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1 Introduction

In RAN#94-e meeting, a WID on Multi-carrier enhancements is approved for Release 18 [1], where a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI should be specified. The details of the objective are shown below:
	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 first discuss the issues regarding to the DCI size and BD/CCE budget for multi-cell scheduling DCI in section 2.1. and the indication of co-scheduled cells and their SCS configurations are discussed in sections 2.2 and 2.3, respectively.
2. Discussion
2.1. DCI size and BD/CCE budget for multi-cell scheduling DCI
During RAN1#109-e meeting we have following agreements regarding to the DCI size and BD/CCE budget for multi-cell scheduling DCI:

	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.


In current NR specification, BDs/CCEs are counted for a scheduled cell according to its search space configuration. In order to support multi-cell scheduling DCI in Rel-18, existing rule could be reused for defining the BD/CCE budget. For example, when a DCI is configured in a search space of a serving cell x, the BD/CCE of the DCI should be counted in the serving cell x. And the DCI can be either a legacy (i.e., single-cell) scheduling DCI or a multi-cell scheduling DCI. Therefore, one BD/CCE counting rule can be applied even if the serving cell x can be scheduled by more than one cell (e.g., self-scheduling and cross-carrier scheduled by a multi-cell DCI on another cell). The unified BD/CCE counting rule can minimize the specification impact and reduce implementation complexity. Regarding the DCI size budget issue, we prefer to keep existing “3+1” DCI size budget. In addition, by applying the same concept of BD/CCE counting rule as we have mentioned above, the DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell x, wherein the multi-cell scheduling DCI is monitored according to a search space configuration of the scheduled cell x.
Proposal 1: 

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 (i.e., Alt. 1-3).
Proposal 2: 

For multi-cell scheduling DCI, the BD/CCE are counted only in one scheduled cell (i.e., Alt. 2)).
2.2. Indication of co-scheduled cells
Regarding the indication of co-scheduled cells by a multi-cell scheduling DCI, we have following options:
	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.


With a set of co-scheduled cells configured by gNB, the option 1 provides advantages on lower DCI overhead and scheduling flexibility. Further, consider different UL/DL configurations and traffic loads on different serving cells, different set of co-scheduled cells could be configured separately for DL and UL multi-cell scheduling. As for the indication of the co-scheduled cells, legacy behavior could be considered as a reference. According to current NR specification, each CIF index corresponds to one scheduled cell. The UE monitors a DCI according to a predetermined DCI size for a scheduled cell. When the multi-cell scheduling is supported, each CIF index corresponds to a set of co-scheduled cell. In detail, the UE monitors a multi-cell scheduling DCI according to a search space configuration configured for a serving cell x, the configuration further indicates a set of co-scheduled cell (e.g., cells #x , #y and #z) that can be scheduled by the DCI. In this case, the UE can monitor the multi-cell scheduling DCI with a predetermined DCI size for the set of co-scheduled cell and identify whether the set of co-scheduled cells are scheduled by the CIF field (e.g., CIF=x). With a linkage between CIF and co-scheduled cells, the UE can determine a fixed DCI payload size according to the co-scheduled cells which is benefit on DCI field design and further reduce UE complexity on DCI blind detection.
Proposal 3:

For multi-cell scheduling, the co-scheduled cells are indicated by the CIF field. The mapping between co-scheduled cells and CIF is configured by RRC signaling.
2.3. SCS configurations among multi-cells
According to the objectives of this work item, both FR1 and FR2 are considered for multi-cell scheduling. Moreover, both intra-band and inter-band CA operation should be supported. Since SCS of a serving cell can be flexibly configured in NR, the relation of SCS among cells for multi-cell scheduling should be studied. According to current specification, the scheduling timing of PDSCH (K0) and PUSCH (K2) are based on the SCS of scheduled serving cell. Further, the HARQ-ACK timing (K1) is based on the SCS of serving cell (e.g., PCell) for PUCCH. For multi-cells scheduling, the UE would be scheduled to receive PDSCHs or transmit PUSCHs in multiple cells by a single DCI. If the SCS configurations among co-scheduled cells are the same, the legacy scheme for determining the scheduling timing and HARQ-ACK timing can be reused. For other case, if the SCS configurations among co-scheduled cells are different, different scaling should be applied for determining the scheduling timing and HARQ-ACK timing. In our view, at lease the SCS configurations among co-scheduled cells are the same should be supported. For the case that the SCS configurations among co-scheduled cells are the different, it should be further studied.
Proposal 4:

For multi-cell scheduling with a single DCI, the same SCS is used among co-scheduled cells.
3. Conclusion

In this contribution we discuss some issues regarding to the multi-cell scheduling with a single DCI. We have following proposals:
Proposal 1: 

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 (i.e., Alt. 1-3).
Proposal 2: 

For multi-cell scheduling DCI, the BD/CCE are counted only in one scheduled cell (i.e., Alt. 2)).
Proposal 3: 

For multi-cell scheduling, the co-scheduled cells are indicated by the CIF field. The mapping between co-scheduled cells and CIF is configured by RRC signaling.
Proposal 4: 

For multi-cell scheduling with a single DCI, the same SCS is used among co-scheduled cells.
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