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1. Introduction
In this contribution, based on the agreements made in RAN1#110 and RAN#97-e, we discuss and provide our views on multi-cell PDSCH/PUSCH scheduling with a single DCI, in terms of DCI field structure for the multi-cell scheduling DCI (denoted as “multi-cell DCI” hereafter), PDCCH blind decoding/search space for the multi-cell DCI, and HARQ-ACK feedback for multi-cell PDSCH scheduling.

2. Supported scenarios for multi-cell scheduling
On the supported scenarios for multi-cell scheduling, following two agreements were made in RAN1#110 and RAN#97-e, respectively. 

	Agreement (RAN1#110)
· At least cases 1-1 and 1-2 on SCS are supported:
· Case 1-1: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 1-3: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells including the scheduling cell and different SCS is used among the co-scheduled cells including the scheduling cell.
· Case 1-4: A DCI format 0-X/1-X on a scheduling cell can schedule multiple cells not including the scheduling cell and different SCS is used among the co-scheduled cells.
· FFS: Whether Case 1-3 or 1-4 is additionally supported.

Agreements (RAN#97-e)
· Deprioritize any optimization for U-band operation for designing multi-cell scheduling in Rel-18.
· Enhanced Type-2 codebook is not supported for multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Type-1 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.
· Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any SL scheduling
· PCell schedules multiple cells by DCI 0_X/1_X when sSCell is configured to schedule PCell



According to the above agreements, the multi-cell scheduling is supported only for the case where a same SCS is used among the co-scheduled cells. Regarding this aspect, it needs to be clarified whether the same SCS restriction is to be applied in cell level (in this case, all the configured BWPs in all the co-scheduled cells should be with a same SCS) or BWP level (in this case, the active BWP in each co-scheduled cell should be with a same SCS). To avoid excessive limitation on usage of the multi-cell scheduling feature, the same SCS restriction in above is to be applied in BWP level. 

Proposal #1: Clarify whether the agreed same SCS restriction for co-scheduled cells is to be applied in cell level or BWP level.
· Consider BWP level restriction that the cells with active BWP of same SCS can be co-scheduled by the multi-cell DCI.

3. DCI field structure for multi-cell scheduling DCI
In this section, we discuss on DCI field structure for multi-cell DCI in terms of how to indicate scheduled cell(s) via the multi-cell DCI, how to compose DCI fields in the multi-cell DCI, and how to limit DCI payload size of the multi-cell DCI.

· Indication of scheduled cell(s)
Regarding the multi-cell PDSCH/PUSCH scheduling, first of all, it is necessary to decide how to indicate (multiple) scheduled cell(s) via the multi-cell DCI. On this issue, the following agreement had been made in RAN1#109-e.

	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.



Among three options in above agreement, Option 1 is preferred where the indicator pointing to one of (scheduled) cell combinations is signalled via CIF field in the multi-cell DCI, since it can be reasonable extension of current CIF field/indication by configuring different cell combination (consisting of one or multiple cells) per each of CIF values.

	CIF value
	Scheduled cell(s)

	000
	Cell #1

	001
	Cell #2

	010
	Cell #3

	011
	Cell #1 + Cell #2

	100
	Cell #1 + Cell #3

	…
	…


Figure 1: Example of Option 1 (with CIF field) for indication of scheduled cell(s) via multi-cell DCI

In case with Option 1, it may need to consider how to configure the (scheduled) cell combination per CIF value based on current RRC structure for cross-CC scheduling configuration where a combination {scheduling cell, CIF value} is configured per each of scheduled cells. In addition, regarding the FFS point on whether to configure separate CIF tables or common CIF table between multi-cell PDSCH scheduling and multi-cell PUSCH scheduling, common CIF table is preferred since it can also be reasonable extension of current cell-level CIF table without DL/UL differentiation, and could avoid potential PDCCH related complexity in terms of SS set composition and BD operation.

Proposal #2: Support Option 1 where the indicator pointing to one of (scheduled) cell combinations is signalled via CIF field in the multi-cell DCI. 
· Support common CIF table between multi-cell PDSCH scheduling and multi-cell PUSCH scheduling by following current cell-level CIF without DL/UL differentiation.

In addition, it is required to consider the case where a cell among co-scheduled cells would be invalid to schedule/transmit PDSCH/PUSCH due to some reasons, for example, in deactivated state or with dormant BWP or collided with semi-static UL/DL symbol or indicated with invalid FDRA/TDRA value. On this case, the PDSCH/PUSCH scheduled for the invalid cell is dropped and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.

Proposal #3: Consider the case where an invalid cell (e.g. in deactivated state or with dormant BWP or with UL/DL collision or with invalid FDRA/TDRA) is included within co-scheduled cells.
· Drop the PDSCH/PUSCH scheduled for the invalid cell and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.

· Composition of DCI fields
Especially, it is necessary to decide how to compose DCI fields in the multi-cell DCI to indicate the parameters required for scheduling of multiple PDSCH/PUSCH transmissions on multiple cells. On this aspect, following two agreements were made in RAN1#110 in terms of classifying different DCI field types according to whether the DCI field can be shared among all or per sub-group of co-scheduled cells.

	Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.

Agreement
For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field



Regarding the DCI field types classified in above, further clarifications are necessary for detailed design of the multi-cell DCI. Firstly, in case of Type-1C field, a single field indicates an information to only one of co-scheduled cells, and at the same time, a (predefined or preconfigured) default value needs to be applied to other co-scheduled cells. Secondly, in case of Type-2 (and Type-3) field, the size of separate field per cell (or sub-group) needs to be reduced compared to the case of single-cell scheduling to avoid increase of for multi-cell DCI payload size. Thirdly, in case of Type-3 field, the cell sub-grouping may need to be done per field (or per field group) for scheduling (DCI) efficiency/flexibility, based on all the configured cells (not per co-scheduled cell combination). Lastly, it is necessary to add Type-4 field, and this field is omitted in multi-cell scheduling case (in this case, a default value needs to be applied to the scheduled cells), but it is present in single-cell scheduling case.

Proposal #4: Clarify and update the classification of DCI field types and details of each field type as the followings.
· Type-1C: A single field indicates an information to only one of co-scheduled cells, and a (predefined or preconfigured) default value is applied to other co-scheduled cells.
· Type-2 (& 3): The size of separate field per cell (or sub-group) is reduced compared to the case of single-cell scheduling to avoid increase of for multi-cell DCI payload size.
· Type-3: The cell sub-grouping is done per field (or field group) for scheduling (DCI) efficiency/ flexibility, based on all the configured cells (not per co-scheduled cell combination).
· Type-4 (new): This field is omitted in multi-cell scheduling case (in this case, a default value is applied to the scheduled cells), but it is present in single-cell scheduling case.

Based on the classification of DCI field types in above and clarifications/updates in Proposal #4, we provide our views on the composition of DCI fields in a multi-cell DCI, especially for RA fields, HARQ related fields, and MIMO related fields.

· Resource allocation fields
· FDRA field: Type-3 (or 1A)
For this field, different number of RBs/RBGs between cells needs to be considered when indicating common FDRA for the cells.
· TDRA field: Type-3 (or 1B)
For this field, K0/K2 can be configured with a single value for multiple cells (per TDRA row) or with multiple values corresponding to multiple cells (per TDRA row).
· HARQ related fields
· MCS field: Type-3 (or 1A)
For this field, it needs to be clarified whether the MCS indication is separate or common for 2 TBs in a same PDSCH. In addition, different configuration of MCS-C-RNTI (presence) between cells also needs to be considered.
· HARQ ID field: Type-1A (or 3)
For this field, different (maximum) number of HARQ IDs between cells needs to be considered when indicating common HARQ ID for the cells.
· MIMO related fields
· Antenna port field: Type-2 (or 3)
Basically, since the Antenna port might be independent between cells, this field can be Type-2, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the size of Antenna port table). Alternatively, to reduce DCI overhead even with scheduling restriction, the port index can be fixed for some of scheduled cells, or the transmission rank can be limited according to the number of TBs in a PDSCH.
· TCI field: Type-1B (or 2)
Since the TCI might also be independent between cells, this field can be Type-2, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the number of TCI code-points). Alternatively, this field can be Type-1B, and in this (and above) case, different TCI configurations (e.g. legacy Rel-16 TCI or unified Rel-17 TCI) between cells needs to be considered.
· SRI field: Type-1B (or 2)
Since the SRI might also be independent between cells, this field can be Type-2, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing the number of SRI code-points). Alternatively, this field can also be Type-1B, and in this case, different SRI configurations (e.g. codebook based or non-codebook based) between cells needs to be considered.
· Precoding info & number of layers: Type-2 (or 3)
Since the TPMI/layers might also be independent between cells, this field can be Type-2, and the field size can be reduced in multi-cell scheduling case (e.g. by extracting some TPMI indexes in the TPMI table).
· PTRS-DMRS association: Type-1C (or 2)
Since the RS association might also be independent between cells, this field can be Type-2, and the field size can be reduced in multi-cell scheduling case (e.g. by reducing DMRS ports used for association with PTRS). Alternatively, this field can be considered as Type-1C.
· DMRS sequence initialization: Type-1C (or 4)
This field can be Type-1C. Alternatively, this field can be considered as Type-4.

Based on the Type-1/2/3/4 field in above, each DCI field (in current DL/UL DCI format) can be classified as the following Tables 1 and 2, and note that the FFS points listed for some DCI fields in the tables need to be handled. Furthermore, in case of Type-2/3 fields, it may need to consider how to do the ordering of multiple fields (associated with a same DCI field) corresponding to different cells or sub-groups in the multi-cell DCI. Besides, in case where an invalid (e.g. deactivated or dormant) cell is included within the co-scheduled cells, the fields corresponding to the invalid cell can be omitted in the multi-cell DCI.

Proposal #5: Classify each DCI field (in current DL/UL DCI format) as in Tables 1 and 2, based on the Type-1/2/3/4 field with clarifications/updates in Proposal #4.
· Need to consider and address the FFS points listed in “Note” column for some DCI fields in the Tables 1 and 2.
· Consider how to do the ordering of multiple fields corresponding to different cells or sub-groups in the multi-cell DCI.

Table 1: Classification of each field in DL DCI format for multi-cell scheduling DCI.
	Field
	Type
	Note

	DCI format flag
	1
	

	CIF
	1
	

	BWP indicator 
	1C (or 4)
	

	FDRA
	3 (or 1A)
	FFS on different number of RBs/RBGs between cells 

	TDRA
	3 (or 1B)
	

	VRB-to-PRB
	1C
	

	PRB bundling size
	1C
	

	Rate matching
	1C
	FFS on different number of RM patterns between cells 

	ZP CSI-RS
	1C
	FFS on different number of A-ZP CSI-RS sets between cells 

	MCS (TB1+TB2)
	3 (or 1A)
	FFS on different max number of TBs per PDSCH between cells 
FFS on whether MCS is separate or common for 2 TBs in a PDSCH
FFS on different configuration of MCS-C-RNTI (presence) between cells

	NDI (TB1+TB2)
	2
	

	RV (TB1+TB2)
	2
	

	HARQ ID
	1A (or 3)
	FFS on different max number of HARQ processes between cells 

	DAI
	1
	

	TPC
	1
	

	PRI
	1
	

	K1
	1
	

	Type-3 CB trigger
	1
	

	Antenna port(s) 
	2 (or 3)
	FFS on different DMRS structure between cells

	TCI 
	1B (or 2)
	FFS on different TCI mode / field presence between cells

	SRS request
	1C
	FFS on different number of UL carriers between cells 

	DMRS seq-init
	1C (or 4)
	

	Priority indicator
	1A
	FFS on different configuration of Priority indicator (presence) between cells

	LBT/CPE 
	1A
	

	Min sched-offset 
	1C (or 4)
	

	SCell dormancy 
	4
	



Table 2: Classification of each field in UL DCI format for multi-cell scheduling DCI.
	Field
	Type
	Note

	DCI format flag
	1
	

	CIF
	1
	

	UL/SUL indicator
	4
	

	BWP indicator
	1C (or 4)
	

	FDRA
	3 (or 1A)
	FFS on different number of RBs/RBGs between cells

	TDRA
	3 (or 1B)
	

	FH flag
	1C (or 4)
	

	MCS
	3 (or 1A)
	FFS on different configuration of MCS-C-RNTI (presence) between cells

	NDI
	2
	

	RV
	2
	

	HARQ ID
	1A (or 3)
	FFS on different max number of HARQ processes between cells 

	1st DAI
	1
	

	2nd DAI
	1
	

	TPC
	1C
	

	SRI 
	1B (or 2)
	FFS on different (non-)CB type / number of SRI table entries between cells

	TPMI
	2 (or 3)
	FFS on different number of TPMI table entries between cells

	AP
	2 (or 3)
	FFS on different DMRS structure / maximum rank between cells

	SRS request
	1C
	FFS on different number of UL carriers between cells 

	CSI request
	1C
	

	PTRS-DMRS
	1C (or 2)
	FFS on different number of PTRS ports between cells 

	Beta offset
	1C
	

	DMRS seq-init
	1C (or 4)
	

	UL-SCH indicator
	4
	

	LBT/CPE/CAPC
	1A (or 3)
	FFS on different number of LBT table entries between cells 

	OLPC param set
	1C
	FFS on different number of OLPC parameter sets between cells 

	Priority indicator
	1A
	FFS on different configuration of Priority indicator (presence) between cells

	Invalid symbol
	1C
	

	Min sched-offset
	1C (or 4)
	

	SCell dormancy
	4
	



· Limitation of DCI payload size
Furthermore, it is necessary to discuss on how to limit DCI payload size of the multi-cell DCI considering the maximum size allowed in DCI (Polar) encoding procedure. As expected with the observations in above, the size of multi-cell DCI payload would be determined based on the maximum number of co-scheduled cells/TBs by the multi-cell DCI since the number of DCI bits required for RA/HARQ/MIMO related fields would be increased proportionally. On this issue, following working assumption was made in RAN1#110, and it should be confirmed to facilitate the detailed design of multi-cell DCI.

	Working Assumption
· The maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is 4.
· The maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is 4.
FFS: The maximum number of configurable cells for co-scheduling



On top of the above, in case of DL scheduling, the maximum number of simultaneously scheduled TBs by the multi-cell DCI also needs to be limited to a proper number (e.g. 4) considering potential increase of DCI payload size due to separate MCS/RV/NDI indication per TB (e.g. by allowing up to 4 TBs for any of co-scheduled cell combinations or allowing 2-TB PDSCH only in single-cell scheduling case).

Proposal #6: Consider to limit the maximum number of co-scheduled TBs (e.g. to 4) for multi-cell PDSCH scheduling to avoid DCI size increase due to separate MCS/RV/NDI indication per TB.

Moreover, as captured in the above FFS, it may be required to consider the maximum number of configured cells for multi-cell scheduling (simultaneously or not simultaneously) schedulable by a multi-cell DCI since it would be related to PDCCH complexity in terms of SS set composition and BD operation as well as management/handling of DCI size budget. It could be defined as UE capability considering trade-off between performance and complexity, rather than defining as a single value (e.g. 4) or leaving it as undefined.

Proposal #7: Consider to define the maximum number of configured cells for multi-cell scheduling as UE capability considering trade-off between performance and complexity.

4. PDCCH BD and SS for multi-cell scheduling DCI

In this section, we discuss on the aspect of PDCCH BD and SS for multi-cell DCI in terms of relationship with single-cell scheduling DCI, configuration of SS set/PDCCH candidates, BD counting for the multi-cell DCI, and handling on DCI size budget with the multi-cell DCI.

· Search space configuration for multi-cell scheduling DCI format
The DCI format 0_X/1_X can be monitored only in USS set as agreed in the previous RAN1 meeting. For DCI format 0_X/1_X, it should be discussed how to configure the DCI format to monitor PDCCH candidates. One option is to configure DCI format 0_X/1_X separately from the legacy non-fallback DCI format (e.g. 0_1/1_1). Another option is to configure DCI format 0_X/1_X jointly with the legacy non-fallback DCI format. According to the above two directions, whether/how to configure the number of PDCCH candidates for DCI format 0_X/1_X for each scheduled cell might be different. Therefore, it should be considered together with the discussion on SS set configuration for DCI format 0_X/1_X.

Proposal #8: Consider how to configure the search space for DCI format 0_X/1_X based on the following two options.
· Option 1: Configure the search space for DCI format 0_X/1_X separately from the legacy non-fallback DCI format.
· Option 2: Configure the search space for DCI format 0_X/1_X jointly with the legacy non-fallback DCI format.

· SS configuration and PDCCH candidates for multi-cell scheduling
SS configuration for multi-cell scheduling was discussed in RAN1#110 and the following proposal was captured in FL summary for further discussion.
	Proposal 2-8rev2
· For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Other alternatives are not precluded.



Regarding the above proposal, above all, it is necessary to clarify the exact meaning of “a set of cells” in the proposal since overall procedure and consequence of PDCCH SS/BD related operations would be different according to whether it refers to the entire set of cells which can be scheduled by DCI format 0_X/1_X or a combination of co-scheduled cells by DCI format 0_X/1_X.

Firstly, if “a set of cells” in the above proposal refers to the entire set of cells which can be scheduled by DCI format 0_X/1_X, any combination of scheduled cells (within the entire set) can be scheduled through the SS (on the scheduling cell) configured based on each alternative in the proposal. In this case, the SS (on the scheduling cell) is configured for the entire set of scheduled cells, and thus, the PDCCH candidates is also configured for the entire set of scheduled cells (not per co-scheduled cell combination). 
For example, let’s assume that the entire set of cells which can be scheduled by DCI format 0_X/1_X is {cell#A, cell#B, cell#C} and the SS configuration for DCI format 0_X/1_X per scheduled cell is provided as follows.
· For cell#A, SS#1 and SS#2 are configured for DCI format 0_X/1_X
· For cell#B, SS#1, SS#2 and SS#3 are configured for DCI format 0_X/1_X
· For cell#C, SS#1 and SS#3 are configured for DCI format 0_X/1_X
Then, the SS (on the scheduling cell) configured for multi-cell scheduling can be determined by applying each Alt in Proposal 2-8rev2 as follows.
· If Alt 1 is applied, a SS (on the scheduling cell) can be configured for multi-cell scheduling only if the SS (with same ID) is configured in all of the cells within the entire set {cell#A, cell#B, cell#C}. Thus, in this case, only SS#1 can be configured for multi-cell scheduling. 
· If Alt 2 is applied, a SS (on the scheduling cell) can be configured for multi-cell scheduling if the SS (with same ID) is configured in at least one of the cells within the entire set {cell#A, cell#B, cell#C}. Thus, in this case, all of SS#1/2/3 can be configured for multi-cell scheduling. 
· If Alt 3 is applied, a SS (on the scheduling cell) can be configured for multi-cell scheduling if the SS (with same ID) is configured in a predefined/configured cell within the entire set {cell#A, cell#B, cell#C}. Assuming cell#A as the cell, SS#1 and SS#2 can be configured for multi-cell scheduling.
Next, for the SS (on scheduling cell) configured for multi-cell scheduling in above, the number of PDCCH candidates can be determined by three options as below, based on those configured in the scheduled cells with SS linkage (e.g. cell#A/B/C for SS#1, cell#A/B for SS#2, cell#B/C for SS#3).
· Option 1: The number of PDCCH candidates for the scheduling cell is determined same as that configured for one of the scheduled cells with SS linkage. For example, in case of SS#1, it can be the number of PDCCH candidates configured for cell#A or cell#B or cell#C.
· Option 2: The number of PDCCH candidates for the scheduling cell is determined as the sum of those configured for the scheduled cells with SS linkage. For example, in case of SS#1, it can be the sum of the number of PDCCH candidates configured for cell#A and cell#B and cell#C.
· Option 3: The number of PDCCH candidates for the scheduling cell is determined as the mean value of those configured for the scheduled cells with SS linkage. For example, in case of SS#1, it can be the mean value of the number of PDCCH candidates configured for cell#A and cell#B and cell#C.

On the other hand, if “a set of cells” in the above proposal refers to a combination of co-scheduled cells by DCI format 0_X/1_X, the co-scheduled cell combination can be scheduled through the SS (on the scheduling cell) configured based on each alternative in the proposal. In this case, the SS (on the scheduling cell) can be configured per each of co-scheduled cell combinations, and the PDCCH candidates can also be configured per co-scheduled cell combination. 
For example, let’s assume that a combination of co-scheduled cells by DCI format 0_X/1_X is {cell#A, cell#B, cell#C} and the SS configuration for the DCI 0_X/1_X per scheduled cell is provided as follows.
· For cell#A, SS#1 and SS#2 are configured for DCI format 0_X/1_X
· For cell#B, SS#1, SS#2 and SS#3 are configured for DCI format 0_X/1_X
· For cell#C, SS#1 and SS#3 are configured for DCI format 0_X/1_X
Then, the SS (on the scheduling cell) for multi-cell scheduling and the number of PDCCH candidates for the SS can be determined similarly as in above example for the entire set, except that the determined SS and the number of PDCCH candidates can be configured only to the above co-scheduled cell combination (not for the entire set of scheduled cells).

For simplicity, Alt 1 is preferred with assumption that “a set of cells” in the above proposal is the entire set of cells which can be scheduled by DCI format 0_X/1_X. 

Proposal #9: Clarify the meaning of “a set of cells” in Proposal 2-8rev2 on the SS configuration for multi-cell scheduling in the FL summary in RAN1#110.
· Clarify whether it refers to the entire set of cells which can be scheduled by DCI format 0_X/1_X or a combination of co-scheduled cells by DCI format 0_X/1_X.

Proposal #10: Alt 1 is preferred with assumption that “a set of cells” in Proposal 2-8rev2 is the entire set of cells which can be scheduled by DCI format 0_X/1_X.

Proposal #11: Consider how to determine the number of PDCCH candidates for the SS on scheduling cell for multi-cell scheduling, based on following three options.
· Option 1: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is the same as the number of PDCCH candidates configured for one of the scheduled cells which are linked to the scheduling cell.
· Option 2: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is determined as the sum of those configured for all scheduled cells which are linked to the scheduling cell.
· Option 3: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is determined as the mean value of those configured for all scheduled cells which are linked to the scheduling cell.

· n_CI value determination in search space equation
Determination of the n_CI value was also discussed in RAN1#110 and the following proposal was captured in FL summary for further discussion.
	Proposal 2-9
· For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.



This issue is related to how to configure SS set for the scheduling cell and the co-scheduled cell combinations for DCI format 0_X/1_X. If the SS set configuration discussed in above is based on the entire set of cells which can be scheduled by DCI format 0_X/1_X, since any combination of co-scheduled cells can be scheduled through the configured SS set, Alt 1 can be a reasonable way. With Alt 1, the n_CI value can be the same as the CIF value configured to one of the co-scheduled cell combinations. 
On the other hand, if the SS set configuration is based on each combination of co-scheduled cells by DCI format 0_X/1_X, the n_CI value can be determined per each co-scheduled cell combination, and in this case, Alt 2 can be a reasonable way. With Alt 2, the n_CI value of each combination of co-scheduled cells can be the CIF value configured to the combination.

Proposal #12: Consider Alt 1 or Alt 2 according to SS set configuration for the scheduling cell (i.e., whether it is based on the entire set of scheduled cells or each combination of co-scheduled cells).

· BD/CCE counting and DCI size counting
With the legacy single-cell scheduling DCI, BD/CCE is counted per a scheduled cell. However, since the multi-cell scheduling DCI can have multiple scheduled cells as a co-scheduled cell combination, various options on how to count BD/CCE for the multi-cell scheduling DCI were argued in the last meeting. In addition, when UE monitors both multi-cell scheduling DCI and the legacy DCI for a given cell, whether the BD/CCE budget for that cell is exceeded or not is closely related to how to count BD/CCE for multi-cell scheduling DCI over co-scheduled cells. 
If a scheduled cell lacks BD/CCE budget due to legacy DCI, SS set dropping would be required for that cell. However, in the case of BD/CCE counting only on one cell, the monitoring of DCI format 0_X/1_X does not affect the BD/CCE budget except for a specific cell which the BD counting is applied to. In addition, when the multi-cell scheduling DCI is used as single-cell scheduling, the legacy DCI format may not be supported at least for one cell. In this case, the BD/CCE budget for the cell is not affected by the legacy DCI format. For this reason, it is preferred to handle BD/CCE counting of multi-cell scheduling DCI for only one scheduled cell without the legacy DCI format.

Proposal #13: BD/CCE for DCI format 0_X/1_X is counted only in one scheduled cell.

One more thing to consider is that when the DCI size alignment is required due to the DCI format 0_X/1_X, the DCI size budget could be maintained by adjusting the size of DCI format 0_X/1_X to the legacy DCI size. When the DCI size alignment is required for more than one scheduled cells, the size of the legacy DCI format may need to be adjusted (instead of adjusting the size of DCI format 0_X/1_X), which may cause an additional spec impact. On the other hand, when the size alignment is required, the size of DCI format 0_X/1_X could be adjusted without changing the size of the legacy DCI format. In addition, as discussed above, when the DCI format 0_X/1_X is used for single-cell scheduling, the legacy DCI format may not be supported at least for one cell. In this case, the DCI size budget for the cell is not affected by the legacy DCI. 

Proposal #14: DCI size for DCI format 0_X/1_X is counted only in one scheduled cell.
Proposal #15: Existing DCI size budget should be maintained per scheduled cell, by applying DCI size alignment for DCI format 0_X/1_X to one or each scheduled cell.

5. HARQ-ACK for multi-cell PDSCH scheduling
In this section, we discuss on the aspect of HARQ-ACK feedback for multi-cell PDSCH scheduling case in terms of how to construct Type-1/2 HARQ-ACK codebook.

Above all, regarding the determination of HARQ-ACK feedback timing corresponding to multiple PDSCH receptions (over multiple cells) co-scheduled by the multi-cell DCI, following agreement was made in RAN1#110 where the HARQ-ACK timing is determined by applying the indicated K1 value to a reference PDSCH among the co-scheduled multiple PDSCHs.

	Agreement
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



As the reference PDSCH, it may be reasonable to use the last (ending) PDSCH among the co-scheduled PDSCHs (as for the multi-PDSCH scheduling introduced in Rel-17), with consideration of UE processing time required for PDSCH. Note that the last PDSCH can be considered as the last one among the actually received PDSCHs (rather than the scheduled PDSCHs).

Proposal #16: Consider the last (ending) PDSCH among co-scheduled cells (with actual PDSCH reception) as the reference PDSCH used to determine HARQ-ACK feedback timing.

In addition, regarding the limitation of co-scheduled cells by a multi-cell DCI considering HARQ-ACK codebook construction, following agreement was made in RAN1#110.

	Agreement
UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group.



Furthermore, it was also discussed in RAN1#110 and RAN#97-e on whether to support simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and Rel-17 multi-slot PDSCH/PUSCH scheduling with different DCIs on a same or different cell(s) within a same PUCCH group. On this combination, it is preferred to support simultaneous configuration of the two features to avoid scheduling restriction in FR1+FR2 CA case since the multi-slot PDSCH/PUSCH scheduling is basic feature in FR2-2 operation, so it should not be similarly treated as CBG-based PDSCH. Regarding the concern on Type-2 HARQ-ACK codebook, simply the DCIs scheduling multiple PDSCHs (regardless whether the DCI schedules multiple cells or multiple slots) are merged into a same sub-codebook.

Proposal #17: Support simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and Rel-17 multi-slot PDSCH/PUSCH scheduling within a same PUCCH group.

· Type-1 codebook construction
Regarding Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, firstly, it may need to consider “SLIV pruning” procedure in current spec in case where the TDRA field is composed as Type-1B in the multi-cell DCI. For example, for a cell schedulable by the multi-cell DCI, the SLIV corresponding to the cell in each TDRA row (which consists of multiple SLIVs for multiple cells) needs to be participated in SLIV pruning for the cell.

Secondly, it may also need to consider determination of K1 set in case where the PDSCH transmission timing is different between scheduled cells. As proposed in above, HARQ-ACK slot corresponding to multiple PDSCHs on the cells scheduled by a same multi-cell DCI needs to be aligned (even for Type-2 codebook), and the K1 set used for Type-1 codebook construction in each scheduled cell needs to be determined with consideration of such HARQ-ACK timing alignment.

Proposal #18: Consider how to construct Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of following two aspects.
· SLIV pruning procedure for the cell schedulable by the multi-cell DCI (e.g. extension of SLIV set as for Rel-17 multi-PDSCH scheduling)
· Determination of K1 set for the cell schedulable by the multi-cell DCI (e.g. extension of K1 set as for Rel-17 multi-PDSCH scheduling)

· Type-2 codebook construction
Regarding Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, following agreement was made in RAN1#110 where there are two FFS points.

	Agreement
· 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.
· 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.



Regarding the first FFS point on whether a DCI scheduling multiple cells is associated with the first sub-codebook or the second sub-codebook when only one of the PDSCHs scheduled by the DCI is actually received by UE, it is preferred to be associated with the first sub-codebook to reduce the UCI (HARQ-ACK) overhead/resource. Regarding the second FFS point on how to determine the number of HARQ-ACK bits per multi-cell scheduling DCI in case when at least one of the scheduled cells is configured with maximum 2 TBs per PDSCH, it should be equal to M, where M is the maximum number of TBs which can be co-scheduled (over multiple cells) by a DCI format 1_X in the PUCCH group for the UE.

Proposal #19: Consider the following aspects for Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, to resolve FFS points.
· A DCI scheduling multiple cells is associated with the first sub-codebook when only one of the PDSCHs scheduled by the DCI is actually received by UE.
· The number of HARQ-ACK bits per multi-cell scheduling DCI in case when at least one of the scheduled cells is configured with maximum 2 TBs per PDSCH, is equal to M where M is the maximum number of TBs which can be co-scheduled (over multiple cells) by a DCI format 1_X in the PUCCH group for the UE.

Moreover, it may also need to consider how to determine the counter-DAI value corresponding to each multi-cell DCI (in case with multiple DCIs in a same MO or slot) and the last DCI used for determination of the PRI among the multi-cell DCIs. Similarly with the HARQ-ACK timing determination in above, it can be considered to determine the DAI value and the last DCI based on a reference PDSCH among multiple PDSCHs scheduled by the multi-cell DCI where the scheduled cell index and/or the PDSCH start timing may need to be considered for determination of the reference PDSCH in this case, by considering the existing rule for DAI counting and DCI ordering.

Proposal #20: Determine the counter-DAI value and the last DCI based on a reference PDSCH among the co-scheduled cells.
· The reference PDSCH needs to be determined based on the scheduled cell index and/or the PDSCH start timing.

6. Other aspects on multi-cell scheduling
On top of the above issues, some other aspects may also need to be considered for multi-cell scheduling. For an example, in case of multi-cell PDSCH scheduling, it may need to consider how to indicate TB disabling for the PDSCH. For another example, it may need to consider how to handle the out-of-order HARQ issue in case with the multi-cell DCI.

Proposal #21: Consider other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to indicate TB disabling for PDSCH
· How to handle the out-of-order HARQ issue

7. Conclusions
In this contribution, several aspects for multi-cell scheduling with a single DCI in Rel-18 were discussed, and the followings are proposed.

Proposal #1: Clarify whether the agreed same SCS restriction for co-scheduled cells is to be applied in cell level or BWP level.
· Consider BWP level restriction that the cells with active BWP of same SCS can be co-scheduled by the multi-cell DCI.
Proposal #2: Support Option 1 where the indicator pointing to one of (scheduled) cell combinations is signalled via CIF field in the multi-cell DCI. 
· Support common CIF table between multi-cell PDSCH scheduling and multi-cell PUSCH scheduling by following current cell-level CIF without DL/UL differentiation.
Proposal #3: Consider the case where an invalid cell (e.g. in deactivated state or with dormant BWP or with UL/DL collision or with invalid FDRA/TDRA) is included within co-scheduled cells.
· Drop the PDSCH/PUSCH scheduled for the invalid cell and the corresponding HARQ-ACK feedback is omitted or mapped as NACK.
Proposal #4: Clarify and update the classification of DCI field types and details of each field type as the followings.
· Type-1C: A single field indicates an information to only one of co-scheduled cells, and a (predefined or preconfigured) default value is applied to other co-scheduled cells.
· Type-2 (& 3): The size of separate field per cell (or sub-group) is reduced compared to the case of single-cell scheduling to avoid increase of for multi-cell DCI payload size.
· Type-3: The cell sub-grouping is done per field (or field group) for scheduling (DCI) efficiency/ flexibility, based on all the configured cells (not per co-scheduled cell combination).
· Type-4 (new): This field is omitted in multi-cell scheduling case (in this case, a default value is applied to the scheduled cells), but it is present in single-cell scheduling case.
Proposal #5: Classify each DCI field (in current DL/UL DCI format) as in Tables 1 and 2, based on the Type-1/2/3/4 field with clarifications/updates in Proposal #4.
· Need to consider and address the FFS points listed in “Note” column for some DCI fields in the Tables 1 and 2.
· Consider how to do the ordering of multiple fields corresponding to different cells or sub-groups in the multi-cell DCI.
Proposal #6: Consider to limit the maximum number of co-scheduled TBs (e.g. to 4) for multi-cell PDSCH scheduling to avoid DCI size increase due to separate MCS/RV/NDI indication per TB.
Proposal #7: Consider to define the maximum number of configured cells for multi-cell scheduling as UE capability considering trade-off between performance and complexity.
Proposal #8: Consider how to configure the search space for DCI format 0_X/1_X based on the following two options.
· Option 1: Configure the search space for DCI format 0_X/1_X separately from the legacy non-fallback DCI format.
· Option 2: Configure the search space for DCI format 0_X/1_X jointly with the legacy non-fallback DCI format.
Proposal #9: Clarify the meaning of “a set of cells” in Proposal 2-8rev2 on the SS configuration for multi-cell scheduling in the FL summary in RAN1#110.
· Clarify whether it refers to the entire set of cells which can be scheduled by DCI format 0_X/1_X or a combination of co-scheduled cells by DCI format 0_X/1_X.
Proposal #10: Alt 1 is preferred with assumption that “a set of cells” in Proposal 2-8rev2 is the entire set of cells which can be scheduled by DCI format 0_X/1_X.
Proposal #11: Consider how to determine the number of PDCCH candidates for the SS on scheduling cell for multi-cell scheduling, based on following three options.
· Option 1: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is the same as the number of PDCCH candidates configured for one of the scheduled cells which are linked to the scheduling cell.
· Option 2: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is determined as the sum of those configured for all scheduled cells which are linked to the scheduling cell.
· Option 3: The number of PDCCH candidates for the scheduling cell for DCI format 0_X/1_X is determined as the mean value of those configured for all scheduled cells which are linked to the scheduling cell.
Proposal #12: Consider Alt 1 or Alt 2 according to SS set configuration for the scheduling cell (i.e., whether it is based on the entire set of scheduled cells or each combination of co-scheduled cells).
Proposal #13: BD/CCE for DCI format 0_X/1_X is counted only in one scheduled cell.
Proposal #14: DCI size for DCI format 0_X/1_X is counted only in one scheduled cell.
Proposal #15: Existing DCI size budget should be maintained per scheduled cell, by applying DCI size alignment for DCI format 0_X/1_X to one or each scheduled cell.
Proposal #16: Consider the last (ending) PDSCH among co-scheduled cells (with actual PDSCH reception) as the reference PDSCH used to determine HARQ-ACK feedback timing.
Proposal #17: Support simultaneous configuration of multi-cell PDSCH/PUSCH scheduling and Rel-17 multi-slot PDSCH/PUSCH scheduling within a same PUCCH group.
Proposal #18: Consider how to construct Type-1 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, in terms of following two aspects.
· SLIV pruning procedure for the cell schedulable by the multi-cell DCI (e.g. extension of SLIV set as for Rel-17 multi-PDSCH scheduling)
· Determination of K1 set for the cell schedulable by the multi-cell DCI (e.g. extension of K1 set as for Rel-17 multi-PDSCH scheduling)
Proposal #19: Consider the following aspects for Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, to resolve FFS points.
· A DCI scheduling multiple cells is associated with the first sub-codebook when only one of the PDSCHs scheduled by the DCI is actually received by UE.
· The number of HARQ-ACK bits per multi-cell scheduling DCI in case when at least one of the scheduled cells is configured with maximum 2 TBs per PDSCH, is equal to M where M is the maximum number of TBs which can be co-scheduled (over multiple cells) by a DCI format 1_X in the PUCCH group for the UE.
Proposal #20: Determine the counter-DAI value and the last DCI based on a reference PDSCH among the co-scheduled cells.
· The reference PDSCH needs to be determined based on the scheduled cell index and/or the PDSCH start timing.
Proposal #21: Consider other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to indicate TB disabling for PDSCH
· How to handle the out-of-order HARQ issue
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