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Introduction
[bookmark: _Hlk58595024]In this contribution, we provide our views on the remaining aspects for multi-cell scheduling via single DCI format for multi-carrier enhancements in NR Rel-18.
Discussion
Default Index for DMRS antenna port indication as Type1A 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 [1]. Furthermore, in RAN1#112, following agreement has been made [2]:

Agreement
For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
· the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.

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 1: 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 valid/available in the DMRS table for a co-scheduled cell, then a default index is applied for DMRS antenna port indication from one of the below options:
· Option 1: default index can be the lowest index value in the table for the co-scheduled cell 
· Option 2: default index can be the higher valid index value in the table for the co-scheduled cell
Reference cell and co-scheduled cell as dormant 
Another key remaining aspect for multi-cell scheduling is Scell dormancy feature. For multi-cell DCI format, it has been agreed to include the indication of Scell dormancy. However, following two related issues need to be discussed. 

One issue is if the reference cell for a set of cells is indicated as dormant then what should be the UE expected behaviour. For multi-cell scheduling, reference cell is used for BD/CCE counting and is also configured with the search space set for the multi-cell scheduling DCI formats. Therefore, if reference cell is indicated as dormant, then it may impact the monitoring of multi-cell scheduling. From this point of view, following options can be considered:
· Option 1: When scheduling cell is within the set, reference cell is indicated as dormant and scheduling cell is not the reference cell, then the UE can disregard the currently configured reference cell and assume that the scheduling cell is reference cell
· Option 2: When scheduling cell is not within the set and reference cell is indicated as dormant, then two possibilities can be considered:
· Option 2a: UE doesn’t expect reference cell to be indicated as dormant
· Option 2b: if reference cell is indicated as dormant, then UE is not required to monitor for multi-cell scheduling for that set 

Another issue is if a co-scheduled cell is indicated as dormant then is it allowed to schedule on other co-scheduled cells. In our view, other co-scheduled cells that are not dormant should be allowed to be scheduled. If the co-scheduled cell indicator indicates a sub-set of cells and if that sub-set of cells include some dormant cells, then UE can simply ignore those dormant cells and not expect to be actually scheduled on those dormant cells. Furthermore, DCI field size and overall payload size should be determined based on only the cells that are not dormant.

Proposal 2: For multi-cell scheduling, adopt one of the options if the reference cell for a set of cells is indicated as dormant:
· Option 1: When scheduling cell is within the set, reference cell is indicated as dormant and scheduling cell is not the reference cell, then the UE can disregard the currently configured reference cell and assume that the scheduling cell is reference cell
· Option 2: When scheduling cell is not within the set and reference cell is indicated as dormant, then two possibilities can be considered:
· Option 2a: UE doesn’t expect reference cell to be indicated as dormant
· Option 2b: if reference cell is indicated as dormant, then UE is not required to monitor for multi-cell scheduling for that set 

Proposal 3: For multi-cell scheduling, if one or more of the co-scheduled cells within the set are indicated as dormant, then multi-cell scheduling can schedule other remaining non-dormant cells and the DCI size can be determined based on only the cells that are not dormant

Default beam for multi-cell scheduling
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 4: RAN1 should discuss the application of default beams for multiple scheduled cells in case when scheduling offset may not

In our view, we can consider the solution  that the UE  can determine multiple default beams associated with multiple cells scheduled by single DCI and apply the default beam individually for each of the co-scheduled cell based on the scheduling offset between the DCI and corresponding scheduled PDSCHs. When the scheduling offset between the DCI and corresponding scheduled PDSCHs is shorter than the timeDurationForQCL, i.e. there is not enough time between the DCI reception and applying the indicated beam at the start of PDSCH reception at UE. For determining default beams corresponding to each of the co-scheduled cell, one possibility could be to apply the TCI state associated with the lowest index from the joint TCI table.

Proposal 5: For determining the default beams corresponding to each of the co-scheduled cells, the TCI state associated with the lowest index from the joint TCI table for each of the co-scheduled cells can be applied

Proposal 6: For applying the default beam individually for each of the co-scheduled cell based on the scheduling offset between the DCI and corresponding scheduled PDSCHs, following condition can be adopted:
· When the scheduling offset between the DCI and corresponding scheduled PDSCHs is shorter than the timeDurationForQCL, i.e. there is not enough time between the DCI reception and applying the indicated beam at the start of PDSCH reception at UE.


Conclusion
In this contribution, we have discussed our views on remaining issues for multi-cell scheduling in NR Rel-18:

Proposal 1: 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 valid/available in the DMRS table for a co-scheduled cell, then a default index is applied for DMRS antenna port indication from one of the below options:
· Option 1: default index can be the lowest index value in the table for the co-scheduled cell 
· Option 2: default index can be the higher valid index value in the table for the co-scheduled cell

Proposal 2: For multi-cell scheduling, adopt one of the options if the reference cell for a set of cells is indicated as dormant:
· Option 1: When scheduling cell is within the set, reference cell is indicated as dormant and scheduling cell is not the reference cell, then the UE can disregard the currently configured reference cell and assume that the scheduling cell is reference cell
· Option 2: When scheduling cell is not within the set and reference cell is indicated as dormant, then two possibilities can be considered:
· Option 2a: UE doesn’t expect reference cell to be indicated as dormant
· Option 2b: if reference cell is indicated as dormant, then UE is not required to monitor for multi-cell scheduling for that set 

Proposal 3: For multi-cell scheduling, if one or more of the co-scheduled cells within the set are indicated as dormant, then multi-cell scheduling can schedule other remaining non-dormant cells and the DCI size can be determined based on only the cells that are not dormant

Proposal 4: RAN1 should discuss the application of default beams for multiple scheduled cells in case when scheduling offset may not

Proposal 5: For determining the default beams corresponding to each of the co-scheduled cells, the TCI state associated with the lowest index from the joint TCI table for each of the co-scheduled cells can be applied

Proposal 6: For applying the default beam individually for each of the co-scheduled cell based on the scheduling offset between the DCI and corresponding scheduled PDSCHs, following condition can be adopted:
· When the scheduling offset between the DCI and corresponding scheduled PDSCHs is shorter than the timeDurationForQCL, i.e. there is not enough time between the DCI reception and applying the indicated beam at the start of PDSCH reception at UE.
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