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1	Introduction 
At RAN1#111, technical aspects were extensively discussed and a number of agreements and working assumptions were made in the end [1]. At RAN#98e, it was agreed to allocate additional 1 TU in RAN1 to continue the WI on Rel-18 multicarrier enhancements. In this document, remaining issues for multi-cell PUSCH/PDSCH scheduling are addressed.
2       Search space for multi-cell PUSCH/PDSCH scheduling
The following agreements were reached at RAN1#111 for search space design:
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.

Agreement
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling.
It is still open how to configure the n_CI value for the set of cells which is configured for multi-cell scheduling. In existing CA framework, a CIF value is configured by RRC signalling per scheduled cell which is used for the search space determination in the scheduling cell. One way to configure the n_CI value for the set of co-scheduled cells would be to leverage the existing CA frame. That is the n_CI value is configured on one or all of the co-scheduled cells. The n_CI value could reuse a CIF value configured on a cell for single cell scheduling or be independently assigned on the cell for multicell co-scheduling.
Proposal 1: For a set of cells that can be potentially co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is configured on one or all of the cells in the set.
CIF values in existing CA framework are used to differentiate PDCCH candidates for different scheduled cells in a same scheduling cell. If this kind of design is extended to a set of potentially co-scheduled cells, whether different n_CI values could be used for different sets of potentially co-scheduled cells with a same scheduling cell needs be discussed. It seems that different n_CI values for different cell sets could mitigate blocking similarly to the case for single cell scheduling. However this may not be that meaningful in practice. The network can instead configure a superset of potentially co-scheduled cells that includes all sets of potentially co-scheduled cells and indicates a cell combination by DCI format 0_X/1_X with more flexibility. The benefit exists only when more than 4 cells configured for a same scheduling cell as up to 4 cells are supported by the set of cells which is configured for multi-cell scheduling. In this case, more than one sets may be needed and configured with different n_CI values respectively. However, we don’t think this is a typical case as single cell scheduling can be always used, so there may not be a strong motivation for further optimization. Therefore, we think it is sufficient to configure only a single set of cells for multi-cell scheduling per scheduling cell and there is no need to support multiple n_CI values for multiple sets of potentially co-scheduled cells in a same scheduling cell.
Proposal 2: Only a single set of cells for multi-cell scheduling per scheduling cell is supported.
3         Indication of co-scheduled cells
At RAN1#109-e, the following agreement was achieved for the dynamic configuration 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. 
After some discussions in RAN1#111, the configuration design is still open. All the options above can support dynamic adaptation of co-scheduled cells. For Option 1, a list of co-scheduled cell sets could be configured by RRC signalling then a co-scheduled cell set is indicated by pointing to an entry in the list. The DCI payload size may need to be determined based on the maximum number of co-scheduled cells in the list. For Option 2, the bitmap size is determined based on a superset of co-scheduled cells that is configured by RRC signalling then DCI format 0_X/1_X indicates a set of actually co-scheduled cells within the superset based on the bitmap. In order to achieve larger flexibility, the superset may need to be sufficiently large, which may lead to larger DCI payload than Option 1. Option 3 has no fundamental difference from Option 2. The DCI payload size may need to be determined based on the maximum number of CIF values that are configured. 
In our opinion, Option 1 can provide a better trade-off between DCI overhead and configuration flexibility than other options, which is slightly preferred.
Proposal 3:	Option 1, i.e., an indicator in the DCI points to one row of a table defining combinations of scheduled cells is supported for multi-cell scheduling.
One open issue for Option 1 is whether a joint table or separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling. Configuration of separate tables for DL and UL co-scheduling can provide larger flexibility, i.e., co-scheduled DL cells and co-scheduled UL cells can be independently configured. However, separate configuration may require careful DCI format and search space design if DCI formats respectively used for DL and UL co-scheduling need to be aligned and a same set of PDCCH candidates is to be monitored. For a joint table, the co-scheduled UL cells have to be a subset of the co-scheduled DL cells or to be associated with the co-scheduled DL cells. Considering the difference between DL and UL, configuration of a joint table may largely restrict the usefulness of multi-cell co-scheduling.
Proposal 4:	Separate tables are configured respectively for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
4        Conclusions
In this contribution, remaining issues for multi-cell PDSCH/PUSCH scheduling are discussed. The following proposals are provided:
Proposal 1: For a set of cells that can be potentially co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is configured on one or all of the cells in the set.
Proposal 2: Only a single set of cells for multi-cell scheduling per scheduling cell is supported.
Proposal 3: Option 1, i.e., an indicator in the DCI points to one row of a table defining combinations of scheduled cells is supported for multi-cell scheduling.
Proposal 4: Separate tables are configured respectively for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
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