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1	Introduction 
At RAN#95, a new WI on multi-carrier enhancements for NR was approved. The following objective is included in this WI [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 document, aspects for multi-cell PUSCH/PDSCH scheduling are discussed.
2         Configuration of multi-cell PUSCH/PDSCH scheduling
In existing CA framework, a serving cell can be configured to be scheduled by another cell (a.k.a cross carrier scheduling). The mapping of scheduling cells and scheduled cells is configured per scheduled cell, i.e., a scheduling cell and a CIF value are configured for each scheduled cell. For the configuration of multi-cell PUSCH/PDSCH scheduling, two options could be considered:
· Option 1: multi-cell PUSCH/PDSCH scheduling is configured per scheduled cell
The existing CA framework for cross carrier scheduling configuration can be fully reused by setting a same scheduling cell and a same CIF value for the co-scheduled cells. In this way, the specification impact is expected to be very limited. The drawback of this option could be the restriction on dynamic switching between single-cell PDSCH/PUSCH scheduling and multi-cell PDSCH/PUSCH scheduling. Adaptation of co-scheduled cell sets could also be an issue for this option.
· Option 2: multi-cell PUSCH/PDSCH scheduling is configured per scheduling cell
The co-scheduled cells could be alternatively configured per scheduling cell. For an example, a list of co-scheduled cells could be configured as a part of PDCCH configuration or BWP configuration on the scheduling cell. Multiple cell lists could also be configured per scheduling cell semi-statically and a cell list could be dynamically indicated among the multiple cell lists, e.g., explicitly by DCI field or implicitly by PDCCH candidate partition or RNTI partition. In this way, the set of co-scheduled cells can be dynamically adapted. Option 2 may provide more configuration flexibility than Option 1 at the expense of new signalling mechanisms.
Proposal 1: Per scheduled cell configuration or per scheduling cell configuration can be considered for multi-cell PDSCH/PUSCH scheduling.
3         Search space for multi-cell PUSCH/PDSCH scheduling
In existing search space design, separate sets of PDCCH candidates respectively correspond to different scheduled cells in a search space set on the scheduling cell according to configured CIF values. When multi-cell PUSCH/PDSCH scheduling is configured, whether the co-scheduled cells are considered separately or jointly for the search space design need be discussed. 
The existing CIF based PDCCH candidate determination method can effectively mitigate blocking because PDCCH candidates in a same search space set are partitioned according to scheduled cells. The PDCCH candidate monitoring budgets and the number of non-overlapped CCEs are both scaled with the number of scheduled cells as the scheduled cells are treated separately. 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 the co-scheduled cells are still treated separately for PDCCH candidate determination, 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 for multi-cell PDSCH/PUSCH scheduling 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 2: Co-scheduled cells are considered jointly as a virtual cell for search space design when multi-cell PDSCH/PUSCH scheduling is configured.
4         DCI format design
According to the study in Rel-17, the gain for multi-cell PDSCH/PUSCH scheduling is mainly attained from the DCI overhead saving (especially CRC bit saving). In contrary, reduction of DCI payload size will usually lead to degraded scheduling flexibility. Therefore, a reasonable DCI format design for multi-cell PDSCH/PUSCH scheduling should be aimed to achieve a trade-off between the DCI payload size and scheduling flexibility.
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. 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 introduce new DCI formats, e.g., DCI format 1_3 and DCI format 0_3, for multi-cell PDSCH/PUSCH scheduling.
Proposal 3: New DCI formats are introduced respectively for multi-cell PUSCH scheduling and multi-cell PDSCH scheduling.
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.
Proposal 4: Both absolute indication and differential indication are supported by the DCI fields designated for multi-cell PUSCH/PDSCH scheduling.
5        Conclusions
In this contribution, a number of design aspects for multi-cell PDSCH/PUSCH scheduling are discussed. The following proposals are provided:
Proposal 1: Per scheduled cell configuration or per scheduling cell configuration can be considered for multi-cell PDSCH/PUSCH scheduling.
Proposal 2: Co-scheduled cells are considered jointly as a virtual cell for search space design when multi-cell PDSCH/PUSCH scheduling is configured.
Proposal 3: New DCI formats are introduced respectively for multi-cell PUSCH scheduling and multi-cell PDSCH scheduling.
Proposal 4: Both absolute indication and differential indication are supported by the DCI fields designated for multi-cell PUSCH/PDSCH scheduling.
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