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At the RAN1#111 meeting, the following agreements were made for multi-cell scheduling with a single DCI [1]:
Agreement
Confirm the RAN1#110bis-e working assumption with the following changes: 
Working Assumption
For a set of cells which is configured for multi-cell scheduling, 
· Existing DCI size budget is maintained on each cell of the set of cells.
· DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell DCI size of the DCI format 0_X/1_X is counted on the reference cell.
· BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells.
· FFS which cell BD/CCE of the DCI format 0_X/1_X is counted on the reference cell.
· Same reference cell is used for both DCI format 0_X and DCI format 1_X.
· The reference cell is
· the scheduling cell if the scheduling cell is included in the set of cells and search space of the DCI format 0_X/1_X is configured only on the scheduling cell;
· one cell of the set of cells which Ssearch space of DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space of the scheduling cell with the same search space ID if search space of the DCI format 0_X/1_X is configured on the cell in addition to the scheduling cell.
· FFS It is up to gNB on which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How tTo 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
· 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.

Agreement
For a set of cells which is configured for multi-cell scheduling, up to 4 cells within the set of cells are supported.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the same set of cells.
Agreement
For DCI format 1_X/0_X, 
· Type-1 fields at least include below:
· ChannelAccess-Cpext
· TDRA
· Below fields are agreed to be supported for DCI format 0_X/1_X. FFS: Whether the fields are type1, type2, type configurable, or omitted. FFS: details on the fields (e.g. length, which legacy configurations are applicable), other fields.
· HARQ process number
· MCS (FFS: potential compression scheme)
· Bandwidth part indicator 
· Frequency domain resource assignment (FFS: potential compression scheme)
· VRB-to-PRB mapping
· PRB bundling size indicator
· Rate matching indicator
· ZP CSI-RS trigger
· Antenna port(s)
· Transmission configuration indication
· DMRS sequence initialization
· Frequency hopping flag
· TPC command for scheduled PUSCH
· Precoding information and number of layers
· PTRS-DMRS association
· SRS request
· SRS resource indicator
· SRS offset indicator
· PTRS-DMRS association
· Open-loop power control parameter set indication
· UL/SUL indicator
Note: RAN1 strives to minimize the number of fields which are type configurable.
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.
Agreement
The types for below fields in DCI format 1_X are listed (R1-2212924):
	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.1.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.1.2

	BWP indicator
	Type 1A
	Details in Section 7.1.3

	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

	VRB-to-PRB mapping
	Type 1A
	Details in Section 7.1.5

	PRB bundling size indicator
	Type 1A
	Details in Section 7.1.6

	Rate matching indicator
	Type 1B (up to 4 bits)
	Details in Section 7.1.7

	ZP CSI-RS trigger
	Type 1B (up to 3 bits)
	Details in Section 7.1.8

	Antenna port(s)
	Configurable between Type 1A and Type 2
	Details in Section 7.1.9

	TCI
	Type 1B (up to 4 bits)
	Details in Section 7.1.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.1.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.1.12

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.1.13



This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details
Agreement
· The types for below fields in DCI format 0_X are listed:

	Field 
	Type
	Details
(for information only)

	HARQ process number
	Type 2
	Details in Section 7.2.1

	MCS 
	Alt 1: Type 2 (without compression)


	Details in Section 7.2.2

	BWP indicator
	Type 1A
	Details in Section 7.2.3

	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 7.2.4

	Frequency hopping flag
	Type 1A
	Details in Section 7.2.5

	TPC command for scheduled PUSCH
	Type 2
	Details in Section 7.2.6

	Open-loop power control parameter set indication
	Type 1A
	Details in Section 7.2.7

	Antenna port(s)
	Configurable between Type 1A and Type-2
	Details in Section 7.2.8

	Precoding information and number of layers
	Configurable between Type 1A and Type-2
	Details in Section 7.2.9

	PTRS-DMRS association
	Type 2
	Details in Section 7.2.10

	DMRS sequence initialization
	Type 1A
	Details in Section 7.2.11

	SRS request
	Type 1B (up to 4 bits)
	Details in Section 7.2.12

	SRS resource indicator
	Configurable between Type 1A and Type-2
	Details in Section 7.2.13

	SRS offset indicator
	Type 1B (up to 3 bits)
	Details in Section 7.2.14

	UL/SUL indicator
	FFS

	Details in Section 7.2.15



This does not imply that payload of DCI can be larger than what is supported for polar code in Rel-17.
FFS: Details
In the contribution, we present our views on multi-cell scheduling with a single DCI, with primary focus on DCI field design, BD/CCE budget and HARQ-ACK feedback for multi-cell scheduling. 
DCI field design for multi-cell scheduling 
At the RAN1#111 meeting, the types of DCI fields for DCI format 0_X and 1_X were agreed, while the detailed designs for each field are for further study. In this section, we present our view on the detailed designs for each DCI field. 
Indicator of co-scheduled cells
In NR, a carrier indicator is included in the DCI format 1_1/1_2 and 0_1/0_2, where UE can derive a single cell for PDSCH and PUSCH transmission, respectively. For multi-cell scheduling with a single DCI, existing mechanism on the carrier indication cannot be directly applied. 
At the RAN1#109-e meeting, the following options were agreed for indicating co-scheduled cells by DCI format 0_X/1_X [4]. 
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· 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 
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
Among the options, although Option 2 can provide flexible indication of carrier index, it may result in large field size and overall DCI payload size. For Option 3, existing field (e.g., CIF, FDRA) is used to indicate whether one or more cells are scheduled, which would pose certain scheduling flexibility in frequency domain. In our view, Option 1 can achieve proper balance between scheduling flexibility and field size for indication of co-scheduled cells. 
For Option 1, a carrier indicator can be included in the DCI 0_X and 1_X to determine a set of carriers from a configured table for multi-cell scheduling. Further, one row of the configured carrier indication table may include a single carrier, which may enable the support of dynamic switching between single-cell and multi-cell scheduling.
Proposal 1
· Co-scheduled cells are indicated by a cell indicator in DCI format 0_X/1_X which points to one row of a configured table.
· The size of the cell indicator is determined based on the number of rows in the table.  

Type 1A field design
At the RAN1#110 meeting, it was agreed that Type 1A is defined as a single field indicating common information to all the co-scheduled cells [3]. Further, at the RAN1#111 meeting, the following DCI fields are agreed as Type 1A field or configurable between Type 1A and Type 2 [1]:
· BWP indicator for both DCI format 0_X and 1_X
· VRB-to-PRB mapping for DCI format 1_X
· PRB bundling size indicator for DCI format 1_X.
· Antenna port(s) for both DCI format 0_X and 1_X
· DMRS sequence initialization for both DCI format 0_X and 1_X
· Frequency hopping flag for DCI format 0_X
· Open-loop power control parameter set indication for DCI format 0_X
· Precoding information and number of layers for DCI format 0_X
· SRS resource indicator for DCI format 0_X
For some of the fields as listed above, depending on the configurations in a co-scheduled cell, the number of bits may be different. For instance, for BWP indicator, the number of bits can be 0, 1 or 2 bits, which is determined based on the number of BWPs for each cell. To avoid ambiguity on the field size between gNB and UE, it would be more appropriate to determine the Type 1A field size based on the maximum field size for each cell from configured carrier indication table for multi-cell scheduling. 
In particular, if the field size for a co-scheduled cell is 0, the field in the DCI format 0_X and/or 1_X is not applied, which indicates that UE would ignore this field for the co-scheduled cell. Further, if the field size for a co-scheduled cell is less than the determined field size in the DCI format 0_X and/or 1_X, LSB of the field is applied. For instance, if determined BWP indicator size for DCI format 0_X is 2 bits, and if the BWP indicator field size for a co-scheduled cell is 1 bit, the LSB of the determined BWP indicator field is used to determine the BWP index for the co-scheduled cell. 
Proposal 2
· For Type 1A field, field size is determined as maximum field size for each cell from configured carrier indication table for multi-cell scheduling.
· If the field size for a co-scheduled cell is 0, the field in the DCI format 0_X and/or 1_X is not applied. 
· If the field size for a co-scheduled cell is less than the determined field size in the DCI format 0_X and/or 1_X, LSB of the field is applied. 

Type 1B field design
At the RAN1#110 meeting, it was agreed that Type 1B is defined as a single field indicating separate information to each of co-scheduled cells via joint indication [3]. Further, at the RAN1#111 meeting, the following DCI fields are agreed as Type 1B field [1]:
· TDRA for both DCI format 0_X and 1_X
· Rate matching indicator for DCI format 1_X
· ZP CSI-RS trigger for DCI format 1_X
· TCI for DCI format 1_X
· SRS request for both DCI format 0_X and 1_X
· SRS offset indicator for both DCI format 0_X and 1_X
For Type 1B field, a joint indication is applied, which points to a row of a table configured by RRC signalling for multi-cell scheduling. In this case, the joint indication bit field size can be determined based on the number of rows in the table. Note that two options can be considered for the configuration of the table: 
· Option 1: each row includes M sub-fields, where M is number of actually co-scheduled cells for multi-cell scheduling, which is determined based on carrier indication field.
· Option 2: each row includes N sub-fields, where N is number of cells configured for multi-cell scheduling. In this case, UE needs to determine the corresponding field based on the carrier indication field. 
For Option 1, UE needs to determine the co-scheduled cell indexes based on carrier indication field, and subsequently check the corresponding sub-field for the determined co-schedule cell assuming that the number of sub-fields is aligned with the number of co-scheduled cells. For Option 2, for each row of the configured table for joint indication, the number of sub-fields is aligned with the number of configured cells for multi-cell scheduling. In addition, if the number of actually scheduled cells M is less than N, M sub-fields for the scheduled cells have the same indexes as the M scheduled cells in the N configured cells. 
For these two options, it is evident that Option 1 may pose certain restriction on the gNB configuration and scheduling given the fact that gNB may need to ensure the number of sub-field in each row is aligned with the number of co-scheduled cells. In our view, it is more desirable to consider Option 2 for the Type 1B design, where the number of sub-field in each row is based on the number of configured cells for multi-cell scheduling. This may also help to reduce L1 signalling overhead as gNB may only configure a limited number of rows for the joint indication table. 
In order to further reduce the signalling overhead for multi-cell scheduling, it would be more appropriate to link the sub-field indication from single cell scheduling. In other words, the sub-field for the scheduled cell is pointed to the configuration based on single cell scheduling, e.g., for DCI format 0_1 or 1_1. This mechanism can also help to avoid unnecessary duplication on the configurable of TDRA table for single- and multi-cell scheduling. 
Proposal 3
· For Type 1B field, each row of a configured table for joint indication includes N sub-fields, where N is number of configured cells for multi-cell scheduling.
· If the number of co-scheduled cells is less than N, UE determines the sub-field based on the indicated carrier index within the N configured cells. 
· The sub-field is pointed to the configuration based on single-cell scheduling. 

Type 2 field design
At the RAN1#110 meeting, it was agreed that Type 2 is defined as separate field for each of the co-scheduled cells [3]. Further, at the RAN1#111 meeting, the following DCI fields are agreed as Type 2 field or configurable between Type 1A and Type 2  [1]:
· HARQ process number for both DCI format 0_X and 1_X
· MCS for both DCI format 0_X and 1_X
· FDRA for both DCI format 0_X and 1_X
· Antenna port(s) for both DCI format 0_X and 1_X
· TPC command for scheduled PUSCH for DCI format 0_X
· Precoding information and number of layers for DCI format 0_X
· PTRS-DMRS association for DCI format 0_X
· SRS resource indicator for DCI format 0_X
For Type 2 field, according to the agreement, no compression needs to be considered for multi-cell scheduling. Note that different co-scheduled cells may have different configurations, which may lead to different field sizes. To ensure field size alignment between gNB and UE and avoid any ambiguity, it is more desirable to determine the field size for DCI format 0_X or 1_X as the maximum size among sum of sub-field size for each cell among all rows of carrier indication table configured for multi-cell scheduling. Further, each sub-field for the co-scheduled cell is applied based on existing rule for single-cell scheduling, respectively. For instance, assuming two rows are configured for carrier indication table for multi-cell scheduling, where first row is configured with {cell #0, cell #1} and second row is configured with {cell#0, cell#2}, while for cell #0 and cell #1, 16 HARQ processes are assumed and for cell #2, 32 HARQ processes are assumed. In this case, the HARQ process number field size for DCI format 0_X and 1_X can be determined as 9 bits. 
Proposal 4
· For Type 2 field, field size for DCI format 0_X or 1_X is determined as maximum size among sum of sub-field size for each cell among all rows of carrier indication table.

FDRA field
At the RAN1#111 meeting, it was agreed that FDRA field is considered as Type 2, where separate field is used to indicate the MCS for each co-scheduled cell [1]. As mentioned above, for Type 2 field, field size of FDRA can be determined as maximum size among sum of FDRA field size for each cell among all rows of carrier indication table configured for multi-cell scheduling. 
Given that FDRA field typically occupies large portion of DCI payload size, it is more appropriate to further reduce the FDRA field size accordingly for each co-scheduled cell for multi-cell scheduling. In particular, for resource allocation type 0, given that RBG size is determined based on the selection of two size configurations and BWP size, it is more beneficial to consider a scaling factor to further increase the RBG size. In this regarding, the table for the determination of nominal RBG size as defined in existing specification can be reused. As different cells may have different BWP sizes and channel conditions for resource allocation, the scaling factor may be separately configured for each co-scheduled cell in case of multi-cell scheduling so as to maximize the scheduling flexibility.
Similarly, for resource allocation type 1, similar mechanism for FDRA size reduction as defined in Rel-16 can be reused for multi-cell scheduling. More specifically, RBG based RIV based on configured scheduling granularity can be used to indicate the FDRA for each co-scheduled cell. 
Proposal 5
· For FDRA field for multi-cell scheduling:
· For resource allocation type 0, a scaling factor can be separately configured for each co-scheduled cell and applied on the RBG size.
· For resource allocation type 1, RBG based RIV with configured scheduling granularity can be reused.  

Remaining fields for DCI format 0_X and 1_X
At the RAN1#110b-e meeting, it was agreed that priority indicator, beta offset indicator, CSI request and UL-SCH indicator are included as Type 1 fields in DCI format 0_X and/or 1_X [2]. However, the detailed designs for the above fields, e.g., whether these fields are considered as Type 1A, 1B or 1C are still open. For the following DCI fields, 
· Priority indicator: this field can be considered as Type 1B. This is primarily motivated by the fact that PDSCH or PUSCH scheduled in different cells may be targeted for different types of services, e.g., one cell for URLLC service while another cell for non-URLLC service. In this case, it would be more appropriate to employ separate sub-fields to indicate the priority indication for the PDSCH or PUSCHs for each co-scheduled cell. 
· Beta offset indicator: this field can be considered as Type 1A. In particular, single field can be used to indicate common information to all co-scheduled cells. In case when scheduled PUSCH does not overlap with PUCCH or beta offset indication is semi-statically configured for a cell, the field is not applied. Note that this field can cover the case when multiple scheduled PUSCHs in different cells overlap with PUCCHs, where same beta offset indication is applied. 
· CSI request: this field can be considered as Type 1C. This is primarily due to the fact that typically only a PUSCH in a single cell may be scheduled for carrying CSI report even in case of multi-cell scheduling. To further reduce the DCI signalling overhead, it may be more appropriate to define a reference cell, where CSI report can be transmitted. One simple solution to determine the reference cell can be the cell with smallest cell index. 
· UL-SCH indicator: this field can be considered as Type 1C. In addition, same design principle for CSI request can be applied for UL-SCH indicator, i.e., UL-SCH indicator is only applied for a cell carrying A-CSI report. Moreover, given that the main benefit of multi-carrier scheduling is for capacity improvement, it is not reasonable to support A-SRS transmission without PUSCH by DCI 0_X. Thus, UE does not expect both UL-SCH =0 and CSI request =0 for DCI 0_X. 
· UL/SUL indicator: this field can be considered as Type 1C. In our view, the main benefit of multi-carrier scheduling is for capacity improvement, which is typically targeting for UEs with good channel conditions. In this regard, the motivation to support SUL within the context of multi-carrier scheduling is not clear. Although at the RAN1#111 meeting, it was agreed to support UL/SUL indicator in the DCI format 0_X [1], it is reasonable to consider UL/SUL indicator as Type 1C field. In this case, only one SUL for one serving cell within the set of co-scheduled cells can be configured and applied.
Proposal 6
· Priority indicator is considered as Type 1B field.
· Beta offset indicator is considered as Type 1A field.
· UL/SUL indicator is considered as Type 1C field. 
· CSI request and UL-SCH indicator are considered as Type 1C field. 
· PUSCH in a cell with smallest cell index can be used to carry CSI report. 
· UL-SCH is only applied to the cell carrying CSI report. 
· UE does not expect both UL-SCH and CSI request bit field equal to 0 (i.e., DCI 0_X does not support A-SRS transmission without PUSCH)

DCI size and BD/CCE budget for multi-cell scheduling
Different cells may be scheduled by the single-cell or multi-cell DCI format from a scheduling cell. For simplicity, the multiple cells may be treated as a single set of cells. A single configuration of the DCI fields of DCI format 0_X/1_X can be used to schedule the set of cells. Consequently, the DCI size can be determined based on the configured sizes of all the DCI fields. 
Alternatively, the multiple cells can be divided into two or more sets of cells. For simplicity, it is preferred that a cell can only belong to one set of cells. In this case, two or more configurations of the DCI fields may be configured for DCI format 0_X/1_X for the two or more sets of cells, respectively. For example, as shown in Figure 1, a first configuration of the DCI field applies to a first set, i.e., CC 0-2, while a second configuration applies to a second set, i.e., CC 3 and 4. The DCI size can be respectively determined for each configuration of DCI fields. Note that it is likely that the different configurations of DCI fields may result in different DCI sizes. 

 
[bookmark: _Ref111042649]Figure 1: Multiple configurations of the DCI format for multi-cell scheduling
Proposal 7
· The multiple cells that can be scheduled by a scheduling cell can be divided into two or more sets of cells
· A cell can only belong to one set of cells. 
· For each set of cells, a configuration of the DCI fields can be configured for DCI format 0-X/1-X, which may result in different DCI sizes for the different sets of cells 
· For a set of cells, the DCI size can be determined based on the configured sizes of all the DCI fields 

According to the agreement in the last RAN1 meeting, a reference cell for a set of cells is determined for DCI size and BD/CCE counting [1]. When the multiple cells that can be scheduled by a scheduling cell are divided into two or more sets of cells, it is straightforward that the reference cell can be separately determined for the two or more sets. As shown in the Figure 1, there are two configurations of DCI format 0_X/1_X. Correspondingly, two reference cells can be determined for the two configurations. For example, the reference cell may be CC0 for DCI format 0_X/1_X scheduling CC0/1/2 and CC3 for DCI format 0_X/1_X scheduling CC3/4. 
Further, it is agreed that the n_CI in the search space equation is determined by a value configured for the set of cells by RRC signaling [1]. The  value can be configured in the configuration of the reference cell of the set of cells. Similarly to DCI size and BD/CCE counting, when the multiple cells that can be scheduled by a scheduling cell are divided into two or more sets of cells, The  value can be configured separately determined for the two or more sets.
Proposal 8
· The reference cell for DCI size and BD/CCE counting can be separately determined for the two or more sets of cells that can be scheduled by the same scheduling cell. 
· The  value can be separately determined for the two or more sets of cells that can be scheduled by the same scheduling cell 
For a cell to which the DCI size of DCI format 0_X/1_X is counted, DCI size alignment may be necessary considering the additional DCI size(s) of DCI format 0_X/1_X. If the total number of DCI sizes for the cell exceeds the existing DCI size budget per cell, two options can be considered. 
· Option 1: UE can perform size alignment for the cell in the following order:
· DCI size alignment as specified in TS 38.212. 
· The DCI size of the DCI format 0_X and the DCI format 1_X can be aligned. 
· The DCI size of the DCI format 0_X/1_X can be further aligned with a DCI format for single-cell scheduling.
· Option 2: UE can perform size alignment for the cell in the following order:
· DCI size alignment of the DCI format 0_0/1_0 as specified in TS 38.212. 
· The DCI size of the DCI format 0_X and the DCI format 1_X can be aligned. 
· DCI size alignment for the DCI format 0_1/1_1/0_2/1_2 as specified in TS 38.212
· The DCI size of the DCI format 0_X/1_X can be aligned with a DCI format for single-cell scheduling.
The main difference between the above two options is which DCI formats should be size aligned firstly, i.e., the DCI format 0_X/1_X or DCI formats for single-cell scheduling. Considering that DCI format 0_X/1_X will typically have larger DCI size, which tends to incur more padding bits for size alignment, Option 1 is slightly preferred. 
Proposal 9 
· If the total number of DCI sizes for a cell exceeds the existing DCI size budget per cell, UE can perform DCI size alignment for the cell in the following order:
· DCI size alignment as specified in TS 38.212. 
· The DCI size of the DCI format 0_X and the DCI format 1_X can be aligned. 
· The DCI size of the DCI format 0_X/1_X can be further aligned with a DCI format for single-cell scheduling.

HARQ-ACK feedback for multi-cell scheduling
PUCCH resource determination 
At the RAN1#110 meeting, it was agreed that UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot n + k, where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n 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 [3].  
To identify a PUCCH slot/sub-slot, a reference PDSCH should be defined to apply K1 value, if multiple PDSCHs scheduled by a multi-cell scheduling DCI are located in different slots. Similar to multi-PDSCH scheduling as defined for FR2-2 in Rel-17, a PDSCH with last ending symbol can be used as the reference PDSCH to ensure sufficient preparation time for PUCCH. Figure 2 illustrates an example of reference PDSCH for multi-cell scheduling. In the example, PDSCH #1 is reference PDSCH, thus PUCCH is in the same slot as PDSCH #1 with K1 = 0. 
[image: ]
[bookmark: _Ref101731425]Figure 2. Reference PDSCH for PUCCH slot determination
Proposal 10
· For PUCCH slot/sub-slot determination, the reference PDSCH is the last PDSCH, i.e., with the last ending symbol in co-scheduled cells.

Type 1 HARQ-ACK codebook
At the RAN#97-e meeting, it was agreed to support Type-1 HARQ-ACK codebook for multi-cell scheduling where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode. Note that in Rel-15, Type 1 HARQ-ACK codebook is determined by candidate DL slots and candidate PDSCH locations within the DL slots based on K1 set and TDRA for each configured serving cell. In Rel-17, Type 1 HARQ-ACK codebook is enhanced for multi-PDSCH scheduling by extension of K1 set and the slot offset between last PDSCH and other PDSCHs in the same row of TDRA table (e.g., slot offset = K0 for last PDSCH – K0 for other PDSCHs).
To determine the candidate DL slots, for multi-cell scheduling, if both scheduling and scheduled carriers are with same SCS, similar mechanism as Rel-17 can be directly applied with minor enhancement for slot offset determination, i.e., candidate DL slots is generated according to extended K1 based on K1 for reference PDSCH and slot offset between reference PDSCH and PDSCH in different CCs.  Alternatively, for further simplification, similar to Rel-15, the DL candidate slots for each CC can be still determined according to the configured K1 set, with the restriction that the effective K1 for each CC which is based on K1 for reference PDSCH is always a subset of the configured K1, which is similar to K1 restriction for DCI format 1_0. To determine the candidate PDSCH locations within the DL slots, minor modification is needed for SLIV pruning. It was already agreed that a TDRA row can consist of multiple SLIVs for multiple cells. In such case, for a row, only the single SLIV for the corresponding CC rather than all SLIVs of the row is used for SLIV pruning for that CC. As discussed in Section 2.3, the sub-field for the scheduled cell is pointed to the TDRA configuration based on single cell scheduling, thus the set of SLIVs for multi-cell scheduling is within the set of SLIVs for single cell scheduling, which simplifies Type-1 codebook design. 
Proposal 11
· For Type-1 HARQ-ACK codebook for multi-cell scheduling, 
· For candidate DL slots, with restriction of same SCS for carriers, the candidate DL slots can be determined by minor modification of Rel-17 multi-PDSCH scheduling extended K1 based on K1 for reference PDSCH, and slot offset between reference PDSCH and PDSCHs in different CCs, or simplify based on configured K1 values as in Rel-15 with the restriction that the effective K1 for each CC is always a subset of the configured K1. 
· For candidate PDSCH within a DL slot, SLIV pruning is based on SLIVs for the corresponding CC, which is same as single cell scheduling. 

Type 2 HARQ-ACK codebook
For Type 2 HARQ-ACK codebook, RAN1 already agreed to support separate sub-codebook for single cell and multi-cell scheduling case. One remaining issue of type-2 HARQ-ACK codebook is DAI counting. Currently, C-DAI denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs first in increasing order of the PDSCH reception starting time for a PDCCH MO for a serving cell (if there is more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion) and then, in ascending order of serving cell index, and lastly in ascending order of PDCCH monitoring occasion index. 
For multi-cell scheduling, DAI ordering based on PDCCH MO index and PDSCH reception starting time is clear. The only unclear point is serving cell index, i.e., which serving cell index should be used to determine C-DAI order, because there are multiple PDSCHs on multiple CCs scheduled by a single PDCCH. Therefore, a reference PDSCH should be defined, e.g., the reference PDSCH with smallest serving cell index of co-scheduled PDSCHs can be reused for serving cell index determination. 
Figure 3 illustrates an example for reference PDSCH for DAI order. In the example, in a PDCCH MO, PDCCH1 schedules PDSCH #0 and PDSCH #1 on CC0 and CC3 respectively, and PDCCH2 schedules PDSCH #2 and PDSCH #3 on CC1 and CC2 respectively. To determine the DAI order, serving cell index for reference PDSCH #0 (CC#0) and serving cell index for reference PDSCH #2 (CC#1) is used, thus smaller DAI value is indicated for PDCCH 1 (DAI=1) and larger DAI value is indicated for PDCCH2 (DAI=2).   
[image: ]
[bookmark: _Ref101734694]Figure 3. Reference PDSCH for serving cell index to determine DAI order
[bookmark: _Hlk110455236]Another issue is how to determine the number of HARQ-ACK bits  for a PUCCH transmission power for multi-cell scheduling, when UCI bits is no larger than 11 bits. Similar to two separate sub-codebooks for Rel-15 CBG and TB based transmission, or Rel-17 TB and TBG transmission as defined in FR2-2, , where  is the number of HARQ-ACK bits for single cell scheduling as already captured in TS 38.213, and  is the number of HARQ-ACK bits for multi-cell scheduling for power control, which can be determined by total number of TBs received by UE and identified number of miss-detected TBs for multi-cell scheduling. Note that based on the agreement in the last RAN1 meeting, this can be determined by M bits per DCI format 1_X, 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. 
Proposal 12
· For Type-2 HARQ-ACK codebook, for the sub-codebook for multi-cell PDSCH scheduling, 
· DAI ordering is based on the serving cell index of a reference PDSCH per PDCCH, which is determined by the PDSCH with smallest serving cell index. 
· For PUCCH transmission power when UCI bits is not greater than 11 bits, the number of HARQ-ACK bits is determined based on the number of HARQ-ACK bits for both single-cell and multi-cell scheduling.

Last DCI determination 
At the RAN1#110b-e meeting, there were some discussions for last DCI determination. Note that PDCCHs scheduling PDSCHs associated with same PUCCH can indicate different PRI, i.e., PUCCH resource overriding, which can be used for both Type-1 and type-2 HARQ-ACK codebook. The PUCCH resource finally used for HARQ-ACK feedback for all PDSCHs is determined by the last PDCCH. Currently, the PDCCH associated with largest serving cell index in last PDCCH MO is the last PDCCH. 
For multi-cell PDSCH scheduling, to enable last DCI determination, a reference PDSCH per PDCCH can be considered to determine the serving cell index for the PDCCH, e.g., using smallest serving cell index of co-scheduled PDSCHs as reference for the PDCCH. However, relying on serving cell index of one of co-scheduled PDSCHs may not uniquely determine a last DCI, considering that two PDCCHs associated with same reference serving cell index may exist in same PDCCH MO, e.g., a PDCCH scheduling single serving cell c and another PDCCH scheduling multi-cell PDSCHs with smallest serving cell index c. 
To resolve such ambiguity, another dimension needs to be checked, e.g., using starting or ending symbol of a PDSCH with same serving cell index for last DCI determination.  In our view, if RAN1 cannot quickly converge to the solution, it is suggested not to introduce any enhancement for last DCI determination given the fact that it is not an essential issue. It is well-understood that gNB can easily ensure same PRI in PDCCHs in same PDCCH MO by proper implementation (similar to multiple PDCCHs for a serving cell in one PDCCH MO in Rel-16 CA-DC), which does not require any additional standardization effort. 
Proposal 13
· For last DCI determination, either using smallest serving cell index of co-scheduled PDSCHs and starting PDSCH symbol as reference PDSCH for a PDCCH to uniquely determine a last DCI, or do not introduce any enhancement for last DCI determination. 

[bookmark: _Ref52481833]Conclusions
In this contribution, we presented our views on multi-cell scheduling with a single DCI, with primary focus on the DCI field design, BD/CCE budget and HARQ-ACK feedback for multi-cell scheduling. Further, we summarize the proposals as follows:
Proposal 1
· Co-scheduled cells are indicated by a cell indicator in DCI format 0_X/1_X which points to one row of a configured table.
· The size of the cell indicator is determined based on the number of rows in the table.  
Proposal 2
· For Type 1A field, field size is determined as maximum field size for each cell from configured carrier indication table for multi-cell scheduling.
· If the field size for a co-scheduled cell is 0, the field in the DCI format 0_X and/or 1_X is not applied. 
· If the field size for a co-scheduled cell is less than the determined field size in the DCI format 0_X and/or 1_X, LSB of the field is applied. 
Proposal 3
· For Type 1B field, each row of a configured table for joint indication includes N sub-fields, where N is number of configured cells for multi-cell scheduling.
· If the number of co-scheduled cells is less than N, UE determines the sub-field based on the indicated carrier index within the N configured cells. 
· The sub-field is pointed to the configuration based on single-cell scheduling. 
Proposal 4
· For Type 2 field, field size for DCI format 0_X or 1_X is determined as maximum size among sum of sub-field size for each cell among all rows of carrier indication table.
Proposal 5
· For FDRA field for multi-cell scheduling:
· For resource allocation type 0, a scaling factor can be separately configured for each co-scheduled cell and applied on the RBG size.
· For resource allocation type 1, RBG based RIV with configured scheduling granularity can be reused.  
Proposal 6
· Priority indicator is considered as Type 1B field.
· Beta offset indicator is considered as Type 1A field.
· UL/SUL indicator is considered as Type 1C field. 
· CSI request and UL-SCH indicator are considered as Type 1C field. 
· PUSCH in a cell with smallest cell index can be used to carry CSI report. 
· UL-SCH is only applied to the cell carrying CSI report. 
· UE does not expect both UL-SCH and CSI request bit field equal to 0 (i.e., DCI 0_X does not support A-SRS transmission without PUSCH)
Proposal 7
· The multiple cells that can be scheduled by a scheduling cell can be divided into two or more sets of cells
· A cell can only belong to one set of cells. 
· For each set of cells, a configuration of the DCI fields can be configured for DCI format 0-X/1-X, which may result in different DCI sizes for the different sets of cells 
· For a set of cells, the DCI size can be determined based on the configured sizes of all the DCI fields 
Proposal 8
· The reference cell for DCI size and BD/CCE counting can be separately determined for the two or more sets of cells that can be scheduled by the same scheduling cell. 
· The  value can be separately determined for the two or more sets of cells that can be scheduled by the same scheduling cell 
Proposal 9 
· If the total number of DCI sizes for a cell exceeds the existing DCI size budget per cell, UE can perform DCI size alignment for the cell in the following order:
· DCI size alignment as specified in TS 38.212. 
· The DCI size of the DCI format 0_X and the DCI format 1_X can be aligned. 
· The DCI size of the DCI format 0_X/1_X can be further aligned with a DCI format for single-cell scheduling.
Proposal 10
· For PUCCH slot/sub-slot determination, the reference PDSCH is the last PDSCH, i.e., with the last ending symbol in co-scheduled cells.
Proposal 11
· For Type-1 HARQ-ACK codebook for multi-cell scheduling, 
· For candidate DL slots, with restriction of same SCS for carriers, the candidate DL slots can be determined by minor modification of Rel-17 multi-PDSCH scheduling extended K1 based on K1 for reference PDSCH, and slot offset between reference PDSCH and PDSCHs in different CCs, or simplify based on configured K1 values as in Rel-15 with the restriction that the effective K1 for each CC is always a subset of the configured K1. 
· For candidate PDSCH within a DL slot, SLIV pruning is based on SLIVs for the corresponding CC, which is same as single cell scheduling. 
Proposal 12
· For Type-2 HARQ-ACK codebook, for the sub-codebook for multi-cell PDSCH scheduling, 
· DAI ordering is based on the serving cell index of a reference PDSCH per PDCCH, which is determined by the PDSCH with smallest serving cell index. 
· For PUCCH transmission power when UCI bits is not greater than 11 bits, the number of HARQ-ACK bits is determined based on the number of HARQ-ACK bits for both single-cell and multi-cell scheduling.
Proposal 13
· For last DCI determination, either using smallest serving cell index of co-scheduled PDSCHs and starting PDSCH symbol as reference PDSCH for a PDCCH to uniquely determine a last DCI, or do not introduce any enhancement for last DCI determination. 
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