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[bookmark: _Ref513464071]Introduction
RAN approved a new WI on multi-carrier enhancements to enhance the existing multi-carrier design by supporting single DCI scheduling multiple PDSCHs or PUSCHs [1]. In the RAN1#109e meeting, multi-cell scheduling with single DCI was discussed and the agreements are captured in [3]. In this contribution, we discuss the design of the single DCI for multiple cell scheduling, including the design and the DCI size budget.
Discussion
The design of multi-cell scheduling DCI
Multi-cell scheduling was extensively evaluated in Rel-17 as part of DSS WID. It was observed that single DCI scheduling multiple cells can provide between 10% to 40% CCE saving ratio as well as decreasing the PDCCH blockage probability depending on the DCI size [2]. It is therefore important to select the DCI size carefully to benefit from such improvements. In the RAN1#109e meeting, the design of multi-cell scheduling DCI was discussed, and 3 types of DCI bitfield were captured for further consideration:  
	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.



Type-1 field consists of either a single field to indicate a common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or information to only one of co-scheduled cells. With Type-2 field, either separate field for each of the co-scheduled cells or the field is commonly applied to a sub-group of cells where sub-group comprising one or more co-scheduled cells. Both type-1 and type-2 field can help reducing the DCI size by having single bit commonly applied to the co-scheduled cells. Type-2 provides additional advantage as this single bitfield can be common to sub-group comprising one or more co-scheduled cells. With Type-3 field, the indication can be common or separate to each of the co-scheduled cells/sub-group depending on the explicit or implicit configuration. While this option provides DCI size reduction as well, it requires additional specification effort on how to configure/indicate common or separate information. 
Proposal 1: For design of multi-cell scheduling DCI, at least the following type of DCI field is supported:
· 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
Regarding which bitfield that can be commonly applied for each co-scheduled cells/sub-group cells, we analyze the uplink and downlink scheduling DCI on Table 1 and Table 2. We provide our view on whether separate bitfield is needed for the co-scheduled cells as well as single field to be commonly applied to the co-scheduled cells/sub-group cells. For example, as shown in Table 1, we don’t think multiple fields for “identifier for DCI format” are needed and sharing this bitfield among multiple cells is not applicable as it does not carry scheduling information but rather helps the UE to identify the DCI format. For the “carrier indicator” bitfield, we think that only single bitfield is needed for the single DCI scheduling multiple cells (i.e. Option 1 in agreement on the indication of co-scheduled cells). For FDRA and TDRA bitfields, multiple bitfield can be present but also one bitfield can be shared among multiple scheduled cells. It is a tradeoff between scheduler flexibility and DCI overhead. For NDI bitfield, we think that multiple bitfield are needed and NDI cannot be shared among multiple scheduled cells. The complete list of bitfields for DCI format 0_1 and format 1_1 is listed Table 1 and Table 2 respectively.
[bookmark: _Ref101944799]Table 1 DCI format 0_1 bitfield sharing for multiple cells 
	DCI format 0_1 bitfields
	Bitfield size range 
	Separate fields may be needed
	Single field can be commonly applied to between multiple cells 

	Identifier for DCI format
	1 bit
	No
	Not applicable

	Carrier indicator
	0 or 3 bits
	No
	Yes

	UL/SUL
	0 or 1 bit
	No
	No

	BWP 
	0,1 or 2 bits
	Yes
	Yes

	FDRA
	Depends on the resource allocation type and the BWP size 
	Yes
	Yes

	TDRA 
	0,1,2,3,4,5 or 6 bits
	Yes
	Yes

	Freq hopping 
	0 or 1 bit
	Yes
	Yes

	MCS 
	5 bits
	Yes
	No

	NDI
	1,2,3,4,5,6,7 or 8 bits
	Yes
	No

	RV
	2,3,4,5,6,7 or 8 bits
	Yes
	No

	HARQ PID
	4 or 5 bits
	Yes
	Yes

	1st DAI
	1,2 or 4 bits
	No
	Yes

	2nd DAI 
	0, 2 or 4 bits
	No
	Yes

	TPC command
	2 bits
	Yes
	Yes

	Second TPC 
	0 or 2 bits
	Yes
	Yes

	SRS resource set indicator 
	0 or 2 bits
	Yes
	Yes

	SRS resource indicator 
	

or  bits
	Yes
	Yes

	Second SRS resource indicator

	0, or  bits
	Yes
	Yes

	Precoding information 
	0,1,2,3, 4, 5 or 6 bits
	Yes
	Yes

	Second Precoding information
	0,1,2,3,4 or 5 bits
	Yes
	Yes

	Antenna ports
	2,3,4 or 5 bits
	Yes
	Yes

	SRS request 
	2 or 3 bits
	Yes
	Yes

	SRS offset indicator 
	0,1 or 2 bits
	Yes
	Yes

	CSI request
	0,1,2,3,4,5 or 6 bits
	Yes
	Yes

	CBG transmission indication
	0,2,4,6 or 8 bits
	Yes
	No

	PTRS-DMRS 
	0 or 2 bits
	Yes
	Yes

	Second PTRS-DMRS
	0 or 2 bits
	Yes
	Yes

	Beta_offset indicator 
	0 or 2 bits
	Yes
	Yes

	DMRS sequence initialization 
	0 or 1 bits
	Yes
	Yes

	UL-SCH
	0 or 1 bit
	Yes
	Yes

	CAPC
	0,1,2,3,4,5 or 6 bits
	Yes
	Yes

	OLPC parameter set indication 
	0,1 or 2 bits
	Yes
	Yes

	Priority indicator 
	0 or 1 bit
	Yes
	Yes

	Invalid symbol pattern indicator 
	0 or 1 bit
	No
	Yes

	Minimum applicable scheduling offset indicator 
	0 or 1 bit
	No
	Yes

	SCell dormancy indication 
	0,1,2,3,4 or 5 bits
	No
	Yes

	Sidelink assignment index
	0,1 or 2 bits
	No
	Not applicable

	PDCCH monitoring adaptation indication
	0,1 or 2 bits
	No
	Yes



[bookmark: _Ref101944804]Table 2 DCI format 1_1 bitfield sharing for multiple cells
	DCI format 1_1 bitfields
	Possible Bitfield sizes
	Separate fields may be needed
	Single field can be commonly applied to between multiple cells

	Identifier for DCI format
	1 bit
	No
	Yes

	Carrier indicator
	0,3 bits
	No
	Yes

	BWP 
	0,2 bits
	Yes
	Yes

	FDRA
	Depends on the resource allocation type and the BWP size
	Yes
	Yes

	TDRA 
	0,1,2,3,4,5,6 bits
	Yes
	Yes

	VRB-to-PRB mapping
	0,1 bit
	Yes
	Yes

	PRB bundling size indicator 
	0,1 bit
	Yes
	Yes

	Rate matching indicator
	0,2 bits
	Yes
	Yes

	ZP CSI-RS trigger
	0,2 bits
	Yes
	Yes

	MCS for TB1
	5 bits
	Yes
	No

	NDI for TB1
	1,2,3,4,5,6,7,8 bits
	Yes
	No

	RV for TB1
	2,3,4,5,6,7,8 bits
	Yes
	No

	MCS for TB2
	5 bits
	Yes
	No

	NDI for TB2
	1,2,3,4,5,6,7,8 bits
	Yes
	No

	RV for TB2
	2,3,4,5,6,7,8 bits
	Yes
	No

	HARQ PID
	4,5 bits
	Yes
	Yes

	DAI
	0,2,4,6 bits
	No
	Yes

	TPC command for PUCCH
	2 bits
	No
	Yes

	Second TPC for PUCCH
	0,2 bits
	No
	Yes

	PUCCH resource indicator
	3 bits
	No
	Yes

	PDSCH-to-HARQ_feedback timing indicator
	0,1,2,3 bits
	No
	Yes

	One-shot HARQ-ACK request
	0,1 bit
	No
	Yes

	Enhanced Type 3 codebook indicator
	0,1,2,3 bits
	No 
	Yes

	PDSCH group index
	0 or 1 bit
	No
	Yes

	New feedback Indicator
	0,1 or 2 bits
	No
	Yes

	Number of requested PDSCH groups
	0 or 1 bit
	No
	Yes

	HARQ-ACK retransmission indicator 
	0 or 1 bit
	No
	Yes

	Antenna port(s)
	4,5 or 6 bits
	Yes
	Yes

	Transmission configuration indication 
	0,3 bits
	Yes
	Yes

	SRS request 
	2,3 bits
	Yes
	Yes

	SRS offset indicator  
	0,1,2 bits
	Yes
	Yes

	CBGTI
	0,2,4,6,8 bits
	Yes
	No

	CBGFI 
	1 bit
	Yes
	No

	DMRS sequence initialization 
	1 bit
	Yes
	Yes

	Priority indicator
	0 or 1 bit
	Yes
	Yes

	CACP
	0,1,2,3 or 4 bits
	Yes
	Yes

	Minimum applicable scheduling offset indicator 
	0 or 1 bit
	Yes
	Yes

	SCell dormancy indication 
	0,1,2,3,4 or 5 bits
	No
	Yes

	PDCCH monitoring adaptation indication
	0,1 or 2 bits
	Yes
	Yes

	PUCCH cell indicator
	0,1 or 2 bits
	No
	Yes



Depending on the configured cells as well as the configured features within each cell, a field can be common or separate to a sub-group of cells. For certain fields such as TDRA or FDRA, it may be beneficial that the gNB can configure the UE using RRC signaling whether a filed is common or separately applied to co-scheduled cells.
Proposal 2: For a Type-2 field, whether the field is separately or commonly applied to a sub-group of co-scheduled cells is pre-defined or semi-statically configured. FFS for which fields semi-static configuration is applicable.
DCI format for multi-cell scheduling
During the last meeting, DCI format to schedule multiple cells was discussed and it was agreed as a working assumption to introduce new DCI format for multi-cell scheduling: 
	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.



Since the new DCI formats should be able to schedule single cell PDSCH/PUSCH as well, there is no need to have the UE monitoring both multi-cell scheduling DCI and legacy single cell scheduling DCI as this may result on increasing the required blind decoding effort or the required DCI size budget.  
Proposal 3: UE monitors either multi-cell scheduling DCI or legacy single cell scheduling DCI for a scheduled cell.
The number of scheduled cells can vary from one scheduling opportunity to another depending on the scheduler decision. Requiring the same number of scheduled cells when the single DCI scheduling multiple cells feature is enabled is not efficient. In the RAN1#109e meeting, it was agreed that the DCI format 0_X/1_X can indicate the co-scheduled cells. The agreements also include the possible options on how to support the indication of the co-scheduled cells is done: 
	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. 



Option 1 and option 2 provide the possibility of having different number of scheduled cells from one scheduling opportunity to another. The drawback of option 2 is higher overhead as it requires a bitmap with the size of configured cells whereas option 1 can reduce DCI overhead by having a bitfield size less than the set of configured cells. With option 3, only indicating one or more cells to be scheduled impact the scheduling flexibility as either all the configured cells are scheduled or only one cell.  
Proposal 4: The DCI 0_X/1_X contains an indicator which points to one row of a table defining combination of scheduled cells (Option 1). 
DCI size budget
In the current specification, the UE is not expected to monitor more than 3 DCI sizes scrambled with C-RNTI per cell. With the support of new DCI format for multi-cell scheduling, there was some proposals to change the DCI size budget this new scheduling feature. RAN1 agreed to further study the following options:  
	Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.




Exceeding the existing DCI size budget with multi-cell scheduling feature is not justified and it is preferred to keep the current budget (Option 1 is our preference). The gNB can configure the UE with a DCI size for multi-cell scheduling DCI different than DCI format 0_0/1_0 and DCI format 0_1/1_1 size. The size of DCI format 0_X/1_X can be configured regardless of the number of scheduled cells in order to avoid having multiple sizes for different set of scheduled cells. To meet the existing DCI size budget, DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells (Alt 1-2). For the other alternatives under option 1 (i.e., Alt 1-1 and Alt 1-3), it requires DCI size alignment with some of the legacy DCI formats which may either add unnecessary bits the legacy DCI formats or reduce the possibility of having a large DCI size for DCI format 0_X/1_X.
Proposal 5: The existing DCI size budget is maintained per scheduled cell by maintained DCI size budget via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells (Alt 1-2). 
Conclusion
In this contribution, the following proposals are made:
Proposal 1: For design of multi-cell scheduling DCI, the following type of DCI field is supported
· 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
Proposal 2: For a Type-2 field, whether the field is separately or commonly applied to a sub-group of co-scheduled cells is pre-defined or semi-statically configured. FFS for which fields semi-static configuration is applicable.
Proposal 3: UE monitors either multi-cell scheduling DCI or legacy single cell scheduling DCI for a scheduled cell.
Proposal 4: The DCI 0_X/1_X contains an indicator which points to one row of a table defining combination of scheduled cells (Option 1). 
Proposal 5: The existing DCI size budget is maintained per scheduled cell by maintained DCI size budget via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells (Alt 1-2). 
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