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1	Introduction 
At RAN1#109-e, good progress was achieved for the agenda item of multi-cell PUSCH/PDSCH scheduling with a single DCI and a number of agreements and working assumptions were made in the end [1].
In this document, aspects for multi-cell PUSCH/PDSCH scheduling are further discussed based on the latest progress.
2         Configuration of multi-cell PUSCH/PDSCH scheduling
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. 
All the options 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 1:	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 2:	Separate tables are configured respectively for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
3         Search space for multi-cell PUSCH/PDSCH scheduling
Regarding search space design for multi-cell PUSCH/PDSCH scheduling, the following agreements were achieved at RAN1#109-e:
Agreement
The DCI for multi-cell scheduling is monitored only in USS set.
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 existing search space design, BD/CCE limitations are defined from perspectives of scheduling cell and scheduled cell respectively. For each scheduled cell, the number of PDCCH candidates and the number of non-overlapped CCEs monitored per slot are upper bounded respectively by   and by  . For a set of scheduling cells configured with same subcarrier spacing, the number of PDCCH candidates and the number of non-overlapped CCEs shared by the set of scheduling cells per slot are respectively upper bounded by   and by . Similar design principles are applied for the cells using M-TRP scheduling and/or per span scheduling.
In case multi-cell co-scheduling is configured, BD/CCE limitations for scheduled cell and BD/CCE limitations for scheduling cell should still be considered. In our understanding, the alternatives listed in the above agreement mainly target to address the issue on BD/CCE limitations per scheduled cell. From a scheduled cell perspective, there is no difference for PDCCH candidate monitoring between a multi-cell DCI format and a single-cell DCI format. Therefore, we do not see any problem to reuse legacy design for BD/CCE limitation per scheduled cell.
Proposal 3: For each cell co-scheduled by DCI format 0_X/1_X, PDCCH candidates and non-overlapped CCEs monitored for multi-cell scheduling are counted on each co-scheduled cell, i.e., legacy design is reused.
For scheduling cells, a different design may be needed for the calculation of the BD/CCE limitations depending on how the co-scheduled cells are counted. In existing design, limitations   and   are both scaled with a weight which is a ratio of the number of scheduled cells and the total number of configured cells. If the legacy design is reused, each co-scheduled cell will be counted toward the weight calculation. For multi-cell PUSCH/PDSCH scheduling, however a single PDCCH can schedule multiple cells simultaneously, while there is no mutual blocking among the co-scheduled cells. If each co-scheduled cell is counted toward the weight calculation, the number of PDCCH candidates on which a DCI format designated for multi-cell PDSCH/PUSCH scheduling is monitored is likely to be scaled with the number of co-scheduled cells. This is very unnecessary considering the limitation of total PDCCH candidate budget and total number of non-overlapped CCEs. A simple but efficient way is to treat the co-scheduled cells as a virtual cell or a nominal cell. In this way, the existing search space design could be largely reused while providing sufficient flexibility for multi-cell PDSCH/PUSCH scheduling. 
Proposal 4: For calculations of the BD/CCE limitation on a set of scheduling cells, co-scheduled cells are counted together as a single virtual cell.
4         DCI format design
DCI format designs for multi-cell co-scheduling were intensively discussed at RAN1#109-e and a number of agreements were achieved as below.
Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
Agreement
· Different TBs are scheduled on different cells by DCI format 0_X.
· Different TBs are scheduled on different cells by DCI format 1_X.
Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.
Agreement
· PDSCH cannot be scheduled by DCI format 0_X. 
· PUSCH cannot be scheduled by DCI format 1_X. 
Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell
Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 
Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.
The objectives of this WI clearly state that the single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling. In order to not sacrifice or less sacrifice the scheduling flexibility, the total number of bits assigned for some fields in the DCI format may need to be scaled with the number of co-scheduled cells (e.g., Type-2 field). As a result, the payload size of a DCI format scheduling multi-cell PDSCH/PUSCH will, in typical cases, be considerably larger than existing DCI formats designed for single-cell PDSCH/PUSCH scheduling. If a same DCI format is used for both multi-cell PDSCH/PUSCH scheduling and single-cell PDSCH/PUSCH scheduling, the size alignment is likely to cause unnecessary extra overhead for single-cell scheduling. Moreover, the same DCI format design may also cause problems if dynamic switching between single-cell PDSCH/PUSCH scheduling and multi-cell PDSCH/PUSCH scheduling is supported.
For these reasons, we propose to confirm the working assumption that DCI format 0_X/1_X are new DCI formats respectively for multi-cell PUSCH/PDSCH scheduling.
Proposal 5: Confirm the working assumption that DCI format 0_X/1_X is a new DCI format for multi-cell scheduling.
One open issue is whether a UE is allowed to monitor both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell. In our view this kind of flexibility should be left to network. The network can configure only the multi-cell scheduling DCI or both of multi-cell DCI and legacy DCI. Even when multi-cell scheduling DCI is configured, legacy single cell scheduling DCI may still be useful as different DCI formats are optimized for different targets. And also, the legacy single cell scheduling DCI could serve as a fallback for the multi-cell scheduling DCI. 
Proposal 6: UE is allowed to monitor both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell based on search space configuration.
In Rel-17, in order to offload Pcell scheduling demand, it is supported to schedule Pcell from a Scell. If a Scell is configured to cross schedule the Pcell, there will be two scheduling cells as self-scheduling is used by the Pcell at the same time. When multi-cell co-scheduling is configured, the design will be very complicated if DCI format 0-X/1-X can be transmitted on an SCell cross scheduling the PCell. Considering the limited TU allocated for this topic and unclear use cases for simultaneously supporting these two features, we prefer not to support DCI format 0-X/1-X on an SCell cross scheduling the PCell in Rel-18. 
Proposal 7: PCell being scheduled based on DCI format 0-X/1-X transmitted on an SCell is not supported in Rel-18.
According to the objectives of this WI, both intra-band and inter-band CA operation will be considered for multi-cell PDSCH/PUSCH scheduling. For cells constrained in a same band (i.e., intra-band cells), the channel propagations experienced by the cells are likely to be correlated so not differ too much. In this case, some scheduling parameters (e.g., MCS) could be configured differentially by the new DCI formats among intra-band co-scheduled cells to reduce DCI overhead. For inter-band cells or intra-band cells undergoing sufficiently isolated channel propagations, absolute indication could be used instead to exploit the selective gain.
[bookmark: _Hlk110850572]Proposal 8: Both absolute indication and differential indication are supported by the DCI fields designated for multi-cell PUSCH/PDSCH scheduling.
5         HARQ-ACK for multi-cell PUSCH/PDSCH scheduling
HARQ-ACK design for multi-cell PUSCH/PDSCH scheduling was also discussed at RAN1#109-e and a working assumption was made as below:
Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
Type-1/2 HARQ-ACK codebook has been the basis for HARQ-ACK design since LTE and the first version of NR (i.e., Rel-15). Type-3 HARQ-ACK codebook was later introduced to support one-shot HARQ-ACK feedback. As multi-cell PUSCH/PDSCH scheduling is expected to be an essential feature and to be widely applied in different scenarios, it is very beneficial to support all types of HARQ-ACK codebook.
Proposal 9: Confirm the working assumption that all HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
One open issue on HARQ-ACK design for multi-cell PDSCH scheduling is whether a same PUCCH is used to transmit all HARQ-ACK bits for the co-scheduled PDSCHs. Although allowing separate PUCCHs for co-scheduled PDSCHs provides more flexibility, multiple “PDSCH-to-HARQ timing indicator” fields may have to be used leading to larger DCI overhead. As we already agreed at RAN#1 109-e that all the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group, it is simple and sufficient to use a same PUCCH to transmit all HARQ-ACK bits for co-scheduled PDSCHs.
Proposal 10: A same PUCCH is used to transmit all HARQ-ACK bits for the co-scheduled PDSCHs.
6        Conclusions
In this contribution, design aspects for multi-cell PDSCH/PUSCH scheduling are further discussed. The following proposals are provided:
Proposal 1:	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 2:	Separate tables are configured respectively for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
Proposal 3: For each cell co-scheduled by DCI format 0_X/1_X, PDCCH candidates and non-overlapped CCEs monitored for multi-cell scheduling are counted on each co-scheduled cell, i.e., legacy design is reused.
Proposal 4: For calculations of the BD/CCE limitation on a set of scheduling cells, co-scheduled cells are counted together as a single virtual cell.
Proposal 5: Confirm the working assumption that DCI format 0_X/1_X is a new DCI format for multi-cell scheduling.
Proposal 6: UE is allowed to monitor both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell based on search space configuration.
Proposal 7: PCell being scheduled based on DCI format 0-X/1-X transmitted on an SCell is not supported in Rel-18.
Proposal 8: Both absolute indication and differential indication are supported by the DCI fields designated for multi-cell PUSCH/PDSCH scheduling.
Proposal 9: Confirm the working assumption that all HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.
Proposal 10: A same PUCCH is used to transmit all HARQ-ACK bits for the co-scheduled PDSCHs.
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