3GPP TSG RAN WG1 #109-e										          	R1-2204026
e-Meeting, May 9th – May 20th, 2022

Source:			OPPO
Title:			Discussion on multi-cell PUSCH/PDSCH scheduling with a single DCI
Agenda Item:	9.10.1
Document for:	Discussion and Decision

Introduction
In RAN#94e, a work item for multi-cell scheduling was approved. According to the WID[1], the following objectives are to be discussed:
	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 contribution, we provide our views on multi-cell scheduling via a single DCI, including the maximum number of cells scheduled simultaneously, the definition of scheduled cell combination, PDCCH monitoring capability, and the design of a new DCI format.
Discussion
The maximum number of cells that can be scheduled simultaneously
Cross-carrier scheduling is supported in Release 15/16. According to the CrossCarrierSchedulingConfig configuration, there are at most eight cells(including the scheduling cell) can be scheduled by a same scheduling cell. When multi-cell PUSCH/PDSCH scheduling is supported, the scheduled cells need support cross-carrier scheduling except the scheduling cell itself. So the maximum number of cells that can be scheduled simultaneously should not more than eight. 
When multi-cells PUSCH/PDSCH scheduling is supported, one DCI could schedule more than one cells simultaneously. Considering the restriction for the payload size of DCI, some indication fields in the DCI are shared by the scheduled cells. So the flexibility of scheduling is decreased. The channel conditions are different for the scheduled cells, when they share scheduling information, the transmission efficiency may also be impact. So, additional restriction is needed on the number of simultaneously-scheduled cells to avoid the reduction of transmission efficiency caused by shared scheduling DCI. According to the discussion for the WID, 2 and 3 cells scheduled simultaneously are expected. The candidate value for maximum number can be 4.
Proposal 1: The maximum number of cells scheduled simultaneously is configurable.
· The configured “maximum number” is not larger than 4.
· The configured “maximum number” is subject to reported UE capability. 
The cell combination configuration for multi-cell scheduling
A UE can be configured with at most 32 serving cells, among which up to 16 can join in carrier aggregation. Further, at most 8 cells can be scheduled by a same cell. When multi-cell scheduling with a single DCI is supported, it needs to be discussed how many cells are scheduled, which cell can be included in the scheduled cell set and how the scheduled cells are indicated. 
According to Proposal 1, the maximum number of cells scheduled by a single DCI could be configured as M. The DCI payload fields and size are determined based on M. gNB could use this DCI format to schedule N cells, where N≤M and the unused payload corresponding to (M-N)-cell scheduling are filled with padding. 
Proposal 2: If the maximum number of cells scheduled simultaneously is configured as M, 
· The DCI format used for multi-cell scheduling has its field length and total size determined by value of M. 
· The DCI format used for multi-cell scheduling could actually schedule N cells simultaneously for N≤M, with the unused payload corresponding to (M-N)-cell scheduling filled with padding.
The real-time selection of N cells could be achieved according to the following schemes:
· Scheme 1: the cells scheduled simultaneously (the scheduled cell combination) are indicated in the DCI directly. As showed in left of Figure 1, assuming at most M=3 cells can be scheduled simultaneously, cell 1,2 and 4 are indicated by DCI 1 directly (N=3), or cell 1 and 3 are indicated by DCI 2 (N=2).

[image: ]
Figure 1 Scheduled cells indication schemes 1
· Scheme 2: The cells scheduled simultaneously are pre-defined/configured as several cell combinations. As showed in right of Figure 2, assuming at most M=3 cells can be scheduled simultaneously, the pre-defined combinations could include at most M=3 cells. The pre-configured cell combinations {cell 1,2,4} (N=3) and {cell 1,3} (N=2) can be indicated by the DCI. 
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Figure 2 Scheduled cells indication schemes 2
For scheme 1, the scheduled cells can be dynamic indicated, and no restriction for the scheduled cells. But it needs explicit indication in the DCI. The field bit width will be determined by the number of scheduled cells, more cells scheduled simultaneously, more field bits needed.
For scheme 2, the scheduled cells are limited by the pre-defined cell combinations. If the pre-defined cell combinations cannot cover all combinations from configured cells, some cell combinations cannot be scheduled. But the indication in the DCI is simple and directly. Also the scheduling flexibility would be impact because of the limited of cell combinations. 
Proposal 3: The indication scheme for scheduled cells needs to be defined, e.g. indicated cells in DCI directly, or indicated by pre-configured cell combination in DCI.
When PDSCHs on multi-cells are scheduled by one DCI, some restrictions need to be considered because of the PUCCH-cell configuration for the scheduled cells. There are at most two PUCCH-cells can be configured in a cell group. The procedure is simple if the scheduled cells are configured with a same PUCCH-cell. Meanwhile, it is convenient to achieve the HARQ-ACK codebook when the scheduled PDSCHs are configured with a same PUCCH-cell.
Proposal 4: The scheduled cells should be configured with a same PUCCH cell if PDSCHs on the cells are expected to be scheduled by a single DCI.
DCI monitoring procedure
In current spec, search space sets are configured for each scheduled cell separately. During PDCCH monitoring capability determination, PDCCH candidates/ CCEs for channel estimation are counted separately for each scheduled cell. If a new DCI format is defined for multi-cell PUSCH/PDSCH scheduling, the new DCI format would be monitored for each scheduled cell in the current procedure. Given the target DCI is actually transmitted in one SS set configured for a certain scheduled cell, the DCI monitoring associated with other cells would be redundancy. 
Proposal 5: RAN1 to further study the solutions of reducing the redundant DCI monitoring.  
New DCI format design
To support single DCI scheduling PUSCH/PDSCH on multi-cells, some modifications on DCI and cell configurations are obvious, e.g. new DCI format, DCI size alignment.
If multi-cell scheduling with one DCI is supported, a new DCI format should be defined at least. The new DCI format could be an extension for existing DCI format x_y. If the UE is configured with multi-cell scheduling with one DCI, the DCI format x_y is used to scheduled multi-cells. Otherwise, the DCI format x_y is used to schedule one cell. Also, the new DCI format could be named as DCI format x_3. For a UE configured with DCI format x_3 or configured with multi-cell scheduling with one DCI, existing DCI format x_y is used for schedule one cell for the UE. And DCI format x_3 is used to schedule multi-cell for the UE. It needs further discussion to decide which name is used for the new DCI format.
Proposal 6：A new DCI format is needed to support multi-cell scheduling in a single DCI.
· FFS: whether this new DCI format uses existing DCI format name or new DCI format name.
There are some indication fields in DCI can be shared for PUSCH/PDSCHs, and other fields should be separated. Considering the payload size and number of scheduled cells, the indication fields shall be shared as more as possible. 
Considering the different BWP bandwidths and various channel conditions for scheduled cells, the transmission information, such as time/frequency resource allocation and MCS, share be separated indicated for each scheduled cell to ensure flexibility of scheduling and the transmission performance. Also, enhanced indication could be considered for the lack of payload size for the new DCI format. For an example, dividing the scheduled cells into two or three groups, the indication fields are shared among the cells belong to one group.
When PDSCHs on multi-cells are scheduled simultaneously, the HARQ-ACK feedback procedure could reuse the existing one. In some case, HARQ-ACK for the scheduled PDSCHs can be transmitted in a same PUCCH. So the indication fields used for PUCCH can be shared mostly, e.g. PUCCH resource indicator, TPC command for PUCCH, etc. 
It’s better to discuss the DCI field one by one, so that each fields can be configured suitable. The new DCI format can be configured to replace one of the legacy DCI format, when the new DCI format can also be used for single DCI scheduling PDSCH on one cell. If the new DCI format can also be used for single DCI scheduling PDSCH on one cell, how to determine the scheduled cell(s) needs to be defined.
Proposal 7: The DCI fields in the new DCI format are discussed one by one regarding to shared indication vs. separated indication.
DCI size alignment
If a New DCI format is defined for multi-cell scheduling, the new DCI format has different size with legacy DCI formats mostly. The number of different DCI size with CRC scrambled by C-RNTI for each scheduled cell is limited to 3. If the new DCI format is defined as format x_3, when the new DCI format is configured together with legacy DCI format 0_0/0_1/0_2/1_0/1_1/1_2, at least one of the DCI format x_1 and x_2 need align with format x_3. The aligned size for format x_3 may be much larger than the original size of aligned format x_y. It would disadvantageous for PDCCH resource saving (the purpose for multi-cell scheduling). So the DCI size alignment procedure need to be discussed. If the new DCI format can replace one of the legacy DCI formats, it may be more similar with the procedure in current spec. Further discussion is needed whether and/or how to achieve this replacement. If the new DCI format reuse the existing DCI x_y name, the sequence for DCI size alignment may need further discussion if necessary.
Proposal 8: The procedure of DCI size alignment should be updated if necessary. Further discussion is needed.

Conclusions
In this contribution, we show our views on multi-cell PUSCH/PDSCH scheduling with a single DCI with following observations:
Proposal 1: The maximum number of cells scheduled simultaneously is configurable.
· The configured “maximum number” is not larger than 4.
· The configured “maximum number” is subject to reported UE capability. 
Proposal 2: If the maximum number of cells scheduled simultaneously is configured as M, 
· The DCI format used for multi-cell scheduling has its field length and total size determined by value of M. 
· The DCI format used for multi-cell scheduling could actually schedule N cells simultaneously for N≤M, with the unused payload corresponding to (M-N)-cell scheduling filled with padding.
Proposal 3: The indication scheme for scheduled cells needs to be defined, e.g. indicated cells in DCI directly, or indicated by pre-configured cell combination in DCI.
Proposal 4: The scheduled cells should be configured with a same PUCCH cell if PDSCHs on the cells are expected to be scheduled by a single DCI.
Proposal 5: RAN1 to further study the solutions of reducing the redundant DCI monitoring.  
Proposal 6：A new DCI format is needed to support multi-cell scheduling in a single DCI.
· FFS: whether this new DCI format uses existing DCI format name or new DCI format name.
Proposal 7: The DCI fields in the new DCI format are discussed one by one regarding to shared indication vs. separated indication.
Proposal 8: The procedure of DCI size alignment should be updated if necessary. Further discussion is needed.
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