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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94-e meeting, a WID on Multi-carrier enhancements is approved for Release 18 [1], where a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI should be specified: 
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling


[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In this contribution, firstly, we discuss the scenarios for multi-cell PDSCH/PUSCH scheduling with a single DCI and the specific design of DCI fields. Secondly, we present our views on the DCI format and DCI size budget for blind detection. In addition, we provide analysis on other related issues like sSCell configuration and HARQ-ACK codebook.
Scenarios and designs
Considerations of single DCI
Scheduling PDSCHs or PUSCHs on multi-cells through a single DCI can reduce the overhead of control channel caused by a plurality of DCIs. In this way, more downlink resources can be released for PDSCH transmission, improving the downlink capacity. Figure 1 shows an example of two cells scheduled simultaneously by a single DCI.
[image: ]
Figure 1 One example of multi-cells scheduling with a single DCI
From the perspective of scheduling flexibility, all the DCI fields excluding CRC may be replicated for multiple cells scheduling. However, in practical scenarios with typical network configurations, many DCI fields can be shared for the PDSCHs among multiple cells to reduce the overhead. Taking single DCI for PDSCH scheduling as an example, a preliminary analysis for each DCI field in legacy DCI format 1_1 of Rel-15 is provided in the Table 1. Three types of DCI fields can be categorized based on the usage of each field in general: 
· The first type of DCI fields is better to be independently indicated for PDSCHs in order to make sure dynamic link adaptation.
· The second type of DCI fields could be common for PDSCHs in most real cases without losing much flexibility. 
· The third type of DCI fields can be either independent or common, which is up to network configuration for PDSCHs which leaves sufficient scheduling flexibility, based on different scenarios. 
For the first type, since different cells have different channel states, key scheduling information such as MCS, NDI and RV are expected to be independently indicated to guarantee the performance when multiple cells are scheduled simultaneously.
For the second type, for example, the TPC command for scheduled PUCCH, PDSCH-to-HARQ_feedback timing indicator, PUCCH resource indicator and downlink assignment index can be common for multiple PDSCHs considering that the HARQ-ACK for the scheduled PDSCHs can be transmitted in the same PUCCH. The identifier for DCI formats can also be common if the same DCI format for the PDSCHs are to be used. 
For the third type of DCI field, some, e.g., the time domain resource assignment, can be independent among cells or assumed to be common to reduce the overhead. For example, if the SCSs between scheduling cell and scheduled cell are the same, the time domain resource assignment can be shared with minimum standard efforts. If the SCSs between scheduling cell and scheduled cell are different, the time domain resource assignment is better to be indicated independently for multiple cells to provide more scheduling flexibility. 
[bookmark: _Ref61637228][bookmark: _Ref53766014]Table 1 DCI information fields
	Information
	Bits
	Common or independent

	For transport block 1:
	

	[bookmark: _Hlk100771336]Modulation and coding scheme
	5
	Type 1: Better to be independent for separate transport blocks.


	New data indicator
	1
	

	Redundancy version
	2
	

	For transport block 2:
	

	Modulation and coding scheme
	5
	

	New data indicator
	1
	

	Redundancy version
	2
	

	HARQ process number
	4,5
	

	Bandwidth part indicator
	0,1,2 
	Type 3: Can be independent or common fully up to network flexible configuration.

	Rate matching indicator
	0,1,2
	

	ZP CSI-RS trigger
	0,1,2
	

	SRS request
	2,3
	

	Antenna port(s)
	4,5,6
	

	CBG transmission information (CBGTI)
	0,2,4,8
	

	CBG flushing out information (CBGFI)
	0 ,1
	

	Time domain resource assignment
	0,1,2,3,4,5,6  
	

	VRB-to-PRB mapping
	0,1
	

	PRB bundling size indicator
	0,1
	

	DMRS sequence initialization
	1
	

	Transmission configuration indication
	0,3
	

	Frequency domain resource assignment (104 RB for 20MHz)
	15
	

	TPC command for scheduled PUCCH
	2
	Type 2: Could be common considering typical configuration in practical deployments and its usage.
	Same PUCCH for cells within PUCCH group

	Downlink assignment index 
	0,2,4,6
	
	Same PUCCH for cells within PUCCH group

	PDSCH-to-HARQ_feedback timing indicator
	0,1,2,3
	
	The latency requirement is similar for PDSCHs

	PUCCH resource indicator
	3
	
	Same PUCCH resource for HARQ is enough

	Carrier indicator
	0,3
	
	Common understanding for PDSCHs

	Identifier for DCI formats
	1
	
	Same DCI format

	CRC
	24
	
	One CRC is enough


For scheduling PDSCHs or PUSCHs on multi-cells, the configuration of each DCI field in a single DCI will need further discussion, e.g., issues of which fields can be shared for the multiple PDSCHs, which fields should be indicated separately, and which fields can be configured to be flexible. 
Proposal 1: For the single DCI scheduling multiple cells, some DCI fields can be predefined to be independent for separate PDSCHs, some fields can be predefined to be common for multiple PDSCHs, and the other fields can be configurable to be independent or common based on network decisions.

Maximum number of scheduled cells
Another issue to be identified is the maximum number of cells that can be scheduled simultaneously by a single DCI, which is associated with the single DCI payload size. The payload size of single DCI can be increased as the number of scheduled cells increases while the maximum DCI payload size supported by polar code is 164 bits (including CRC bits) in current standard. Generally, single DCI for multi-cell scheduling can apply for neighboring scheduled cells, which can enable more common DCI fields to reduce more DCI overhead. And the maximum number of scheduled cells may vary in different scenarios.
For PDSCH scheduling, when all the cells scheduled by a single DCI are in FR1, the typical number of scheduled cells can be 2 or 3. For example, inter-band CA of 700MHz, 800MHz and 900MHz, inter-band CA of 1.8GHz and 2.1GHz, and intra-band contiguous CA of 3.5GHz or 2.6GHz with 2 carriers. When all the cells scheduled by a single DCI are in FR2, the typical number of scheduled cells for PDSCH scheduling can be 4 or 8. For example, intra-band contiguous CA of 28GHz with 4 or 8 carriers. It may not be a typical case that cells scheduled by a single DCI are distributed across FR1 and FR2, since there can be fewer common DCI fields. And in this case two single DCIs for FR1 and FR2 separately can be a more proper solution.
For PUSCH scheduling, when all the cells scheduled by a single DCI are in FR1, considering that commercial UEs often have 2 Tx chains at most, the typical number of scheduled cells can be 2 or 3. For example, inter-band CA of 700MHz and 800MHz, inter-band CA of 1.8GHz and 3.5GHz with 2 contiguous carriers. When all the cells scheduled by a single DCI are in FR2, the typical number of scheduled cells can be 2 for intra-band CA. Similar to PDSCH scheduling analysis, it may not be a typical case that cells scheduled by a single DCI are distributed across FR1 and FR2. 
Observation 1: The typical number of cells scheduled by a single DCI for PDSCH scheduling can be 2 or 3 for FR1 CA and 4 or 8 for FR2 CA.
Observation 2: The typical number of cells scheduled by a single DCI for PUSCH scheduling can be 2 or 3 for FR1 CA and 2 for FR2 CA.
Based on the design considerations of single DCI in section 2.1, for the scenario that 2 or 3 cells scheduled by a single DCI for PDSCHs or PUSCHs, the 164-bit DCI limit can be almost maintained without sacrificing performance and much scheduling flexibility. 
· For example, the payload size of single DCI for PDSCH scheduling can be reduced to 141~160 bits for 2 cells and 156~164 bits for 3 cells in FR1. Table 2 shows the detailed configuration example of the total number of bits corresponding to 2 cells and 3 cells.
Table 2 Configuration example of DCI fields for 2 cells and 3 cells
	Fields
	Range of bits
	2 cells
	3 cells

	
	
	Bits
	status
	Bits
	status

	Identifier for DCI formats
	1
	1
	common
	1
	common

	Carrier Indicator
	0,3
	3
	common
	3
	common

	Bandwidth part indicator
	0,1,2
	2
	common
	1
	common

	Frequency domain resource assignment
	X（8~16）
	16
	independent
	13
	Independent

	Time domain resource assignment
	0,1,2,3,4,5,6
	6
	flexible
	4
	flexible

	VRB-to-PRB mapping
	0,1
	0
	common
	0
	Common

	PRB bundling size indicator
	0,1
	0
	common
	0
	Common

	Rate matching indicator
	0,1,2
	2
	flexible
	0
	Common

	ZP CSI-RS Trigger
	0,1,2
	2
	flexible
	2
	Common

	Modulation and coding scheme [TB1]
	5
	5
	independent
	5
	Independent

	New data indicator [TB1]
	1
	1
	independent
	1
	Independent

	Redundancy version [TB1]
	2
	2
	independent
	2
	Independent

	Modulation and coding scheme [TB2]
	5
	5
	independent
	5
	Independent

	New data indicator [TB2]
	1
	1
	independent
	1
	Independent

	Redundancy version [TB2]
	2
	2
	independent
	2
	Independent

	HARQ process number
	4,5
	5
	independent
	4
	Independent

	downlink assignment index
	0,2,4,6
	4
	common
	4
	Common

	TPC command for scheduled PUCCH
	2
	2
	common
	2
	Common

	PUCCH resource indicator
	3
	3
	common
	3
	Common

	PDSCH-to-HARQ_feedback timing indicator
	0,1,2,3
	3
	common
	3
	Common

	Antenna port(s)
	4,5,6
	4
	flexible
	4
	Common

	Transmission configuration indication
	0,3
	3
	common
	3
	Common

	SRS request
	2,3
	2
	common
	2
	Common

	CBG transmission information（CBGTI）
	0,2,4,6,8
	4
	flexible
	0
	Common

	CBG flushing out information（CBGFI）
	0,1
	1
	flexible
	0
	Common

	DMRS sequence initialization
	1
	1
	common
	1
	Common

	CRC
	24
	24
	common
	24
	Common

	Total
	
	
	141~160 bits
	
	156~164 bits


 
Observation 3: For a single DCI containing 2 or 3 scheduled cells, the payload size of single DCI can be reduced without sacrificing performance and much scheduling flexibility.
For 4 or 8 scheduled cells by a single DCI for PDSCH/PUSCH, the existing 164-bit limitation may not be sufficient to provide enough scheduling flexibility, and special design may be required to maintain the upper bound limit. 
· For example, when there are 4 cells scheduled by a single DCI for PDSCH scheduling, more fields, e.g., time domain resource assignment, need to be shared to limit the total payload size of single DCI with some standard efforts. Alternatively, some features, such as CBG and TB2 transmission, may need to be restricted, which will affect the scheduling flexibility. That means the gNB cannot configure some transmission features when more than 3 cells are jointly scheduled through a single DCI. Table 3 shows the detailed configuration example of the total number of bits corresponding to 4 cells.
· For example, when there are 8 cells scheduled by a single DCI for PDSCH scheduling, in addition to the fields which are configured to be common in the scenario of 4 scheduled cells, frequency domain resource assignment and even the MCS need to be further shared to maintain the DCI payload size limit. In the case of sharing frequency domain resource assignment, common PRB number should be assumed for multiple cells and the resource should be allocated discontinuously, which has more limitation on the applicable scenarios. MCS may be shared when bands are neighbouring to each other, but this will result in some performance loss. This is because that the channel state of each carrier is different and the MCS should be different as well to achieve the best performance. If this field is shared, the smallest MCS is selected among the multiple cells, which will affect the spectral efficiency. Table 3 shows the detailed configuration example of the total number of bits corresponding to 8 cells.
Table 3 Configuration example of DCI fields for 4 cells and 8 cells
	Fields
	Range of bits
	4 cells
	8 cells

	
	
	Bits
	Status
	Bits
	Status

	Identifier for DCI formats
	1
	1
	common
	1
	Common

	Carrier Indicator
	0,3
	3
	common
	3
	Common

	Bandwidth part indicator
	0,1,2
	1
	common
	1
	Common

	Frequency domain resource assignment
	X（8~16）
	15
	independent
	15
	Common

	Time domain resource assignment
	0,1,2,3,4,5,6
	4
	common
	4
	Common

	VRB-to-PRB mapping
	0,1
	0
	common
	0
	Common

	PRB bundling size indicator
	0,1
	0
	common
	0
	Common

	Rate matching indicator
	0,1,2
	0
	common
	0
	Common

	ZP CSI-RS Trigger
	0,1,2
	2
	common
	2
	Common

	Modulation and coding scheme [TB1]
	5
	5
	independent
	5
	Common

	New data indicator [TB1]
	1
	1
	independent
	1
	Independent

	Redundancy version [TB1]
	2
	2
	independent
	2
	Independent

	Modulation and coding scheme [TB2]
	5
	0
	common
	0
	common

	New data indicator [TB2]
	1
	0
	common
	0
	common

	Redundancy version [TB2]
	2
	0
	common
	0
	common

	HARQ process number
	4,5
	4
	independent
	4
	Independent

	downlink assignment index
	0,2,4,6
	4
	common
	4
	Common

	TPC command for scheduled PUCCH
	2
	2
	common
	2
	Common

	PUCCH resource indicator
	3
	3
	common
	3
	Common

	PDSCH-to-HARQ_feedback timing indicator
	0,1,2,3
	0
	common
	3
	Common

	Antenna port(s)
	4,5,6
	6
	common
	6
	Common

	Transmission configuration indication
	0,3
	3
	common
	3
	Common

	SRS request
	2,3
	2
	common
	2
	Common

	CBG transmission information（CBGTI）
	0,2,4,6,8
	0
	common
	0
	Common

	CBG flushing out information（CBGFI）
	0,1
	0
	common
	0
	Common

	DMRS sequence initialization
	1
	1
	common
	1
	Common

	CRC
	24
	24
	Common
	24
	Common

	Total
	　
	
	164 bits
	
	135 bits



Observation 4: For a single DCI containing 4 or 8 scheduled cells, more fields are required to be shared among scheduled cells and some transmission features cannot be supported to maintain the DCI payload size limitation.
Proposal 2: The scenario that 2 and 3 cells scheduled simultaneously by a single DCI can be prioritized.
In addition, although a single DCI can support scheduling multiple cells simultaneously, e.g., 3 cells at most which could be configured by RRC signaling, there still exists cases that only 1 or 2 cell(s) need to be scheduled simultaneously before the re-configuration of single DCI. Therefore, in this case, single DCI supporting simultaneous scheduling of 3 cells should also support simultaneous scheduling of 1 or 2 cell(s), and DCI fields configured independently corresponding to unscheduled cell(s) will be reserved.
Proposal 3: The actual number of cells which could be scheduled simultaneously by a single DCI can be smaller than the maximum number of cells which could be scheduled simultaneously by a single DCI.

SCS relationship among scheduling and scheduled cells
Regarding the SCS relationship among scheduling cell(s) and the scheduled cell(s), three cases can be summarized below.
· Case 1: SCS among scheduling and scheduled cells are the same.
· Case 2: SCS among scheduling and scheduled cells are different, and SCS among scheduled cells are the same.
· Case 3: SCS among scheduling and scheduled cells are different, and SCS among scheduled cells are different.
Case 1 is typical for intra-band contiguous CA. For example, the scheduled cells are 2 intra-band contiguous carriers on 3.5GHz, and the scheduling carrier is one of these carriers. Case 1 is also typical for adjacent inter-band CA, e.g., the scheduled cells are one carrier on 700MHz and one carrier on 800MHz, and the scheduling carrier is one of these carriers.
Case 2 is typical for inter-band CA. For example, the scheduling carrier is on sub-3GHz configured with SCS of 15kHz and the scheduled carrier is on sub-6GHz configured with SCS of 30kHz. Another example is that the scheduling carrier is in FR1 configured with SCS of 15kHz and the scheduled carrier is in FR2 configured with SCS of 60kHz. In this case, some DCI fields like time domain resource assignment may not be shared considering the different lengths of slot duration due to the different SCS. In addition, new UE capabilities are needed for multi-cell scheduling with different numerologies.
Case 3 may be applied for inter-band CA with scheduled carriers distributed across FR1 and FR2. One possible scenario is that the scheduling carrier in FR1 is configured with SCS of 15kHz and the two scheduled carriers in FR2 are configured with SCSs of 60kHz and 120kHz respectively. Case 3 can support full scheduling flexibility in terms of deployment scenarios. However, case 3 may have other standard efforts in order to achieve the full flexibility, and could be challenging from UE implementation point of view compared with case 1 and case 2.
Therefore, considering the TU limit, case 1 can be prioritized in Rel-18, and case 2 and case 3 can be discussed in later release.
Proposal 4: The scenario of same SCS among scheduling and scheduled cells can be prioritized in Rel-18.
Blind detection of single DCI
DCI format for single DCI
In addition to the configuration of each field in single DCI, another issue which needs to be discussed is whether a new DCI format needs to be introduced. Two options can be provided as follows.
· Alt1: Reuse the legacy DCI format like DCI 1_1 and DCI 0_1.
· Alt2: Introduce a new DCI format.
In terms of Alt1, reusing legacy DCI may have impact on legacy single-cell scheduling functionality due to the increased DCI payload size, which will result in poor coverage. For example, when reusing the DCI 1_1, the payload size of DCI may increase from 60 bits to 100 bits due to the multiple cells scheduled simultaneously by the single DCI. In the case of single-carrier scheduling based on the same DCI format configured for multi-cell scheduling, the code rate will increase without increasing the CCE and therefore the coverage performance deteriorates under the same SNR. Further, standard efforts for differentiating DCI fields for the same format may not be trivial, and depending on number of cells for joint scheduling, optimization may be considered on top of existing DCI fields of legacy DCI format, leading to more specification work. 
In terms of Alt2, introducing new DCI format can provide a clean design from spec impact point of view and scheduling can be easier by using corresponding DCI format for certain use cases/scenarios. For example, when the system load is light, the gNB still sends legacy DCI with a small payload to implement single-carrier scheduling. When the system load is heavy, the gNB uses the new DCI format for multi-cell joint scheduling. Therefore, the performance of single-carrier scheduling will not be affected. However, introducing a new DCI format will increase the quantity of DCI sizes, which affects the DCI size budget during blind detection. If existing “3+1” DCI size budget is maintained in multi-cell scheduling, extra standard efforts for Alt2 are needed to keep the blind decoding budget. More details and analysis can be found in section 3.2.
In conclusion, compared with the performance degradation caused by reusing legacy DCI, introducing new DCI formats can provide more scheduling flexibility and have no adverse impact on performance. What’s more, considering that indication fields required for uplink scheduling and downlink scheduling are different, the new DCI formats need to be distinguished for uplink and downlink scheduling.
Proposal 5: Introduce new DCI formats for multi-cell scheduling by single DCI for DL and UL respectively.

DCI size budget
In existing specification, the total number of different DCI sizes that can be configured to monitor is no more than 4 and the total number of different DCI sizes scrambled with C-RNTI that can be configured to monitor is no more than 3 for the scheduled cell. If the single DCI uses new DCI format, a new DCI size will be introduced. Thus, the impact on DCI size budget of new DCI size should be analyzed, and the key issue to be discussed is whether the UE needs to simultaneously monitor the legacy DCI used for scheduling PDSCH/PUSCH on single cell and the single DCI used for scheduling PDSCH(s)/PUSCH(s) on multiple cells.
There are two typical scenarios that legacy DCI format and single DCI with new format are preferably to be monitored simultaneously. 
1) One scenario is that single DCI for multiple PDSCHs scheduling and legacy DCI for single PDSCH scheduling can be monitored simultaneously as discussed in 3.1. The gNB can still send legacy DCI to implement single-cell scheduling when the traffic is light or use single DCI for multi-cell joint scheduling when the traffic is heavy. In this case, the gNB can select a proper scheduling mode based on the traffic volume, which provides more scheduling flexibility. This scenario is depicted in Figure 2.
2) The other scenario is that single DCI for multiple PDSCHs scheduling and legacy DCI for PUSCH scheduling can be monitored simultaneously. It is a typical UE type that the UE supports DL CA, e.g., 1.8GHz + 2.1GHz DL CA, while it doesn’t support UL CA, e.g., 1.8GHz. In this case, single DCI with new DCI format can be used for multiple PDSCHs scheduling and legacy DCI format can be used for PUSCH scheduling, as illustrated in Figure 3.
Therefore, considering the comprehensiveness of service requirements in practical scenarios, situation of monitoring legacy DCI and single DCI simultaneously should not be excluded.
	[image: ]
	[image: ]

	Figure 2 Scenario 1)
	Figure 3 Scenario 2)


Proposal 6: Legacy DCI formats for PDSCH/PUSCH scheduling and new DCI formats for multi-cell PDSCH/PUSCH scheduling can be monitored simultaneously.
Naturally, when legacy DCI and single DCI are allowed to be monitored at the same time, it is inevitable that the current "3 + 1" DCI size budget limit will be exceeded. To address the scenario that legacy DCI and single DCI are configured to be monitored simultaneously, there are two options to be discussed for the issue of DCI size budget. 
· Option 1：Increase the DCI size budget
· Option 2：Maintain the DCI size budget
For option 1, the over-budget problem caused by the introduction of new size of single DCI can be solved. However, from the perspective of terminal implementation, increasing the existing DCI size budget will result in greater complexity of blind detection, which is not expected. 
For option 2, the complexity of blind UE detection will not increase but it is necessary to explore additional solutions to maintain the current DCI size budget, e.g., with proper alignment rules or extra restrictions. Our view is that Option 2 is more suitable since it is not expected to benefit from overhead reduction by single DCI at the cost of significant UE implementation change.
Proposal 7: Existing “3+1” DCI size budget should be maintained.

Other issues
sSCell configuration
Rel-15 and Rel-16 specify that only SCells can be scheduled across cells and PCells cannot be scheduled across cells. In Rel-17, PDCCH of SCell scheduling PDSCH or PUSCH on P(S)Cell is supported. Therefore, four possible applicable scheduling frameworks for joint multi-cell scheduling can be found below. 
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	Opt1: Single PDCCH in PCell scheduling PCell+SCell
	Opt2: Single PDCCH in PCell scheduling SCell1+SCell2
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	Opt3: Single PDCCH in SCell scheduling PCell+SCell
	Opt4: Single PDCCH in SCell1 scheduling SCell1+SCell2 or SCell1 scheduling SCell2+SCell3


R18 should at least support Opt1 and Opt2, and no extra standard efforts are found for supporting Opt3 and Opt4. Thus, in order to provide sufficient compatibility, the four options can all be supported for multi-cell scheduling by a single DCI.
Proposal 8: In R18 the four cases can be supported for multi-cell scheduling by single DCI. 
· Opt 1: Single PDCCH in PCell scheduling PCell+SCell
· Opt 2: Single PDCCH in PCell scheduling SCell1+SCell2
· Opt 3: Single PDCCH in SCell scheduling PCell+SCell
· Opt 4: Single PDCCH in SCell1 scheduling SCell1+SCell2 or SCell1 scheduling SCell2+SCell3

HARQ-ACK codebook
NR defines two types of HARQ codebooks: Type 1 and Type 2. Type 1 is semi-static codebook and Type 2 is dynamic codebook. For Type 1, the feedback position of PDSCH on each cell is reserved, so single DCI may not affect the type 1 HARQ-ACK codebook. Current type 1 codebook generation procedure can be reused.
Type 2 is a codebook generation mode that dynamically changes according to actual data scheduling. In existing specification, a dynamic codebook generation manner is implemented by accumulative counting (C-DAI) and total counting (T-DAI) of the {Serving Cell, PDCCH monitoring occasion}-pair. UE generates the HARQ codebook according to the bit information of the DAI field in the DCI. In the case of multi-cell joint scheduling, the process of generating a dynamic codebook depends on whether the DAI field in single DCI is shared. If the DAI field in single DCI is indicated independently for multiple cells, codebook generation of Type 2 can be reused since each cell can indicate the HARQ-ACK information by using its own DAI. However, this will increase the payload size of single DCI. If multiple PDSCHs share the same DAI field in single DCI to reduce the DCI payload size, existing dynamic codebook feedback mechanism may no longer be applicable since the HARQ-ACK on multiple cells will be fed back by the same DAI. The description of C-DAI or T-DAI may need to be modified in multi-cell joint scheduling. For example, if two PDSCHs are scheduled simultaneously, the UE generates n and n+1 HARQ-ACK information for the C-DAI configured with value n in DCI. The n and n+1 HARQ-ACK correspond to the PDSCH on the scheduled cells respectively. 
From the analysis above, design of HARQ-ACK codebook needs be discussed in the case of multi-cell scheduling by a single DCI.
Proposal 9: Design of HARQ-ACK codebook needs be discussed in the case of multi-cell scheduling by a single DCI.

Conclusion
According to the above discussions, we have the following observation and proposals:
Observation 1: The typical number of cells scheduled by a single DCI for PDSCH scheduling can be 2 or 3 for FR1 CA and 4 or 8 for FR2 CA.
Observation 2: The typical number of cells scheduled by a single DCI for PUSCH scheduling can be 2 or 3 for FR1 CA and 2 for FR2 CA.
Observation 3: For a single DCI containing 2 or 3 scheduled cells, the payload size of single DCI can be reduced without sacrificing performance and much scheduling flexibility.
Observation 4: For a single DCI containing 4 or 8 scheduled cells, more fields are required to be shared among scheduled cells and some transmission features cannot be supported to maintain the DCI payload size limitation.
Proposal 1: For the single DCI scheduling multiple cells, some DCI fields can be predefined to be independent for separate PDSCHs, some fields can be predefined to be common for multiple PDSCHs, and the other fields can be configurable to be independent or common based on network decisions.
Proposal 2: The scenario that 2 and 3 cells scheduled simultaneously by a single DCI can be prioritized.
Proposal 3: The actual number of cells which could be scheduled simultaneously by a single DCI can be smaller than the maximum number of cells which could be scheduled simultaneously by a single DCI.
Proposal 4: The scenario of same SCS among scheduling and scheduled cells can be prioritized in Rel-18.
Proposal 5: Introduce new DCI formats for multi-cell scheduling by single DCI for DL and UL respectively.
Proposal 6: Legacy DCI formats for PDSCH/PUSCH scheduling and new DCI formats for multi-cell PDSCH/PUSCH scheduling can be monitored simultaneously.
Proposal 7: Existing “3+1” DCI size budget should be maintained.
Proposal 8: In R18 the four cases can be supported for multi-cell scheduling by single DCI. 
· Opt 1: Single PDCCH in PCell scheduling PCell+SCell
· Opt 2: Single PDCCH in PCell scheduling SCell1+SCell2
· Opt 3: Single PDCCH in SCell scheduling PCell+SCell
· Opt 4: Single PDCCH in SCell1 scheduling SCell1+SCell2 or SCell1 scheduling SCell2+SCell3
Proposal 9: Design of HARQ-ACK codebook needs be discussed in the case of multi-cell scheduling by a single DCI.
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