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1. [bookmark: _Toc120549591]Introduction
During last RAN1#110 meeting [1], key issues for multi-cell PUSCH/PDSCH scheduling with a single DCI were discussed, some progress and agreements were achieved to support multi-cell scheduling with a single DCI.
In this contribution, we will further discuss and share our views on the multi-cell PUSCH/PDSCH scheduling with a single cell, including the design of DCI formats, indication of co-scheduled cells, DCI size handling, PDCCH monitoring and other potential issues. 
2. Discussion
2.1 DCI format
2.1.1 Scheduling capability
As the new multi-cell scheduling capability and new DCI format is introduced, scheduling possibilities for multi-cell scheduling and single cell scheduling with DCI format 0_X/1_X needs to be further discussed. According to the conclusion achieved in RAN1#110 meeting, monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell is supported. 
	Working Assumption
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X


Regarding the case when DCI format 0_X/1_X and legacy DCI format(s) can be monitored simultaneously, from our understanding, monitoring DCI format 0_X/1_X and legacy DCI format on the same scheduling cell simultaneously has no spec impact on the BD/CCE budget, and this capability should be supported for each scheduled cell within the set of co-scheduled cells. Furthermore, the actual scheduling mode for different service requirements (e.g., high data rate or sparse data transmission) can depend on gNB implementation, which will provide more flexibility.
Another issue is whether to support all types of legacy DCI format monitored with DCI format 0_X/1_X. Considering that the DCI format 0_X/1_X may not be able to completely cover all NR capabilities, and some information fields may be omitted when designing the new DCI format 0_X/1_X, which require to be indicated by different legacy DCI formats. Besides, the configuration of DCI formats depends on the network, and there is no need to restrict monitoring only some specific DCI formats in the specifications. 

Whether DCI format 0_X/1_X and legacy DCI format(s) simultaneously monitored on different scheduling cells needs to be further discussed, because there will be two scheduling cells for a single scheduled cell at the same time, then the BD/CCE limit handling between two scheduling cells needs to be considered.
Proposal 1. For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously for each cell within the co-scheduled cells. 
· All legacy DCI format(s) can be monitored with DCI 0_X/1_X.
Regarding the issue on single cell scheduling case for the co-scheduled cells, both DCI format 0_X/1_X and legacy DCI format(s) are enabled to schedule one single cell can provide more scheduling flexibility. However, considering that if “3+1” DCI size budget is maintained per serving cell, using DCI format 0_X/1_X with larger DCI size to schedule a single cell will use larger aggregation level compared with legacy DCI format. Thus, it is better to perform dynamic switching between the two scheduling mechanisms for scheduling one single cell, which can also avoid unnecessary UE PDCCH monitoring. If the legacy DCI is not configured, the multi-cell scheduling DCI can be monitored to schedule single cell. Otherwise, the legacy DCI format will be monitored for single cell scheduling.
Proposal 2. For single cell scheduling, support the switching between monitoring DCI format 0_X/1_X and legacy DCI format for a scheduled cell.
2.1.2 Maximum number of configurable cells
The working assumption on maximum number of co-scheduled cell was reached in the last RAN1 meeting, up to 4 cells can be scheduled by a DCI each time for the time being. Furthermore, the maximum number of cells that can be configured for co-scheduling with DCI format 0_X/1_X also needs to be identified. 
	Working Assumption
· 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


Considering that the main motivation of multi-cell scheduling with a single DCI is to increase flexibility and spectral/power efficiency on scheduling data over multiple cells by utilizing scattered spectrum bands or wider bandwidth spectrum, the maximum number of scheduled cells can be configured for multi-cell scheduling should not be too small. In the legacy cross-carrier scheduling framework, one scheduling cell can be configured to schedule up to 8 cells. It is possible to configure more than 4 cells for multi-cell scheduling with a DCI format 0_X/1_X, and more potential combinations of scheduled cells by a DCI format 0_X/1_X can be considered, which will depend on gNB implementation and provide more scheduling flexibility. Thus, we think more than 4 cells can be configured as scheduled cells for a DCI format 0_X/1_X.
Proposal 3. The maximum number of configurable cells scheduled by a DCI format 0_X/1_X can be more than 4.
Besides, the determination of the new multi-cell scheduling DCI size also needs to be discussed. Since there can be multiple combinations of scheduled cells configured by network. Considering information fields needed for each combination of scheduled cells may be different, which consequently requires different DCI payload size. One solution is to determine the DCI size according to the information fields required for the maximum number of scheduled cells, and in the case where only part of the cells are scheduled, the fields irrelevant to the actual scheduled cells can be ignored.
Proposal 4. The DCI size of a DCI format 0_X/1_X should be fixed regardless the number of cells it schedules each time.
2.2 PDCCH monitoring issues
2.2.1 Search space configuration
In current NR design, the cross-carrier scheduling framework is configured for each scheduled cell. While for R18 multi-cell scheduling, since more than one cells can be scheduled by DCI format 0_X/1_X, the issue on search space configuration for multi-cell scheduling should be considered, and in the last RAN1 meeting, the following alternatives are proposed for further discussion[2]. 
	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 signaling.
· Other alternatives are not precluded.


From our view, it is feasible to directly extend the legacy cross-carrier configuration for search space to multi-cell scheduling, that is configuring the search space of DCI format 0_X/1_X on each co-scheduled cell as in Alt 1, which provides more scheduling flexibility.
Regarding Alt 2, if search space of DCI format 0_X/1_X is configured on a subset of the co-scheduled cells, RRC configuration should be modified for different subsets of scheduled cells each time, which will result in unnecessary RRC overhead. For Alt 3, it depends on gNB implementation to determine which scheduled cell that search space will be configured on. Similar to Alt 2, extra RRC signalling is required since the scheduled cell is still unknown for UE when monitoring the search space set. For Alt 4, if search space is configured only on scheduling cell, the explicit RRC signalling to configure search space linkage will also result in large RRC overhead.
Based on the above discussion, we support Alt 1, which provides more configuration flexibility and the Rel-16 search space linking scheme can be reused.
Proposal 5. The search space of DCI format 0_X/1_X can be configured on each cell of the set of co-scheduled cells and associated with the search space on scheduling cell with the same search space ID.
2.2.2 CCE index of PDCCH candidates
To determine the CCEs for each configured aggregation level of PDCCH candidates for multi-cell scheduling with DCI format 0_X/1_X , the  value for calculating CCE index should be clarified first. 
According to the legacy configuration for cross-carrier scheduling, the CIF is used to indicate the single scheduled cell index, and when calculating the CCE index, the value of  in the hash function equals to the CIF value. 

For multi-cell scheduling, considering different combinations of co-scheduled cells are supported for a DCI format 0_X/1_X, it is recommended that the  value be decoupled from the CIF value, otherwise, the blind decoding overhead of UE is too huge. The following methods are discussed to determine the  value.
· Option 1: Same  can be configured for several combinations of co-scheduled cells, and the same CCE indexes of PDCCH candidates are shared for these combinations of scheduled cells.
· Option 2: Different  can be configured for each combination of co-scheduled cells, and separate CCE indexes of PDCCH candidates are configured for different combinations of scheduled cells.
Regarding Option 1, the  value can be pre-defined based on the possible number of scheduled cells within the combinations, and combinations with the same number of cells can use the same  value, then the same CCE indexes of PDCCH candidates will be shared for these combinations of scheduled cells. Besides, Option 1 will not preclude the possibility that the same  will be configured for all combinations of scheduled cells.
For Option 2, configuring individual  value for each combination of co-scheduled cells may cause higher payload when the configured combinations of co-scheduled cells increase. Besides, considering the limited number of PDCCH candidates and non-overlapping CCEs resource, it is more complicated to use different CCE indexes for each combination of co-scheduled cells. 
According to the analysis above, we prefer Option 1, the same  can be configured for several combinations of co-scheduled cells, which can avoid the restriction on PDCCH candidates and CCEs and require less blind decoding overhead compared with Option 2. 
Proposal 6. The same  for calculating CCE indexes of PDCCH candidates can be configured for several combinations of co-scheduled cells within the set of configured cells.
2.2.3 Indication of scheduled cells
When multi-cell PUSCH/PDSCH scheduling with a single DCI format is supported, one main issue is how to indicate the multiple scheduled cells. According to the RAN1#109-e meeting, several candidate schemes on the indication of scheduled cells are shown below. And it was recommended to focus on Option 1 to make progress during RAN1#110 meeting.
	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.


In Option 1, the possible combinations of scheduled cells are pre-configured by RRC signalling, and which combination to be scheduled is dynamically indicated by the DCI format 0_X/1_X. The actual scheduled cells combination is dynamically selective, which can provide more scheduling flexibility and will adapt to the change of bandwidth conditions and service data rate.
[bookmark: _GoBack]However, as we discussed in section 2.1, if more than 4 cells can be configured to be scheduled by a DCI format 0_X/1_X, then the number of potential combinations of scheduled cells will significantly increase, which requires more RRC signalling and DCI overhead.
Thus, we propose another indication method, which jointly considers the  discussed in section 2.2.2 when define the RRC table of co-scheduled cells combinations, and the dynamic indication in DCI format 0_X/1_X can be used to indicate the actual combination of co-scheduled cells. Specifically, the mapping between , dynamic indication and combination of co-scheduled cells will be pre-configured, the  is determined based on the number of scheduled cells, and the dynamic indication is used to further distinguish different combinations of scheduled cells corresponding to the same . This method requires less bits number of the indication field in the DCI than that of Option 1, therefore more control overhead will be saved.
Take the case that 8 scheduled cells can be configured for a scheduling cell and with a maximum of 4 co-scheduled cells as an example, possible combinations of co-scheduled cells can be configured by network, and the total number of co-scheduled cells combinations is , then the mapping relationship between dynamic indication and the scheduled cells with and without  are shown in the following Table 1 and Table 2.
Table 1. Indication of scheduled cells without 
	Indication of scheduled cells
	Scheduled cells

	0
	(Cell#1)

	1
	(Cell#2)

	2
	(Cell#3)

	3
	(Cell#4)

	4
	(Cell#1, Cell#2)

	5
	(Cell#1, Cell#3)

	6
	(Cell#2, Cell#4)

	7
	(Cell#3, Cell#5)

	8
	(Cell#1, Cell#2, Cell#3)

	9
	(Cell#1, Cell#2, Cell#4)

	...
	...

	M-2
	(Cell#1, Cell#2, Cell#3, Cell#4)

	M-1
	(Cell#1, Cell#3, Cell#5, Cell#6)


Table 2. Indication of scheduled cells with 
	
	Indication of scheduled cells
	Scheduled cells

	0
	0
	(Cell#1)

	
	1
	(Cell#2)

	
	2
	(Cell#3)

	
	...
	...

	1
	0
	(Cell#1, Cell#2)

	
	1
	(Cell#1, Cell#3)

	
	2
	(Cell#2, Cell#4)

	
	3
	(Cell#3, Cell#5)

	
	...
	(...)

	2
	0
	(Cell#1, Cell#2, Cell#3)

	
	1
	(Cell#1, Cell#2, Cell#4)

	
	2
	(Cell#2, Cell#4, Cell#5)

	
	3
	(Cell#3, Cell#6, Cell#7)

	
	...
	...

	3
	0
	(Cell#1, Cell#2, Cell#3, Cell#4)

	
	1
	(Cell#1, Cell#3, Cell#5, Cell#6)

	
	...
	...


Based on the above analysis, we prefer Option 2. It is obvious that with the increasing of combinations of co-scheduled cells configured by network, more DCI overhead can be saved with the indication scheme in Option 2.
Proposal 7. Considering the indication of co-scheduled cells, possible combinations of scheduled cells can be pre-configured by RRC signaling, and the co-scheduled cells are jointly indicated by  and indicator in DCI formats 0_X/1_X.
2.2.4 DCI size alignment
For the multi-cell PUSCH/PDSCH scheduling, the size of the newly designed DCI format 0_X/1_X as discussed in section 2.1 is naturally larger than that of legacy DCI formats used for scheduling one cell. Thus, handling of the DCI size alignment needs to be further discussed, and several options from different perspectives during RAN1#109-e meeting are shown as follows [3].
	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.
· [bookmark: _Hlk110950741]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.


According to the current specification description for restrictions of DCI size alignment,
-	the total number of different DCI sizes configured to monitor is no more than 4 for the cell;
-	the total number of different DCI sizes with C-RNTI configured to monitor is no more than 3 for the cell.
From our perspective, it is reasonable to maintain the restriction of DCI size budget as the current specification for each cell. However, if DCI size alignment is performed on each scheduled cell as current spec definition, many padding bits are needed to align the size of legacy DCI to the size of multi-cell scheduling DCI, which increases the DCI payload size of legacy DCI and decreases the PDCCH capability.  
Thus, the DCI size alignment for the new multi-cell scheduling DCI format can be performed only in one scheduled cell which determined through pre-defined rule or network configuration. For example, the scheduled cell can be the cell which the total number of different DCI sizes with C-RNTI configured to monitor is smaller than 3 or the cell with the smallest bit difference between the maximum legacy DCI size and the new DCI size. That is the DCI size alignment is only performed on one cell, and the DCI sizes of other cells are not impacted by the new multi-cell scheduling DCI format.
Proposal 8. Regarding DCI size budget for multi-cell scheduling DCI, support 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.
· The scheduled cell can be configured by gNB or pre-defined in spec.
2.2.5 BD/CCE budget
Another issue that needs to be discussed is how to calculate the number of PDCCH candidates and non-overlapped CCEs across multiple scheduled cells corresponding to the new multi-cell scheduling DCI format. We think that when a new DCI format 0_X/1_X is introduced, total BD/CCE budget should not be changed in order not to impact UE’s capability. 
According to the specification description for counting the BD/CCEs number,
	From section 10.1 of TS 38.213:
For each scheduled cell from the  downlink cells using combination , the UE is not required to monitor on the active DL BWP with SCS configuration  of the scheduling cell, more than  PDCCH candidates or more than  non-overlapped CCEs per span.
A UE does not expect to be configured CSS sets that result to corresponding total, or per scheduled cell, numbers of monitored PDCCH candidates and non-overlapped CCEs per slot or per span that exceed the corresponding maximum numbers per slot or per span, respectively.
For same cell scheduling or for cross-carrier scheduling, a UE does not expect a number of PDCCH candidates, and a number of corresponding non-overlapped CCEs per slot or per span on a secondary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the secondary cell per slot or per span, respectively. If a UE is provided monitoringCapabilityConfig = r16monitoringcapability for the primary cell, except the first span of each slot, the UE does not expect a number of PDCCH candidates and a number of corresponding non-overlapped CCEs per span on the primary cell to be larger than the corresponding numbers that the UE is capable of monitoring on the primary cell per span. 
For cross-carrier scheduling, the number of PDCCH candidates for monitoring and the number of non-overlapped CCEs per span or per slot are separately counted for each scheduled cell.


It is noted that the number of monitored PDCCH candidates and non-overlapping CCEs are calculated per scheduled cell for current cross-carrier scheduling. If the number of PDCCH candidates and non-overlapping CCEs corresponding to the new multi-cell scheduling DCI format are calculated for each scheduled cell, the number of monitored PDCCH candidates and non-overlapping CCEs actually detected by UE will be less than the total BD/CCE budget, which will lead to a waste of PDCCH detection capability. 
In order to avoid the repeated calculation and effectively utilize PDCCH detection capability, the following two options of BD/CCE counting are discussed for multi-cell scheduling DCI.
· Option 1. The number of PDCCH candidates and non-overlapping CCEs are counted only in one of the scheduled cells.
· Option 2. The number of PDCCH candidates and non-overlapping CCEs are scaled down to each of co-scheduled cell according to the number of co-scheduled cells 
Considering Option 1, a specific scheduled cell should be determined through network configuration, and the number of PDCCH candidates as well as non-overlapping CCEs corresponding to the multi-cell scheduling DCI format will only be calculated in this cell. However, this may result in an issue that other PDCCH candidates monitored to schedule the selected cell will be limited.
While for Option 2, a scaling factor related to the number of cells scheduled by the multi-cell scheduling DCI is configured, then the actual number of PDCCH candidates and non-overlapping CCEs are scaled down by using the factor and counted into each of the co-scheduled cells. Besides, considering that the counted number of PDCCH candidates and non-overlapping CCEs may become non-integers in this case, it is recommended that non-integers being rounded up before counted into each scheduled cell. From our perspective, Option 2 is better than Option 1, for each scheduled cell, UE can monitor more additional PDCCH candidates, which can also provide more scheduling flexibility.
Proposal 9. The number of PDCCH candidates and non-overlapping CCEs corresponding to multi-cell scheduling DCI can be scaled down to each of co-scheduled cell according to the number of co-scheduled cells. 
2.3 DCI fields design
For the designing of indication fields of DCI format 0_X/1_X, it is recommended that all the DCI fields can be divided into three types. Type-1 fields could be common indication shared by all scheduled cells or indicated separately for one or each of the scheduled cell. Type-2 fields can be separate information independently indicated for each scheduled cell. Type-3 fields could be common or separate indication for each of the co-scheduled cells, or each sub-group of the co-scheduled cells, which depends on network configuration.  
Some DCI fields types were agreed during last RAN1 meeting, and the conclusion is shown as follows.
	Agreement
· 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


In addition to the above DCI fields in DCI format 1_X/0_X, the design and types of other DCI fields need to be further discussed. Directly repeating the original DCI information fields for each scheduled cell as the new DCI format is not available, which is contrary to the motivation of reducing PDCCH overhead and may result in high PDCCH blockage rate. It is obvious that compressing some DCI fields can achieve higher gain by reducing PDCCH payload.
For Type-1 fields, to reduce control overhead, some fields with common indication can be shared between several scheduled cells. Considering the DCI field that requires large number of information bits, such as FDRA, it can also be designed as a shared field for all co-scheduled cells, and the common information will be re-purposed for each scheduled cell separately to save the DCI payload size. 
The co-scheduled cells may have different BWP configuration, thus all BWPs need to be considered, and the FDRA field size can be determined by the minimum BWP size among scheduled cells. Furthermore, the scaling factor K can be calculated based on the ratio of each scheduled cell’s BWP size to the minimum BWP size and applied to each scheduled cell, which is similar to the scheme of DCI size alignment for Rel-15/16 fallback DCI that DCI format 1_0 in USS is derived from the size of DCI format 1_0 in CSS but applied to an active BWP.
In case of resource allocation type 0, the FDRA in the DCI format 1_X/0_X can use a bitmap to indicate the RBG allocation to the UE, and the UE interprets the bitmap and RBG size based on the scaling factor K for each scheduled cell with different BWP configuration.
In case of resource allocation type 1, the resource indication value (RIV) value is used to indicate the start position and length of the allocated RBG, and the UE can interpret the RIV value based on the scaling factor K for each scheduled cell.
Proposal 10. FDRA field can be configured as Type-1 field to reduce DCI size, and the following designing can be considered. 
· The FDRA field size can be determined by the minimum BWP size among BWPs of all co-scheduled cells.
· For resource allocation type 0, the common indication for bitmap and RBG size is used for all co-scheduled cells, and UE interprets the indication respectively to each scheduled cell with scaling factor K.
· For resource allocation type 1, the common indication of RIV is used for all co-scheduled cells, and the UE can interpret the indication respectively with the scaling factor K.
For Type-2 fields, since that some fields in a DCI format are designed according to the configurations of the scheduled cell, these information fields cannot be directly shared between several scheduled cells with different configurations. In addition to the new data indicator and RV, the indication of MCS can also be separately indicated to guarantee transmission link quality.
For the other fields, the information in the field could be shared or separately indicated for each cell depending on network configuration according to different deployment scenarios (e.g. intra-band or inter-band CA operation, FR1 or FR2 bands), such as time domain resource assignment and MIMO related fields, can be flexibly indicated.
The indication of each DCI filed listed in Table 2 below can be used as an example.  
Table 3. DCI fields in DCI format 1_X
	Field types
	Information filed
	Bits number

	Type-1A
	Identifier for DCI formats
	1

	
	Indication of scheduled cells
	0,3, or more 

	
	Downlink assignment index
	0,2,4,6

	
	TPC command for scheduled PUCCH
	2

	
	PUCCH resource indicator
	3

	
	PDSCH-to-HARQ_feedback time
	0,1,2,3

	
	DMRS sequence initialization
	1

	Type-1A
Shared indication will be re-proposed for each scheduled cell
	Frequency domain resource assignment
(100 PRBs assumed)
	13

	Type-2
	Modulation and coding scheme
	5

	
	New data indicator
	1

	
	Redundancy version
	2

	Type-3
	Bandwidth part indicator
	0,1 or 2

	
	Time domain resource assignment
	0,1,2,3,4

	
	VRB-to-PRB mapping
	0 or 1

	
	PRB bundling size indicator
	0 or 1

	
	Rate matching indicator
	0,1, or 2

	
	ZP CSI-RS trigger
	0,1 or 2

	
	HARQ process number
	4

	
	Antenna port(s)
	4,5,6

	
	Transmission configuration indication
	0 or 3

	
	SRS request
	2,3



Proposal 11. The fields in DCI format 1_X can be classified as the following:
· Type-1 fields include below:
· Type-1A fields:
· Identifier for DCI formats 
· Downlink assignment index 
· TPC for scheduled PUCCH 
· PUCCH resource indicator 
· Indication of scheduled cells
· PDSCH-to-HARQ_feedback time
· DMRS sequence initialization
· Frequency domain resource assignment
· Type-2 fields include below:
· Modulation and coding scheme
· New data indicator
· Redundancy version
· Type-3 fields include below:
· Bandwidth part indicator
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· HARQ process number
· Antenna port(s)
· Transmission configuration indication
· SRS request

3. Conclusions
In this contribution, several key issues on multi-cell PUSCH/PDSCH scheduling with a single DCI are discussed, and the following proposals are made.
Proposal 1. For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) can be monitored simultaneously for each cell within the co-scheduled cells. 
· All legacy DCI format(s) can be monitored with DCI 0_X/1_X.
Proposal 2. For single cell scheduling, support the switching between monitoring DCI format 0_X/1_X and legacy DCI format for a scheduled cell.
Proposal 3. The maximum number of configurable cells scheduled by a DCI format 0_X/1_X can be more than 4.
Proposal 4. The DCI size of a DCI format 0_X/1_X should be fixed regardless the number of cells it schedules each time.
Proposal 5. The search space of DCI format 0_X/1_X can be configured on each cell of the set of co-scheduled cells and associated with the search space on scheduling cell with the same search space ID.
Proposal 6. The same  for calculating CCE indexes of PDCCH candidates can be configured for several combinations of co-scheduled cells within the set of configured cells.
Proposal 7. Considering the indication of co-scheduled cells, possible combinations of scheduled cells can be pre-configured by RRC signaling, and the co-scheduled cells are jointly indicated by  and indicator in DCI formats 0_X/1_X.
Proposal 8. Regarding DCI size budget for multi-cell scheduling DCI, support 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.
· The scheduled cell can be configured by gNB or pre-defined in spec.
Proposal 9. The number of PDCCH candidates and non-overlapping CCEs corresponding to multi-cell scheduling DCI can be scaled down to each of co-scheduled cell according to the number of co-scheduled cells. 
Proposal 10. FDRA field can be configured as Type-1 field to reduce DCI size, and the following designing can be considered. 
· The FDRA field size can be determined by the minimum BWP size among BWPs of all co-scheduled cells.
· For resource allocation type 0, the common indication for bitmap and RBG size is used for all co-scheduled cells, and UE interprets the indication respectively to each scheduled cell with the scaling factor K.
· For resource allocation type 1, the common indication of RIV is used for all co-scheduled cells, and the UE can interpret the indication respectively with the scaling factor K.
Proposal 11. The fields in DCI format 1_X can be classified as the following:
· Type-1 fields include below:
· Type-1A fields:
· Identifier for DCI formats 
· Downlink assignment index 
· TPC for scheduled PUCCH 
· PUCCH resource indicator 
· Indication of scheduled cells
· PDSCH-to-HARQ_feedback time
· DMRS sequence initialization
· Frequency domain resource assignment
· Type-2 fields include below:
· Modulation and coding scheme
· New data indicator
· Redundancy version
· Type-3 fields include below:
· Bandwidth part indicator
· Time domain resource assignment
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· HARQ process number
· Antenna port(s)
· Transmission configuration indication
· SRS request
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