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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 [2] on various topics during RAN1#110 and RAN#97e. 
	[bookmark: OLE_LINK9]Conclusion:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18. Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Following aspects are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18:
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell




This contribution provides further considerations on multi-cell PUSCH/PDSCH scheduling with a single DCI.
[bookmark: OLE_LINK33][bookmark: OLE_LINK34]Discussion
DCI format design
Maximum number of cells that can be scheduled simultaneously
First of all, we suggest to confirm the following working assumption with the first and second bullet. 4 is reasonable value considering co-scheduled cell number and DCI size. 
	Working Assumption in RAN1#110
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
FFS: The maximum number of configurable cells for co-scheduling



For the FFS part, from our understanding, it needs to limit the maximum number of configurable cells for co-scheduling. Because this number has large impact on the UE buffer design, such as the configuration information for each of co-scheduling cells, the size of each field in the DCI etc. 
· If up to 4 scheduled cells from a large number (e.g.16) of cells can be selected, it would introduce much more association among all these co-scheduling cells, may cost too much unnecessary overhead for configurations of each field under cell combinations. If the target is to choose up 4 scheduled cells from 4 cells, it can reduce the total possibilities of co-scheduling cell combines.
· It can simplify all the design of fields in DCI format, including the type and bits length. Thus we prefer to have the same maximum number of configurable cells for co-scheduling as 4, too.
Proposal 1. [bookmark: OLE_LINK5]Confirm the working assumption, and maximum number of configurable cells for co-scheduling is 4.
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
Indication of scheduled cells
Another important issue is how to indicate the co-scheduled cells. The agreement in RAN1#109 provided three Options. There was a proposal in RAN1#110 and suggested to use Option 1 for indication. 
	Agreement in RAN1#109e
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.
· [bookmark: OLE_LINK1]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. 

Proposal 3-3rev2 in RAN1#110:
· For multi-cell scheduling, 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.
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· [bookmark: OLE_LINK36]FFS: reusing CIF field in the DCI as the indicator



For Indicator in Option 1, one example was given in Table 1. Clearly, when scheduling the different co-scheduled cell combinations, the DCI payload can be different. We support Proposal 3-3rev2 in RAN1#110, support separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling and propose to further study the relationship between CIF and search space design. 
· 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.
· Since CIF in DCI 0_1/1_1/0_2/1_2 is used to indicate scheduled cell, it is natural to use it as the co-scheduled cell indicator. Nevertheless, CIF has some relations with search space design. It would be good to discuss CIF as the indication together with the search space issues. 

For the bitmap in Option 2, if bit field length depend on the maximum number of co-scheduled cells that the DCI can schedule. Every bit in the bitmap in DCI to indicate whether this cell is scheduled or not. But the disadvantage is the payload is high, because the bitmap length is fixed.
Table 1: Option 1 of scheduled cells indication 
	Option 1: Indicator
	1st Co-scheduled cell
	2nd Co-scheduled cell
	3rd Co-scheduled cell
	4th Co-scheduled cell

	000
	CC0
	CC3
	
	

	001
	CC1
	CC3
	CC3
	

	010
	CC2
	CC3
	
	

	011
	CC0
	CC1
	CC3
	

	100
	CC0
	CC1
	CC2
	

	101
	CC1
	CC2
	
	

	110
	CC0
	CC1
	CC2
	CC3

	111
	CC0
	CC2
	CC3
	



Proposal 2. Support Proposal 3-3rev2 in RAN1#110 with update
· For multi-cell scheduling, 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.
· The table is configured by RRC signalling.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling
Search space of DCI 0_X/1_X and BD/CCE counting
For the search space associated with DCI 0_X/1_X, there are three issues need to be considered.
Association of search space among the scheduling and co-scheduled cells
Regarding cross carrier scheduling, the search space sets are also configured on the scheduled cell, and associated with the search space on the scheduling cell with the same search space ID, but only with separate PDCCH candidates and AL configurations. Thus, this issue is also valid for multi-cell scheduling, including these four alternatives proposed in [3].
	Proposal 2-8rev2:
· For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signalling.
· Other alternatives are not precluded.
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Figure 1: Configure the search space of DCI 0_X/1_X on scheduling cell and co-scheduled cells


Figure 2: Alt 4, configure the search space of DCI 0_X/1_X only on scheduling cell

We prefer Alt 2 more than other alternatives. As the Figure 1 and 2 shown, for a set of cells {CC1, CC2, CC3, CC4}, co-scheduled cell combinations include {CC1, CC2} and {CC3, CC4}. For the first combination, it uses the CCE indexes determined by CIF=0, while CIF=1 for the second. Since the CCE indexes and BDs are separate for those CIF related search space set, it can be configured on more than one cells. It is a straight forward enhancement of search space configuration for cross carrier scheduling. 
Proposal 3. Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
Hash function: CCE indexes of PDCCH candidates


Generally, it is fine to reuse the current hash function of search space. In Rel-15, the CCE index of a PDCCH candidates depends on  if CCS is applied, and is also the carrier indicator field in the DCI to indicate which carrier is scheduled. And the CCE indexes of PDCCH candidates obtained by one CIF value, the DCI size is fixed to one value. According this issue, there was a proposal in RAN1#110 meeting as below.
	Proposal 2-9:
· [bookmark: OLE_LINK14]For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.



For Alt 1 of multi-cell scheduling, all the different combinations of co-scheduled cells use the same CCE indexes. Then, all co-scheduled cell combinations can share the same set of CCE indexes of PDCCH candidates. The advantage is simple to map the CCE indexes and PDCCH. The disadvantage is it may lost some flexibility due to only one set of CCEs for PDCCH mapping.
For Alt 2, Option 2 has a finer granularity in co-scheduled cell indication but with higher payload, and more CCE sets usage for PDCCH monitoring.
For Alt 3, it is a balance between Alt 1 and Alt 2. Such as Table 4 below, several co-scheduled cells can share one set of CCE indexes. It can provide more PDCCH candidate positions. Thus we support Alt 3 slightly.
Table 2: An example of method2 for issue 1,
	CIF
	Option 1: Indicator
	1st Co-scheduled cell
	2nd Co-scheduled cell
	3rd Co-scheduled cell
	4th Co-scheduled cell

	0
	000
	CC0
	CC3
	
	

	
	001
	CC1
	CC3
	
	

	1
	010
	CC2
	CC3
	
	

	
	011
	CC0
	CC1
	CC3
	

	2
	100
	CC0
	CC1
	CC2
	

	
	101
	CC1
	CC2
	
	

	3
	110
	CC0
	CC1
	CC2
	CC3

	
	111
	CC0
	CC2
	CC3
	



Another issue is the DCI size should be same or can be different for the CCE indexes of PDCCH candidates obtained by one indicator/bitmap/CIF value. We prefer to have the same DCI size for one indicator/bitmap/CIF value, to simplify the DCI design and PDCCH monitoring.
Proposal 4. For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
Proposal 5. The DCI size should be same for the CCE indexes of PDCCH candidates obtained by one CIF value.
DCI size and BD/CCE budget
The DCI size is calculated per serving cell in the previous release. For multi-cell scheduling, one DCI schedule multi-cell’s PDSCH/PUSCH, the DCI size counter and budget maintaining are to be decided. For DCI size budget and BD/CCE limits, there was one proposal in RAN1#110 provided 4 alternatives, and they are listed below. 
	(Merged)Proposal 2-6 and Proposal 2-7rev3:
· In order to discuss BD/CCE budget in case a UE monitors DCI format 0_X/1_X or both legacy DCI formats and DCI formats 0_X/1_X in a slot on a scheduling cell, Rel-17 PDCCH monitoring limits (i.e., and) in the case where there is only one scheduling cell per scheduled cell is used for further discussion.
· For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Option 1 is considered: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each of the cells that can be potentially scheduled by DCI 0_X/1_X.
· No scaling to each co-scheduled cell
· Alt 2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same cell among the cells that can be potentially scheduled by DCI 0_X/1_X.
· Alt 3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X. 
· Alt 4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.
· FFS details on how to maintain the DCI size budget, e.g., via DCI size alignment or configured size for the DCI format 0_X/1_X.
· Other alternatives are not precluded.



For DCI size counting, it is the total number of different DCI formats configured for one serving cell, which is the sum up number of all DCI formats related with all search spaces monitored by one cell. Thus, if a scheduled cell configures a search space, the DCI format size should be counted for this cell. From this understanding, the search space configuration discussed in section 2.2.1 is the foundation for DCI size/BD and CCE counting. Furthermore, DCI size counting and DCI size budget are two linked closely. And for acceptable UE implementation complexity, only Option 1(Existing DCI size budget is maintained per scheduled cell) is reasonable. The alternatives in Option 2 not only have huge impact on specification, but also for PDCCH monitoring. They are undesirable. For short, the PDCCH BD/CCE counting for a CIF value of the search space set can be on one serving cell. If the search space set has several CIF, the PDCCH BD/CCE associated with different CIF can count on more cells.
For easy tracking, we also list the search space configurations alternatives in the Table 3, and try to give the relationship between DCI size budget and search space.  
Table 3:  DCI size/BD and CCE counting and search space configurations
	Association of search space among the scheduling and co-scheduled cells
	DCI size counting
	BD/CCE counting

	Alt 1: configure the search space of DCI 0_X/1_X on each co-scheduled cell, and associated with the search space on the scheduling cell with the same search space ID
	DCI size is counted for each of the co-scheduled cell
	BD/CCE is counted for each of the co-scheduled cell

	Alt 2: configure the search space of DCI 0_X/1_X on a subset of co-scheduled cells, and associated with the search space on the scheduling cell with the same search space ID
	DCI size is counted for each cell which configured with search space among the cells
	BD/CCE is counted for each cell which configured with search space among the cells

	Alt 3: only configure the search space of DCI 0_X/1_X on one specified co-scheduled cell, and associated with the search space on the scheduling cell with the same search space ID
	DCI size is counted for one specific co-scheduled cell
	BD/CCE is counted for one specific co-scheduled cell

	Alt 4: configure the search space of DCI 0_X/1_X only on scheduling cell
	DCI size is counted only on the scheduling cell
	BD/CCE is counted only on the scheduling cell



With same reason of our preference for search space configuration, the Alt 3 in Option 1 is a good choice. Such as the example for a set of cells {CC1, CC2, CC3, CC4}, co-scheduled cell combinations include {CC1, CC2} and {CC3, CC4}. For the first combination, it uses the CCE indexes determined by CIF=0 which search space is configured on CC1, while CIF=1 for the second configured on CC3. For this example, the PDCCH BD and CCE counting of SS with CIF=0 is counted on CC1, and CIF=1 on CC2. 
Proposal 6. For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, existing DCI size budget is maintained per scheduled cell.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X. 
Another important issue is relationship of DCI size and co-scheduled cell combinations. The size of the legacy DCI formats is fixed, depending on the configuration of the scheduled cell. So the size of multi-cell scheduling DCI format on one scheduling cell can be three directions: 
· Alt1: there is only one size of DCI 0_X/1_X on one scheduling cell, which means when the DCI schedule different co-scheduled cell combinations, the DCI size should be aligned in the DCI generation procedure. 
· Alt2: Different co-scheduled cell combinations can have the different DCI size that they do not need to add padding to align the DCI size. 
· Alt 3: some of co-scheduled cell combinations (marked as one combination group) can have the same size, while there can be other co-scheduled cell combinations have a different DCI size. So there are combination groups, each combination group can have a unified DCI size, and the combinations in one group have to do DCI size alignment, while the combinations in different group do not need to do. 
We prefer to use Alt1 as the starting point, to simplify the DCI size discussion.
Proposal 7. Only one size of DCI 0_X/1_X on one scheduling cell can be monitored. 
[bookmark: OLE_LINK2][bookmark: OLE_LINK6]Search space configured with DCI format 0_X/1_X and legacy DCI format(s)
Another 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. 
· First, if DCI format 0_X/1_X and legacy DCI format(s) are configured with one search space, it requires to always monitor single-cell and multi-cell scheduling simultaneously. But some UE may not support this type of monitor. 
· Second, there is a possibility that a cross-carrier scheduled cell linked to this search space, but it does not configure multi-cell scheduling and vice versa. In this case, there would be some misunderstanding that how many DCI formats should be counted under the search space. 
· Third, the DCI size counting and search space configuration have a lot issues need to decide. It would be good to make think easier, that separate search space for DCI format 0_X/1_X and legacy DCI format, not allowed the mixed configurations. 
Proposal 8. The search space configured with DCI format 0_X/1_X cannot be configured with legacy DCI formats.

DCI field design
Regarding the fields in the DCI for payload reduction, there are can be three types, which were agree in RAN1#110.
	Agreement in RAN1#110
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· [bookmark: OLE_LINK8]Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.



Types field in DCI
The DCI payload size is the main concern, because with the increase of DCI size, the performance of PDCCH is exponential decreased, such as reliability of PDCCH and coding/decoding complexity. All the fields of the DCI can be divided into above three types of fields. Clearly, Type-3 field can configured into Type-1 or Type-2 field.
For Type-1 field, the Table 4/5/6 give separate examples for Type-1A/B/C field.
Table 4 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_LINK102][bookmark: OLE_LINK104]Table 5 Type-1B field (2bits): separate information to each of co-scheduled cells via joint indication
	DCI code point
	Value for cell 1
	Value for cell 2

	0
	A
	X

	1
	B
	Y

	2
	C
	Z

	3
	D
	W



Table 6 Type-1C field (2bits): an information to only one of co-scheduled cells
	DCI code point
	Value for cell 1

	0
	A

	1
	B

	2
	C

	3
	D



For Type-2 field, Table 7 gives one examples.
Table 7 Type-2 field (2bits*cell number): Separate field for each of the co-scheduled cells
	DCI code point
A,B,C,D={00,01,10,11}
	Value for cell 1
	Value for cell 2
	Value for cell 3
	Value for cell 4

	ABCD
	A
	B
	C
	D

	BCDA
	B
	C
	D
	A

	CDBA
	C
	D
	B
	A

	DABC
	D
	A
	B
	C



For Type-3 field, either common or separate to each of the co-scheduled cells, or separate to each sub-group (named sub-group Type-3 field) dependent on explicit configuration. Then Type-3 field can be configured into the Table 4~6 and 7, depending on the filed design. Table 8 is an example of separate information for each sub-group.
Table 8 sub-group Type-3 field (2bits*sub-group number): Separate sub-field for each sub-group of the co-scheduled cells, with same information for each cell in sub-group
	
	Sub-group 0
	Sub-group 1

	DCI codepoint
A,B,C,D={00,01,10,11}
	Value for cell 1
	Value for cell 2
	Value for cell 3
	Value for cell 4

	00
	A
	A
	B
	B

	01
	B
	B
	C
	C

	10
	C
	C
	D
	D

	11
	D
	D
	A
	A



When the scheduled cells share more similar transmission condition or scheduling status, there can be more common fields, otherwise, more separate fields. As shown in the Figure 3 below, it is an example of DCI design for multi-cell scheduling. 
· [bookmark: OLE_LINK100][bookmark: OLE_LINK101]For Type-1 field, such as Identifier for DCI formats field, it is still one bit applied for all the scheduled cells, indicating PDSCH scheduling or PUSCH scheduling. 
· The Type-2 field in the DCI contains independent sub-fields for each scheduled cell. Such as Frequency domain resource assignment, if this DCI schedule two cells, it provides two sub-fields, the first sub-field is for the 1st scheduled cell, and the second sub-field is for the 2nd scheduled cell. The length of each sub-fields depend on its FDRA of corresponding cell. 
· Regarding Type-3 field, it can be common field or separate field based on RRC configuration, then it can be configured into Type-1 or Type-2 as the above. 


Figure 3: Three types of DCI fileds for multi-cell scheduling
Sub-group in Type-3 fields
Sub-group configuration may have some advantages in payload reduction comparing with Type-2 fields, because several cells can share the same field. However, the division of sub-group among the configurable cells for co-scheduling still need to study.
From our understanding, the following aspects should be considered for sub-group:
First, one cell in the configuration cells for co-scheduling always belongs to a same sub-group, for all the fields that is configured as sub-group type. It cannot belong to one sub-group for some fields, and then belong to another sub-group for other fields.
Second, Type-1A/1C can be used for each sub-field of sub-group Type-3. Since the cells in one sub-fields can share a same sub-field, such as Type-1 sub-fields. It needs to decide the exact type of sub-field for one sub-group, Type-1A, Type-1B or Type-1C. Table 9 use Type-1A for each sub-group that common information applies for each cell within a sub-group. In addition, there is a possibility there is only one cell in a sub-group, so Type-1C can be used. Furthermore, if separate sub-fields can be provided for each cell in one sub-group, which is Type-1B sub-field, which has little advantage of sub-group comparing with Type-1B. So we propose Type-1B cannot be used for each sub-field of sub-group.
 Table 9 sub-group Type-3 field (2bits*sub-group number): Separate sub-field for each sub-group of the co-scheduled cells, with separate information to each of co-scheduled cells in sub-group
	
	Sub-group 0
	Sub-group 1

	DCI codepoint
A,B,C,D={00,01,10,11}
	Value for cell 1
	Value for cell 2
	Value for cell 3
	Value for cell 4

	00
	A
	X
	B
	X

	01
	B
	Y
	C
	Y

	10
	C
	Z
	D
	Z

	11
	D
	W
	A
	W



[bookmark: OLE_LINK10]Third, the size of bits in sub-group Type-3 depend on the maximum bit length of all cells in the cell group, even it is not scheduled this time. 
Proposal 9. According to sub-group Type-3
· One cell in the configuration cells for co-scheduling always belongs to a same sub-group, for all the fields that is configured as sub-group type.
· Type-1A/1C can be used for each sub-field of sub-group Type-3, while Type-B cannot
· Size of bits in sub-group Type-3 depend on the maximum bit length of all cells in the cell group
DL/UL DCI fields
In this section, we provide our preference for all the DCI fields in DCI format 0_X and DCI format 1_X, based on the following agreement.
	Agreement in RAN1#110
· For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field



For the other fields, we give detailed type considering the aspects of scheduling flexibility and possibility of sharing the same configurations. According to the configuration granularity, it has more relations with type-3 type, e.g. per BWP, per cell, per cell group or per sub-group. Thus, we also gives some analysis on the granularity of the fields. For more information of bit length under multi-cell scheduling, the size of each field in legacy DCI formats are also provided.
Same or different priority scheduled by one DCI
One open issue is a DCI format 0-X/1-X on a scheduling cell can schedules multiple PDSCH/PUSCH on multiple cells can only be same priority (low priority HARQ-ACK feedbacks/PUSCHs, high priority HARQ-ACK feedbacks/PUSCHs), or can be different priorities. 
For different priority scheduling, such as one DCI scheduling both high priority PUSCH and low priority PUSCH on different cells, it will lead to complex configuration and DCI design. 
· First, HP and LP have different reliable requirement for PDCCH, it does make sense to use the single DCI always targeting the high priority BLER even for low priority scheduling. 
· Second, this HP and LP scheduling have different delay requirement. For example, HP HARQ-ACK and LP HARQ-ACK may be configured with different sub slot length. The PDSCH to HARQ-ACK feedback timing will be very complex and with many issue problems to be handled, like which PDSCH is used as the reference time for HARQ-ACK, the HP or LP or the latest ending symbol. 
So we prefer to limited to same priority scheduling for this feature, at least in Rel-18.  
Proposal 10. Only support same priority of PUSCHs on multi-cells scheduled by one DCI0_X, and same priority of HARQ-ACK of PDSCHs on multi-cells scheduled by one DCI 1_X in Rel-18.
Proposal 11. Priority indicator can be Type-1A, or not exist if only allows low priority scheduling.
DCI fields in DCI format 1_X
Table 10: DCI fields in DCI 1_X
	Fields
	DCI format 1_X
	DCI format 1_1
	DCI format 1_2

	
	Granularity
	Type1/2/3
	Bits length
	Granularity
	Bits length 
	Granularity
	Bits length

	[bookmark: _Hlk111131509]Identifier for DCI formats
	fixed
	Type-1A
	1 bit
	fixed
	1 bit
	fixed
	1 bit

	Carrier indicator o/Indicator/bitmap of co-scheduled cells
	fixed
	Type-1B
	Up to 3 bits, depend on row number
	Per cell
	0 or 3 bit
	Per cell
	Configurable # of bits (0, 1, 2 or 3 bits)

	Bandwidth part indicator
	NA
	NA
	NA
	Per cell
	0, 1 or 2 bits
	Per cell
	Configurable # of bits (0, 1 or 2 bits)

	Frequency domain resource assignment
	Per Cell & Per BWP
	Type 3
	FSS
	Per BWP
	RA type 0 and or RA type 1  
	Per BWP
	resourceAllocationDCI-1-2-r16

	Time domain resource assignment
	Per cell & Per BWP
	Type-1B
	Up to 4 bits
	Per BWP
	0 or 1 or 2 or 3 or 4 bits
	Per BWP
	[bookmark: OLE_LINK7]Configurable # of bits (0 or 1 or 2 or 3 or 4 bits)

	VRB-to-PRB mapping
	Per cell & Per BWP
	Type3
	FSS
	Per BWP
	0 or 1 bit
	Per BWP
	Configurable # of bits (0 or 1 bit) 

	PRB bundling size indicator
	Per cell &Per BWP
	Type-3
	FSS
	Per BWP
	0 or 1 bit
	Per BWP
	Configurable # of bits (0 or 1 bit) 

	Rate matching indicator
	Per cell &Per BWP
	Type-3
	FSS
	Per BWP
	0 or 1 or 2 bits
	Per BWP
	Configurable # of bits (0 or 1 bit or 2 bits) 

	ZP CSI-RS trigger
	Per cell &Per BWP
	Type-3
	FSS
	Per BWP
	0 or 1 or 2 bits
	Per BWP
	Configurable # of bits (0 or 1 bit or 2 bits)

	Modulation and coding scheme
	Per cell &Per BWP
	Type-3
	FSS
	Per BWP
	5 bits
	Per BWP
	5bits

	New data indicator
	fixed
	Type-2
	4 bits
	fixed
	1 bit
	fixed
	1 bit

	Redundancy version
	fixed
	Type-2
	4 or 8 bits
	fixed
	2 bits
	Per BWP
	Configurable # of bits (0 or 1 or 2 bits)

	HARQ process number
	fixed
	Type-3
	FSS
	fixed
	4 bits
	Per BWP
	Configurable # of bits (0 or 1 or 2 or 3 or 4 bits)

	Downlink assignment index
	Per cell group
	Type-1A
	0 or 2 or 4 bits
	Per cell group
	0 or 2 or 4 bits
	Per cell group
	Configurable # of bits (0 or 1 or 2 or 4 bits)

	TPC command for scheduled PUCCH
	fixed
	Type-1A
	2 bits
	fixed
	2 bits
	Fixed
	2 bits as same as Rel-15

	PUCCH resource indicator
	fixed
	Type-1A
	3 bits
	Per UL BWP and per PUCCH group
	3 bits
	Per UL BWP and per PUCCH group
	Configurable # of bits (0 or 1 or 2 or 3 bits)

	PDSCH-to-HARQ_feedback timing indicator
	fixed
	Type-1A
	0 or 1 or 2 or 3 bits
	Per UL BWP and per PUCCH group
	0 or 1 or 2 or 3 bits
	Per UL BWP and per PUCCH group
	Configurable # of bits (0 or 1 or 2 or 3 bits), 

	One-shot HARQ-ACK request
	Per cell group
	Type-1A
	0 or 1 bit
	Per cell group
	0 or 1 bit
	Per cell group
	0 or 1 bit

	Enhanced Type 3 codebook indicator
	Per cell group
	Type-1A
	0, 1, 2, or 3 bits
	Per cell group
	0, 1, 2, or 3 bits
	Per cell group
	0, 1, 2, or 3 bits

	PDSCH group index
	NA
	NA
	NA
	Per cell group
	0 or 1 bit
	N/A
	0

	New feedback indicator
	NA
	NA
	NA
	Per cell group
	0, 1 or 2 bits
	N/A
	0

	Number of requested PDSCH group(s)
	NA
	NA
	NA
	Per cell group
	0 or 1 bit
	N/A
	0

	HARQ-ACK retransmission indicator
	NA
	NA
	NA
	Per cell group
	0 or 1 bit
	Per cell group
	0 or 1 bit

	Antenna port(s)
	Per cell &Per BWP
	Type-3
	FSS
	Per BWP
	4 or 5 or 6 bits
	Per BWP
	Configurable # of bits (0 or 4 or 5 or 6 bits)

	Transmission configuration indication
	Per cell &Per BWP
	Type-3
	FSS
	Per CORESET
	0 or 3 bits 

	Per CORESET
	Configurable # of bits (0 or 1 or 2 or 3 bits)

	SRS request 
	Per cell &Per BWP
	Type-3
	FSS
	Per cell
	2 bits or 3 bits w/o  SUL
	Per BWP & per cell
	Configurable # of bits (0 or 1 or 2 or 3 bits)

	SRS offset indicator
	Per cell &Per BWP
	Type-3
	FSS
	Per cell
	0, 1 or 2 bits
	Per cell
	0, 1 or 2 bits

	DMRS sequence initialization
	Per cell
	Type-3
	FSS
	fixed
	1 bit
	Per BWP
	Configurable # of bits (0 or 1 bit)

	Priority indicator 
	Per cell &Per BWP
	Type-1A or NA
	1 bit or 0
	Per BWP
	0 or 1 bit
	Per BWP
	Configurable # of bits (0 or 1 bit)

	ChannelAccess-CPext
	NA
	NA
	NA
	Per BWP
	0, 1, 2, 3 or 4 bits
	Per BWP
	0, 1, 2, 3 or 4 bits

	Minimum applicable scheduling offset indicator
	NA
	NA
	NA
	Per BWP
	0 or 1 bit
	NA
	0

	SCell dormancy indication
	NA
	NA
	NA
	P(S)cell only
	0, 1, 2, 3, 4 or 5 bits
	NA
	0

	PDCCH monitoring adaptation indication
	Per scheduling cell
	Type-1C
	0, 1 or 2 bits
	Per BWP
	0, 1 or 2 bits
	Per BWP
	0, 1 or 2 bits

	Modulation and coding scheme for TB 2
	NA
	NA
	NA
	Per BWP
	0 or 5 bits
	N/A
	0 

	New data indicator for TB 2
	NA
	NA
	NA
	Per BWP
	0 or 1 bit
	N/A
	0

	Redundancy version for TB 2
	NA
	NA
	NA
	Per BWP
	0 or 2 bits
	N/A
	0

	CBG transmission information
	NA
	NA
	NA
	Per BWP
	0 or 2 or 4 or 6 or 8 bits
	N/A
	0 

	CBG flushing information 
	NA
	NA
	NA
	Per BWP
	0 or 1 bit
	N/A
	0



Observation 1. Unlicensed band would not be optimized and eType-2 HARQ-ACK CB is not supported, the following fields are not included in DCI format 1_X
a) ChannelAccess-Cpext
b) PDSCH group index
c) New feedback indicator  
d) Number of requested PDSCH group(s)

Proposal 12. The fields in DCI format 1_X are with the below type classification:
· Type-1 fields include below:
· Carrier indicator co-scheduled cells (Type-1B)
· Time domain resource assignment (Type-1B)
· Priority indicator (Type-1A or NA)
· Enhanced Type 3 codebook indicator (Type-1A) if eType-3 HARQ-ACK is supported
· PDCCH monitoring adaptation indication (Type-1C)
· Type-3 fields include below:
· Frequency resource related
· Frequency domain resource assignment
· VRB-to-PRB mapping 
· Rate matching indicator
· MIMO related:
· PRB bundling size indicator
· ZP CSI-RS trigger
· Antenna port(s)
· TCI
· SRS request
· CSI request
· DMRS sequence initialization
· SRS offset indicator
· Modulation and coding scheme
· HARQ process number
· Fields not needed or supported for multi-carrier scheduling include below:
· Bandwidth part indicator
· Second TPC command for scheduled PUCCH
· Transport block 2
· Modulation and coding scheme
· NDI
· RV
· CBG
· CBG transmission information
· CBG flushing information
· HARQ-ACK retransmission indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication

DCI fields in DCI format 0_X
Table 11: DCI fields in DCI 0_X
	Fields
	DCI format 0_X
	DCI format 0_1
	DCI format 0_2

	
	Granularity
	Type1/2/3
	Bits length
	Granularity
	Bits length 
	Granularity
	Bits length

	Identifier for DCI formats
	fixed
	Type-1A
	1 bit
	Fixed
	1 bit
	fixed
	1 bit

	Carrier indicator of co-scheduled cells
	fixed
	Type-1B
	Up to 3 bits, depend on row number
	Per cell
	0 or 3 bit
	Per cell
	Configurable # of bits (0, 1, 2 or 3 bits)

	DFI flag
	NA
	NA
	NA
	
	Reserve
	NA
	NA

	UL/SUL indicator
	FFS
	
	
	Per cell
	0 bit or 1 bit 
	Per cell
	0 bit or 1 bit 

	Bandwidth part indicator
	NA
	NA
	NA
	Per cell
	0, 1 or 2 bits
	Per cell
	0, 1 or 2 bits

	Frequency domain resource assignment
	Per Cell & Per BWP
	Type 3
	FSS
	Per BWP
	RA type 0/1/2
 
	Per BWP
	RA type 0 and/or RA type 1

	Time domain resource assignment
	Per cell & Per BWP
	Type-1B
	Up to 4 bits
	Per BWP
	0 or 1 or 2 or 3 or 4 or 5, or 6 bits
	Per BWP
	0 or 1 or 2 or 3 or 4 or 5, or 6 bits

	Frequency hopping flag
	Per cell &Per BWP
	Type-3
	FSS
	Per BWP
	0 or 1 bit
	Per BWP
	0 or 1 bit

	Modulation and coding scheme
	Per cell &Per BWP
	Type-3
	FSS
	Fixed
	5 bits
	Fixed
	5 bits

	New data indicator
	fixed
	Type-2
	4 bits
	Fixed
	1 bit
	Fixed
	1 bit

	Redundancy version
	fixed
	Type-2
	4 or 8 bits
	Fixed
	2 bits
	Per BWP
	Configurable # of bits (0 or 1 or 2 bits)

	HARQ process number
	fixed
	Type-3
	FSS
	Fixed
	4 bits
[Note]: 5bits is for NTN
	Per BWP
	Configurable # of bits (0 or 1 or 2 or 3 or 4 bits)

	(1st) Downlink assignment index
	Per cell group
	Type-1A
	0 or 2 or 4 bits
	Per cell group
	0 or 2 or 4 bits
	Per BWP
	 Configurable # of bits (0 or 1 or 2 or 4 bits)

	2nd downlink assignment index
	Per cell group
	Type-1A
	0, 2 or 4 bits
	Per cell group
	0, 2 or 4 bits
	NA
	0

	TPC command for scheduled PUSCH
	Per cell
	Type-2
	4 or 8 bits
	[bookmark: OLE_LINK12]fixed
	2 bits
	fixed
	2 bits

	SRS resource set indicator
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	0 or 2 bits
	Per BWP
	0 or 2 bits

	SRS resource indicator
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	0 or 1 or 2 or 3 or 4 bits
	Per BWP
	0 or 1 or 2 or 3 or 4 bits

	Second SRS resource indicator
	NA
	NA
	NA
	Per BWP
	0 or 1 or 2 or 3 or 4 bits

	Per BWP
	0 or 1 or 2 or 3 or 4 bits


	Precoding information and number of layers
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits
	Per BWP
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits

	Second Precoding information
	NA
	NA
	NA
	Per BWP
	0 or 1 or 2 or 3 or 4 or 5 bits
	Per BWP
	0 or 1 or 2 or 3 or 4 or 5 bits

	Antenna port(s)
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	2 or 3 or 4 or 5 bits
	Per BWP
	(0 or 2 or 3 or 4 or 5 bits)
 

	SRS request 
	Per cell &Per BWP
	Type-3
	FFS
	Per Cell
	2 or 3 bits
	Per Cell
	Configurable # of bits (0 or 1 or 2 or 3 bits)

	SRS offset indicator.
	Per cell &Per BWP
	Type-3
	FFS
	Per cell
	0, 1 or 2 bits
	Per cell
	0, 1 or 2 bits

	CSI request
	Per cell &Per BWP
	Type-3
	FFS
	per PUCCH group
	0 or 1 or 2 or 3 or 4 or 5 or 6 bits
	per PUCCH group
	(0 or 1 or 2 or 3 or  4 or 5 or 6 bits)

	CBG transmission information (CBGTI) 
	NA
	NA
	NA
	Per BWP
	0, 2, 4, 6, or 8 bits
	NA
	NA

	PTRS-DMRS association
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	0 or 2 bits
	Per BWP
	0 or 2 bits

	Second PTRS-DMRS association
	NA
	NA
	NA
	Per BWP
	0 or 2 bits
	Per BWP
	0 or 2 bits

	beta offset indicator 
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	0 or 2 bits
	Per BWP
	(0 or 1 or 2 bits)

	DMRS sequence initialization
	Per cell &Per BWP
	Type-3
	FFS
	Per BWP
	0 or 1 bit
	Per BWP
	 (0 or 1 bit)

	UL-SCH indicator 
	NA
	NA
	NA
	Fixed
	1 bit
	Fixed
	1 bit

	ChannelAccess-CPext-CAPC
	NA
	NA
	NA
	Per BWP
	0, 1, 2, 3, 4, 5 or 6 bits
	Per BWP
	0, 1, 2, 3, 4, 5 or 6 bits

	Open-loop power control parameter set indication
	NA
	NA
	NA
	Per BWP
	0 or 1 or 2 bits
	Per BWP
	0 or 1 or 2 bits

	Priority indicator 
	Per PUCCH group
	Type-1A
	1 bit or 0
	Per BWP
	0 or 1 bit
	Per BWP
	0 or 1 bit

	Invalid symbol pattern indicator
	NA
	NA
	NA
	Per BWP
	0 or 1 bit
	Per BWP
	0 or 1 bit

	Minimum applicable scheduling offset indicator
	NA
	NA
	NA
	Per BWP
	0 or 1 bit
	NA
	0

	SCell dormancy indication
	NA
	NA
	NA
	P(S)Cell only
	0, 1, 2, 3, 4 or 5 bits
	NA
	0

	PDCCH monitoring adaptation indication
	Per scheduling cell
	Type-1C
	0, 1 or 2 bits
	Per BWP
	0, 1 or 2 bits
	Per BWP
	0, 1 or 2 bits




Observation 2. Unlicensed band would not be optimized and eType-2 HARQ-ACK CB is not supported, the following fields are not included in DCI format 0_X
a) ChannelAccess-CPext-CAPC 

Proposal 13. The fields in DCI format 0_X are with the below type classification:
· Type-1 fields include below:
· Carrier indicator o/Indicator/bitmap of co-scheduled cells (Type-1B)
· Time domain resource assignment (Type-1B)
· Priority indicator (Type-1A or NA)
· PDCCH monitoring adaptation indication (Type-1C)
· Type-2 fields include below:
· TPC command for scheduled PUSCH (Type2)
· Type-3 fields include below:
· Frequency resource related
· Frequency domain resource assignment
· Frequency hopping flag
· MIMO related:
· SRS resource indicator
· Precoding information and number of layers
· Antenna port(s)
· SRS request
· SRS offset indicator
· CSI request
· PTRS-DMRS association
· DMRS sequence initialization
· Modulation and coding scheme
· HARQ process number
· beta offset indicator
· Fields not needed or supported for multi-carrier scheduling include below:
· DFI flag
· Bandwidth part indicator
· SRS resource set indicator
· Second SRS resource indicator
· Second Precoding information
· Second PTRS-DMRS association
· UL-SCH indicator
· Transport block 2
· Modulation and coding scheme
· NDI
· RV
· CBG
· CBG transmission information
· Invalid symbol pattern indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· Open-loop power control parameter set indication
HARQ enhancements
Reference PDSCH
The reference PDSCH in the following agreement is used to determine the HARQ-ACK timing. Multi-PDSCH scheduling set the last PDSCH as the reference. 
	Agreement in RAN1#110
· When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH



There are several options for reference PDSCH in the multi-cell PDSCH scheduling.
· Option 1: the last PDSCH e.g. the last ending symbol among all the PDSCHs
· Option 2: using the cell index as the reference, i.e. the PDSCH of the lowest cell index
Comparing with Option 1 and Option 2, Option 2 is a better choice. Because there can be several PDSCH with the same ending symbol in Option 1, in this case, new rules would be defined. But Option 2 always have a certain cell index without any ambiguous.
Proposal 14. It can use the cell index as the reference, i.e. the PDSCH of the lowest cell index
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 pruning and K1 set extension should be applied for Type-1 HARQ-ACK codebook.
Proposal 15. If Type-1B is used for Time domain resource allocation field of DCI 1_X, SLIV pruning and K1 set extension should be applied for Type-1 HARQ-ACK codebook
Type 3 HARQ-ACK codebook
According to HARQ enhancements, the working assumption proposed to apply all HARQ-ACK codebooks for multi-carrier PDSCH scheduling. 
	Working Assumption in RAN1#109e
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.



Regarding Type 3 HARQ-ACK codebook, we think the legacy mechanism can be applied directly for multi-cell scheduling. One issue is it needs to clarify whether eType3 HARQ-ACK codebook also need to support for multi-cell scheduling. If so, the following update for the WA should be made.
Proposal 16. Clarify whether or not eType3 HARQ-ACK codebook are in the scope.
Conclusion
In this contribution, we made the following observation and proposals.
Observation 1. Unlicensed band would not be optimized and eType-2 HARQ-ACK CB is not supported, the following fields are not included in DCI format 1_X
a) ChannelAccess-Cpext
b) PDSCH group index
c) New feedback indicator  
d) Number of requested PDSCH group(s)
Observation 2. Unlicensed band would not be optimized and eType-2 HARQ-ACK CB is not supported, the following fields are not included in DCI format 0_X
e) ChannelAccess-CPext-CAPC 

Proposal 1. Confirm the working assumption, and maximum number of configurable cells for co-scheduling is 4.
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
Proposal 2. Support Proposal 3-3rev2 in RAN1#110 with update
· For multi-cell scheduling, 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.
· The table is configured by RRC signalling.
· Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling

Proposal 3. Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
Proposal 4. For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
Proposal 5. The DCI size should be same for the CCE indexes of PDCCH candidates obtained by one CIF value.
Proposal 6. For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, existing DCI size budget is maintained per scheduled cell.
· Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more cells configured with PDCCH candidates for multi-cell scheduling among the cells that can be potentially scheduled by DCI 0_X/1_X. 
Proposal 7. Only one size of DCI 0_X/1_X on one scheduling cell can be monitored. 
Proposal 8. The search space configured with DCI format 0_X/1_X cannot be configured with legacy DCI formats.
Proposal 9. [bookmark: _GoBack]According to sub-group Type-3
· One cell in the configuration cells for co-scheduling always belongs to a same sub-group, for all the fields that is configured as sub-group type.
· Type-1A/1C can be used for each sub-field of sub-group Type-3, while Type-B cannot
· Size of bits in sub-group Type-3 depend on the maximum bit length of all cells in the cell group
Proposal 10. Only support same priority of PUSCHs on multi-cells scheduled by one DCI0_X, and same priority of HARQ-ACK of PDSCHs on multi-cells scheduled by one DCI 1_X in Rel-18.
Proposal 11. Priority indicator can be Type-1A, or not exist if only allows low priority scheduling.
Proposal 12. The fields in DCI format 1_X are with the below type classification:
· Type-1 fields include below:
· Carrier indicator co-scheduled cells (Type-1B)
· Time domain resource assignment (Type-1B)
· Priority indicator (Type-1A or NA)
· Enhanced Type 3 codebook indicator (Type-1A) if eType-3 HARQ-ACK is supported
· PDCCH monitoring adaptation indication (Type-1C)
· Type-3 fields include below:
· Frequency resource related
· Frequency domain resource assignment
· VRB-to-PRB mapping 
· Rate matching indicator
· MIMO related:
· PRB bundling size indicator
· ZP CSI-RS trigger
· Antenna port(s)
· TCI
· SRS request
· CSI request
· DMRS sequence initialization
· SRS offset indicator
· Modulation and coding scheme
· HARQ process number
· Fields not needed or supported for multi-carrier scheduling include below:
· Bandwidth part indicator
· Second TPC command for scheduled PUCCH
· Transport block 2
· Modulation and coding scheme
· NDI
· RV
· CBG
· CBG transmission information
· CBG flushing information
· HARQ-ACK retransmission indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
Proposal 13. The fields in DCI format 0_X are with the below type classification:
· Type-1 fields include below:
· Carrier indicator o/Indicator/bitmap of co-scheduled cells (Type-1B)
· Time domain resource assignment (Type-1B)
· Priority indicator (Type-1A or NA)
· PDCCH monitoring adaptation indication (Type-1C)
· Type-2 fields include below:
· TPC command for scheduled PUSCH (Type2)
· Type-3 fields include below:
· Frequency resource related
· Frequency domain resource assignment
· Frequency hopping flag
· MIMO related:
· SRS resource indicator
· Precoding information and number of layers
· Antenna port(s)
· SRS request
· SRS offset indicator
· CSI request
· PTRS-DMRS association
· DMRS sequence initialization
· Modulation and coding scheme
· HARQ process number
· beta offset indicator
· Fields not needed or supported for multi-carrier scheduling include below:
· DFI flag
· Bandwidth part indicator
· SRS resource set indicator
· Second SRS resource indicator
· Second Precoding information
· Second PTRS-DMRS association
· UL-SCH indicator
· Transport block 2
· Modulation and coding scheme
· NDI
· RV
· CBG
· CBG transmission information
· Invalid symbol pattern indicator
· Minimum applicable scheduling offset indicator
· SCell dormancy indication
· Open-loop power control parameter set indication
Proposal 14. It can use the cell index as the reference, i.e. the PDSCH of the lowest cell index
Proposal 15. If Type-1B is used for Time domain resource allocation field of DCI 1_X, SLIV pruning and K1 set extension should be applied for Type-1 HARQ-ACK codebook
Proposal 16. Clarify whether or not eType3 HARQ-ACK codebook are in the scope.
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