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1. Introduction
In this document, we provide our views on multi-cell PUSCH/PDSCH scheduling with a single DCI.
2. Discussion
2.1 DCI field design
	Agreement
Confirm the following working assumption reached in RAN1#110 meeting.
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




In the last meeting, the group has confirmed a previous working assumption as shown above, with a remaining FFS regarding the maximum number of configurable cells for co-scheduling. The issue relates to the discussion that whether to use the RRC table or a bitmap in the DCI format to indicate a set of scheduled cells. Supporters of the bitmap solution commented that the legacy carrier indicator in the DCI format already has 3 bits, and the agreed co-scheduled cells is 4, thus only 1 bit need to be added to the DCI format. The advantage of this solution is to provide the full flexibility to the scheduling with smaller RRC overhead. On the other side, supporters of RRC table solution commented that the UE should able to be configured with a number of cells (e.g., 8) that is larger than the number of co-schedulable cells (i.e., 4). The base station can configure different cell combinations in different rows in the RRC table, and use the carrier indicator field in the DCI format to indicate the row index. The advantage of this solution is the possibility to handle transmissions on 4 or more than 4 cells with limited bit width of carrier indicator field (e.g. 3 bits). However, the disadvantage is that the overhead to build the table might be large.
Another issue is how to address the scenario if gNB can configured more than 4 cells to the UE. The supporter of the bitmap solution commented that the UE can be configured with multiple scheduling cells, where each scheduling cell handles up to 4 co-scheduled cells. On the other side, the supporter of RRC table solution commented that only one scheduling cell will be configured to the UE, because simultaneously monitoring multiple DCI formats X_0/X_1 on different cells will increase complexity to the UE implementation. 
In the RAN plenary meetings #97, the group has excluded a scenario that SCell schedules multiple cells including P(S)Cell.  According to the RAN1 discussions, there is no agreement to exclude the scenario that SCell schedules multiple cells that does not include P(S)Cell or the scenario that UE can be configured to monitor DCI format X_0/X_1 on multiple scheduling cells simultaneously. Therefore, regardless the way of indicating a set of co-scheduled cells, we think that UE should be able to monitor multiple DCI format X_0/X_1 on multiple scheduling cells simultaneously.
Proposal 1: UE should be able to monitor multiple DCI formats X_0/X_1 on multiple scheduling cells simultaneously, and the size of DCI formats X_0/X_1 on different scheduling cells should be aligned.
2.1 DCI size and BD/CCE budget
	Agreement
Confirm below working assumption:
Working Assumption
HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3) are applicable when multi-cell PDSCH scheduling is configured.
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.
· 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.
· Search 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.
· FFS which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How to address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· 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.



Regarding the search space, DCI size, and BD/CCE budget, the group has agreed to count it on one cell among the set of cells, and the remaining issue is how to determine the cell. Before discussing the detailed design of the signalling, some issues should be clarified. First, whether the budget of DCI size, search space, and BD/CCE are going to be counted on the same or individual cell(s). From our perspective, counting different budgets on individual cells might provide more configuration flexibility to the base station, but it also introduces larger overhead to the control signalling. Thus, the necessity of the configuring different budgets on different cells can be studied. Second, how to handle the case that the cell configured/indicated to count the budget is deactivated by the base station (e.g., by using MAC CE or deactivating timer).
Observation 1: It is not clear whether the budget of DCI size, search space, and BD/CCE can be counted on individual cells or have to be counted on the same cell, and how to handle the case if the cell configured/indicated to count the budget is deactivated (e.g., by MAC CE or timer). 
One possible solution is based on base station implementation, that is, a UE does not expect that the cell configured for the budget counting to be deactivated. Which means the base station should change the cell of budget counting before the cell being deactivated by a timer expires or MAC CE. Another possible solution is to configure multiple candidate cells for the budget counting, if a cell of the budget counting is to be deactivated, the UE counts the budget to another candidate cell with corresponding procedures, e.g., DCI size alignment. 

3. Conclusion
Proposal 1: UE should be able to monitor multiple DCI formats X_0/X_1 on multiple scheduling cells simultaneously, and the size of DCI formats X_0/X_1 on different scheduling cells should be aligned.
Observation 1: It is not clear whether the budget of DCI size, search space, and BD/CCE can be counted on individual cells or have to be counted on the same cell, and how to handle the case if the cell configured/indicated to count the budget is deactivated (e.g., by MAC CE or timer). 
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