/1_X, do not support different DCI sizes corresponding to different number of scheduled cells

Proposal 3: The maximum number of co-scheduled cells by both DCI format 0_X and format 1_X in Rel-18 is 4
· Maximum number of configurable cells for co-scheduling is 4
· Maximum number of configurable/co-scheduled cells exactly supported by UE is subject to UE capability

Proposal 4: Multi-cell scheduling DCI shall not introduce out-of-order PDSCH/PUSCH scheduling or out-of-order HARQ-ACK for any scheduled cell

Proposal 5: For DCI size and BD/CCE budget with multi-cell scheduling, one of the two alternatives should be supported:
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.

Proposal 6: For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support configuration of search space of the DCI format 0_X/1_X on the scheduling cell and linked with the set of cells configured by explicit RRC signaling

Proposal 7: For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for the set of cells if different DCI sizes are not supported for different number of co-scheduled cells

Proposal 8: The co-scheduled cells are indicated in the DCI using a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 

Proposal 9: MCS field belong to Type-2, with separate indication for each co-scheduled cell
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