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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 the last meeting, companies discussed the main issues of multi-cell scheduling and reached some agreements which can be found in the appendix. In this contribution, opening issues are further discussed, including scenarios of multi-cell scheduling, DCI format design, blind detection and HARQ-ACK enhancements.

Scenarios
Regarding to the scenarios of multi-cell scheduling, some remaining issues such as configuration of SCS and carrier type need further discussion. As summarized by feature leader in [2], four cases are listed for SCS and carrier type respectively. 
· SCS configuration
For the SCS configuration between scheduling cell and co-scheduled cells, four scenarios are presented in figure 1 based on the discussion in the previous meeting.
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	Case 1-1
	Case 1-2
	Case 1-3
	Case 1-4


Figure 1 Four cases for SCS configuration in multi-cell scheduling
Case 1-1 is typical for intra-band contiguous CA. For example, the scheduled cells are 2 intra-band contiguous carriers on 3.5 GHz, and the scheduling carrier is one of these carriers. Case 1-1 is also typical for adjacent inter-band CA, e.g., the scheduled cells are one carrier on 700 MHz and one carrier on 800 MHz, and the scheduling carrier is one of these carriers. In this case, capacity gain brought by single DCI can be fully reflected.
Case 1-2 is typical for inter-band CA. For example, the scheduling carrier is on sub-3 GHz configured with SCS of 15 kHz and the scheduled carrier is on sub-6 GHz configured with SCS of 30 kHz. When the scheduling cell and scheduled cells have different SCSs, since the different lengths of slot between the scheduling cell and scheduled cells, one multi-scheduling DCI cannot schedule all slots of the cell with higher SCS at a time. For example, when the SCS of the scheduling cell is 15 kHz and the SCS of scheduled cell is 30 kHz, the second slot of the scheduled cell cannot be scheduled by the multi-scheduling DCI. In this case, new UE capabilities are needed to define how many DCIs can be processed in scheduling cell when supporting scheduling CC of lower SCS to scheduled CC of higher SCS, as illustrated in Figure 2.
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Figure 2 Scheduling CC of lower SCS to scheduled CC of higher CC
Case 1-3 and 1-4 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 15 kHz and the two scheduled carriers in FR2 are configured with SCSs of 60 kHz and 120 kHz respectively. Case 1-3 and 1-4 can support full scheduling flexibility in terms of deployment scenarios. However, case 1-3 and 1-4 may have extra standard efforts in order to achieve the full flexibility, and could be challenging from UE implementation point of view compared with case 1-1 and case 1-2. For example, some DCI fields like time domain resource assignment may not be shared considering the different lengths of slot duration due to the different SCS of co-scheduled cells. In addition, more complex UE capabilities need to be defined to ensure that full slots in co-scheduled cell can be scheduled.
Therefore, considering the TU limit and standard efforts, case 1-1 and case 1-2 with same SCS should be prioritized in Rel-18 and other cases can be discussed in later release.
Proposal 1: Case 1-1 and case 1-2 configured with same SCS should be prioritized in Rel-18. And case 1-3 and case 1-4 can be considered in later release if TU is limited.

· Carrier type configuration
For the carrier type between the scheduling cell and co-scheduled cells, FDD/TDD, licensed/unlicensed and FR1/FR2-1/FR2-2 can be discussed separately. 
As for the FDD/TDD, same or different duplex mode between the scheduling cell and co-scheduled cells does not seem to have additional standard impacts on multi-cell scheduling. To provide sufficient scheduling flexibility, cases related to TDD/FDD configuration can all be supported.
Unlicensed spectrum plays an important role in supplementing licensed spectrum by increasing capacity and improving data connectivity in some cases. Extending multi-cell scheduling to the unlicensed spectrum is natural and has minor standard impact. However, when using unlicensed spectrum, occupation status of the channel will be monitored first before transmitting the data and the channel can be used only if conditions are met. This so called “listen before talk” mechanism may have some effects on scheduling implementation, especially when licensed spectrum and unlicensed spectrum are scheduled simultaneously by a single DCI. Therefore, same configuration of licensed or unlicensed spectrum between the scheduling cell and co-scheduled cells is preferred in multi-cell scheduling.
FR1 and FR2 are both typical scenarios for multi-cell scheduling to improve the capacity and reduce PDCCH blocking probability. However, when it comes to the cross-FR scheduling, if co-scheduled cells are distributed in FR1 and FR2, many fields in multi-cell scheduling DCI cannot be shared due to significant differences in channel conditions. In addition, considering the difference of SCSs in FR1 and FR2, the slots of the scheduled cells in FR2 cannot be fully scheduled, and multiple DCI needs to be sent on the scheduling cell in FR1, which will cause high CCE load. In this case, the capacity gain brought by the reduction of multi-cell scheduling DCI payload size will be small. Since scenario of same SCS among scheduling and scheduled cells are proposed to be prioritized in proposal 1, same frequency range (FR1/FR2) can also be prioritized in Rel-18.
Proposal 2: Scenarios of T+T, T+F and F+F can all be supported for multi-cell scheduling. 
Proposal 3: The scenario of same licensed spectrum or same unlicensed spectrum among scheduling and scheduled cells should be prioritized in Rel-18.
Proposal 4: The scenario of same frequency range (FR1/FR2) among scheduling and scheduled cells should be prioritized in Rel-18.

· PUCCH group or cell group
Regarding to the FFS for basic framework of multi-cell scheduling DCI, whether the co-scheduled cells by a DCI format 0_X are included in the same [cell or PUCCH group] needs further discussion.
	Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].


Considering that HARQ feedback on one PUCCH for co-scheduled cells can reduce DCI payload size, there is no doubt that the co-scheduled cells by a DCI format 1_X and the scheduling cell should be included in the same PUCCH group. While for multi-cell PUSCH scheduling, since some cells may not be configured with uplink carriers, it is possible that co-scheduled cells for multi-cell PUSCH scheduling are distributed in two PUCCH groups. Figure 3 shows an example. In this case, the UL-DAI in DCI format 0_X need to be indicated independently for two cells when UE multiplexes HARQ-ACK information in the PUSCH transmission, but more flexibility can be provided for multi-cell PUSCH scheduling. Therefore, co-scheduled cells by a DCI format 0_X and the scheduling cell are preferred to be included in the same cell group.
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Figure 3 One example of two PUCCH groups
Proposal 5: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same cell group.

DCI format design
Maximum number of scheduled cells
One issue to be identified is the maximum number of cells that can be scheduled simultaneously by a single DCI, which is associated with the DCI payload size. The payload size of multi-cell scheduling 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. As agreed in RAN1#109-e meeting, one value for the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 is selected from {3, 4, 8}.
	Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.
Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.


For the scenario that 2 or 3 cells scheduled by a single DCI for PDSCHs, the 164-bit DCI limit can be maintained without sacrificing performance and much scheduling flexibility. While for 4 or 8 cells by multi-cell scheduling DCI for PDSCH, 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, some fields, e.g., time domain resource assignment, need to be shared to limit the total payload size of single DCI with more standard efforts. Alternatively, some features, such as CBG and TB2 transmission, may need to be restricted to reduce the overhead. Table 1 shows the detailed configuration example of 4 cells within the 164-bit limit. As can be seen from the table, scheduling flexibility is slightly affected in case of 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 1 shows the detailed configuration example of 8 cells within the 164-bit limit. As can be seen from the table, not only the scheduling flexibility, but also scheduling performance may be affected in case of 8 cells.
Table 1 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
	1
	common
	3
	Common

	Antenna port(s)
	4,5,6
	5
	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


For PUSCH scheduling, there are generally no more than 3 cells for uplink CA in current spec. 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 700 MHz and 800 MHz, inter-band CA of 1.8GHz and 3.5 GHz 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. 
Therefore, considering the flexibility of scheduling scenarios and the limitation of the DCI payload size, the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 can be 3 and the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 can be 4.
Proposal 6: The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 can be 3.
Proposal 7: The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 can be 4.

Scheduling possibilities
Regarding to the multi-cell scheduling by a single DCI, more clarification is needed for the scheduling possibilities.
The first issue is whether single DCI and legacy DCI can be monitored simultaneously from a same scheduling cell. 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 multi-cell PDSCH scheduling and legacy DCI for single-cell PDSCH scheduling can be monitored simultaneously. The gNB can still send legacy DCI to implement single-cell scheduling when the traffic is light or use single DCI for multi-cell 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 4.
2) The other scenario is that single DCI for multi-cell PDSCH scheduling and legacy DCI for single-cell PUSCH scheduling can be monitored simultaneously. It is a typical UE type that the UE supports DL CA, e.g., 1.8 GHz + 2.1 GHz DL CA, while it doesn’t support UL CA, e.g., only 1.8 GHz is configured with uplink carrier. In this case, single DCI can be used for multiple PDSCHs scheduling and legacy DCI format can be used for PUSCH scheduling, as illustrated in Figure 5. 
Therefore, considering the comprehensiveness of service requirements in practical scenarios, situation of monitoring legacy DCI and single DCI simultaneously should not be excluded and each scheduled cell in a set of co-scheduled cells should support it. Furthermore, when the UE detects a single DCI and a legacy DCI simultaneously, UE does not expect that a CC is scheduled by the single DCI and the legacy DCI in the same slot.
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	Figure 4 Scenario 1)
	Figure 5 Scenario 2)


Proposal 8: Legacy DCI formats for single-cell PDSCH/PUSCH scheduling and new DCI formats for multi-cell PDSCH/PUSCH scheduling can be monitored simultaneously.
The second issue is whether single DCI and legacy DCI can be monitored from different scheduling cells. If single DCI for multi-cell scheduling and legacy DCI for single-cell scheduling can only be monitored on the same scheduling cell, CCE load on the scheduling cell will be heavy. Therefore, to mitigate the DL control load on one scheduling cell, it is beneficial to support multi-cell scheduling DCI from one scheduling cell and single-cell scheduling DCI via self-scheduling. In addition, the scenario of DSS as discussed in Rel-17 should not be excluded considering benefits of balancing the CCE load on PCell. These two cases are shown in Figure 6.
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Figure 6 Two cases of single DCI and legacy DCI monitored from different cells
Proposal 9: Multi-cell scheduling from one scheduling cell and single cell scheduling from the scheduled cell via self-scheduling can be supported.
Another issue is whether more than one scheduling cell can be monitored for each scheduled cell. In current cross-carrier scheduling, the scheduling cell and scheduled cell are both determined by RRC configuration. However, if the PDCCH resources on scheduling cell are congested, multiple cells may fail to be scheduled. Therefore, to improve scheduling flexibility and avoid CCE resource allocation failure on the scheduling cell, the gNB can switch the scheduling cell dynamically per TTI. Figure 7 shows an example, when CCE resources on CC1 are congested and CCE resources on CC2 are sufficient, multi-cell scheduling DCI may be transmitted on CC2 in next slot, which can guarantee the scheduling performance and transmission rate.
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Figure 7 One example of dynamic scheduling cell switch
Proposal 10: A UE can be configured to monitor multi-cell scheduling DCI on multiple scheduling cells according to the UE capability.

Indication of the co-scheduled cells
Regarding to the indication of co-scheduled cells by multi-cell scheduling DCI, three options are provided in last 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.


Option 1 indicates the co-scheduled cells through the combination of RRC configuration and DCI indication. This option can reduce the DCI overhead and guarantee the scheduling flexibility. However, in current spec, the size of DCI is subject to RRC configuration. While for option 1, different combinations of co-scheduled cells correspond to various DCI payload sizes, thus UE will not know which size is used to detect multi-cell scheduling DCI. Option 2 provides one simple method to indicate the scheduled cells by a bitmap indicated in DCI. However, when a large number of cells are configured, number of bits of the indication field used for the bitmap is large, which will increase the DCI overhead. Also, the DCI size in option 2 is determined by maximum number of co-scheduled cells configured by RRC, resulting in large number of bit redundancy in DCI. Option 3 uses special fields to implicitly indicate which cells are scheduled simultaneously but it does not clarify how the DCI size is determined. Considering the disadvantages of the options above, another method is provided below for indicating the co-scheduled cells and determining the payload size of multi-cell scheduling DCI.
Similar to the acquisition of QCL information, co-scheduled cells can be determined through combination of RRC configuration, MAC CE activation and DCI indication. First, M co-scheduled groups are configured by RRC. For each group which can be scheduled by DCI format 1_X, all CCs in the group should be in one PUCCH group. Then, MAC CE signaling can be used to indicate one of the groups. The group indication may be delivered together with the activation information. Therefore, when receiving the activation command, UE may also determine which cells can be jointly scheduled. In this way, the DCI size of multi-cell scheduling can be determined after MAC CE activation. Considering the number of actual co-scheduled cells by a DCI format 0_X/1_X may be smaller than or equal to the number of cells in the group, gNB can further indicate based on DCI which cells in the group are actually scheduled. For example, if one cell in the group is not scheduled, all bits in the cell-specific field (e.g., FDRA) can be indicated as specific value like 0. This method can reduce the bit redundancy in multi-cell scheduling DCI when the number of activated cells is smaller than the maximum number of configured cells.
Proposal 11: Indication of co-scheduled cells can be determined through combination of RRC configuration, MAC-CE activation and DCI indication.
Proposal 12: Size of multi-cell scheduling DCI can be determined by the number of co-scheduled cells indicated by MAC CE.

DCI format and DCI fields
RAN1 has reached work assumption on introducing new DCI format for multi-cell scheduling in last meeting. Considering the clean design from spec impact point of view and no adverse impact on performance of legacy DCI by introducing new DCI format, the WA should be confirmed.
	Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.


Proposal 13: Confirm the work assumption that DCI format 0_X/1_X is a new DCI format for multi-cell scheduling. 
As discussed in last meeting, the fields of the DCI can be divided into three types and some design considerations are provided under each type.
	Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.


For the first 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 since the same DCI format for the PDSCH/PUSCH scheduling is used.
For the second 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 third type of DCI field, some fields, 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 minor standard efforts. Specifically, TDRA table can be modified that a row of the TDRA table can indicate PDSCHs/PUSCHs that are in co-scheduled cells by configuring {SLIV, mapping type, scheduling offset K0 (or K2)}. If the SCSs between the 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. Another example is related to frequency domain resource assignment field, when co-scheduled cells are located on neighboring frequency bands and use Type-0 discontinuous resource allocation mode, joint indication among co-scheduled cells may be implemented by increasing the RBG granularity.
[bookmark: _Ref61637228][bookmark: _Ref53766014]Table 2 DCI information fields
	Information
	Bits
	Configuration type

	For transport block 1:
	

	[bookmark: _Hlk100771336]Modulation and coding scheme
	5
	Type 2: 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
	15
	

	TPC command for scheduled PUCCH
	2
	Type 1: 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

	Identifier for DCI formats
	1
	
	Same DCI format

	CRC
	24
	
	One CRC is enough


In addition to the fields listed in the Table 2 above, presence of some fields in legacy DCI still needs further be discussed. One of the contested fields is the UL/SUL indicator, which indicates whether the carrier is a supplementary uplink carrier. Although concurrent transmission of NUL or SUL on one cell and SUL on another cell cannot be supported in current spec, the field used to indicate the uplink transmission carrier type cannot be excluded in consideration of backward compatibility. Therefore, UL/SUL indicator should exist in DCI format 0-X for multi-cell PUSCH scheduling and is preferred to be indicated flexibly between co-scheduled cells.
Proposal 14: Fields in multi-cell scheduling DCI are advised to classify as follows:
· Type-1: Identifier for DCI formats, TPC command for scheduled PUCCH, PDSCH-to-HARQ_feedback timing indicator, PUCCH resource indicator, Downlink assignment index, Indicator of co-scheduled cells.
· Type-2: Modulation and coding scheme, New data indicator, Redundancy version, HARQ process number.
· Type-3: Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, Rate matching indicator, Bandwidth part indicator, Antenna port(s), SRS request, ZP CSI-RS trigger, PRB bundling size indicator, DMRS sequence initialization, Transmission configuration indication, UL/SUL indicator.

Blind detection of single DCI
DCI size budget
In existing specification, the total number of different DCI sizes configured to monitor is no more than 4 and the total number of different DCI sizes scrambled with C-RNTI configured to monitor is no more than 3 for each scheduled cell. If a new DCI format is introduced for multi-cell scheduling, a new DCI size will be introduced. Especially, when legacy DCI and single DCI are allowed to be configured in the same cell, it is inevitable that the current "3 + 1" DCI size budget limit will be exceeded. Two options are widely discussed for the issue of DCI size budget in the last meeting as follows.
	Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.


For option 2, the over-budget problem caused by the introduction of new size of multi-cell scheduling DCI can be solved by increasing the budget per scheduled cell. However, from the perspective of UE implementation, increasing the existing DCI size budget will result in greater complexity of blind detection, which is not expected. In addition, if changing the “3+1” size budget limit per scheduled cell, alignment rules of legacy DCIs in current spec may need to be adapted because each cell has more size budget.
For option 1, the complexity of blind detection will not increase but it is necessary to explore additional solutions to maintain the current DCI size budget. Alt 1-1 provides a solution to maintain the existing "3+1" size budget of each cell via aligning the size of legacy DCI to multi-cell scheduling DCI. However, Alt 1-1 will have impacts on the coverage performance of legacy DCI since its payload size increases after adding additional zero bits. Alt 1-2 limits the DCI size budget by configuring limited DCI formats, such as avoiding configuring DCI x_1 and DCI x_2 at the same time. One potential problem of Alt 1-2 is that it may lose some scheduling flexibility. Compared with Alt 1-1 and Alt 1-2, Alt 1-3 seems to be a better way by counting the size budget of multi-cell scheduling DCI in one scheduled cell since it doesn’t affect the scheduling performance and flexibility. However, more clarification is required for Alt 1-3, e.g., how to determine which cell the size budget of multi-cell scheduling DCI is counted for.
One feasible implementation is that the size budget of single DCI can be counted on the co-scheduled cell which has the minimum number of legacy DCI formats or has the minimum number of DCI sizes after alignment. Furthermore, considering fall-back DCI (DCI x_0) is not configured in SCell, another feasible solution is to place the size budget of the multi-cell scheduling DCI on the co-scheduled SCell. Figure 8 presents an example, the size budget of multi-cell scheduling DCI can be counted on SCell 1 with the minimum number of DCI sizes.
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Figure 8 One example for DCI size budget counting for multi-cell scheduling DCI
Moreover, when DL single DCI and UL single DCI have different payload sizes and if the margin in one co-scheduled cell is insufficient for two DCI sizes, the size budgets of UL single DCI and DL single DCI can be counted in the two co-scheduled cells respectively.
By counting the size budget of single DCI in one co-scheduled cell, alignment rules for legacy DCI will not be affected. In addition, limit of "3+1" DCI size budget for each scheduled cell can be kept, avoiding increasing the complexity of blind detection at UE side.
Proposal 15: Existing “3+1” DCI size budget should be maintained per scheduled cell and the following should also be supported:
· When the number of different DCI sizes is larger than the budget limit for the cell with multi-cell scheduling DCI, a co-scheduled cell with DCI sizes smaller than the budget limit can be used for counting the multi-cell scheduling DCI.

BD/CCE counting
Besides the DCI size budget, the BD/CCE counting rules for multi-cell scheduling DCI were discussed in the previous meeting. Some optional solutions are as follows:
	Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.


In current spec, BD/CCEs are counted for each scheduled cell. If BD/CCEs for multi-cell scheduling DCI are counted for each scheduled cell, the actual detected number of BD/CCEs will be less than the total calculated number since multiple cells detect the same PDCCH candidate. As a result, it will lead to the waste of blind detection capability. Therefore, it is unnecessary for multi-cell scheduling DCI to count the BD/CCE on each co-scheduled cell.
Counting the BD/CCE of multi-cell scheduling DCI on part of co-scheduled cells can reduce the maximum number of monitored PDCCH candidates, and correspondingly reduce the implementation complexity of blind detection. The target cells which the BD/CCE for multi-cell scheduling DCI is counted on can be indicated by network configuration or pre-defined rules. Actually, the BD/CCE counting is associated with number of DCI sizes. The number of DCI sizes to be monitored in one cell affect the number of BD. Therefore, the target cell to count BD/CCEs for multi-cell scheduling DCI can be same as the cell which is selected to count the size budget of multi-cell scheduling DCI. 
One scenario that the target cells are scheduled by DCIs on multiple cells, e.g., self-scheduling and scheduled by a multi-cell scheduling DCI on another cell, needs to be considered. As illustrated in Figure 9, CC2 is selected as the target cell for BD/CCE counting for multi-cell scheduling DCI while CC2 is also scheduled by legacy DCI via self-scheduling. In this case, the BD/CCE budget of CC2 may need to be split for multi-cell scheduling DCI and single-cell scheduling legacy DCI. Scaling factor  similar to that in Rel-17 DSS can be introduced to allocate the BD/CCE budget of CC2. The scaling factor  can be configured by higher layer parameter. For example, assuming that SCSs of scheduled cell are all 15 kHz, the number of BDs for multi-cell scheduling DCI is  and for legacy DCI is .
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Figure 9 One example for BD/CCE counting for multi-cell scheduling DCI
Proposal 16: BD/CCE counting for multi-cell scheduling DCI can be counted on the cell which is selected to count the size budget of multi-cell scheduling DCI.

Search space configuration
For legacy cross-carrier scheduling, the corresponding search space (SS) set is configured for each scheduled cell respectively. To determine the PDCCH candidates in the scheduling cell, the CCE index of the search space is associated with each scheduled cell by  configuration, and the location of the search space corresponding to different scheduled cells is distinguished by different . Since multiple cells can be scheduled by a single DCI and different groups of co-scheduled cells can be configured, new SS set needs to be determined for the multi-cell scheduling DCI.
The framework of SS set in cross-carrier scheduling can be reused. Extra carrier indicator for co-scheduled cells may be introduced for multi-cell scheduling DCI such as  (multi-cell indicator) which can be configured by RRC. Different co-scheduled combinations correspond to different  values, which are used to distinguish different sets of PDCCH candidates. In this way, no collision will happen even if multi-cell scheduling DCI and legacy DCI for single-cell scheduling are transmitted on the same scheduling cell.
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Figure 10 One example of SS indication for multi-cell scheduling
Proposal 17: New SS set can be introduced for multi-cell scheduling by multi-cell indicator () to distinguish different co-scheduled groups.

HARQ-ACK enhancements
Determining the slot for HARQ-ACK feedback
From section 9.1.2 of TS 38.213, UE determines the UL slot for reporting HARQ-ACK information based on the PDSCH reception slot and K1, which is excerpted as follows.
	The UE reports HARQ-ACK information for a PDSCH reception
-	from DL slot  to DL slot , if  is provided by pdsch-AggregationFactor or pdsch-AggregationFactor-r16 [6, TS 38.214], or 
-	from DL slot  to DL slot , if the time domain resource assignment field in the DCI format scheduling the PDSCH reception indicates an entry containing repetitionNumber, or 
-	in DL slot , otherwise 
only in a HARQ-ACK codebook that the UE includes in a PUCCH or PUSCH transmission in slot , where  is
-	an UL slot overlapping with the end of the PDSCH reception in DL slot  if the UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook
-	the last UL slot for PUCCH transmission overlapping with DL slot  if the UE is not provided subslotLengthForPUCCH for the HARQ-ACK codebook
and  is a number of slots indicated by the PDSCH-to-HARQ_feedback timing indicator field in a corresponding DCI format, or provided by dl-DataToUL-ACK or dl-DataToUL-ACK-r16 or dl-DataToUL-ACK-DCI-1-2 if the PDSCH-to-HARQ_feedback timing indicator field is not present in the DCI format. If the UE reports HARQ-ACK information for the PDSCH reception in a slot other than slot , the UE sets a value for each corresponding HARQ-ACK information bit to NACK.


For multi-cell scheduling, PDSCHs in different co-scheduled cells may be located in different slots. If a shared PDSCH-to-HARQ_feedback timing indicator field in multi-scheduling DCI among co-scheduled cells is adopted to reduce the overhead, it is necessary to select a reference PDSCH in a plurality of cells to determine the slot for HARQ-ACK codebook feedback.
As an option, the reference PDSCH can be the last PDSCH of co-scheduled PDSCHs, which can reduce the bit overhead of PDSCH-to-HARQ_feedback timing indicator field in multi-cell scheduling DCI. Figure 11 presents an example. PDSCH 2 is the last PDSCH among PDSCHs scheduled by single DCI simultaneously. Therefore, PDSCH 2 can be selected as reference PDSCH and only one bit is needed to indicate the slot for HARQ-ACK feedback (K1=1).
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Figure 11 One example for the selection of reference PDSCH
When the UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook, PUCCH feedback is based on the sub-slot length in number of symbols. In this case, method for determining the PUCCH in current spec can also be applicable to multi-cell scheduling. The difference point is that, if the UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook in multi-cell scheduling scenario, UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is an UL slot overlapping with the end of the reference PDSCH reception in DL slot .
Proposal 18: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI. 
Proposal 19: If the UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook in multi-cell scheduling scenario, UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is an UL slot overlapping with the end of the reference PDSCH reception in DL slot .

Type-2 HARQ-ACK codebook design
In current spec, Type-2 HARQ-ACK codebook 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 indication of the DAI field in the DCI.
For multi-cell scheduling, to avoid ambiguous understanding of the codebook between gNB and UE, two sub-codebooks can be generated for single-cell scheduling DCI and multi-cell scheduling DCI separately. If one co-scheduled cell group is configured for the DCI, but only one cell is actually scheduled, corresponding HARQ-ACK information for the PDSCH scheduled by the DCI belongs to the second sub-codebook for multi-cell scheduling.
A specific process of generating the second sub-codebook used for multi-cell scheduling feedback is depicted in Figure 12. Figure 12 shows one scheduling possibility in two PDCCH monitoring occasions. Separate DAI counting is for single-cell scheduling DCI and multi-cell scheduling DCI. The C-DAI/T-DAI of the {Serving Cell, PDCCH monitoring occasion}-pair in multi-cell scheduling DCI is counted per DCI. Then UE generates the second sub-codebook according to the DAI information and the number of HARQ-ACK information bits for each multi-cell scheduling DCI is based on the maximum number of the co-scheduled cells in the PUCCH group. In addition, assuming the maximum cells which can be scheduled simultaneously by single DCI is N, the number of HARQ-ACK information bits for each single DCI will be 2N when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured to 2.
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Figure 12 Process of generating the second sub-codebook for multi-cell scheduling DCI
Proposal 20: Two sub-codebooks can be generated for single-cell scheduling DCI and multi-cell scheduling DCI separately for Type-2 HARQ-ACK feedback.
· C-DAI/T-DAI is counted per DCI.
· Number of HARQ-ACK information bits for each DCI format 1_X is determined based on the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· The number of HARQ-ACK information bits for each single DCI will be 2N when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured to 2, where N is the maximum number of co-scheduled cells.

Other related issues
One remaining issue in last meeting is whether multi-cell scheduling and CBG-based transmission can be configured simultaneously on the same or different cell within a same PUCCH group. From perspective of design of DCI fields, if CBG-based transmission is supported in multi-cell scheduling, CBGTI and CBGFI fields are better configured independently among co-scheduled cells, which will result in big DCI payload size. Moreover, since Rel-15/16/17 Type-2 HARQ-ACK codebook support at most two sub-codebooks, a third codebook may need to be introduced for Type-2 HARQ-ACK codebook if CBG-based transmission is supported, which will lead to great bit overhead for HARQ-ACK feedback.
Another issue is whether multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling with different DCIs on a same or different cell(s) within a same PUCCH group can be configured simultaneously. Since separate HARQ-ACK codebook is specified for multi-PDSCH/PUSCH scheduling in Rel-17, a total of three sub-codebooks are required for single-cell scheduling, multi-cell scheduling and multi-PDSCH/PUSCH scheduling respectively when multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling are configured simultaneously. The bit overhead for HARQ-ACK feedback will be heavy. Therefore, it is not expected that multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling are configured simultaneously.
Proposal 21: Multi-cell PDSCH/PUSCH scheduling and CBG-based PDSCH/PUSCH transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously.
Proposal 22: Multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: Case 1-1 and case 1-2 configured with same SCS should be prioritized in Rel-18. And case 1-3 and case 1-4 can be considered in later release if TU is limited.
Proposal 2: Scenarios of T+T, T+F and F+F can all be supported for multi-cell scheduling. 
Proposal 3: The scenario of same licensed spectrum or same unlicensed spectrum among scheduling and scheduled cells can be prioritized in Rel-18.
Proposal 4: The scenario of same frequency range (FR1/FR2) among scheduling and scheduled cells can be prioritized in Rel-18.
Proposal 5: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same cell group.
Proposal 6: The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 can be 3.
Proposal 7: The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 can be 4.
Proposal 8: Legacy DCI formats for single-cell PDSCH/PUSCH scheduling and new DCI formats for multi-cell PDSCH/PUSCH scheduling can be monitored simultaneously.
Proposal 9: Multi-cell scheduling from one scheduling cell and single cell scheduling from the scheduled cell via self-scheduling can be supported.
Proposal 10: A UE can be configured to monitor multi-cell scheduling DCI on multiple scheduling cells according to the UE capability.
Proposal 11: Indication of co-scheduled cells can be determined through combination of RRC configuration, MAC-CE activation and DCI indication.
Proposal 12: Size of multi-cell scheduling DCI can be determined by the number of co-scheduled cells indicated by MAC CE.
Proposal 13: Confirm the work assumption that DCI format 0_X/1_X is a new DCI format for multi-cell scheduling.
Proposal 14: Fields in multi-cell scheduling DCI are advised to classify as follows:
· Type-1: Identifier for DCI formats, TPC command for scheduled PUCCH, PDSCH-to-HARQ_feedback timing indicator, PUCCH resource indicator, Downlink assignment index, Indicator of co-scheduled cells.
· Type-2: Modulation and coding scheme, New data indicator, Redundancy version, HARQ process number.
· Type-3: Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, Rate matching indicator, Bandwidth part indicator, Antenna port(s), SRS request, ZP CSI-RS trigger, PRB bundling size indicator, DMRS sequence initialization, Transmission configuration indication, UL/SUL indicator.
Proposal 15: Existing “3+1” DCI size budget should be maintained per scheduled cell and the following should also be supported:
· When the number of different DCI sizes is larger than the budget limit for the cell with multi-cell scheduling DCI, a co-scheduled cell with DCI sizes smaller than the budget limit can be used for counting the multi-cell scheduling DCI.
Proposal 16: BD/CCE counting for multi-cell scheduling DCI can be counted on the cell which is selected to count the size budget of multi-cell scheduling DCI.
Proposal 17: New SS set can be introduced for multi-cell scheduling by multi-cell indicator () to distinguish different co-scheduled groups. 
Proposal 18: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI. 
Proposal 19: If the UE is provided subslotLengthForPUCCH for the HARQ-ACK codebook in multi-cell scheduling scenario, UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is an UL slot overlapping with the end of the reference PDSCH reception in DL slot .
Proposal 20: Two sub-codebooks can be generated for single-cell scheduling DCI and multi-cell scheduling DCI separately for Type-2 HARQ-ACK feedback.
· C-DAI/T-DAI is counted per DCI.
· Number of HARQ-ACK information bits for each DCI format 1_X is determined based on the maximum number of cells co-scheduled by a DCI format 1_X in the PUCCH-group for the UE.
· The number of HARQ-ACK information bits for each single DCI will be 2N when the RRC parameter maxNrofCodeWordsScheduledByDCI is configured to 2, where N is the maximum number of co-scheduled cells.
Proposal 21: Multi-cell PDSCH/PUSCH scheduling and CBG-based PDSCH/PUSCH transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously.
Proposal 22: Multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously.
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Appendix
	Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.

Agreement
· Different TBs are scheduled on different cells by DCI format 0_X.
· Different TBs are scheduled on different cells by DCI format 1_X.

Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.

Agreement
The DCI for multi-cell scheduling is monitored only in USS set.

Agreement
· PDSCH cannot be scheduled by DCI format 0_X. 
· PUSCH cannot be scheduled by DCI format 1_X. 

Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].

Agreement
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells including the scheduling cell.
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells not including the scheduling cell.

Agreement
· For a UE, the maximum number of cells scheduled by a DCI format 0_X can be same or different to the maximum number of cells scheduled by a DCI format 1_X.

Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.

Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 

Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.

Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.

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. 

Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.
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