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1. Introduction
In this contribution, based on the agreements made in RAN1#110bis-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. DCI field structure for multi-cell scheduling DCI
In this section, we discuss on DCI field structure for multi-cell DCI format 0_X/1_X in terms of how to indicate co-scheduled cells via the multi-cell DCI, how to compose DCI fields in the multi-cell DCI, and how to determine DCI payload size of the multi-cell DCI.

· Indication of co-scheduled cells
Related to this issue, following agreement had been made in RAN1#110bis-e and following proposal was captured in FL summary for further discussion.

	Agreement
Confirm the following working assumption reached in RAN1#110 meeting.
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

Proposal 3-5rev7:
· For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 4 cells within the set of cells.
· FFS: The maximum number of cells within the set of cells is reported as a UE capability.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the set of cells.
· 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.
· The table is configured by RRC signaling.



Firstly, regarding the set of cells configured for multi-cell scheduling in the above Proposal 3-5rev7, although it would be reasonable to make the maximum number of cells within the set of cells as UE capability considering trade-off between performance gain and PDCCH complexity, limiting up to 4 cells within the set seems to be acceptable for simplification on the specification and UE implementation. 
Secondly, regarding the indication of co-scheduled cells by DCI format 0_X/1_X, the way provided in above Proposal 3-5rev7 is reasonable, and it is preferred to reuse CIF field in the DCI 0_X/1_X for signalling of the indicator since it is natural extension of current CIF field/indication by configuring different cell combination (consisting of one or multiple cells) per each of CIF values as shown in Figure 1.

	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: An example of CIF values configured for indication of co-scheduled cells by multi-cell DCI

Proposal #1: Support the following Proposal 3-5rev7 in FL summary at RAN1#110bis-e.
· For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 4 cells within the set of cells.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the set of cells.
· 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.
· The table is configured by RRC signaling.

In order for reusing current CIF framework, 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 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: Reuse CIF field and the corresponding RRC structure for indication of co-scheduled cells by DCI format 0_X/1_X. 
· Configure common CIF table between multi-cell PDSCH scheduling and multi-cell PUSCH scheduling by following current cell-level CIF without DL/UL differentiation.

· Handling on invalid scheduling
Moreover, 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.

· Payload size of multi-cell DCI
Furthermore, following proposal related to the payload size of DCI format 0_X/1_X was captured in FL summary at RAN1#110bis-e for further discussion, and it is reasonable way of determining the payload size for the DCI that can schedule variable number of PDSCHs/PUSCHs across slots. Consequently, the payload size of DCI 0_X/1_X is determined as the maximum among the DCI payload size required to schedule each of co-scheduled cell combinations. 

	Proposal 2-8rev2:
· For a set of cells which can be scheduled by DCI format 0_X/1_X, 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 0_X is the same for all the co-scheduled cell combinations.
· The payload size 1_X is the same for all the co-scheduled cell combinations.



Proposal #4: Support the following Proposal 2-8rev2 in FL summary at RAN1#110bis-e.
· For a set of cells which can be scheduled by DCI format 0_X/1_X, 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 0_X is the same for all the co-scheduled cell combinations.
· The payload size 1_X is the same for all the co-scheduled cell combinations.

· Composition of multi-cell DCI fields
On this aspect, following agreement had been made in RAN1#110 in terms of classifying different DCI field types according to whether a DCI field can be shared among all or per sub-group of co-scheduled cells and how to share a DCI field among multiple 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.



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 #5: 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 the corresponding clarifications/updates in above Proposal #5, 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, it is necessary to consider how to indicate a common FDRA for multiple cells having different number of RBs/RBGs (e.g. the FDRA (and its field size) is signaled based on the number of RBs/RBGs in a reference cell among the cells). In addition, to avoid excessive increase of multi-cell DCI overhead when multiple separate FDRA fields are to be included in a DCI, it is required to increase RBG size for a given bandwidth (compared to legacy case). 
· TDRA field: Type-1B (agreed)
For this field, it needs to be decided whether the TDRA indication is done based on a multi-cell joint TDRA table (where multiple {K0/K2, SLIV, mapping type} for multiple cells are configured in a row) or multiple legacy single-cell TDRA tables. In addition, it also needs to be decided whether K0/K2 value applied for co-scheduled cells are the same or can be different, especially considering Type-1 HARQ-ACK codebook construction.
· HARQ related fields
· MCS field: Type-3 (or 1A)
For this field, it needs to be decided whether the MCS indication is separate or common for 2 TBs in a same PDSCH and how to handle different configuration of MCS-C-RNTI (presence) between cells. In addition, to avoid excessive increase of multi-cell DCI overhead when multiple separate MCS fields are to be included in a DCI, it can be considered to apply the way of indicating full MCS index for a reference cell and indicating an offset relative to the full MCS for other cells.
· HARQ ID field: Type-1A (or 3)
For this field, it is necessary to consider how to indicate a common HARQ ID for multiple cells configured with different (maximum) number of HARQ IDs. In addition, to avoid increase of multi-cell DCI overhead when multiple separate HARQ ID fields are to be included in a DCI, it can be considered to apply the way of indicating full HARQ ID information for a reference cell and indicating an offset relative to the full HARQ ID for other 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.

Related to this classification of DCI field types, following two agreements were made in RAN1#110bis-e, mainly for the DCI fields belonging to Type-1x.

	Agreement
For DCI format 1_X/0_X, Type-1 fields at least include the following:
· Priority indicator
· Indicator of co-scheduled cells
· beta offset indicator
· CSI request
· UL-SCH indicator
· FFS: ChannelAccess-CPext

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



Regarding the first agreement in above, originally the beta offset indicator was proposed as Type-1C, but there was an argument on how to address the case where multiple PUSCHs scheduled by a same DCI 0_X are used to multiplex UCIs. However, even in that case, there is no issue with Type-1C based beta offset indicator since it is reasonable to apply the indicated beta offset value for a reference cell’s PUSCH and to apply a default (semi-static) beta offset value for other cells’ PUSCHs.

Proposal #6: Support the following originally proposed in RAN1#110bis-e.
· For DCI format 1_X/0_X, Type-1C fields at least include the following:
· beta offset indicator
· CSI request
· UL-SCH indicator

Next, regarding the second agreement, as mentioned in above, two aspects are to be decided: 1) whether the TDRA indication is based on a multi-cell joint TDRA table or multiple legacy single-cell TDRA tables, and 2) whether K0/K2 value applied for co-scheduled cells are the same or can be different. Considering Type-1 HARQ-ACK codebook construction, referring to multiple legacy single-cell TDRA tables and (accordingly) applying same K0/K2 value for co-scheduled cells, are slightly preferred.

Proposal #7: Support the TDRA indication for co-scheduled cells based on the followings.
· Refer to multiple legacy single-cell TDRA tables
· Apply a same K0/K2 value for co-scheduled cells

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 #8: 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 #5.
· 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
	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
	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
	



3. PDCCH management for multi-cell scheduling DCI
In this section, we discuss on the aspect of PDCCH management for the multi-cell DCI format in terms of SS (PDCCH candidate) configuration/linking, BD/CCE counting, DCI size budget handling, and n_CI value determination for the SS.

· SS configuration/linking for multi-cell scheduling DCI format
On the aspects of PDCCH SS configuration/linking as well as BD/CCE counting and DCI size counting for the multi-cell DCI format, following working assumption was made in RAN1#110bis-e.

	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.
· 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.
· Search 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.
· FFS which cell the SS of the DCI format 0_X/1_X is configured on.
· FFS: How to address Rel-17 BD/CCE limit for any given cell (operating the feature under Rel-17 BD/CCE limit)
· 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.



Regarding the SS (i.e., PDCCH candidate) configuration for DCI format 0_X/1_X based on SS ID linking, firstly, which cell the SS of the DCI 0_X/1_X is configured on is currently FFS. On this point, it would be reasonable to leave it up to gNB’s configuration so that the gNB could select a scheduled cell proper to configure the number of PDCCH candidates for the DCI 0_X/1_X by taking the corresponding BD/CCE counting (based on Rel-17 BD/CCE limit per scheduled cell) into account.

Proposal #9: It is up to gNB’s configuration on which cell SS (i.e., PDCCH candidates) of the DCI format 0_X/1_X is configured.

Secondly, it needs to be clarified whether the one cell configured with SS of the DCI 0_X/1_X is configured separately per SS ID or commonly for all the SS IDs. On this issue, in order to allocate BDs of the DCI 0_X/1_X flexibly across slots by avoiding unnecessary limitation on total BDs of the DCI 0_X/1_X in a slot configured with multiple SS IDs, it is reasonable to configure the SS of DCI 0_X/1_X separately per SS ID so that the one cell configured with SS of the DCI 0_X/1_X can be different across SS IDs. Consequently, the cell configured with SS of the DCI 0_X/1_X could be multiple in case when the SS linking for DCI 0_X/1_X in above is performed per each of multiple SS IDs. 

Proposal #10: Clarify whether the one cell configured with SS of the DCI format 0_X/1_X is configured separately per SS ID or commonly for all the SS IDs.
· It is reasonable to configure the SS of DCI 0_X/1_X separately per SS ID in order to avoid unnecessary BD limitation on the DCI 0_X/1_X in a slot configured with multiple SS IDs.

Thirdly, it also needs to be clarified how to specifically perform SS configuration and SS ID linking for the DCI format 0_X/1_X. On this issue, there can be following two approaches according to whether or not to follow the existing SS linking structure applied for cross-CC scheduling (i.e., CCS). Note that according to the SS linking for CCS, almost all the parameters (e.g. CORESET ID, monitoring pattern, DCI format) except for the number of PDCCH candidates are determined based on the SS configuration on scheduling cell while the number of PDCCH candidates is determined based on the SS configuration on scheduled cell.

· Alt 1 (based on the existing SS linking for CCS)
· Number of PDCCH candidates is determined based on the SS configuration on a scheduled cell while DCI format (e.g. DCI 0_X/1_X or legacy DCI) is determined based on the SS configuration on scheduling cell.
· Alt 2 (not based on the existing SS linking)
· DCI format 0_X/1_X as well as the number of corresponding PDCCH candidates are determined based on the SS configuration on a scheduled cell while legacy DCI format and the number of corresponding PDCCH candidates are determined based on the SS linking for CCS.

An example of Alt 1 and Alt 2 is provided in Figure 2 and Figure 3, respectively, where cell 1/2/3/4 is configured for multi-cell scheduling and the cell 1 is assumed as scheduling cell. In the figures, multi-cell DCI format 0_X/1_X and legacy single-cell DCI format (configured for a given SS ID on a given cell) are denoted as “MC” and “SC”, respectively, and the numbers provided in the figures mean the number of PDCCH candidates (configured for a given SS ID on a given scheduled cell), and the per-cell BD limit is assumed as 36. In addition, it is assumed that slot A/B/C/D is configured with {SS #1, SS #2} and {SS #1, SS #3} and {SS #2, SS #3} and {SS #3, SS #4}, respectively, and the detailed SS configuration per SS ID for each cell is as below.

1) Alt 1 (in Figure 2)
A. Scheduling cell 1 is configured with MC for SS #1/2, and configured with SC for SS #3/4.
B. Scheduled cell 2 is configured with 24 and 12 for SS #2 and SS #3, respectively.
C. Scheduled cell 3 is configured with 16 and 18 for SS #3 and SS #4, respectively.
D. Scheduled cell 4 is configured with 28 and 8 and 28 for SS #1 and SS #3 and SS #4, respectively.
2) Alt 2 (in Figure 3)
A. Scheduling cell 1 is configured with SC for all of SS #1/2/3/4.
B. Scheduled cell 2 is configured with MC for SS #2, and configured with 14/22/12 for SS #1/2/3.
C. Scheduled cell 3 is configured with 20/16/18 for SS #2/3/4.
D. Scheduled cell 4 is configured with MC for SS #1, and with 26/10/8/28 for SS #1/2/3/4.

	
	Slot A
	Slot B
	Slot C
	Slot D

	SS ID
	SS #1
	SS #2
	SS #1
	SS #3
	SS #2
	SS #3
	SS #3
	SS #4

	Cell 1
	MC
	MC
	MC
	SC
	MC
	SC
	SC
	SC

	Cell 2
	
	24 (MC)
	
	12 (SC)
	24 (MC)
	12 (SC)
	12 (SC)
	

	Cell 3
	
	
	
	16 (SC)
	
	16 (SC)
	16 (SC)
	18 (SC)

	Cell 4
	28 (MC)
	
	28 (MC)
	8 (SC)
	
	8 (SC)
	8 (SC)
	28 (SC)


Figure 2: An example of Alt 1 for SS configuration and SS ID linking for the DCI format 0_X/1_X

	
	Slot A
	Slot B
	Slot C
	Slot D

	SS ID
	SS #1
	SS #2
	SS #1
	SS #3
	SS #2
	SS #3
	SS #3
	SS #4

	Cell 1
	SC
	SC
	SC
	SC
	SC
	SC
	SC
	SC

	Cell 2
	14 (SC)
	MC = 22
	14 (SC)
	12 (SC)
	MC = 22
	12 (SC)
	12 (SC)
	

	Cell 3
	
	20 (SC)
	
	16 (SC)
	20 (SC)
	16 (SC)
	16 (SC)
	18 (SC)

	Cell 4
	MC = 26
	10 (SC)
	MC = 26
	8 (SC)
	10 (SC)
	8 (SC)
	8 (SC)
	28 (SC)


Figure 3: An example of Alt 2 for SS configuration and SS ID linking for the DCI format 0_X/1_X

First of all, in case of Alt 1, related specification impact could be relatively low since the existing SS linking structure applied for CCS is maintained for the multi-cell DCI format 0_X/1_X, however the SS (i.e., PDCCH candidates) for legacy single-cell DCI format could not be configured to the SS ID configured with multi-cell DCI format (MC) on the scheduling cell as shown in Figure 2. 
On the other hand, in case of Alt 2, both the SS for multi-cell DCI format and the SS for single-cell DCI format could be configured to a same SS ID since the multi-cell DCI format (MC) and the corresponding PDCCH candidates are configured independently from the SS linking for CCS as shown in Figure 3, but a bit more specification impact might be required compared to Alt 1.

Proposal #11: Clarify how to specifically perform SS configuration and SS ID linking for the DCI format 0_X/1_X, based on the following two approaches according to whether or not to follow the existing SS linking structure applied for cross-CC scheduling.
· Alt 1 : Number of PDCCH candidates is determined by the SS configuration on a scheduled cell while DCI format (e.g. DCI 0_X/1_X or legacy DCI) is determined by the SS configuration on scheduling cell (same as the existing SS linking for CCS).
· Alt 2: DCI format 0_X/1_X as well as the number of corresponding PDCCH candidates are determined by the SS configuration on a scheduled cell (differently from the existing SS linking for CCS) while legacy DCI format and the number of corresponding PDCCH candidates are determined based on the existing SS linking for CCS.

· BD/CCE counting for multi-cell scheduling DCI format
Regarding the BD/CCE counting on the PDCCH candidates configured for DCI format 0_X/1_X as in above, firstly, which cell the BD/CCE of the DCI 0_X/1_X is counted on is currently FFS. On this point, it would be reasonable that for the PDCCH candidates of DCI 0_X/1_X configured on a scheduled cell (for a SS ID), the corresponding BD/CCE is counted on the same scheduled cell (for the same SS ID). Based on this relationship, the gNB would select a scheduled cell for configuration of the SS for DCI 0_X/1_X considering the amount of BD/CCE available for the DCI 0_X/1_X on the scheduled cell. 

Proposal #12: For the PDCCH candidates of DCI format 0_X/1_X configured on a cell (for a SS ID), the corresponding BD/CCE is counted on the same cell (for the same SS ID).

Secondly, if the BD/CCE of DCI 0_X/1_X is counted on only one cell within the set of scheduled cells configured for multi-cell scheduling as in the above working assumption, all the UEs would be required to be capable of the SS sharing-like PDCCH processing for a scheduled cell (which is optionally supported for CCS) since actual total number of BDs (i.e., PDCCH candidates) possible to be used for scheduling of the scheduled cell could exceed Rel-17 BD limit. For example, with Alt 1 in the above Figure 2, total number of BDs possible for scheduling of cell 2 and cell 3 in the slot B becomes 40 (= 12 + 28) and 44 (= 16 + 28), respectively, which exceed the per-cell BD limit of 36. And also, with Alt 2 in the above Figure 3, total number of BDs possible for scheduling of cell 2 and cell 3 in the slot B becomes 52 (= 14 + 12 + 26) and 42 (= 16 + 26), respectively, which also exceed the per-cell BD limit of 36.

Therefore, considering that the SS sharing operation is not basic UE feature (even for the UEs capable of CCS) and the trade-off exists between PDCCH performance and processing complexity in UE implementation, it would be desirable to support that the BD/CCE of DCI 0_X/1_X is counted on all the cells within the set of scheduled cells configured for multi-cell scheduling (on top of the BD/CCE counting on one cell) based on UE capability. By allowing the implementation of BD/CCE counting on all cells for some UEs, the SS sharing-like PDCCH processing is not required for the UEs since total number of BDs possible for scheduling of a cell wouldn’t exceed the Rel-17 per-cell BD limit for any cell by counting the BD/CCE of DCI 0_X/1_X on all of the cells configured for multi-cell scheduling.

Proposal #13: Support BD/CCE counting for the DCI format 0_X/1_X on all the cells configured for multi-cell scheduling (on top of BD/CCE counting for the DCI 0_X/1_X on one among the cells based on the working assumption) as UE capability, with consideration of UE implementation burden/complexity required for SS sharing-like PDCCH processing. 

· DCI size counting/handling for multi-cell scheduling DCI format
Regarding the DCI size counting on DCI format 0_X/1_X for DCI size budget handling per cell by DCI size alignment, which cell the DCI size of DCI 0_X/1_X is counted on is currently FFS. On this point, it would be reasonable to count the DCI size of DCI 0_X/1_X on one cell among the cells on which SS of the DCI 0_X/1_X is configured and the corresponding BD/CCE is counted as in above, and the one cell can be determined based on RRC configuration or predefined rule. 

Proposal #14: The DCI size of DCI format 0_X/1_X is counted on one cell among the cells on which SS of the DCI 0_X/1_X is configured (and the corresponding BD/CCE is counted).
· The one cell on which the DCI size of DCI 0_X/1_X is counted can be determined based on RRC configuration or predefined rule.

Accordingly, on the cell determined for the DCI size counting of DCI 0_X/1_X, the alignment of DCI sizes including the size of DCI 0_X/1_X is applied considering DCI size budget for the cell similarly as in legacy. In this case, it is required to consider how to specifically perform the DCI size alignment in terms of, for example, ordering of the alignment between DCI format 0_X/1_X and legacy DCI format, handling of up to 4 different DCI formats including DCI 0_X/1_X counted on the cell.

Proposal #15: Consider how to specifically perform DCI size alignment for the cell on which the DCI size of DCI format 0_X/1_X is counted, including the following aspects.
· The ordering of alignment between DCI format 0_X/1_X and legacy DCI format 
· Handling of up to 4 different DCI formats including the DCI 0_X/1_X.

· n_CI value for the SS associated with multi-cell scheduling DCI format
Regarding the determination of n_CI value used in the SS equation, following proposal was captured in FL summary at RAN1#110bis-e for further discussion.

	Proposal 2-6rev1:
· 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. 
· The UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling.
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells.
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.



The above Proposal 2-6rev1 itself seems to be reasonable, but it may need to be clarified whether multiple sets of cells configured for multi-cell scheduling is allowed even for a same scheduling cell. Since there could be ambiguity in case when the sizes of DCI 0_X/1_X for the multiple sets are the same, it may need further consideration on whether/how to allow such configuration.

Proposal #16: Support the following Proposal 2-6rev1 in FL summary at RAN1#110bis-e, with addition of the last sub-bullet with FFS (in red) as below.
· 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.
· The UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling.
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells.
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.
· FFS whether/how to allow multiple sets of cells configured for multi-cell scheduling for a same scheduling cell

4. HARQ-ACK for multi-cell PDSCH scheduling
In this section, we discuss on the aspect of HARQ-ACK feedback for multi-cell PDSCH scheduling in terms of Type-1/2 codebook construction and Type-3 codebook triggering.

· HARQ-ACK timing determination
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 proposal was captured in FL summary at RAN1#110bis-e for further discussion.

	Proposal 4-1rev2:
For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.



Regarding the above Proposal 4-1rev2, it might be reasonable way considering the UE processing time required for PDSCH (as for the multi-PDSCH scheduling introduced in Rel-17), and the last PDSCH can be considered as the last one among the actually received PDSCHs (rather than the scheduled PDSCHs). On the other hand, it may be better to treat this issue after deciding whether to apply a same K0 value for co-scheduled cells (considering Type-1 codebook construction) since the above reference PDSCH may not be necessary if a same K0 value is applied for all the co-scheduled cells.

Proposal #17: Consider the following Proposal 4-1rev2 in FL summary at RAN1#110bis-e after deciding whether to apply a same K0 value for co-scheduled cells considering Type-1 HARQ-ACK codebook construction.
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.

· 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 (assuming the TDRA indication based on multi-cell joint TDRA table), 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 (assuming different K0 values) between scheduled cells. Basically, the HARQ-ACK feedback 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
Related to Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, following two agreements were made in RAN1#110bis-e in terms of generating sub-codebooks and determining the number of HARQ-ACK bits per DCI format 1_X.

	Agreement
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with 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. 
· If a UE is scheduled by a DCI format 1_X to receive PDSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the cell is an uplink symbol, the UE does not receive the PDSCH in the cell. 
· If a UE is scheduled by a DCI format 0_X to transmit PUSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the cell is a downlink symbol, the UE does not transmit the PUSCH in the cell.

Agreement
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.



Regarding the agreements in above, firstly, it needs to be clarified how to perform the ordering of HARQ-ACK bits for a DCI format 1_X in case when one of the cells co-scheduled by the DCI has collision with semi-static UL symbol (e.g. whether to perform cell index based HARQ-ACK bit ordering by including or excluding the cell with such collision).
Secondly, it may also need to be clarified how to determine HARQ-ACK payload size of the second sub-codebook in case when only one DCI 1_X (scheduling multiple cells) is received by the UE (e.g. determined by the number of scheduled or received PDSCHs, or determined as M bits).

Proposal #19: Clarify the following aspects for the construction of Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling.
· The ordering of HARQ-ACK bits for a DCI format 1_X in case when one of the cells co-scheduled by the DCI has collision with semi-static UL symbol
· HARQ-ACK payload size of the second sub-codebook in case when only one DCI 1_X (scheduling multiple cells) is received by the UE

Moreover, on the aspect of determining the DAI counting for Type-2 HARQ-ACK codebook and the last DCI for HARQ-ACK PUCCH resource, following proposal was discussed and captured in FL summary at RAN1#110bis-e for further discussion.

	Proposal 4-4rev3:
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
· FFS: which PDSCH is used to determine the last DCI format in case when both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on same scheduled cell



Regarding the FFS case in above (more precisely, the case when DCI 1_X and other DCI 1_0/1_1/1_2/1_X are received in a same PDCCH MO and the smallest cell indexes scheduled by the DCIs are the same), once it is decided to define the rule for last DCI determination on the DCI 1_X, then the rule should also be able to cover the FFS case. To resolve the FFS case, the reference PDSCH can be considered as the last ending (or starting) PDSCH for the same smallest cell index. 

Proposal #20: Support the following Proposal 4-4rev3 in FL summary at RAN1#110bis-e, with update on the last sub-bullet (in red) as below.
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
· The last ending (or starting) PDSCH is used to determine the last DCI format in case when both DCI format 1_X and other DCI format 1_0/1_1/1_2/1_X are received in a same PDCCH MO on a same scheduling cell for scheduling PDSCH on same smallest scheduled cell index.

· Type-3 codebook triggering
Regarding Type-3 HARQ-ACK codebook in case with multi-cell PDSCH scheduling, following agreement was made in RAN1#110bis-e.

	Agreement
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.



On the trigging of Rel-17 Type-3 codebook by DCI format 1_X, two aspects may need to be clarified: 1) whether all the cells co-scheduled by DCI 1_X trigging a Type-3 CB index are to be included in the HARQ-ACK payload of the (triggered) Type-3 CB index, and 2) how to determine the MCS field used for indication of Type-3 CB index (in DCI 1_X) in case of Type-3 CB triggering without PDSCH scheduling.

Proposal #21: Clarify the following aspects for the triggering of Rel-17 Type-3 HARQ-ACK codebook in case with multi-cell PDSCH scheduling.
· Whether all the cells co-scheduled by DCI 1_X trigging a Type-3 CB index are to be included in the HARQ-ACK payload of the (triggered) Type-3 CB index
· How to determine the MCS field used for indication of Type-3 CB index (in DCI 1_X) in case of Type-3 CB triggering without PDSCH scheduling

5. Other aspects on multi-cell scheduling
[bookmark: _GoBack]On top of the above issues, some other aspects may also need to be considered for multi-cell scheduling. For an example, it may need to consider how to perform activation or release on CG PUSCH or SPS PDSCH by multi-cell DCI. For another 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 #22: Consider other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to perform CG/SPS activation/release
· How to indicate TB disabling for PDSCH
· How to handle the out-of-order HARQ issue

Furthermore, according to the previous agreements, the multi-cell scheduling would be supported only for the case where the active BWPs of all the co-scheduled cells are configured with a same SCS. But regarding this aspect, it may need to be clarified how to handle the case when the active BWP of a certain cell among co-scheduled cells is (dynamically) switched to other BWP configured with different SCS from that of other co-scheduled cells. 

Proposal #23: Clarify how to handle the case when the active BWP of a cell among co-scheduled cells is switched to other BWP configured with different SCS from other co-scheduled cells.

6. 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: Support the following Proposal 3-5rev7 in FL summary at RAN1#110bis-e.
· For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 4 cells within the set of cells.
· A DCI format 0_X/1_X can schedule PUSCH(s)/PDSCH(s) on a combination of co-scheduled cells among the set of cells.
· 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.
· The table is configured by RRC signaling.
Proposal #2: Reuse CIF field and the corresponding RRC structure for indication of co-scheduled cells by DCI format 0_X/1_X. 
· Configure 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: Support the following Proposal 2-8rev2 in FL summary at RAN1#110bis-e.
· For a set of cells which can be scheduled by DCI format 0_X/1_X, 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 0_X is the same for all the co-scheduled cell combinations.
· The payload size 1_X is the same for all the co-scheduled cell combinations.
Proposal #5: 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 #6: Support the following originally proposed in RAN1#110bis-e.
· For DCI format 1_X/0_X, Type-1C fields at least include the following:
· beta offset indicator
· CSI request
· UL-SCH indicator
Proposal #7: Support the TDRA indication for co-scheduled cells based on the followings.
· Refer to multiple legacy single-cell TDRA tables
· Apply a same K0/K2 value for co-scheduled cells
Proposal #8: 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 #5.
· 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
	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
	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
	



Proposal #9: It is up to gNB’s configuration on which cell SS (i.e., PDCCH candidates) of the DCI format 0_X/1_X is configured.
Proposal #10: Clarify whether the one cell configured with SS of the DCI format 0_X/1_X is configured separately per SS ID or commonly for all the SS IDs.
· It is reasonable to configure the SS of DCI 0_X/1_X separately per SS ID in order to avoid unnecessary BD limitation on the DCI 0_X/1_X in a slot configured with multiple SS IDs.
Proposal #11: Clarify how to specifically perform SS configuration and SS ID linking for the DCI format 0_X/1_X, based on the following two approaches according to whether or not to follow the existing SS linking structure applied for cross-CC scheduling.
· Alt 1 : Number of PDCCH candidates is determined by the SS configuration on a scheduled cell while DCI format (e.g. DCI 0_X/1_X or legacy DCI) is determined by the SS configuration on scheduling cell (same as the existing SS linking for CCS).
· Alt 2: DCI format 0_X/1_X as well as the number of corresponding PDCCH candidates are determined by the SS configuration on a scheduled cell (differently from the existing SS linking for CCS) while legacy DCI format and the number of corresponding PDCCH candidates are determined based on the existing SS linking for CCS.
Proposal #12: For the PDCCH candidates of DCI format 0_X/1_X configured on a cell (for a SS ID), the corresponding BD/CCE is counted on the same cell (for the same SS ID).
Proposal #13: Support BD/CCE counting for the DCI format 0_X/1_X on all the cells configured for multi-cell scheduling (on top of BD/CCE counting for the DCI 0_X/1_X on one among the cells based on the working assumption) as UE capability, with consideration of UE implementation burden/complexity required for SS sharing-like PDCCH processing. 
Proposal #14: The DCI size of DCI format 0_X/1_X is counted on one cell among the cells on which SS of the DCI 0_X/1_X is configured (and the corresponding BD/CCE is counted).
· The one cell on which the DCI size of DCI 0_X/1_X is counted can be determined based on RRC configuration or predefined rule.
Proposal #15: Consider how to specifically perform DCI size alignment for the cell on which the DCI size of DCI format 0_X/1_X is counted, including the following aspects.
· The ordering of alignment between DCI format 0_X/1_X and legacy DCI format 
· Handling of up to 4 different DCI formats including the DCI 0_X/1_X.
Proposal #16: Support the following Proposal 2-6rev1 in FL summary at RAN1#110bis-e, with addition of the last sub-bullet with FFS (in red) as below.
· 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.
· The UE can be configured one or multiple sets of cells which are configured for multi-cell scheduling.
· When multiple sets of cells are configured for multi-cell scheduling, separate n_CI values are configured for different sets of cells.
· When multiple sets of cells are configured for multi-cell scheduling, a cell in one set of cells can’t be included in another set of cells.
· FFS whether/how to allow multiple sets of cells configured for multi-cell scheduling for a same scheduling cell
Proposal #17: Consider the following Proposal 4-1rev2 in FL summary at RAN1#110bis-e after deciding whether to apply a same K0 value for co-scheduled cells considering Type-1 HARQ-ACK codebook construction.
· For determining the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, the reference PDSCH is the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs.
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: Clarify the following aspects for the construction of Type-2 HARQ-ACK codebook in case with multi-cell PDSCH scheduling.
· The ordering of HARQ-ACK bits for a DCI format 1_X in case when one of the cells co-scheduled by the DCI has collision with semi-static UL symbol
· HARQ-ACK payload size of the second sub-codebook in case when only one DCI 1_X (scheduling multiple cells) is received by the UE
Proposal #20: Support the following Proposal 4-4rev3 in FL summary at RAN1#110bis-e, with update on the last sub-bullet (in red) as below.
· For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
· For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
· The last ending (or starting) PDSCH is used to determine the last DCI format in case when both DCI format 1_X and other DCI format 1_0/1_1/1_2/1_X are received in a same PDCCH MO on a same scheduling cell for scheduling PDSCH on same smallest scheduled cell index.
Proposal #21: Clarify the following aspects for the triggering of Rel-17 Type-3 HARQ-ACK codebook in case with multi-cell PDSCH scheduling.
· Whether all the cells co-scheduled by DCI 1_X trigging a Type-3 CB index are to be included in the HARQ-ACK payload of the (triggered) Type-3 CB index
· How to determine the MCS field used for indication of Type-3 CB index (in DCI 1_X) in case of Type-3 CB triggering without PDSCH scheduling
Proposal #22: Consider other aspects related to the multi-cell PDSCH/PUSCH scheduling, including the followings.
· How to perform CG/SPS activation/release
· How to indicate TB disabling for PDSCH
· How to handle the out-of-order HARQ issue
Proposal #23: Clarify how to handle the case when the active BWP of a cell among co-scheduled cells is switched to other BWP configured with different SCS from other co-scheduled cells.

7. References
RAN1 chairman’s notes, RAN1#110bis-e


