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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 Scheduling scenarios
Cross-carrier scheduling has been introduced since Rel. 15, however the common deployment for CA is self-scheduling for each serving cell, which can guarantee the maximum throughput for serving fewer UEs in a cell group. Multi-cell scheduling with a single DCI (MC-DCI) is, on the other hand, more like an enhancement of the cross carrier scheduling, which can reduce the control channel overhead while guarantee the same throughput as self-scheduling. In this sense, if the base station configures self-scheduling to a multi-cell scheduling co-scheduled cell, the advantage of reducing control channel overhead is vanished. Further, during the Rel. 17 DSS study, evaluation results showed that the overhead reduction is the major reason we introduce MC-DCI in Rel. 18, thus the design strategy should stick to this objective.

Proposal 1: A co-scheduled cell can only be scheduled by one scheduling cell if the co-scheduled cell is not a scheduling cell for multi-cell scheduling.
2.2 DCI format design
	Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.
Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.
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.



Regarding the maximum number of co-scheduled cells, we can consider mandatory fields in Rel. 15 DL DCI (format 1_1) first. In the last meeting companies seems to have consensus that following fields in DCI format 1_X should be common among cells.
· Identifier for DCI formats (1 bit)
· Downlink assignment index (4 bits)
· TPC for PUCCH (2 bits)
· PUCCH resource indicator (3 bits)
· PDSCH-to-HARQ timing indicator (3 bits)
Other mandatory fields (CBG excluded) for Rel. 15 DL DCI formats are
· New data indicator (1 bit)
· Redundancy version (2 bits)
· MCS (5 bits)
· FDRA (18 bits, type-0 RA)
· Antenna port (6 bits)
· HPID (4 bits)
· SRS request (3 bits)
· DMRS sequence initialization (1 bit)
If we consider all the fields listed above are separate for each cell, for the 3 co-scheduled cells case, the size of the DCI format is 133 bits, and for the 4 co-scheduled cells case, the size of DCI format is 173 bits. This shows that even for the smallest option (i.e., 3 cells), the size of DCI is close to the limit (i.e., 140 bits), regardless other fields like TDRA, BWP indicator, and fields for other Rel. 16/17 introduced features. Further, during the discussion, companies have different views on how the multi-cell scheduling DCI (MC-DCI) works. For example, if the initial transmission can only be scheduled by MC-DCI and the retransmissions is scheduled by single cell scheduling DCI (e.g., cross carrier scheduling DCI), NDI and RV fields can be removed from the MC-DCI format, and the HARQ process ID (HPID) can be common among cells. In another example, if similar mechanisms for multi-PDSCH scheduling in Rel. 17 are applied, NDI, RV, and HPID fields should be separate for each co-scheduled cell. Regarding some other fields like MCS and antenna port, whether these fields are common or separate may be different in intra/inter-band CA, FR1, and FR2 scenarios. If the design is agnostic to band information, these field should be configured by the base station.  
Proposal 2: Fields with no consensus as common to cells should be configurable. Whether a configurable field in a MC-DCI format is common or separate among co-scheduled cells is explicitly indicated by RRC signalling.
One bottleneck of DCI size limit is the FDRA field, which can up to 18 bits for a cell with resource allocation type-0. There are several alternatives to reduce the FDRA size in MC-DCI format. First, the FDRA can be a common field among cells, thus the UE interpret FDRA according to the RBG configuration (type-0), resource indication value (RIV, type-1) and the bandwidth of each cell. However, if the FDRA is a common field, co-scheduled cell indicator (similar to the carrier indicator for cross scheduling) should be introduced, which can be a bitmap indicating each co-scheduled cell. Second, new RBG size can be specified. In the current spec, the RBG size is determined according to Table 5.1.2.2.1-1 in 38.214, where a certain bandwidth may associate to 2 RBG sizes based on configuration 1 or 2. If a larger RBG size is introduced by a new configuration 3, the size of FDRA can be reduced. Third, for resource allocation type 1, RIV can associate with RBG granularity to reduce the FDRA size, which has already been specified in the current spec.
Proposal 3: To reduce the size of FDRA field, three methods can be applied
· Opt-1: Set FDRA as a common field among co-scheduled cells, and introduce a co-scheduled cell indicator (e.g., a bitmap) as a common field.
· Opt-2: Introducing a new RBG size (i.e., larger) for type-0 resource allocation.
· Opt-3: For type-1 resource allocation, apply RIV with RBG granularity.
Under the assumption that most fields are configurable, the maximum number of co-scheduled cells can be 4 or 8.
Proposal 4: The maximum number of co-scheduled cells with a single DCI can be 4 or 8.
2.2 HARQ enhancement
	FL summary
Proposal 4-4:
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each actually scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each actually scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each actually scheduling a single cell and DCI(s) with each actually scheduling more than one cell 
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· FFS: Number of HARQ-ACK information bits for each multi-cell scheduling DCI
· FFS: HARQ-ACK information bits ordering for co-scheduled PDSCHs



In current spec for CA, a SCell in a cell group is not mandatory to be configured with cross carrier scheduling. Thus, we should apply the same scenario to the multi-cell scheduling, which means some cells in a PUCCH cell group are configured with multi-cell scheduling and other cells in the same PUCCH cell group can be configured with self-scheduling. In this case, no matter the multi-cell scheduling DCI is a new or existing DCI format, or whether the multi-cell scheduling DCI is co-exist with single-cell scheduling DCI or not, generating two sub-codebooks for multi-cell and single-cell scheduling (similar to legacy CBG) is a proper approach.
Proposal 5: Support generating two sub-codebooks for multi-cell and single-cell scheduling (similar to legacy CBG) in a HARQ codebook. 

Multi-PDSCH/PUSCH scheduling are introduced in Rel. 16/17 due to the channel access issue and high order numerology, thus we do not see the necessity to introducing this feature with multi-cell scheduling. 
Proposal 6: Multi-PDSCH scheduling is not supported with multi-cell scheduling DCI, TDRA field in the MC-DCI indicates a row in RRC configured table, where the row include only one value. 
3. Conclusion
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