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Introduction
In RAN#94 meeting, a new Work Item [1] was agreed to support multi-cell PUSCH/PDSCH scheduling with a single DCI. There were remarkable agreements and conclusions on various topics during RAN1#111 [2]. 
This contribution provides further considerations on multi-cell PUSCH/PDSCH scheduling with a single DCI.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Search space, BD/CCE counting and DCI size for DCI 0_X/1_X
	[bookmark: OLE_LINK4]Agreement1 RAN1#111
Confirm the RAN1#110bis-e working assumption with the following changes: 
Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· [bookmark: OLE_LINK1]DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· BD/CCE of the DCI format 0_X/1_X is counted on the reference cell.
· Same reference cell is used for both DCI format 0_X and DCI format 1_X.
· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which search space of DCI format 0_X/1_X is configured on and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· To address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· For the reference cell, a total number of configured BD/CCEs for both DCI formats 0_X/1_X and legacy DCI formats (if configured) does not exceed the Rel-17 limits. 
· For other cells in the sets of cells, Rel-17 limits for PDCCH/DCI monitoring and BD/CCE counting rules for legacy DCI formats (not including DCI formats 0_X/1_X) apply



Search space configured with DCI format 0_X/1_X and legacy DCI format(s)
One issue is whether or not the search space configured with DCI format 0_X/1_X can also be configured with legacy DCI formats, such as DCI format 0_X/1_X and DCI format 0_1/1_1. We propose to not support these mixed/simultaneous DCI formats configuration, as shown in Figure 1. 


[bookmark: _Ref127280841]Figure 1: Search space configured with DCI format 0_X/1_X and legacy DCI format
· Search space set is associated with two n_CI values for a serving cell. The current search space set of a serving cell only corresponds to one n_CI, the CCE indexes are given by this value. If two different values are configured, one for cross carrier scheduling and one for multi-cell scheduling, the CCE indexes of a cross-carrier or self-carrier scheduling search space still depend on CIF of the cell, while the CCE indexes of a multi-cell scheduling search space based on the value configured for the set of cells by RRC signaling. In this case, the reference cell needs to use two n_CI values for one search space at all monitoring occasions, which is totally new mechanism for search space monitoring. 
· In the current spec, a search space for a serving cell cannot be configured with DCI format 0_0/1_1 and 0_1/1_1/0_2/1_2. One reason is DCI format 0_0/1_1 always use n_CI = 0, however, DCI format 0_1/1_1/0_2/1_2 use another value for cross carrier scheduling.
· BD/CCE counting is performed per DCI formats per serving cell, not search space specific. If search space of DCI format 0_X/1_X is configured on a scheduled cell and linked to a scheduling cell, such as search space 2 in Figure 1, whether it can be a search space for self-scheduling, since it is with DCI format 0_1/1_1. If yes, then the BD and non-overlapping CCE of search space 2 for CC0 counting would be different from legacy method. Because CC0 only have the part of DCI 0_1/1_1, but CC1 have both of DCI format 0_X/1_X and DCI format 0_1/1_1. It would be DCI format specific BD/CCE counting, not search space specific as legacy. Thus, it impacts the BD/CCE counting on the scheduling cell.
· Increase of PDCCH blocking. The CCE indexes for any PDCCH candidate with different n_CI values would lead to the increase of PDCCH blocking within a search space, which cannot be avoid.
So it would be good to make things easier, that separate search space for DCI format 0_X/1_X and legacy DCI format, not allowed the mixed configurations. If a search space is configured with DCI format 0_X/1_X, it will not be configured with DCI format 0_0/1_0/0_1/1_1/0_2/1_2, too. Another method is a new UE capability is introduced to report the supportive of monitoring both DCI format 0_X/1_X and legacy DCI formats in the same search space, such like the FG 11-1a. 
	11-1a
	Monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in the same search space 
	Supports monitoring both DCI format 0_1/1_1 and DCI format 0_2/1_2 in the same search space 



Proposal 1. For DCI format 0_X/1_X and legacy DCI formats: 
· Alt 1: The search space configured with DCI format 0_X/1_X cannot be configured with legacy DCI formats.
· Alt 2: A new UE capability is introduced to report the supportive of monitoring both DCI format 0_X/1_X and legacy DCI formats in the same search space
BWP switching and the reference cell
One issue is when the BWP switching is happened on the reference cell/scheduling cell, whether or not it allows the change of reference cell. 
For example Figure 2, when CC0/CC1/CC2 use {BWP1, BWP2, BWP1}, the reference cell is the scheduling cell (CC0). Since there is no search space configured on CC1 or CC2 with same search space ID link to the search space with DCI format 0_X/1_X on the scheduling cell. But after BWP switching from BWP2 to BWP1 on CC1, CC0/CC1/CC2 use {BWP1, BWP1, BWP1} separately, there is search space 2 configured on CC1 with DCI format 0_X and 1_X and associated with the scheduled cell. The reference cell would be changed into CC1. If it is treated as a valid case, the PDCCH BD and non-overlapping CCE calculation is too complex and variable during the BWP switching. So we suggest to not allow the reference cell changing due to the BWP switching. 


[bookmark: _Ref127531332]Figure 2: Reference cell may change due to BWP switching
gNB can configure suitable search space sets on the scheduling cell and scheduled cell without such error linking. Such as Figure 3, since the reference cell is chosen by the linking search space with DCI format 0_X/1_X to the scheduling cell, there should be such search space sets on each BWP of the reference cell. Thus, even with BWP switching, it can keep can reference cell for PDCCH BD and CCE counting.  


[bookmark: _Ref127531357]Figure 3: Same reference cell for a set of cells is used, no matter of BWP switching
Proposal 2. Same reference cell for a set of cells is used, no matter of BWP switching. 
Scheduling possibilities
We only conclude to support DCI 0_X/1_X from same scheduling cell, but from different scheduling cell is not decided yet, such as the supportive of self-scheduling of DCI formats 0_0/1_0, 0_1/1_1/0_2/1_2 for the scheduled cells which is not scheduling cell.
	Agreement RAN1#110b-e
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.



We prefer not to support DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1 and/or 0_2/1_2 configured from a different scheduling cell, it can be postponed to a later release. 
Because these combination need a big efforts of PDCCH BD and non-overlapping CCE discussion. Such as a splitting factor may need for those type of mixed scheduling type. In addition, the cell counting method also impacted, because  and  calculations have the cell number input, which may also be different. So a safer way is to limit the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1 and/or 0_2/1_2 for a multi-scheduled cell can only be from a same scheduling cell.
Proposal 3. The DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1 and/or 0_2/1_2 for a multi-scheduled cell can only be from a same scheduling cell. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK6]Search space number configured with DCI format 0_X/1_X
From the agreement1, it seems only one search space set is configured with DCI format 0_X/1_X, such as the red words. 
	· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which search space of DCI format 0_X/1_X is configured on and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.



So it needs to clarify the following questions:
[bookmark: OLE_LINK8]1. Question 1: Whether or not more than more search space set is allowed to configure with DCI format 0_X/1_X.
2. If the answer to Question 1 is YES, it requires some restrictions for these search space sets configure with DCI format 0_X/1_X, because it decides the reference cell. 
· For example, the CC0 is the scheduling cell among the set of co-scheduled cells {CC0, CC1, CC2}, and CC1 and CC2 support cross carrier scheduled from CC0 and multi-carrier scheduling. Search space 2 is configured with DCI format 0_X/1_X is configured on CC0 and CC1, so the CC1 is the reference cell. The problem is the another search space such as search space 3 is only configured on CC0, there is ambiguous counting of the BD and non-overlapping CCE of the search space 3, on CC0 or CC1. 



Figure 4: More than more search space set configured with DCI format 0_X/1_X

Two alternatives for this problem can be:
· Alt 1: For one set of cells, there is only one search space set can be configured with DCI format 0_X/1_X. The reference cell depends on the cell in the current agreement.
· Alt 2. For one set of cells, there can be more than one search space sets can be configured with DCI format 0_X/1_X. These search space sets can be only on the scheduling cell, or are ALL configured on another cell in addition to the scheduling cell. It is clear that the reference cell can be either the scheduling cell or the scheduled cell with all the search space with DCI format 0_X/1_X.
Proposal 4. It needs to clarify the number of search space set with DCI format 0_X/1_X, one or multiple.
DCI size alignment
There were extensive proposals of DCI size alignment for DCI format 0_X/1_X in companies’ contributions. The general idea is if DCI size budget is not satisfied, DCI format 0_X can be aligned with 1_X to a larger size. After that, if it is still more than 3+1 budget, DCI format 0_X/1_X can be aligned with DCI format 1_0/1_1. The following steps can be considered. The pink highlight parts show the DCI size number after this step. 
Proposal 5. The following step for DCI size alignment can be applied.
	Step 0 – Step 3 are same, add Step 2B for DCI format 0_X/1_X
Step 4:
· Step 4A: (unchanged) DCI format 0_0/1_0 in USS is aligned to the size in CSS (1)
· Step 4D: DCI format 0_X and 1_X are aligned (2)
· Step 4B: (unchanged) DCI format 0_2 and 1_2 are aligned (3)
· Step 4C: (unchanged) DCI format 0_1 and 1_1 are aligned (4)
· Step 4E: DCI format 0_X/1_X is aligned with DCI format 0_1/1_1(3)



DCI field design
Payload size of DCI format 0_X/1_X
An important issue is relationship of DCI size and co-scheduled cell combinations. There was a proposal which was revised by Qualcomm during the last meeting but without achievement.  We support this proposal with the revision, although it may with larger size but without any ambiguity. So it is safe and comfortable to adopt each field is aligned for all the co-scheduled cell combinations. 
	Proposal 2-2:
Proposal 1. For a set of cells which is configured for multi-cell scheduling, the payload size and the bitwidths of all the fields of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The payload size and the bitwidths of all the fields of DCI format 0_X is the same for any all the co-scheduled cell combinations of the set of cells.
Proposal 2. The payload size and the bitwidths of all the fields of DCI format 1_X is the same for any all the co-scheduled cell combinations of the set of cells



Proposal 6. For a set of cells which is configured for multi-cell scheduling, the payload size and the bitwidths of all the fields of DCI format 0_X/1_X is derived by UE based on RRC configuration of the set of cells.
· The payload size and the bitwidths of all the fields of DCI format 0_X is the same for any co-scheduled cell combinations of the set of cells.
· The payload size and the bitwidths of all the fields of DCI format 1_X is the same for any co-scheduled cell combinations of the set of cells
General aspects for DCI field size and information indications 
Reference legacy DCI format
Majority fields in DCI format 0_X and 1_X for each co-scheduled cell have to be interpreted as same as its legacy DCI format. However, this legacy DCI format has not conclude yet which it is. One understanding is DCI format 0_1 and 1_1 are the reference, including all the configurations of DCI field parameters. Such as time domain resource allocation table used by DCI format 0_1/1_1 is also used for multi-cell scheduling. 
Some fields are configured per BWP per cell, such as frequency domain resource assignment, time domain resource assignment, VRB-to-PRB mapping, etc. When the BWP of a cell is switched, the field size may be changed accordingly, for example, frequency domain resource assignment is Type-2 field, the field length of DCI format 0_X/1_X is the sum of the fields size of the current BWP in each co-scheduled cells. Even if only one BWP of a cell is processed before the transmission of DCI format 0_X/1_X, the field size is not same as before. Thus one clarification for the bitwidths of the fields of DCI format 0_X/1_X is based on the active BWP of cells in the co-scheduled cell combinations.
Proposal 7. For a cell in a set of multi-cell scheduling cells, DCI format 0_1 and 1_1 of the active BWP are the reference legacy DCI format to get legacy configurations of DCI fields for DCI 0_X and 1_X, if not mentioned additionally. 
[bookmark: _Ref127538290]Type-1A field
The reference size of Type 1A has two options, we suggest to use Option 1 for Type-1 field. Since it is straight forward and with all scheduling information. The Table 2 gives an example for Type-1A field.
· [bookmark: OLE_LINK7]Option 1: Field size is based on maximum size of this field in legacy DCI format across all cells in the set configured for the DCI format 
· Option 2: Field size is based on the size of this field in legacy DCI format of the reference cell. The reference cell is the cell counted the BD/CCE of multi-scheduling DCI.
[bookmark: _Ref118723282]Table 2 Type-1A field (1bit): common information to all the co-scheduled cells
	DCI code point
	Value for cell 1
	Value for cell 2

	0
	A
	A

	1
	B
	B



[bookmark: OLE_LINK12]If Option 1 for Type-1A is applied, the field is interpreted as same as this field in the legacy DCI format. When this field for cell with less bits in legacy DCI format, a corresponding number of LSB is interpreted independently for this cell based on the legacy indices. Especially, if a cell does not have this field in legacy DCI, it is ignored for this cell. 
Proposal 8. The size of Type 1A is based on maximum size of this field in legacy format across all cells in the set configured for the DCI format.
· The field is interpreted as same as this field in the legacy DCI format.
· When this field is with less bits in legacy DCI format for a cell, a corresponding number of LSB is interpreted for this cell based on the legacy index
· If a cell does not have this field in legacy DCI format, it is ignored for this cell
[bookmark: _Ref127209404]Type-1B field
Type-1B field size is dependent on number of rows in a configured table, which contains combinations of indication for each cell in the set configured for multi-cell scheduling.
There are two related aspects for the configured table of each Type-1B field:
· Aspect 1: Each row in the configured table contains indications for each cell in the set which has this field in legacy DCI format, no matter it can or cannot be scheduled together with other cells.
·  Aspect 2: The indications for each cell are interpreted as a part of its legacy DCI field, do not need whole configurations. 
For example, we propose to use Type-1B field for TDRA, it needs to define the following issues: 
· Aspect 1: The scope of cells, only the co-scheduled cells or all cells within the set of cells which is configured for multi-cell scheduling. We think to simplify the TDRA table configuration, it can contain all the cells within the set which has this field. No matter the cell is co-scheduled this time or not. If the cell is not scheduled this time, UE would ignore the TDRA information by the indication in the DCI.
· Aspect 2: Completely new TDRA tables for multi-scheduling DCI format (Table 8), or refer to one row of TDRA table for the single-scheduling DCI for each scheduled cell (Table 9). Both of two methods can work. For simplify, the indication can refer to one row index. It does not need to configure detailed {SLIV, mapping type, scheduling offset K0 (or K2)}, and only use the index linked to the TDRA table used by one single-cell scheduling DCI. 
[bookmark: _Ref118723703]Table 2: Completely new TDRA table
	DCI code point
	Value for cell 1
	Value for cell 2

	J
	{SLIV, mapping type, scheduling offset K0 (or K2)}
	{SLIV, mapping type, scheduling offset K0 (or K2)}


[bookmark: _Ref118723714]Table 3: Refer to one row index of TDRA table used by the single-cell scheduling DCI for each scheduled cell
	DCI code point
	Value for cell 1
	Value for cell 2

	I
	Row index A of TDRA table of cell 1
	Row index X of TDRA table of cell 2



Next example is Rate matching indicator field, it is up to 2 bits field for a cell, corresponding to rateMatchPatternGroup1 or rateMatchPatternGroup2 in Rel-17. A row in the configured table for Rate matching indicator field contains indications for each cell with this field in the legacy DCI format in the set, indicating rateMatchPatternGroup1 and rateMatchPatternGroup2 can or cannot be used for PDSCH on this cell, where rateMatchPatternGroup1 are rateMatchPatternGroup2 as same as legacy configuration of the DCI 1_1. 
Proposal 9. Type-1B field size is dependent on number of rows in the configured table. 
· Each row in the configured table contains indications for each cell in the set which has this field, which has this field in legacy DCI format
· The indications for each cell are interpreted as a part of its legacy DCI format. 
[bookmark: _Ref127542310]Type-1C field
Until now, no field was agreed as Type-1C field. But the most potential one is CSI request in DCI 0_X. Some rules for Type-1C field that which cell should use this field while other cells do not, e.g. the smallest cell index in the co-scheduled cell combination or the cell with the earliest PDSCH/PUSCH in the time domain, meanwhile the other cells can ignore the indication. Table 4 gives an example for Type-1C field
[bookmark: _Ref118723291]Table 5 Type-1C field (2bits): an information to only one of co-scheduled cells
	DCI code point
	Value for the cell

	0
	A

	1
	B

	2
	C

	3
	D



Proposal 10. If Type-1C field is applied, the smallest serving cell index in the co-scheduled cell combination or the cell with the earliest PDSCH/PUSCH in the time domain can be the cell utilise the field, and the other cells ignore it. 
[bookmark: _Ref127538473]Type-2 field
Type-2 field size can be determined by the following two alternatives. 
· Alt 1: the maximum number of cells in a set of cells which is configured for multi-cell scheduling
· Alt 2: the maximum number of co-schedulable cells among all combinations of co-scheduled cells. 

Then Alt 1 needs to list bits for each cell in the set of cells, the location of indications of each cell is fixed. Alt 2 only has to contain the maximum number of cell among all combinations of co-scheduled cell, the location in the field can be changed for each cell. For example, the maximum number of cells in a set of cells configured for multi-cell scheduling is 4, and RRC signals up to 3 co-scheduled cell combinations for this set. If each cell needs 2 bits. Alt 2 needs 6 bits, while 8 bits for Alt 1. Table 5 and Table 6 give examples for Alt 1/Alt 2. When co-scheduled cells are {1, 3, 4}, cell 1/3/4 use the 1st /3rd /4th indications for Alt 1. For Alt 2, cell 1/3/4 use the 1st /2nd /3rd indications.
  
[bookmark: _Ref118723317]Table 6 Type-2 field (Alt 1: 2bits* max cell number): Separate field for each of cell
	DCI code point
	Value for cell 1
	Value for cell 2
	Value for cell 3
	Value for cell 4

	00111001
	00
	11
	10
	01



Table 7 Type-2 field (Alt 2: 2bits*cell number): Separate field for each of the co-scheduled cells
	DCI code point
	Value for 1st co-scheduled cell
	Value for 2nd co-scheduled cell
	Value for 3rd co-scheduled cell

	001110
	00
	11
	10



Another issue is when different field sizes across cells are used, such as FDRA field, Alt 1 is easy to handle. However, Alt 2 are more difficult to be aligned. From our perspective, Alt 2-1 is easier and with less payload. 
· [bookmark: OLE_LINK5]Alt 2-1: The total field size is the maximum size of indicated bits for all co-schedulable cells among all possible combinations of co-scheduled cells in the same set of cells. 

· Alt 2-2: the total field size is the sum up maximum number of indicated bits for each co-schedulable cells in the same set of cells to the maximum co-schedule cell number

Table 7: The summary of Alt 1 and Alt 2 for Type-2 fields

We can see that although Alt 2 is more difficult to interpret each information for cells, it with less bits occupation, which is more important in DCI 0_X/1_X. So we prefer to use Alt 2 for Type-2 fields, and adopt the following proposal:
Proposal 11. Type-2 field sizes can be determined by the maximum number of co-schedulable cells among all possible combinations of co-scheduled cells among the same set of cells indicated by “Indication of scheduled cells”
· Field size of the Type-2 fields is 
· Location of indicated bits for each cell is according to the order of the co-scheduled cells
· Size of indicated bits for each cell is fixed, according to legacy formats for each cell
· Paddings are at the end of the filed to align the size for all combinations
[bookmark: _Ref127539244]Type-3 field
Precoding information and number of layers, Antenna ports and SRS resource indicator were agreed to be Type-3 field, which are configurable between Type-1A and Type 2 by a new RRC signalling.  When one field is configured into Type-1A field, common information is applied for each co-scheduled cell. On the other hand, if it is configured into Type-2 field, separate information has to configure into a row in the table. So this new RRC is configured per field, not per DCI format.
Details for DL/UL DCI fields
In this section, we provide our preference details for all the DCI fields in DCI format 0_X and DCI format 1_X, based on the agreements in the previous meetings. There are also some field type which have not been decided yet, and we give our suggestions for those fields with red colour. “N” in the table means the maximum number of co-schedulable cells among all possible combinations of co-scheduled cells among the same set of cells. 
Table 8: DCI fields for DCI format 1_X
	Field 
	Type
	Bits length
	Details

	Identifier for DCI formats
	[bookmark: OLE_LINK11]Type 1A
	[bookmark: OLE_LINK14]1 bit
	If it is set to 0, indicating an UL DCI format. If it is set to 1, indicating an DL DCI format

	Indicator of co-scheduled cells
	Type 1->
Type 1B
	1,2,3,4 bits
	See Section 3.3.1
Support Proposal 3-2 rev4 in RAN1#111 meeting

	Bandwidth part indicator
	Type 1A
	0,1,2 bits
	See Section 3.2.2

	Frequency domain resource assignment
	Type 2 
	
	Configure a RBG size for DCI format 0_X/1_X, separately for RA type 1 and 2

	Time domain resource assignment
	Type 1->
Type 1B
	1,2,3,4,5 bits
	See Section 3.2.3

	VRB-to-PRB mapping
	Type 1A
	0, 1 bit
	See Section 3.2.2

	PRB bundling size indicator
	Type 1A
	0, 1 bit
	See Section 3.2.2

	Rate matching indicator
	Type 1B (up to 4 bits)
	0,1,2,3,4 bits
	See Section 3.2.3

	ZP CSI-RS trigger
	Type 1B (up to 3 bits)
	0,1,2,3 bits
	See Section 3.2.3

	TB1/2: Modulation and coding scheme
	Type 2 (without compression)
	N*5 bits
	[bookmark: OLE_LINK15]See section 3.2.5
Each co-scheduled cell has 5 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	TB1/2: New data indicator
	Type 2
	N bits
	See section 3.2.5
Each co-scheduled cell has 1 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	TB1/2: Redundancy version
	Type 2
	N bits
	See section 3.2.5
Each co-scheduled cell has 1 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	HARQ process number
	Type 2
	N*2 bits
	[bookmark: OLE_LINK18]See section 3.2.5
Each co-scheduled cell has 2 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	Downlink assignment index
	Type 1A
	0 or 2 or 4 bits
	See Section 3.2.2

	TPC command for scheduled PUCCH
	Type 1A
	2 bits
	See Section 3.2.2

	PUCCH resource indicator
	Type 1A
	3 bits
	See Section 3.2.2

	PDSCH-to-HARQ timing indicator
	Type 1A
	0 or 1 or 2 or 3 bits
	See Section 3.2.2

	One shot HARQ ACK request
	Type 1A
	0 or 1 bit
	See Section 3.2.2

	Enhanced Type 3 codebook indicator 
	Type 1A
	0, 1, 2, or 3 bits
	See Section 3.2.2

	HARQ-ACK retransmission indicator 
	NA
	
	

	Antenna port(s)
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	Transmission configuration indication
	Type 1B (up to 4 bits)
	0, 1, 2, 3, 4 bits
	See Section 3.2.3

	DMRS sequence initialization
	Type 1A
	0, 1 bit
	See Section 3.2.2

	SRS request
	Type 1B (up to 4 bits)
	0, 1, 2, 3, 4 bits
	See Section 3.2.3

	SRS offset indicator
	Type 1B (up to 3 bits)
	0, 1, 2, or 3 bits
	See Section 3.2.3

	DMRS sequence initialization
	Type 1A
	0, 1 bit
	See Section 3.2.2

	Priority indicator 
	Type 1->
Type 1A
	0, 1 bit
	See Section 3.2.2

	PDCCH monitoring adaptation indication 
	NA
	
	

	PUCCH Cell indicator 
	NA
	
	

	Minimum applicable scheduling offset indicator
	NA
	
	

	ChannelAccess-Cpext
	Type 1->
Type 1A
	
	See Section 3.2.2



Table 9: DCI field types for DCI format 0_X
	Field 
	Type
	Bits length
	Details

	Identifier for DCI formats
	Type-1A
	1 bit
	If it is set to 0, indicating an UL DCI format. If it is set to 1, indicating an DL DCI format

	Indicator of co-scheduled cells
	Type 1->
Type 1B
	1,2,3,4 bits
	See Section 3.3.1
Support Proposal 3-2 rev4 in RAN1#111 meeting

	UL/SUL indicator
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	Bandwidth part indicator
	Type 1A
	0,1,2 bits
	See Section 3.2.2
It is determined by the maximum number of DL BWPs across cells in the set configured for this DCI format.

	Frequency domain resource assignment
	Type 2 
	
	See section 3.2.5
Configure a RBG size for DCI format 0_X/1_X, separately for RA type 1 and 2

	Time domain resource assignment
	Type 1->
Type 1B
	1,2,3,4,5 bits
	See Section 3.2.3

	Frequency hopping flag
	Type 1A
	0, 1 bit
	See Section 3.2.2

	Modulation and coding scheme
	Type 2 (without compression)
	N*5 bits
	See section 3.2.5
Each co-scheduled cell has 5 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	New data indicator
	Type 2
	N bits
	See section 3.2.5
Each co-scheduled cell has 1 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	Redundancy version
	Type 2
	N bits
	See section 3.2.5
Each co-scheduled cell has 1 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	HARQ process number
	Type 2
	N*2 bits
	See section 3.2.5
Each co-scheduled cell has 2 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	Downlink assignment index
	Type-1A
	0 or 2 or 4 bits
	Same as legacy DCI format.

	TPC command for scheduled PUSCH
	Type-2
	N*2 bits
	See section 3.2.5
Each co-scheduled cell has 2 bits indication with the increasing order with serving cell index among the cells in the indicated cell combination.

	SRS resource set indicator
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	SRS resource indicator
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	Precoding information and number of layers
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	Antenna port(s)
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	SRS request 
	Type-1B
	0 or 1 or 2 or 3 or 4 bits
	See Section 3.2.3

	SRS offset indicator.
	Type-1B
	0 or 1 or 2 or 3 bits
	See Section 3.2.3

	CSI request
	Type-1->
Type 1C
	2 bits
	See Section 3.2.4

	PTRS-DMRS association
	Configurable between Type 1A and Type 2
	
	Set section 3.2.6

	beta offset indicator 
	Type-1->
Type 1B
	FFS
	See Section 3.2.3

	DMRS sequence initialization
	Type-1A
	FFS
	See Section 3.2.2

	UL-SCH indicator 
	Type-1 -> Type 1C or NA
	
	See Section 3.2.4 or omitted 

	ChannelAccess-CPext-CAPC
	Type 1->
Type 1A
	NA
	See Section 3.2.2

	Open-loop power control parameter set indication
	Type-1A
	NA
	See Section 3.2.2

	Priority indicator 
	Type 1->
Type 1A
	1 bit or 0
	See Section 3.2.2

	Minimum applicable scheduling offset indicator
	NA
	
	

	PDCCH monitoring adaptation indication
	NA
	
	



Proposal 12. The undecided fields in DCI format 1_X are with the below type classification:
· Indicator of co-scheduled cells: Type 1B
· Time domain resource assignment: Type 1B
· Priority indicator: Type 1A
· ChannelAccess-Cpext: Type 1A
· Enhanced Type 3 codebook indicator: Type 1A
· HARQ-ACK retransmission indicator: omitted
· PDCCH monitoring adaptation indication: omitted
· PUCCH Cell indicator: omitted
· Minimum applicable scheduling offset indicator: omitted
Proposal 13. The undecided fields in DCI format 0_X are with the below type classification:
· Indicator of co-scheduled cells: Type 1B
· UL/SUL indicator: Configurable between Type 1A and Type 2
· Time domain resource assignment: Type 1B
· CSI request: Type 1C
· beta offset indicator: Type 1B
· UL-SCH indicator: Type 1C or NA
· ChannelAccess-CPext-CAPC: Type 1A
· Priority indicator: Type 1A
· Minimum applicable scheduling offset indicator: omitted
· PDCCH monitoring adaptation indication: omitted
[bookmark: _Ref127538171]Indication of scheduled cells
One important issue is how to indicate the co-scheduled cells. The agreement in RAN1#109 provided three Options. There was a proposal in RAN1#111. 
	Proposal 3-2 rev4:
For a set of cells which is configured for multi-cell scheduling, support an indicator for indicating the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the set of cells DCI format 0_X/1_X.
· For DL and UL, there are separate tables
· The size of the indicator is determined based on the number of rows in the table.
· Repurposing any field in the DCI format 0_X/1_X based on the indicator is not supported in Rel-18.



It is necessary to have separate tables configured for combinations of co-scheduled cells with multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· The separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling. Because the UL cell number is always less than DL cell. DL cell combinations cannot directly get the right UL cells, sometimes it may result in single UL cell scheduling. Second, separate UL tables can configure suitable UL co-scheduling cells, reduce unnecessary UL cell combinations, and set proper multi-cell scheduling DCI fields types and bits number. 
Proposal 14. For a set of cells which is configured for multi-cell scheduling, support an indicator for indicating co-scheduled cells in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the DCI format 0_X/1_X.
· For DL and UL, there are separate tables
· The size of the indicator is determined based on the number of rows in the table.
· Repurposing any field in the DCI format 0_X/1_X based on the indicator is not supported in Rel-18.

FDRA
[bookmark: OLE_LINK13]FDRA is a Type-2 field, besides the general aspect of Type-2 field in section 3.2.4, it was agree to further consider larger RBG granularity than existing maximum specified or configured value for RA type 0, and use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2. From the bits saving perspective, we support both methods. R16 configurable granularities for DCI format 1_2 are 2/4/8/16 RB, and RBG for RA type 1 depends on config 1 or 2, which is from 4 to 16. So if a UE is configured with a small BWP, it cannot use bigger RBG size for RA type 1. In addition it cannot use configurable granularities for RA type 2 if it is not configure DCI 1_2. So it would be helpful to decouple the RBG size with BWP size/DCI format 1_2/0_2. An easier way is to configure a RBG size for DCI format 0_X/1_X, separately for RA type 1 and 2. 
Proposal 15. Configure a RBG granularity for DCI format 0_X/1_X, separately for RA type 1 and 2.
HARQ enhancements
Type-1 HARQ-ACK codebook
Type-1 codebook is related to the design of TDRA indication in the multi-cell PDSCH scheduling DCI. We prefer to use Type-1B for Time domain resource allocation field of DCI 1_X. A TDRA table is defined for the co-scheduled cells with each row indicating multiple SLIVs for the multiple scheduled cells. Then SLIV entries can be scheduled are configured in single-cell TDRA cells. 
Second, for K1 set of DCI format 1_X, we prefer not to define a new K1 set, the legacy K1 set for legacy DCI format can be reused. To handle the other PDSCHs on other cell except the reference cell, it can use same slots for all PDSCHs, or guarantee the K1 of all PDSCHs is from its K1 set of single-cell scheduled DCI. Those two methods can work well. Although it is with some scheduling restrictions, it is affordable. So we support the following proposal.
	Proposal 4-4 rev2:
Type-1 HARQ-ACK codebook is supported for multi-cell scheduling without K1 extension.
· HARQ-ACK information for all candidate PDSCHs scheduled by DCI format 1_X can be mapped in the Type-1 HARQ-ACK codebook.
· Type-1 HARQ-ACK codebook is not enhanced for Rel-18 multi-cell scheduling.



Proposal 16. Type-1 HARQ-ACK codebook is supported for multi-cell scheduling without K1 extension.
· HARQ-ACK information for all candidate PDSCHs scheduled by DCI format 1_X can be mapped in the Type-1 HARQ-ACK codebook.
· Type-1 HARQ-ACK codebook is not enhanced for Rel-18 multi-cell scheduling.
Conclusion
In this contribution, we made the following observation and proposals.
Proposal 1. For DCI format 0_X/1_X and legacy DCI formats: 
· Alt 1: The search space configured with DCI format 0_X/1_X cannot be configured with legacy DCI formats.
· Alt 2: A new UE capability is introduced to report the supportive of monitoring both DCI format 0_X/1_X and legacy DCI formats in the same search space
Proposal 2. Same reference cell for a set of cells is used, no matter of BWP switching. 
Proposal 3. The DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1 and/or 0_2/1_2 for a multi-scheduled cell can only be from a same scheduling cell. 
Proposal 4. It needs to clarify the number of search space set with DCI format 0_X/1_X, one or multiple.
Proposal 5. The following step for DCI size alignment can be applied.
	Step 0 – Step 3 are same, add Step 2B for DCI format 0_X/1_X
Step 4:
· Step 4A: (unchanged) DCI format 0_0/1_0 in USS is aligned to the size in CSS (1)
· Step 4D: DCI format 0_X and 1_X are aligned (2)
· Step 4B: (unchanged) DCI format 0_2 and 1_2 are aligned (3)
· Step 4C: (unchanged) DCI format 0_1 and 1_1 are aligned (4)
· Step 4E: DCI format 0_X/1_X is aligned with DCI format 0_1/1_1(3)


Proposal 6. For a set of cells which is configured for multi-cell scheduling, the payload size and the bitwidths of all the fields of DCI format 0_X/1_X is derived by UE based on RRC configuration of the set of cells.
· The payload size and the bitwidths of all the fields of DCI format 0_X is the same for any co-scheduled cell combinations of the set of cells.
· The payload size and the bitwidths of all the fields of DCI format 1_X is the same for any co-scheduled cell combinations of the set of cells
Proposal 7. For a cell in a set of multi-cell scheduling cells, DCI format 0_1 and 1_1 of the active BWP are the reference legacy DCI format to get legacy configurations of DCI fields for DCI 0_X and 1_X, if not mentioned additionally. 
Proposal 8. The size of Type 1A is based on maximum size of this field in legacy format across all cells in the set configured for the DCI format.
· The field is interpreted as same as this field in the legacy DCI format.
· When this field is with less bits in legacy DCI format for a cell, a corresponding number of LSB is interpreted for this cell based on the legacy index
· If a cell does not have this field in legacy DCI format, it is ignored for this cell
Proposal 9. Type-1B field size is dependent on number of rows in the configured table. 
· Each row in the configured table contains indications for each cell in the set which has this field, which has this field in legacy DCI format
· The indications for each cell are interpreted as a part of its legacy DCI format. 
Proposal 10. If Type-1C field is applied, the smallest serving cell index in the co-scheduled cell combination or the cell with the earliest PDSCH/PUSCH in the time domain can be the cell utilise the field, and the other cells ignore it. 
Proposal 11. Type-2 field sizes can be determined by the maximum number of co-schedulable cells among all possible combinations of co-scheduled cells among the same set of cells indicated by “Indication of scheduled cells”
· Field size of the Type-2 fields is 
· Location of indicated bits for each cell is according to the order of the co-scheduled cells
· Size of indicated bits for each cell is fixed, according to legacy formats for each cell
· Paddings are at the end of the filed to align the size for all combinations
Proposal 12. The undecided fields in DCI format 1_X are with the below type classification:
· Indicator of co-scheduled cells: Type 1B
· Time domain resource assignment: Type 1B
· Priority indicator: Type 1A
· ChannelAccess-Cpext: Type 1A
· Enhanced Type 3 codebook indicator: Type 1A
· HARQ-ACK retransmission indicator: omitted
· PDCCH monitoring adaptation indication: omitted
· PUCCH Cell indicator: omitted
· Minimum applicable scheduling offset indicator: omitted
Proposal 13. The undecided fields in DCI format 0_X are with the below type classification:
· Indicator of co-scheduled cells: Type 1B
· UL/SUL indicator: Configurable between Type 1A and Type 2
· Time domain resource assignment: Type 1B
· CSI request: Type 1C
· beta offset indicator: Type 1B
· UL-SCH indicator: Type 1C or NA
· ChannelAccess-CPext-CAPC: Type 1A
· Priority indicator: Type 1A
· Minimum applicable scheduling offset indicator: omitted
· PDCCH monitoring adaptation indication: omitted
Proposal 14. For a set of cells which is configured for multi-cell scheduling, support an indicator for indicating co-scheduled cells in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the DCI format 0_X/1_X.
· For DL and UL, there are separate tables
· The size of the indicator is determined based on the number of rows in the table.
· Repurposing any field in the DCI format 0_X/1_X based on the indicator is not supported in Rel-18.
Proposal 15. Configure a RBG granularity for DCI format 0_X/1_X, separately for RA type 1 and 2.
Proposal 16. Type-1 HARQ-ACK codebook is supported for multi-cell scheduling without K1 extension.
· HARQ-ACK information for all candidate PDSCHs scheduled by DCI format 1_X can be mapped in the Type-1 HARQ-ACK codebook.
· Type-1 HARQ-ACK codebook is not enhanced for Rel-18 multi-cell scheduling.
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