3GPP TSG RAN WG1 #111                                                                                      R1-2211585
[bookmark: _Hlk61342301]Toulouse, France, November 14th – 18th, 2022

Agenda Item:	9.9.1
Source:	Lenovo
Title:	On multi-cell scheduling via a single DCI
Document for:	Discussion & Decision

1. [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The contribution is focused on the open issues of multi-cell scheduling via a single DCI in Rel-18 Multi-carrier enhancements.
In RAN1#110bis-e meeting, regarding multi-cell PUSCH/PDSCH scheduling with a single DCI, RAN1 has extensively discussed the main open issues of DCI format design, scheduling possibilities, DCI size/BD/CCE budget, DCI field, CCEs for PDCCH candidates as well as relevant HARQ-ACK enhancement. The corresponding agreements are made as below:
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

Agreement
At least the following fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 

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
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For a any cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, RAN1 specification supports monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s)  0_0/1_0, 0_1/1_1, and/or 0_2/1_2 (if supported by the UE), if configured from a same scheduling cell. 
· The DCI format 0_X/1_X and the legacy DCI format(s) 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
· FFS: whether monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for one, a subset, or all cells within the set of cells. 
· FFS: number of different DCI sizes for 0_X/1_X and for legacy DCI formats
· FFS: whether to support a subset or all legacy DCI format(s) to be monitored with DCI 0_X/1_X
· Note: This does not mean a UE is required to support number of BDs/CCEs beyond the Rel-17 limits (i.e.,  and ) for PDCCH candidates for each scheduled cell.


Agreement
For a set of cells 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

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.

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.

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

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.

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.

Hence, in this contribution, we present our views on detailed design to support single DCI scheduling multiple PDSCHs or PUSCHs on multiple cells. 

2. Discussion

2.1 DCI format 

In this section, the DCI fields are analyzed one by one.

· Indicator of co-scheduled cells
Regarding indicator of co-scheduled cells, there are three options on the table for down-selection:
· 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.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not

During RAN1#110bis-e meeting, this issue was extensively discussed and several relevant issues were raised by companies: (1) whether to allow more than 4 cells within a set of cells configured for multi-cell scheduling; (2) whether to support multiple sets of cells in same PUCCH group for multi-cell scheduling; (3) whether there is extra complexity on DCI size and BD/CCE budget counting; (4) whether bit reduction can be achieved by Option 1 compared with Option 2 in case of up to 4 cells within the set of cells. 
Firstly, considering the maximum number of aggregated cells per cell group is 16, it makes sense to support >4 cells within a same PUCCH group, e.g., 8. In that sense, bitmap-based indication as mentioned in Option 2 has significant signaling overhead. 
Secondly, if multiple sets of cells can be configured for respective multi-cell scheduling, then maximum number of cells per set can be 4. As shown in Figure 1, where 8 cells are configured in the PUCCH group and two sets of cells are configured so that all the cells can be scheduled by DCI format 0_X/1_X. On the other hand, if a UE can be configured with at most one set of cells for multi-cell scheduling, the maximum number of cells within the set of cells should be increased, e.g., up to 8. Otherwise, legacy DCI formats have to be used by gNB for the remaining cells within the same PUCCH group via one-to-one scheduling way. In that sense, the remaining cells can’t enjoy the benefit of co-scheduling and PDCCH capacity may be a problem for the scheduling cell especially for PCell.
Thirdly, with the agreed working assumption that DCI size of DCI format 0_X/1_X is counted on one cell among the set of cells and BD/CCE of DCI format 0_X/1_X is counted on one cell among the set of cells, the counting of DCI size and BD/CCE budget of the DCI format 0_X/1_X is not relevant to how many cells configured in the set of cells. This is no extra PDCCH detection effort when 8 cells are configured within the set of cells compared with 4 cells configured within the set of cells. 
Fourthly, even though the set of cells includes up to 4 cells, Option 1 can still achieve bit overhead reduction gain because RAN1 has agreed legacy DCI formats for single cell scheduling can be simultaneously monitored with DCI format 0_X/1_X. In that sense, not all the single cell scheduling cases should be configured in the RRC table. Furthermore, it is not necessary to configure all the possible cell combinations in the RRC table. In an extreme case, the set of cells includes only 2 cells, e.g., {PCell, SCell 1} is configured for multi-cell scheduling using DCI format 0_X/1_X and PCell is the scheduling cell. RRC table configured for co-scheduled cell combinations can include only two rows, one row only including SCell 1 and another row including both PCell and SCell 1, as shown in Table 1. Then only one bit in the DCI 0_X/1_X is enough. In this way, Option 1 can reduce 1 bit and 50% bit overhead reduction is achieved compared with bitmap-based solution which requires 2 bits.
Last but not least, DCI overhead reduction is quite important for designing DCI format 0_X/1_X since there is the limitation of max 140 bits in the DCI. Option 1 can flexibly adjust the bit overhead based on the number of rows in the RRC configured table while Option 2 can’t reduce bits and always requires more bits than Option 1. Hence, Option 1 is more appropriate than Option 2. 
Table 1: Co-scheduled cell combinations
	Row Index
	Scheduled cell combination

	0
	SCell 1

	1
	PCell + SCell 1 
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Figure 1: two sets of cells are configured for respective multi-cell scheduling

As analyzed above, we have below proposals: 
Proposal 1: For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 8 cells within the set of cells in Rel-18.
Proposal 2: For a set of cells which is configured for multi-cell scheduling, 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.
Proposal 3: For a set of cells which is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a RRC configured table defining combinations of co-scheduled cells. 

· On BWP indicator
For DCI format 0_X/1_X which schedules multiple cells, it is impossible to use a single field for indicating the active BWPs for co-scheduled cells. Separate BWP indicator should be indicated for each co-scheduled cell. The number of BWP indicators in DCI format 0_X/1_X is equal to the maximum number of cells scheduled by the DCI format 0_X/1_X. 
Proposal 4: BWP indicator in DCI format 0_X/1_X is separate for each of co-scheduled cells.

· On FDRA field:
As for FDRA field, for a set of cells which can be co-scheduled by DCI format 0_X/1_X, since different cells may have different bandwidth in frequency domain and experience different channel property due to low channel correlation, it is impossible to use a single FDRA field indicating same frequency domain resource assignment for each co-scheduled cell. One straightforward way is to indicate separate FDRA field for each co-scheduled cell and the number of FDRA fields is equal to the maximum number of co-schedulable cells. The problem is how to determine the bit size for each FDRA field because UE can’t know which cells are scheduled before decoding the DCI format 0_X/1_X. To address this issue, the total bit size of FDRA field in DCI format 0_X/1_X should be equal to the maximum sum of FDRA bit sizes among all the co-scheduling cell combinations, which leads to huge signaling overhead.  
Another way is to joint indicate the FDRA fields via a single field in DCI format 0_X/1_X. A list of frequency domain resource assignment patterns is configured by RRC signaling and each entry of the list includes one or multiple FDRA fields with each FDRA field corresponding to one co-scheduled cell. Then DCI format 0_X/1_X indicates one entry from the list to the UE. Upon reception of this DCI, UE can know the assigned RBs on the respective co-scheduled cells. In this way, the number of bits for FDRA indication is dependent on the number of entries defined in the list so that DCI overhead can be greatly reduced.
Proposal 5: Frequency domain resource allocations for co-scheduled cells are joint indicated by FDRA field in DCI format 0_X/1_X by pointing to one FDRA combination from a RRC configured list. 

· On VRB-to-PRB mapping, PRB bundling size indicator, Rate matching indicator:
Regarding above three fields, to keep the flexibility, these fields can be shared or separate to co-scheduled cells dependent on RRC configuration.
Proposal 6: VRB-to-PRB mapping, PRB bundling size indicator, and rate matching indicator in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.

· On MCS:
Regarding MCS, considering less correlation among co-scheduled cells, MCS should be separately indicated in the multi-cell scheduling DCI with each MCS corresponding to one co-scheduled cell, which is similar to the case where maximum two codewords can be scheduled per TB. 
Proposal 7: Separate MCS fields are included in DCI format 0_X/1_X.

· On HARQ process number:
Regarding HARQ process number indication, reusing same mechanism as Rel-16 NR-U for save signaling overhead will lead to restriction on scheduling as HARQ process management is per cell. So separate HARQ process numbers are required for co-scheduled cells.
Proposal 8: Separate HARQ process numbers are included in DCI format 0_X/1_X.

· ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, DMRS sequence initialization
Regarding above fields, to keep the flexibility, these fields can be shared or separate to co-scheduled cells dependent on RRC configuration. 
Proposal 9: ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, and DMRS sequence initialization in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.

· ChannelAccess-CPext
Regarding channel access information for unlicensed spectrum, we are supportive to have baseline operation without optimization. 
For the set of cells co-scheduled by one DCI format 1_X, if both licensed cells and unlicensed cells are included, it makes more sense that PUCCH is transmitted on licensed cell. In that sense, channel access field is not required. Only when all the co-scheduled cells are unlicensed, this field is mandatory. Since HARQ-ACK feedback for all co-scheduled cells is to be transmitted in one PUCCH, a single ChannelAccess-CPext is sufficient in DCI format 1_X. 
For the set of cells co-scheduled by one DCI format 0_X, as long as one unlicensed cell is included, this field is mandatory. When two or more unlicensed cells are scheduled, including separate CAPC/channel access type/CPE in DCI format 0_X could be adaptive to the respective PUSCH so as to maximum flexibility. However, this requires more bits for cell-specific indication. Actually, UE can autonomously determine channel access type according to whether the scheduled PUSCH transmission is inside of gNB initiated COT or not and CAPC according to its traffic information. In this way, a single ChannelAccess-CPext is sufficient in DCI format 0_X.
Proposal 10: Single ChannelAccess-CPext is included in DCI format 0_X/1_X indicating same channel access information for co-scheduled cells.

· On PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication
We think DCI format 0_X/1_X is aiming at multi-cell scheduling for improving data rate so that other purposes should not be considered as much as possible to simplify DCI format design and reduce DCI payload size. In that sense, above fields should be not included in DCI format 0_X/1_X.
Proposal 11: PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, and SCell dormancy indication are excluded from DCI format 0_X/1_X.

Based on above analysis, the DCI field type classification is shown in Table 2.

Table 2: DCI fields of multi-cell PDSCH scheduling 

	Fields of multi-cell PDSCH scheduling DCI
	Field types

	Identifier for DCI formats
	Type-1

	Indicator of co-scheduled cells
	

	Bandwidth part indicator
	Type-2

	Frequency domain resource assignment
	Type-1

	Time domain resource assignment
	

	VRB-to-PRB mapping
	Type-3

	PRB bundling size indicator
	

	Rate matching indicator
	

	ZP CSI-RS trigger
	

	Modulation and coding scheme
	Type-2

	New data indicator
	

	Redundancy version
	

	HARQ process number
	

	Downlink assignment index
	Type-1

	TPC for scheduled PUCCH
	

	PUCCH resource indicator
	

	HARQ timing indicator
	

	One-shot HARQ-ACK request
	

	Antenna port(s)
	Type-3

	TCI
	

	SRS request
	

	DMRS sequence initialization
	

	Priority indicator
	Type-1

	ChannelAccess-CPext
	

	CRC
	




According to the DCI field type classification in Table 2, an analysis on DCI payload size is provided in Table 3 with the assumptions of single DCI scheduling one, two, and four cells for PDSCH transmission. For calculation purpose, we assume maximum number of entries defined in the RRC list for frequency domain resource allocation and maximum number of entries defined in the RRC list for time domain resource allocation are increased for 2/4-cell joint scheduling for a certain scheduling flexibility. For each of Type-3 fields, the number of required bits is determined based on the concrete RRC configuration with two values given for each of 2/4-cell PDSCH scheduling DCI: a first value is assumed with shared field for all the scheduled cells and a second value is assumed with separate field for each of the scheduled cells. In that sense, the first value can be a lower-bound while the second value can be an upper-bound for the corresponding field.

Table 3: Payload size of multi-cell PDSCH scheduling (100 PRBs are assumed)

	Fields of DCI format 0_X/1_X
	Single-cell scheduling (bits)
	Field type
	2-cell scheduling (bits)
	4-cell scheduling (bits)

	Identifier for DCI formats
	1
	Type-1
	1
	1 

	Indicator of co-scheduled cells
	3
	Type-1
	3
	3

	Bandwidth part indicator
	2
	Type-2
	4
	8

	Frequency domain resource assignment
	13
	Type-1
	6
	8

	Time domain resource assignment
	4
	Type-1
	4
	5

	VRB-to-PRB mapping
	1
	Type-3 
	1/2
	1/4

	PRB bundling size indicator
	1
	Type-3 
	1/2
	1/4

	Rate matching indicator
	2
	Type-3
	2/4 
	2/8

	ZP CSI-RS trigger
	2
	Type-3
	2/4
	2/8

	Modulation and coding scheme
	5
	Type-2
	10
	20

	New data indicator
	1
	Type-2
	2
	4

	Redundancy version
	2
	Type-2
	4
	8

	HARQ process number
	4
	Type-2
	8
	16

	Downlink assignment index
	4
	Type-1
	4
	4

	TPC for scheduled PUCCH
	2
	Type-1
	2
	2

	PUCCH resource indicator
	3
	Type-1
	3
	3

	HARQ timing indicator
	3
	Type-1
	3
	3

	One-shot HARQ-ACK request
	1
	Type-1
	1
	1

	Antenna port(s)
	4
	Type-3
	4/8
	4/16

	TCI
	3
	Type-3
	3/6
	3/12

	SRS request
	2
	Type-3
	2/4
	2/8

	DMRS sequence initialization
	1
	Type-3
	1/2
	1/4

	Priority indicator
	1
	Type-1
	1
	1

	ChannelAccess-CPext
	2
	Type-1
	2
	2

	Total size excluding CRC (bits)
	82
	
	74~90
	103~153


	
	
	
	



	According to the example shown in Table 3, the payload sizes of 2/4-cell PDSCH scheduling DCI are calculated according to DCI field type classification in Table 2. 
Based on Table 3,
for two-cell scheduling DCI, the payload size is within the range from 74 bits to 90 bits excluding 24-bit CRC with joint indication for both TDRA and FDRA for co-scheduled cells and common or separate indication for each Type-3 field. 
for four-cell scheduling DCI, the payload size is within the range from 103 bits to 153 bits excluding 24-bit CRC with joint indication for both TDRA and FDRA for co-scheduled cells and common or separate indication for each Type-3 field. 

According to the results shown in Table 3, it is obvious that 4-cell scheduling DCI can have a reasonable payload size dependent on RRC configuration. RRC signaling is used to configure the maximum number of cells which can be scheduled by a single DCI from a set of possible values of 2, 3, and 4. For a set of cells configured for multi-cell scheduling using a DCI format 0_X/1_X, the payload size of DCI format 0_X should be same for all the co-scheduled cell combinations within the set of cells and the payload size of DCI format 1_X should be same for all the co-scheduled cell combinations within the set of cells. 
Based on analysis above, we have below proposals:
Proposal 12: For a set of cells which is configured for multi-cell scheduling by DCI format 0_X, the payload size of the DCI format 0_X is the same for all the co-scheduled cell combinations within the set of cells.
Proposal 13: For a set of cells which is configured for multi-cell scheduling by DCI format 1_X, the payload size of the DCI format 1_X is the same for all the co-scheduled cell combinations within the set of cells.

	
	
	


2.2 HARQ relevant enhancement

Regarding HARQ-ACK feedback timing determination for co-scheduled cells, as agreed in RAN1#110, a single PDSCH-to-HARQ_feedback timing indicator is included in the DCI format 1_X for indicating a slot-level timing offset between a slot where a reference PDSCH is received and the PUCCH slot. Thus, the PUCCH slot is determined based on the reference PDSCH and the indicated K1 value. 
Since HARQ-ACK feedback for co-scheduled PDSCHs is to be transmitted in same PUCCH, the reference PDSCH should be the last PDSCH among the co-scheduled PDSCHs so that UE can have sufficient processing time to decode all the co-scheduled PDSCHs and prepare one PUCCH. 
Proposal 14: The PDSCH ending last among a set of co-scheduled PDSCHs by a DCI format 1_X is used for determining the timing of a PUCCH carrying HARQ-ACK information corresponding to the set of co-scheduled PDSCHs.

For Type-2 HARQ-ACK codebook, there is one open issue on DAI counting. In legacy single cell scheduling operation, one DCI schedules one serving cell and DAI is associated with the scheduled cell. For multi-cell scheduling, one DCI schedules multiple serving cells. One of co-scheduled cells should be selected for determining DAI order. Since multiple PDSCHs among co-scheduled PDSCHs may have same ending timing, it is not appropriate to associate DAI with the PDSCH ending last. In that sense, one straightforward solution is to use the scheduled cell with smallest serving cell index for DAI counting.
Proposal 15: For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, DAI is associated with the cell with smallest serving cell index among the set of co-scheduled cells.

For PUCCH resource, it is determined by the last DCI format among DCI formats pointing to a same slot for PUCCH transmission. In legacy operation, the DCI formats are first indexed in an ascending order across serving cell indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes. 
In Rel-18, for a set of cells which is co-scheduled by a DCI format 1_X, it is straightforward to use the cell with the smallest serving cell index among the set of co-scheduled cells to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO. 
During RAN1#110bis-e meeting, one legacy issue firstly discussed in Rel-16 MR-DC is raised, i.e., when multiple DCI formats are transmitted in same PDCCH monitoring occasion on a same scheduling cell for scheduling PDSCHs on a same scheduled cell. As shown in Figure 2, DCI 0 and DCI 1 are transmitted in same PDCCH monitoring occasion, wherein DCI 0 schedules CC0 and CC1 while DCI 1 schedules CC0 only. Assuming serving cell index of CC0 is smaller than that of CC1, if CC0 is used for determining DCI ordering for DCI 0, then the issue is which DCI is the last DCI format for PUCCH determination because both DCI 0 and DCI 1 are transmitted in same PDCCH monitoring occasion in same scheduling cell for scheduling same scheduled cell. Since both DCIs are transmitted in same PDCCH monitoring occasion on same scheduling cell, gNB can ensure the same PRI indicated by both DCI formats, which is same as Rel-16 MR-DC. In that sense, Rel-18 multi-cell scheduling doesn’t need to specify a solution in specification to resolve this case. 

[image: ]
Figure 2: multiple DCI formats in same PDCCH monitoring occasion on same scheduling cell for scheduling same scheduled cell

Proposal 16: 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 monitoring occasion.
Proposal 17: It is up to gNB implementation to resolve the issue when multiple DCI formats are transmitted in same PDCCH monitoring occasion on same scheduling cell for scheduling PDSCHs on same cell.

In RAN1#110bis meeting, below agreement on TDRA indication is made and listed below:
	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 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




According to above agreement on TDRA indication, when a DCI format 0_X/1_X is transmitted for co-scheduling multiple PDSCHs/PUSCHs on multiple cells, a single TDRA field in the DCI format 0_X/1_X points to one row of a TDRA table where each row of the TDRA table is configured with separate SLIV, mapping type, and scheduling offset (K0 or K2) for each of co-scheduled PDSCHs/PUSCHs. 
Hence, for a DCI format 1_X scheduling a set of cells, if the PDSCH ending last as indicated in the DCI format 1_X among the co-scheduled PDSCHs is used as the reference PDSCH for determining the timing of a PUCCH carrying HARQ-ACK information corresponding to the set of co-scheduled PDSCHs by the DCI format 1_X, then the k1 value indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format 1_X is associated with the reference PDSCH among the co-scheduled PDSCHs. According to the indicated k1 value and the determined reference PDSCH, the PUCCH slot can be derived. Furthermore, according to the K1 set configured for each cell and the derived PUCCH slot, the candidate PDSCH reception occasions on each cell can be further derived. The problem is some non-reference PDSCHs of the set of co-scheduled PDSCHs may be located out of the candidate PDSCH reception occasions on the respective cells when the TDRA field in the DCI format 1_X indicates different K0 values for co-scheduled PDSCHs. Thus, the corresponding HARQ-ACK information for those PDSCHs out of candidate PDSCH reception occasions cannot be reported in a Type-1 HARQ-ACK codebook. 
One example is given in Figure 3, assuming the TDRA table is configured as below Table 4, where only K0 value for each cell is listed. Assuming DCI format 1_X is transmitted in slot 0 on Cell 1 for co-scheduling four cells, i.e., Cell 1 to 4, the TDRA field in the DCI format 1_X points to row 0 of the TDRA table, and PDSCH-to-HARQ_feedback timing indicator field in the DCI format 1_X indicates k1 value of 3, then PDSCH 2 is used as the reference PDSCH since it is the latest PDSCH among 4 co-scheduled PDSCHs, and PUCCH carrying HARQ-ACK feedback for the 4 co-scheduled PDSCHs is to be transmitted in slot 9. Assuming K1 set is {1,2,3,4} for each of cell 1, cell 2, cell 3 and cell 4, with reference to slot 9, the candidate PDSCH reception occasions on each cell is determined in slot 5, 6, 7, and 8 according to the reverse order of k1 values in the K1 set. As shown in Figure 3, it is obvious that PDSCH 1 on Cell 1 and PDSCH 4 on Cell 4 are not included in the range of candidate PDSCH reception occasions on respective cell. In that sense, Type-1 HARQ-ACK codebook doesn’t include HARQ-ACK information bits for PDSCH 1 and PDSCH 4.  
[bookmark: _Ref111240691][bookmark: _Hlk118376045]Table 4: TDRA table configured for multi-cell scheduling (Only K0 is given for illustrative purpose)
	Row index
	Cell 1
	Cell 2
	Cell 3
	Cell 4

	0
	K0=1
	K0=6
	K0=5
	K0=2

	1
	K0=5
	K0=3
	K0=0
	K0=1
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Figure 3: Four cells co-scheduled by one DCI format 1_X

As agreed in RAN#97 meeting, below agreement is made to support Type-1 HARQ-ACK codebook with restriction of same SCS/carrier type/duplex mode among co-scheduled cells.
	Conclusion:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Enhanced Type-2 HARQ-ACK codebook is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.
· Type-1 HARQ-ACK codebook is supported only for the case where co-scheduled cells by a DCI format 1_X have same SCS/carrier type/duplex mode in Rel-18.
· Additional restriction(s) can be discussed in RAN1
· Configuring more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18.



Following the same principle for simplifying Type-1 HARQ-ACK codebook, one way is to support Type-1 HARQ-ACK codebook with additional restriction of same K0 value for co-scheduled PDSCHs. In that sense, there is no PDSCH out of the candidate PDSCH reception occasions on the associated cell. However, it imposes very restrictive scheduling on gNB side. Then, another way is to rely on gNB scheduling to ensure all the co-scheduled PDSCHs by DCI format 1_X are included in the candidate PDSCH reception occasions of respective cell. In this way, RAN1 standard doesn’t need specify any enhancement for Type-1 HARQ-ACK codebook. 
Proposal 18: For Type-1 HARQ-ACK codebook, all the PDSCHs co-scheduled by a DCI format 1_X should be included in the candidate PDSCH reception occasions of respective cell.

2.3 PDCCH monitoring 

Regarding DCI size budget and BD/CCE counting as well as SS configuration for multi-cell scheduling DCI, these issues have been extensively discussed in RAN1#110bis-e meeting with agreed working assumption listed below.
	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.




Firstly, existing “3+1” DCI size budget should be maintained per scheduled cell to avoid extra blind detection complexity for a UE. This should be the baseline principle.
Secondly, the intention of counting BD/CCE budget of DCI format 0_X/1_X only on one cell of the set of cells is to avoid the SS set dropping due to lack of BD/CCE budget on other cells of the set of cells. For the cell where the BD/CCE budget is counted, it can be configured by gNB to select a cell which has minimum BD/CCE budget of legacy DCI formats or even no legacy DCI formats. Anyway, it is up to gNB to select the cell. Similar to select the cell where the DCI size of DCI format 0_X/1_X is counted. It makes more sense to select same cell from the set of cells for counting the DCI size and BD/CCE budget of the DCI format 0_X/1_X.
Thirdly, regarding SS configuration, according to the legacy framework of search space configuration for cross-carrier scheduling, the corresponding search space set is configured for a scheduled cell with the necessary information of search space ID, the number of PDCCH candidate and corresponding aggregation level for cross-carrier scheduling. Search space set linking is adopted for a UE to monitor PDCCH for a scheduled cell in a search space configured on the scheduling cell with same search space set ID. Based on search space linking, for cross-carrier scheduling, the UE monitors the PDCCH candidates on the scheduling cell according to the search space configuration on the corresponding scheduled cell. Basically, it is fully up to gNB to select one cell for configuring the SS of DCI format 0_X/1_X. As mentioned above, both DCI size and BD/CCE of DCI format 0_X/1_X can be counted on a same cell. One way to indicate the cell to UE is to configure the SS of DCI format 0_X/1_X only on a single cell of the set of cells, which implicitly indicates the UE that the cell is used for counting the DCI size and BD/CCE budget of DCI format 0_X/1_X.
Based on above discussion, we have below proposals:
Proposal 19: For a set of cells which is configured for multi-cell scheduling, it is up to gNB to select one cell to configure search space of DCI format 0_X/1_X on it.
Proposal 20: For a set of cells which is configured for multi-cell scheduling, both DCI size and BD/CCE of DCI format 0_X/1_X are counted only on the cell configured with search space for monitoring the DCI format 0_X/1_X within the set of cells. 

A second issue is about determining the CCEs for monitoring the multi-cell scheduling DCI. In legacy cross-carrier scheduling, for a scheduled cell, the CCEs for each configured aggregation level of PDCCH candidates are determined based on below equation, where  is the CIF value configured by CrossCarrierSchedulingConfig. Since different CIF values are configured for different scheduled cells, the CCE indices of different PDCCH candidates can be distinguished based on different CIF values in below equation.
[image: ]
For Rel-18 multi-cell scheduling, since multiple cells can be simultaneously scheduled via a single DCI format 0_X/1_X, one issue is how to determine n_CI value for co-scheduled cells. This issue has been discussed in RAN1#110bis with relevant proposal in FL summay#4.
	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.  



For a set of cells which is configured for multi-cell scheduling, the straightforward way is to configure a single n_CI value for the entire set of cells. As shown in Table 1, same n_CI value is applicable for all rows of the table defining co-scheduled cell combinations. Therefore, there is only one CCE index for monitoring DCI format 0_X/1_X, which can reduce UE blind detection effort. Upon detection of the DCI format 0_X/1_X, UE can know which cells are scheduled by checking the indicator of co-scheduled cells. In that sense, the single n_CI value can work properly. 
In legacy operation, there is one-to-one mapping, and an n_CI value is separately configured for each scheduled cell. From each scheduled cell’s point of view, there is only one n_CI value which leads to one separate PDCCH CCE index on scheduling cell. Now, in Rel-18 multi-cell scheduling, one DCI format can schedule multiple cells which is like one-to-many mapping. When a single n_CI value is configured for the entire set of cells, same principle as legacy operation for each scheduled cell can be maintained, i.e., from each scheduled cell’s point of view, there is one n_CI value and one PDCCH CCE index. If we configure an n_CI value per co-scheduled cell combination, then multiple n_CI values should be configured. Furthermore, from each scheduled cell’s point of view, there are multiple n_CI values, which is not aligned with legacy spec.
Additionally, as mentioned in Section 2.1, when a UE can be configured with multiple sets of cells for multi-cell scheduling, it is obvious that separate n_CI values should be configured for different sets of cells to avoid PDCCH CCE overlapping. Since more than one scheduling cell for DCI format 0_X/1_X for each scheduled cell is not supported for the multi-cell PUSCH/PDSCH scheduling in Rel-18, each scheduled cell can have a single scheduling cell for multi-cell scheduling. Hence, a cell in one set of cells should not be included in another set of cells.  
Based on above discussion, we have below proposals:
Proposal 21: 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.
Proposal 22: When multiple sets of cells for respective multi-cell scheduling are configured for a UE, separate n_CI values are configured for different sets of cells. 
Proposal 23: When multiple sets of cells for respective multi-cell scheduling are configured for a UE, a cell in one set of cells can’t be included in another set of cells.  

3. Conclusion
In this contribution, we focus on the open issues for using a single DCI format to schedule two PDSCHs on two different cells and have below observations and proposals:
Proposal 1: For a set of cells which is configured for multi-cell scheduling, RAN1 specification supports up to 8 cells within the set of cells in Rel-18.
Proposal 2: For a set of cells which is configured for multi-cell scheduling, 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.
Proposal 3: For a set of cells which is configured for multi-cell scheduling, the co-scheduled cells are indicated by an indicator in DCI format 0_X/1_X which points to one row of a RRC configured table defining combinations of co-scheduled cells. 
Proposal 4: BWP indicator in DCI format 0_X/1_X is separate for each of co-scheduled cells.
Proposal 5: Frequency domain resource allocations for co-scheduled cells are joint indicated by FDRA field in DCI format 0_X/1_X by pointing to one FDRA combination from a RRC configured list. 
Proposal 6: VRB-to-PRB mapping, PRB bundling size indicator, and rate matching indicator in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.
Proposal 7: Separate MCS fields are included in DCI format 0_X/1_X.
Proposal 8: Separate HARQ process numbers are included in DCI format 0_X/1_X.
Proposal 9: ZP CSI-RS trigger, Antenna port(s), TCI, SRS request, and DMRS sequence initialization in DCI format 0_X/1_X are shared or separate to co-scheduled cells dependent on RRC configuration.
Proposal 10: Single ChannelAccess-CPext is included in DCI format 0_X/1_X indicating same channel access information for co-scheduled cells.
Proposal 11: PDCCH monitoring adaptation indication, PUCCH Cell indicator, Minimum applicable scheduling offset indicator, and SCell dormancy indication are excluded from DCI format 0_X/1_X.
Proposal 12: For a set of cells which is configured for multi-cell scheduling by DCI format 0_X, the payload size of the DCI format 0_X is the same for all the co-scheduled cell combinations within the set of cells.
Proposal 13: For a set of cells which is configured for multi-cell scheduling by DCI format 1_X, the payload size of the DCI format 1_X is the same for all the co-scheduled cell combinations within the set of cells.
Proposal 14: The PDSCH ending last among a set of co-scheduled PDSCHs by a DCI format 1_X is used for determining the timing of a PUCCH carrying HARQ-ACK information corresponding to the set of co-scheduled PDSCHs.
Proposal 15: For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, DAI is associated with the cell with smallest serving cell index among the set of co-scheduled cells.
Proposal 16: 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 monitoring occasion.
Proposal 17: It is up to gNB implementation to resolve the issue when multiple DCI formats are transmitted in same PDCCH monitoring occasion on same scheduling cell for scheduling PDSCHs on same cell.
Proposal 18: For Type-1 HARQ-ACK codebook, all the PDSCHs co-scheduled by a DCI format 1_X should be included in the candidate PDSCH reception occasions of respective cell.
Proposal 19: For a set of cells which is configured for multi-cell scheduling, it is up to gNB to select one cell to configure search space of DCI format 0_X/1_X on it.
Proposal 20: For a set of cells which is configured for multi-cell scheduling, both DCI size and BD/CCE of DCI format 0_X/1_X are counted only on the cell configured with search space for monitoring the DCI format 0_X/1_X within the set of cells. 
Proposal 21: 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.
Proposal 22: When multiple sets of cells for respective multi-cell scheduling are configured for a UE, separate n_CI values are configured for different sets of cells. 
Proposal 23: When multiple sets of cells for respective multi-cell scheduling are configured for a UE, a cell in one set of cells can’t be included in another set of cells.  
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