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1. [bookmark: OLE_LINK14][bookmark: OLE_LINK13]Introduction
[bookmark: _Ref16006416]In the contribution, we provide our views on scheduling PDSCH or PUSCH on multi-cells by a single DCI. For simplicity, ‘mc-DCI’ and ‘sc-DCI’ are used to represent DCI for multi-cell scheduling and DCI for single-cell scheduling respectively.
2. Discussion
1. 
2. 
Scheduling cell
	Agreement
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and DCI format 0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.


It was agreed that there is only one scheduling cell for each co-scheduled cell, and the scheduling cell for DCI format 0_X/1_X is the same as the one for legacy DCI format if configured from the perspective of a co-scheduled cell, as illustrated below:
· Case1: the scheduling cell for multi-cell scheduling is the same as the scheduling cell for single-cell scheduling.
[image: ]
Figure 1. Single scheduling cell
Additionally, it was proposed by some companies to consider multiple scheduling cells for higher flexibility, there would be two cases:
· Case2: the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling, and only self-scheduling is allowed for single-cell scheduling
· Case3: the scheduling cell for multi-cell scheduling is different from the scheduling cell for single-cell scheduling, and cross-carrier scheduling is allowed for single-cell scheduling

[image: ]
Figure 2. Multiple scheduling cells
Case 2 was proposed to reduce the PDCCH burden on the scheduling cell for mc-scheduling. However, if the PDCCH capacity on the scheduling cell for mc-scheduling becomes the bottleneck of the system while at the same time there are available PDCCH resources on the co-scheduled cell, it seems to be more straightforward to configure self-scheduling only for the scheduled cell. The motivation/benefit of enabling multi-cell scheduling, in this case, is unclear. Moreover, as there are two sources of PDCCH (i.e., PDCCH on cell#1 and PDCCH on cell#2) for a scheduled cell, separate BD/CCE budgets must be defined and allocated for each source, which requires additional effort. Case 3 is even more complicated than case 2 as it couples with cross-carrier scheduling, thus it is difficult to be supported in this release.
[bookmark: _Ref111223655]Proposal 1. For a scheduled cell within a set of cells that can be co-scheduled by a DCI format 0_X/1_X, the case where different scheduling cells are configured for multi-cell scheduling and single-cell scheduling is not supported in R18.

BWP switching
	Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):



	Field 
	Type
	Details
(for information only)

	BWP indicator
	Type 1A
	Details in Section 7.1.3


· Alt.1: Type 1A (for information only)
· Field size is 0, 1 or 2 bits based on maximum size of this field in legacy formats across cells in the set configured for the DCI format 1_X
· Indication is applied to cell(s) having 1 or 2 bits for this field in legacy formats
· Indicated bit is interpreted independently for each cell based on the BWP indices for the corresponding cell
BWP indicator was agreed as type 1A for mc-DCI in the last meeting. The BWP indicator size can be determined based on the co-scheduled cell with a maximum number of UL/DL BWP. Additionally, for other co-scheduled cells that are configured with at least one UL/DL BWP in addition to the initial active UL/DL BWP, 1 or 2 LSB of the BWP indicator is used to determine which BWP to be co-scheduled.
[bookmark: _Ref127560488]Proposal 2. For a cell set, BWP indicator field size is determined based on the maximum size of this field in legacy formats across cells in the cell set configured for the mc-DCI, indication is applied to all co-scheduled cell(s) having 1 or 2 bits for this field in legacy formats; and the corresponding 1 or 2 LSB of the indicator is interpreted independently for each cell based on the BWP ID for the corresponding cell.
For simplicity, the set of active BWPs of a cell combination is named as ‘BWP combination’. 
Firstly, it's important to clarify whether the BWP indicator in a mc-DCI can only trigger switching between BWP combinations corresponding to the possible values of the BWP indicator, or if it can also trigger switching from any current active BWP combination (including active BWP combination that cannot be indicated by the BWP indicator) to an indicated BWP combination.
For example, assuming that BWP indicator has 2 bits, there are two cell combinations (i.e., cell combination1: cell1+cell2, cell combination2: cell3+cell4), and each co-scheduled cell has 4 DL BWP in addition to the initial active DL BWP. Four BWP combinations can be indicated by the BWP indicator in a mc-DCI for a cell combination. When the current active BWPs of cell1 and cell2 are BWP1 and BWP2 respectively, is NW allowed to use a mc-DCI to trigger BWP switching for cell combination1 (e.g., switching from {cell1+active BWP1, celll2+active BWP2} to {cell1+active BWP3, celll2+active BWP3})?
	BWP indicator value
	BWP ID of indicated BWPs for a cell combination

	00
	1

	01
	2

	10
	3

	11
	4


If such switching triggering is not allowed, it would be quite restrictive from a scheduling perspective. Moreover, one or more additional sc-DCIs are required to switch the current active BWP combination to one of the above-desired combinations before a mc-DCI is used. In the example in Figure 3, two additional sc-DCIs are needed.


[bookmark: _Ref127443519]Figure 3 Example of indirect BWP switching 


Figure 4 Example of direct BWP switching 
If such direct switching triggering is allowed, both high flexibility and compatibility with the existing BWP switching rule (i.e., if the BWP indicated by a legacy DCI is different from the current active BWP, DCI-based BWP switching is performed) can be maintained. In addition, an extra bit or a coded point in the BWP indicator in mc-DCI can be used to indicate that the mc-DCI doest not trigger no BWP change. This helps to enable flexible mc-DCI scheduling and to avoid unnecessary switching. For example, the bit/codepoint can indicate that UE still performs transmission/reception on the current active BWP combinations of the co-scheduled cell combination.
[bookmark: _Ref127560489][bookmark: _Ref127560491]Proposal 3. For a cell combination scheduled by a mc-DCI, when the current active BWP of at least one co-scheduled cell in the cell combination is different from the BWP indicated by THE mc-DCI, BWP switching is triggered for that co-scheduled cell(s).
Proposal 4. An extra bit or a codepoint of the BWP indicator indicates that the mc-DCI still schedules the current active BWPs of the scheduled cell combination.

DCI size and field size
	[bookmark: _Hlk119581827]Proposal 2-2 rev1:
· For a set of cells which is configured for multi-cell scheduling, 
· the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for all the co-scheduled cell combinations of the set of cells.
· The payload size of DCI format 1_X is the same for all the co-scheduled cell combinations of the set of cells.
· the bit width of each Type-3 field of DCI format 0_X/1_X is the maximum width among all the co-scheduled cell combinations within the set of cells.


· DCI size determination
It has been agreed that the mc-DCI size should be the same for all the co-scheduled cell combinations of the set of cells, then how to determine the mc-DCI size, as well as each field size, should be discussed. There are two options for DCI size determination:
Option1 for DCI size. The mc-DCI size is determined based on the active BWP combination
· For a set of cells that is configured for multi-cell scheduling, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The size is determined as the maximum size assumed for mc-DCI scheduling the current active BWP for all the co-scheduled cell combinations.
For example, there are two cell combinations (i.e., cell combination1: cell1+cell2, cell combination2: cell3+cell4) in the configured cell set, and each co-scheduled cell has 4 DL BWP (BWP1, BWP2, BWP3, BWP4) in addition to the initial active DL BWP. The current active BWPs of cell1, cell2, cell3 and cell4 are BWP1, BWP2, BWP3, BWP4 respectively. With option1, UE determines size1 and size2 based on active BWPs of cell combiantion1/2 as illustrated in Table 1, and determines mc-DCI size as the larger one between size1 and size2.
[bookmark: _Ref127451044]Table 1 Example of option1
	Cell combination

	Cell combination1
	Size of information bits required for the BWP combination
	Cell combination2
	Size of information bits required for the BWP combination

	
	Cell1
	Cell2
	
	Cell3
	Cell4
	

	BWP combinations
	 Active BWP1
	Active BWP2
	Size1
	Active BWP3
	Active BWP4
	Size2

	mc-DCI size
	Max (size1, size2)


Option1 is similar to the legacy DCI size determination procedure in the single-cell scheduling case, i.e., the DCI format size depends on the active BWPs. 
Option2 for DCI size. The mc-DCI size is determined based on all possible BWP combinations
· For a set of cells that is configured for multi-cell scheduling, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configuration of co-scheduled cell combinations within the set of cells.
· The size is determined as the maximum size assumed for mc-DCI scheduling any possible BWP combination for all the co-scheduled cell combinations
In the above example, there are 16 possible BWP combinations for each cell combination, thus there can be up to 32 sizes of information bits. Thereby, with option2, UE determines size1~size32 and determines mc-DCI size as the largest one among them.
Table 2 Example of option2
	Cell combination

	Cell combination1
	Size of information bits required for the BWP combination
	Cell combination2
	Size of information bits required for the BWP combination

	
	Cell1
	Cell2
	
	Cell3
	Cell4
	

	BWP combinations
	BWP1
	BWP1
	Size1
	BWP1
	BWP1
	Size17

	
	BWP1
	BWP2
	Size2
	BWP1
	BWP2
	Size18

	
	BWP1
	BWP3
	Size3
	BWP1
	BWP3
	Size19

	
	…
	…
	…
	…
	…
	…

	
	BWP4
	BWP3
	Size2
	BWP4
	BWP3
	Size31

	
	BWP4
	BWP4
	Size16
	BWP4
	BWP4
	Size32

	mc-DCI size
	Max (size1, size2, size3, …., size32)


In option2, there is a single mc-DCI size for all possible BWP combinations for all the co-scheduled cell combinations of the set of cells, and the size does not change with BWP switching. 
Either option works, but option2 is not preferred as it may result in a significantly larger size compared to option1. 

· Field size determination if multiple cell combinations are configured
Regarding how to derive field size, there are two solutions for each option:
With option1 for DCI size
Solution A-1 for field size (per DCI alignment). 
· Step1. For a field in a mc-DCI scheduling a cell combination, the field size and information bits of the field are determined based on the configurations of the active BWP combination of the scheduled cell combination. 
· Step2. Zeros are padded to the end of all information bits of all fields of the mc-DCI to align to the DCI format size determined in option1.
Solution B-1 for field size (per field alignment). 
· Step1. For a field in a mc-DCI scheduling a cell combination, the field size is determined as the maximum number of bits assumed for mc-DCI scheduling the active BWP combination for all cell combinations. The information bits of the field are determined based on the configurations of the indicated BWP combination of the scheduled cell combination. 
· Step2. Zeros are padded to the end of information bits of each field of the mc-DCI to align to the field size for active BWP combinations of all cell combinations.
With option2 for DCI size, 
Solution A-2 for field size (per DCI alignment). 
· Step1. For a field in a mc-DCI scheduling a cell combination, the field size and information bits of the field are determined based on the configurations of the indicated BWP combination of the scheduled cell combination. 
· Step2. Zeros are padded to the end of all information bits of all fields of the mc-DCI to align to the DCI format size determined in option2. 
Solution B-2 for field size (per field alignment). 
· Step1. For a field in a mc-DCI scheduling a cell combination, the field size is determined as the maximum number of bits assumed for mc-DCI scheduling any possible BWP combination for all the co-scheduled cell combinations. The information bits of the field are determined based on the configurations of the indicated BWP combination of the scheduled cell combination. 
· Step2. Zeros are padded to the end of information bits of each field of the mc-DCI scheduling a cell combination to align to the field size for all BWP combinations of all cell combinations.
Compared to per DCI alignment, per field alignment results in intolerable mc-DCI overhead. For example, for combination 1, field 1 needs 2 information bits and field 2 needs 5 information bits, while for combination 2, field 1 needs 5 information bits and field 2 needs 2 information bits, then if per DCI alignment is performed, the final mc-DCI size is 7 bits, but if per field alignment is performed, the final mc-DCI size is 10 bits. Thus, per DCI alignment is preferred. The prerequisite for per DCI alignment is that the field position of cell indication and BWP indicator in mc-DCI are fixed, and the UE decodes these fields first. UE can determine the bits for other fields once it has successfully decoded the cell indication and BWP indicator. 

· mc-DCI triggering BWP switching
In single-cell scheduling, sc-DCI that triggers BWP change has the same size as the sc-DCI format that schedules the current active BWPs, and the field in the BWP triggering sc-DCI format is interpreted based on the indicated BWP. Similarly, with option1, if the mc-DCI triggers BWP switching for a cell combination, the size of the mc-DCI still depends on the current active BWP combination(s), but the interpretation of the fields is based on the indicated BWP combination. The mc-DCI size may change after BWP adaption is complete.
[bookmark: _Ref127560492]Proposal 5. For a set of cells that is configured for multi-cell scheduling, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configurations of co-scheduled cell combinations within the set of cells.
· The payload size of DCI format 0_X is the same for active BWP combination(s) for all the co-scheduled cell combinations of the set of cells.
· The payload size of DCI format 1_X is the same for active BWP combination(s) for all the co-scheduled cell combinations of the set of cells.
· The size is determined as the maximum size assumed for mc-DCI scheduling active BWP combination for all the co-scheduled cell combinations
[bookmark: _Ref127560493]Proposal 6. For a field in a mc-DCI, the field size is determined based on the current active BWP combination, and the corresponding information bits are determined based on the configurations of the indicated BWP combination. If the total number of information bits for all fields required for a mc-DCI scheduling a cell combination is smaller than the total number of information bits for a mc-DCI scheduling another cell combination, 0 are padded to the end of the total information bits to align to the mc-DCI size of the other cell combination.
[bookmark: _Ref127560495]Proposal 7. Field positions of the cell indicator and BWP indicator in a mc-DCI are fixed.
[bookmark: _Ref127560496]Proposal 8. If a mc-DCI triggers BWP switching, its size is the same as the mc-DCI scheduling the current active BWP combination(s).
[bookmark: _Ref127560497]Proposal 9. For interpreting a field in mc-DCI triggering BWP switching, the field size is the same as that of the mc-DCI scheduling the active BWP combination(s), furthermore, the information bits in the field are determined based on the configurations of the indicated BWP combination.

PDCCH monitoring
	Agreement
For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling.


The n_CI value for mc-DCI should be the same as the n_CI value (CIF value) for sc-DCI configured for the reference cell on which the BD/CCE/DCI size of mc-DCI is counted. In this case, mc-scheduling is to some extent considered to be part of the scheduling of the reference cell, and the legacy framework and spec can be reused when determining the corresponding CCE index. However, to avoid confusion and PDCCH blocking between sc-DCI and mc-DCI, it is desirable to configure separate SSs for sc-DCI and the mc-DCI, respectively.
[bookmark: _Ref118731116]Proposal 10. From the perspective of the reference cell, mc-DCI and sc-DCI formats (if configured) should be assigned with the same n_CI value, and they should be configured in different SSs.
In 38.306, the number of unicast DCIs that can be processed per scheduled cell per scheduling CC slot has been specified. With mc-DCI introduced in R18, these restrictions also apply to mc-DCI. For simplicity, a mc-DCI should be treated as a unicast DCI from the perspective of the reference cell
[bookmark: _Ref118731119]Proposal 11. From the perspective of the reference cell of a cell set, a mc-DCI scheduling the cell set is treated as a unicast DCI for the reference cell.

Cell indication
	Proposal 3-2 rev3:
· For a set of cells which is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
· The table is configured by RRC signaling for the set of cells.
· The size of the indicator is determined based on the number of rows in the table.
· Repurposing any field in the DCI format 0_X/1_X based on the indicator is not supported in Rel-18.


Confirm Proposal 3-2 rev3 that a table of co-scheduled cell combination are RRC configured and can be scheduled by mc-DCI by an indicator that points to one row of the table.
[bookmark: _Ref127560504]Proposal 12. For a set of cells that is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
Another aspect that needs clarification is whether a mc-DCI can be used to schedule a cell combination including an inactive or dormant cell. Since the cell deactivation procedure/dormancy procedure and mc-scheduling procedure are decoupled, if mc-DCI is not permitted to schedule a cell combination with inactive cell/dormant cell, the other cells in the combination may no longer be schedulable together. Worse still, co-scheduled cell without sc-DCI format may also become not schedulable. Hence, mc-DCI should be allowed to schedule cell combinations that contain inactive or dormant cells.
For DCI format size determination in this case, UE assumes the active BWP of the inactive cell is the first active BWP. UE simply ignores the scheduling information for the deactivated/dormant cell. 
[bookmark: _Ref118731105]Proposal 13. If a co-scheduled cell becomes inactive or dormant, gNB is still allowed to indicate a cell combination including that cell in DCI format 0_X/1_X, UE simply ignores the scheduling information for the inactive/dormant cell. 
[bookmark: _Ref127560506]Proposal 14. If a co-scheduled cell becomes inactive, the active BWP is assumed to be the first active BWP for that cell when determining the mc-DCI size and field size. 

SUL/UL indicator
Considering that there are up to 2SUL cells in NR CA, and there is no simultaneous UL configuration on 2 SUL bands, 1-bit would be sufficient for SUL/UL indicator, and it only applies to the cell with SUL. From the perspective of forward capability, this field size can also be configurable. 
[bookmark: _Ref127560508]Proposal 15. The size of the SUL/UL indicator in mc-DCI can be configured according to the deployment. 

DCI Format indicator
DCI format 0_X and DCI format 1_X may share a same size in some cases, in order to distinguish DCI format 0_X and DCI format 1_X, both DCI format 0_X and DCI format 1_X should carry 1-bit to indicate whether this grant is for UL scheduling or DL scheduling.
[bookmark: _Ref127560509]Proposal 16. Mc-DCI format includes 1-bit DCI format indicator to indicate whether it is DCI format 0_X or DCI format 1_X. 

FDRA
	[bookmark: _Ref115451691]Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):


	FDRA
	Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
	Details in Section 7.1.4


· Type 2 
· Further consider larger RBG granularity than existing maximum specified or configured value for RA type 0 
· Use large RBG-based RIV for RA type 1 based on R16 configurable granularities for DCI format 1_2
resourceAllocationType1GranularityDCI-1-2-r16  ENUMERATED {n2,n4,n8,n16}                                    OPTIONAL,   -- Need S
It was suggested to use larger RBG granularity to compress the FDRA size. The following options can be considered:
Option 1: the RBG size is common for all cell combinations. 
For example, RBG size P is determined based on the maximum total number of RBs of active BWP combination for all cell combinations. With this option, the size of the frequency domain resource allocation indication is ∑Ni, where Ni is the bitmap size of each co-scheduled cell combination determined according to the RBG size P determined above.
Example of Nominal RBG size P
	Co-scheduled Bandwidth Part Size
	Configuration 1
	Configuration 2

	1 – 36 
	2
	4

	37 – 72
	4
	8

	73 – 144
	8
	16

	145 – 275
	16
	16

	276 –550
	32
	32

	…
	…
	…


Option 2: the RBG size is separately determined for each co-scheduled cell.
For example, RBG size P is firstly determined according to the RB number of the active BWP of each co-scheduled cell and/or rbg-Size (i.e., config1 or config2), then final RBG size is determined as the product of P times K, where K can be a value provided by a RRC parameter or the number of cells co-scheduled by DCI.
For type1 FDRA, P can be configured by RRC, and the candidate values can be larger than n16.
[bookmark: _Ref127560511][bookmark: _Ref127562966]Proposal 17. For Type0 FDRA, the following options for determining RBG size
-  Option1. The RBG size for all co-scheduled cells in a set of cell is determined based on the maximum total number of RBs of the active BWP for all cell combinations.
-  Option2. The RBG size for a co-scheduled cell is determined based on the number of RB of the active BWP of the co-scheduled cell, and times a scaling factor K.
[bookmark: _Ref127560512]Proposal 18. For Type1 FDRA, RBG-based RIV for RA type 1 is configurable, and the RBG size can be 2,4,8,16,32,64.

TDRA
	Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are jointly indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design


Although time domain resource allocations for the set of cells are indicated by a single TDRA field in the DCI format 0_X/1_X, the detail for the TDRA table design for mc-DCI scheduling is FFS. There are two methods of the construction of the joint TDRA table:
· Alt.1: the TDRA table for mc-DCI scheduling is derived by the legacy TDRA table of each co-scheduled cell, e.g.: pdsch-TimeDomainAllocationList provided in PDSCH-Config. 
· Alt.2: the TDRA table for mc-DCI scheduling is configured by a new RRC parameter.
For alt.1, the TDRA table for mc-scheduling could be constructed by including all possible combinations of TDRA of each co-scheduled cell, or by including combinations of TDRA with same entry index from the legacy TDRA table of each co-scheduled cell. 
If the table includes all the possible combinations for TDRA of each co-scheduled cell, the following two options are considered:
· option 1: each entry in the TDRA table for mc-scheduling always points to all configurable cells in a cell set. For example, each entry is always configured with 4 cells, where 4 is the maximum number of configurable cells for mc-scheduling.
	
	Cell 1
	Cell 2
	Cell 3
	Cell 4

	Entry1
	SLIV 1
	SLIV 2
	SLIV 3
	SLIV 4

	Entry2
	SLIV 5
	SLIV 6
	SLIV 7
	SLIV 8


· option 2: each entry in the TDRA table for mc-scheduling points to a number of co-scheduled cells corresponding to a cell combination, thus each row of the TDRA table can have different numbers of cells. E.g.:
	Entry1 for cell combination (cell2, cell3, cell4)
	Cell 2, SLIV 2
	Cell 3, SLIV 3
	Cell 4, SLIV 4

	Entry2 for cell combination (cell1, cell32)
	Cell 1, SLIV 5
	Cell 2, SLIV 6


For option 1, the UE should first determine the co-scheduled cells based on cell indicator field. Then the UE determines which TDRA in the indicated entry is actually scheduled according to the cell indicator. 
For option 2, the co-scheduled cells and TDRA can be jointly indicated by the TDRA field. However, this option may require a large table and thus lead to a huge TDRA field size. 
Alt.2 can be combined with option1/option2 as well. If the TDRA table is configured by a new RRC parameter, the parameter can be configured in a reference cell rather than in each scheduled cell to avoid large signaling overhead. Compared with alt1, alt2 requires additional RRC signaling but decouples the scheduling flexibility of sc-scheduling and mc-scheduling.
[bookmark: _Ref118731132]Proposal 19. The TDRA table for mc-DCI scheduling is derived by legacy TDRA table, e.g., pdsch-TimeDomainAllocationList provided in PDSCH-Config, or configured by new RRC parameter.
[bookmark: _Ref118731133][bookmark: _Ref118731238]Proposal 20. For detailed TDRA table design, the following option can be considered:
-  Option1. each entry in the TDRA table for mc-scheduling always points to SLIV(s) for all configurable cells, which cells are actually scheduled by a DCI format 1_X/0_X are indicated by the cell indicator. 
-  Option 2. If cell indicator is not included in DCI format 1_X/0_X, each entry in the TDRA table for mc-scheduling points to a cell combination and the corresponding SLIV(s).

Cell sets
It was also discussed whether to support multiple sets. One motivation to have more sets is that some cells are not likely to be jointly scheduled (e.g., these cells may have different SCSs and/or different parameter lists, or they may be located in different FRs) and their mc-DCI sizes vary widely. Thus, it is not undesirable to align the mc-DCI size for different cell sets by zero-padding or truncation. 
At the last meeting, some companies proposed to allow multiple sets to include a same scheduling cell and share the scheduling cell as a common reference cell, however, this would break the CCS rule since R15 that a DCI format has a unique DCI size from the perspective of the cell that counts BD/CCE/DCI (i.e., the scheduled cell in CCS). For example, if set1 and set2 share the same scheduling cell and the reference cell for both set1 and set2 is the scheduling cell, there will be two DCI sizes for a same mc-DCI in this case, which violates the current CCS framework. Additionally, with the following agreement, both sets have to share the Rel-17 limits, but it is unclear how to distribute the Rel-17 limit BD/CCE to two sets with mc-DCI of different sizes. 
	· To address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· For the reference cell, a total number of configured BD/CCEs for both DCI formats 0_X/1_X and legacy DCI formats (if configured) does not exceed the Rel-17 limits. 
· For other cells in the sets of cells, Rel-17 limits for PDCCH/DCI monitoring and BD/CCE counting rules for legacy DCI formats (not including DCI formats 0_X/1_X) apply


To resolve the above issue, mc-DCI formats for the two sets have to be aligned to maintain a unique size, and the two sets should either dynamically share the Rel-17 limits or follow semi-statically pre-assigned BD/CCE budgets. However, if further alignment is expected, it is unclear why they are not grouped as a single set for multi-cell scheduling. 
Thus, if multiple sets are considered, overlapped cell sets are not supported, and the following principle should be kept:
· Cell sets should be orthogonal, ensuring that the reference cell for each set is distinct
· If the reference cell for a cell set is the scheduling cell, then each set must have its own unique scheduling cell
[bookmark: _Ref127560487]Proposal 21. If multiple sets of cells which are configured for multi-cell scheduling are supported, the cell sets should be orthogonal, and each cell set has its own unique reference cell.

HARQ-ACK codebook
In previous meetings, some of the HARQ-ACK codebook types have been excluded or agreed.
	Agreement in RAN1 110b-e
Confirm below working assumption:
Working Assumption
HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3) are applicable when multi-cell PDSCH scheduling is configured.
Agreement in RAN1 110
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH
Agreement in RAN 97-e
[bookmark: OLE_LINK1]Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18.


First of all, the K1 definition has been agreed in RAN1#110 meeting, while the reference PDSCH is FFS. Similar to the Rel-17 multi-PDSCH scheduling, the reference PDSCH for PUCCH slot determination can be the PDSCH with the latest ending time among the co-scheduled PDSCHs scheduled by DCI format 1-X.
[bookmark: _Ref115451697]Proposal 22. For multi-PDSCH scheduled by DCI format 1-X, the reference PDSCH to determine the PUCCH slot is the PDSCH with the latest ending time among the co-scheduled PDSCHs.
Then, the PUCCH resource determination is based on a PUCCH resource indicator field in a last DCI format among the DCI formats that have a value of a PDSCH-to-HARQ-feedback timing indicator field. In Rel-15/Rel-16, the detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. The same principle can be reused to determine the last DCI format and the corresponding PUCCH resource when DCI format 1-X is configured. Moreover, which cell index is used to refer to the DCI format 1-X should be specified. For example, when there are multiple DCIs including DCI format 1-X received in the last MO corresponding to a same PUCCH slot, all the detected DCI formats are indexed in an ascending order across serving cells indexes, whereas the reference cell index for the DCI format 1-X can be the smallest serving cell index among the co-scheduled cells by the DCI format 1-X.
[bookmark: _Ref118731127]Proposal 23. For DCI format 1-X, the reference cell index to derive the DCI format order for determining PUCCH resource is the cell index of PDSCH with the smallest serving cell index among the co-scheduled PDSCHs.
Furthermore, for type 2 HARQ-ACK codebook, the reference PDSCH to derive the DAI counter should be determined. According to the current specification, the DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in ascending order of serving cell index and then in ascending order of PDCCH monitoring occasion index. In the case of multi-cell PDSCH scheduling, which PDSCH of the co-scheduled cells is used for the serving cell index should be defined. For simplicity, the PDSCH in the serving cell with the smallest serving cell index among the set of co-scheduled cells can be the reference PDSCH to determine the DAI counter.
[bookmark: _Ref115451703]Proposal 24. For type 2 HARQ-ACK codebook, the reference PDSCH to determine the DAI counter is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
In R17 multi-PDSCH scheduling, to include all the HARQ-ACK of the PDSCHs scheduled by a DCI, the K1 set is extended according to the TDRA table of multi-PDSCH so that all the scheduled PDSCH can be covered by the candidate PDSCH occasions for type-1 HARQ-ACK codebook. Similarly, as there is only one PUCCH for the cells co-scheduled by DCI format 1_X in Rel-18, and the co-scheduled PDSCH may be allocated with different slots, K1 extension should be considered to construct the type-1 HARQ-ACK codebook. One straightforward way is to provide joint TDRA configuration for the co-scheduled cells and derives the extended K1 set according to the joint coded TDRA table. 
[bookmark: OLE_LINK2]For example, the joint coded TDRA table for DCI format 1_X is shown in Table 3. It can be configured by RRC or derived by the PDSCH allocation configuration for each co-scheduled cell. Based on the table, the codebook can be constructed accordingly. First, for each row, determine the last PDSCH by K0 and SLIV. Second, extend the K1 set for each row. After iterating through all the rows, derive the extended K1 set for each cell. For example, in row 1, if K0,2 > K0,1, SLIV 2 is the last PDSCH in row 1; similarly, SLIV 3 is the last PDSCH in row 2 if K0,3 > K0,4. Then, similar to the Rel-17 type-1 HARQ-ACK codebook for multi-PDSCH scheduling, the extended K1 values for other PDSCHs are determined as the sum of a configured K1 and the time gaps between K0 of the last PDSCH and that of other PDSCHs, respectively. Finally, derive the union set of the extended K1 set of each cell of each row. For SLIV pruning, the Rel-15 type-1 HARQ-codebook design can be reused.
[bookmark: _Ref111214472]Table 3 The derived or configured TDRA table for DCI format 1_X
	
	Cell 1
	Cell 2

	Row 1
	{K0,1, SLIV 1}
	{K0,2, SLIV 2}

	Row 2
	{K0,3, SLIV 3}
	{K0,4, SLIV 4}


[bookmark: _Ref111223712][bookmark: _Ref115451700]Proposal 25. For type-1 HARQ-ACK codebook, K1 extension similar to the multi-PDSCH scheduling should be supported, by extending the design of joint coded SLIVs to the multiple co-scheduled cells, while the R15 SLIV pruning procedure can still be reused.
	Agreement in 110
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· [bookmark: OLE_LINK3]HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.

Agreement in 110b-e
For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.


According to the previous agreement, for the type-2 HARQ-ACK codebook, the number of HARQ-ACK information bits for each DCI format 1_X can be determined by the codeword and spatial bundling configuration for a set of cells. Specifically, if at least one cell of a set of cells is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE. Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules the cell set is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
However, if multiple sets are supported, how to determine the HARQ-ACK information bits for DCI format 1 X needs further study. For example, there are two cell sets (i.e. set1 and set2), set1 has A cells, and one cell in set1 is configured with maximum 2 codewords per PDSCH without spatial bundling, the maximum number of TBs which can be co-scheduled by a DCI format 1_X for set1 is M_A; set2 has B cells, all cells in set2 are configured with a single codeword, the maximum number of cells which can be co-scheduled by a DCI format 1_X for set2 is N_B, M_A>N_B. The following alternatives can be considered:
· Alt.1: the HARQ-ACK information bits corresponding to a DCI format 1_X are determined according to the multiple sets of cells in the same PUCCH group. In the above example, the number of HARQ-ACK information bits corresponding to a DCI format 1_X scheduling a cell combination in set1 or set2 is determined as max (M_A, N_B).
· Alt.2: the HARQ-ACK information bits for different cell sets are separately determined. In the above example, for set 1 and set 2, the number of HARQ-ACK information bits are M_A and N_B separately.
Compare Alt.1 with alt 2, alt.1 is simpler because the DAI can be counted across all cell sets, and HARQ-ACK information bits for different cell sets can be collected in the same sub-codebook. 
Alt.2 is more complex. In this case, when the number of HARQ information bits varies for different sets, the DAI counting has to be separately performed for each cell set, and the corresponding HARQ-ACK information bits for different sets cannot be carried by a single sub-codebook. Unless some restrictions are imposed on NW scheduling. E.g., UE does not expect the multi-cell scheduling of different sets of cells to result in the HARQ-ACK feedback for more than one set at the same time or in the same resource. Therefore, Alt.1 is preferred.
[bookmark: _Ref127563108]Proposal 26. If multiple sets of cells are supported, for type-2 codebook, the number of HARQ-ACK information bits is determined as following. 
-  if multiple sets of cells which can be co-scheduled by DCI format 1_X are supported, and if at least one cell in the multiple sets of cells is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of any set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE. Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
It has been agreed that for type 2 HARQ-ACK codebook, HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X are ordered based on serving cell indices associated with co-scheduled PDSCHs. However, whether the ordering is performed first in order of cell index, or first in order of TB index should be clarified. Since there is no distinct difference between the two ordering rules, the HARQ-ACK bits can be ordered first in ascending order of cell index and then second in ascending order of TB index similar to the legacy rule.
[bookmark: _Ref127560527]Proposal 27. For type-2 HARQ-ACK codebook, HARQ-ACK bits can be ordered first in ascending order of cell index and then second in ascending order of TB index similar as the legacy rule. 
If a deactivated or dormant cell can be scheduled by mc-DCI, the HARQ-ACK information bits should still be generated although no actual PDSCH transmission takes place in the deactivated or dormant cells. Similarly, the HARQ-ACK information bits for the candidate PDSCH occasion collided with semi-static TDD UL/DL configuration should also be generated. For example, the HARQ-ACK information bits of PDSCH in the deactivated cell or dormant cell or an occasion with TDD UL/DL collision can be placed in the ACK/NACK bit position determined according to the order of cell indices and TB indices in the codebook.
[bookmark: _Ref127560528]Proposal 28. The HARQ information bits of PDSCH in the deactivated cell or dormant cell or an occasion with TDD UL/DL collision should be placed in the ACK/NACK bit position determined according to the order of the cell indices and TB indices.
3. Conclusion
In this contribution, we discuss the remaining issues on multi-cell scheduling and have the following observations and proposals: 
Proposal 1. For a scheduled cell within a set of cells that can be co-scheduled by a DCI format 0_X/1_X, the case where different scheduling cells are configured for multi-cell scheduling and single-cell scheduling is not supported in R18.
Proposal 2. For a cell set, BWP indicator field size is determined based on the maximum size of this field in legacy formats across cells in the cell set configured for the mc-DCI, indication is applied to all co-scheduled cell(s) having 1 or 2 bits for this field in legacy formats; and the corresponding 1 or 2 LSB of the indicator is interpreted independently for each cell based on the BWP ID for the corresponding cell.
Proposal 3. For a cell combination scheduled by a mc-DCI, when the current active BWP of at least one co-scheduled cell in the cell combination is different from the BWP indicated by THE mc-DCI, BWP switching is triggered for that co-scheduled cell(s).
Proposal 3. For a cell combination scheduled by a mc-DCI, when the current active BWP of at least one co-scheduled cell in the cell combination is different from the BWP indicated by THE mc-DCI, BWP switching is triggered for that co-scheduled cell(s).
Proposal 4. An extra bit or a codepoint of the BWP indicator indicates that the mc-DCI still schedules the current active BWPs of the scheduled cell combination.
Proposal 5. For a set of cells that is configured for multi-cell scheduling, the payload size of DCI format 0_X/1_X is derived by UE based on RRC configurations of co-scheduled cell combinations within the set of cells.
Proposal 6. For a field in a mc-DCI, the field size is determined based on the current active BWP combination, and the corresponding information bits are determined based on the configurations of the indicated BWP combination. If the total number of information bits for all fields required for a mc-DCI scheduling a cell combination is smaller than the total number of information bits for a mc-DCI scheduling another cell combination, 0 are padded to the end of the total information bits to align to the mc-DCI size of the other cell combination.
Proposal 7. Field positions of the cell indicator and BWP indicator in a mc-DCI are fixed.
Proposal 8. If a mc-DCI triggers BWP switching, its size is the same as the mc-DCI scheduling the current active BWP combination(s).
Proposal 9. For interpreting a field in mc-DCI triggering BWP switching, the field size is the same as that of the mc-DCI scheduling the active BWP combination(s), furthermore, the information bits in the field are determined based on the configurations of the indicated BWP combination.
Proposal 10. From the perspective of the reference cell, mc-DCI and sc-DCI formats (if configured) should be assigned with the same n_CI value, and they should be configured in different SSs.
Proposal 11. From the perspective of the reference cell of a cell set, a mc-DCI scheduling the cell set is treated as a unicast DCI for the reference cell.
Proposal 12. For a set of cells that is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a table defining combinations of co-scheduled cells for the set of cells.
Proposal 13. If a co-scheduled cell becomes inactive or dormant, gNB is still allowed to indicate a cell combination including that cell in DCI format 0_X/1_X, UE simply ignores the scheduling information for the inactive/dormant cell.
Proposal 14. If a co-scheduled cell becomes inactive, the active BWP is assumed to be the first active BWP for that cell when determining the mc-DCI size and field size.
Proposal 15. The size of the SUL/UL indicator in mc-DCI can be configured according to the deployment.
Proposal 16. Mc-DCI format includes 1-bit DCI format indicator to indicate whether it is DCI format 0_X or DCI format 1_X.
Proposal 17. For Type0 FDRA, the following options for determining RBG size
-  Option1. The RBG size for all co-scheduled cells in a set of cell is determined based on the maximum total number of RBs of the active BWP for all cell combinations.
-  Option2. The RBG size for a co-scheduled cell is determined based on the number of RB of the active BWP of the co-scheduled cell, and times a scaling factor K.
Proposal 18. For Type1 FDRA, RBG-based RIV for RA type 1 is configurable, and the RBG size can be 2,4,8,16,32,64.
Proposal 19. The TDRA table for mc-DCI scheduling is derived by legacy TDRA table, e.g., pdsch-TimeDomainAllocationList provided in PDSCH-Config, or configured by new RRC parameter.
Proposal 20. For detailed TDRA table design, the following option can be considered:
-  Option1. each entry in the TDRA table for mc-scheduling always points to SLIV(s) for all configurable cells, which cells are actually scheduled by a DCI format 1_X/0_X are indicated by the cell indicator. 
-  Option 2. If cell indicator is not included in DCI format 1_X/0_X, each entry in the TDRA table for mc-scheduling points to a cell combination and the corresponding SLIV(s).
Proposal 21. If multiple sets of cells which are configured for multi-cell scheduling are supported, the cell sets should be orthogonal, and each cell set has its own unique reference cell.
Proposal 22. For multi-PDSCH scheduled by DCI format 1-X, the reference PDSCH to determine the PUCCH slot is the PDSCH with the latest ending time among the co-scheduled PDSCHs.
Proposal 23. For DCI format 1-X, the reference cell index to derive the DCI format order for determining PUCCH resource is the cell index of PDSCH with the smallest serving cell index among the co-scheduled PDSCHs.
Proposal 24. For type 2 HARQ-ACK codebook, the reference PDSCH to determine the DAI counter is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
Proposal 25. For type-1 HARQ-ACK codebook, K1 extension similar to the multi-PDSCH scheduling should be supported, by extending the design of joint coded SLIVs to the multiple co-scheduled cells, while the R15 SLIV pruning procedure can still be reused.
Proposal 26. If multiple sets of cells are supported, for type-2 codebook, the number of HARQ-ACK information bits is determined as following. 
-  if multiple sets of cells which can be co-scheduled by DCI format 1_X are supported, and if at least one cell in the multiple sets of cells is configured with maximum 2 codewords per PDSCH without spatial bundling, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell of any set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE. Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
Proposal 27. For type-2 HARQ-ACK codebook, HARQ-ACK bits can be ordered first in ascending order of cell index and then second in ascending order of TB index similar as the legacy rule.
Proposal 28. The HARQ information bits of PDSCH in the deactivated cell or dormant cell or an occasion with TDD UL/DL collision should be placed in the ACK/NACK bit position determined according to the order of the cell indices and TB indices.
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