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Introduction
The following agreements are achieved in RAN1#110 meeting for multi-cell PDSCH/PUSCH scheduling with a single DCI.
	Working assumption:
For a cell within a set of cells which can be co-scheduled by a DCI format 0_X/1_X, support monitoring the DCI format 0_X/1_X and legacy single cell scheduling DCI format(s) from a same scheduling cell.
· The DCI format 0_X/1_X and the legacy DCI format(s) 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
Agreement
For discussing field design of DCI format 0_X/1_X which schedules more than one cell, reformulate the types of DCI fields as below: 
· Type-1 field: 
· Type-1A field: A single field indicating common information to all the co-scheduled cells
· Type-1B field: A single field indicating separate information to each of co-scheduled cells via joint indication
· Type-1C field: A single field indicating an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells
· Type-3 field: Common or separate to each of the co-scheduled cells, or separate to each sub-group, dependent on explicit configuration. 
· Note: One sub-group comprises a subset of co-scheduled cells where a single field is commonly applied to the co-scheduled cell(s) belonging to a same sub-group.
· Note: Handling of any parameters applicable to multi-cell scheduling where corresponding fields are not included in DCI format 0_X/1_X (if any) will be separately discussed.
Agreement
For DCI format 1_X/0_X which can schedule more than one cell, 
· Type-1 fields at least include below:
· Type-1A:
· Identifier for DCI formats
· Downlink assignment index
· TPC for scheduled PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator
· One-shot HARQ-ACK request
· Type-2 fields at least include below:
· New data indicator per TB
· Redundancy version per TB
· FFS: Other fields to be included in DCI format 1_X/0_X and which type of the fields belongs to.
· FFS: size for each field
Agreement
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH
Agreement
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.


In this contribution, we provide our views on multi-cell scheduling via a single DCI, including the maximum number of cells scheduled simultaneously, the definition of scheduled cell combination, PDCCH monitoring capability, and the design of a new DCI format.
Discussion
The cell combination configuration for multi-cell scheduling
A UE can be configured with at most 32 serving cells, among which up to 16 can join in carrier aggregation. Further, at most 8 cells can be scheduled by a same cell. When multi-cell scheduling with a single DCI is supported, it needs to be discussed how many cells are scheduled, which cell can be included in the scheduled cell set and how the scheduled cells are indicated. 
The real-time selection of N cells could be achieved according to the following schemes:
· Scheme 1: the cells scheduled simultaneously (the scheduled cell combination) are indicated in the DCI directly. As showed in Figure 1, assuming at most M=3 cells can be scheduled simultaneously, cells {1,2,4} are indicated by DCI 1 directly (N=3), or cells {1,4} are indicated by DCI 2 (N=2).
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Figure 1 Scheduled-cell indication schemes 1
· Scheme 2: The cells scheduled simultaneously are pre-defined/configured as several cell combinations. As showed in Figure 2, the pre-defined combinations could include at most M=3 cells, and the pre-configured cell combinations {1,2,4} (N=3) and {1,3} (N=2) can be indicated by the DCI. 
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Figure 2 Scheduled cells indication schemes 2
For scheme 1, the scheduled cells can be dynamic indicated, and no restriction for the scheduled cells. But it needs explicit indication in the DCI. The field bit width will be determined by the number of scheduled cells, more cells scheduled simultaneously. For an example, if using 3 bits to indicate a scheduled cell and the maximum number of cells scheduled by the DCI is N, 3*N bits are needed. Also a bitmap can be used for cells indication. In this case, N bits are needed and the sequence order of indicated cells needs to be pre-defined. 
For scheme 2, the scheduled cells are limited by the pre-defined cell combinations, e.g. a mapping table between indicated values and cell combinations. The cell combinations not covered by the pre-defined cell combinations cannot be scheduled. But the indication in the DCI has lower overhead in general than scheme 1. 
In our view, the bitmap-based indication and mapping-table-based indication are both promising solutions with different pros and cons. However, the flexibility upon carrier indication is the first valve in DCI to control the overall scheduling flexibility and therefore should be the last DCI field to be sacrificed in the tradeoff between DCI flexibility and DCI overhead. In addition, it is more cost-effective to maintain flexibility on carrier indication than to maintain flexibility on scheduling parameters, given there is only one carrier indication field but there are so many scheduling parameters.  
Proposal 1: RAN1 determines carrier indication method from bitmap-based indication and cell-combination table based indication. Bitmap-based indication should be selected whenever allowed by the DCI payload budget. 
New DCI format design
To support single DCI scheduling PUSCH/PDSCH on multi-cells, some modifications on DCI and cell configurations are obvious, e.g. new DCI format, DCI size alignment. 
DCI field design
Some DCI fields were agreed as type 1 or type 2 in RAN1#110 meeting. And the maximum number of co-scheduled cells is assumed as 4. The following tables give the candidate DCI payload budget planning for 4 cells being simultaneously scheduled. It is shown that, with 4 scheduled cells, the DCI bit size reaches 153bits (with CRC bits) for PDSCH, and 144bits (with CRC bits) for PUSCH, almost reaching the DCI payload limit (164bits) in Polar coding scheme. 
Table 1 DCI format for PDSCH
	DCI fields 
	Maximum bit size for single cell scheduling
	Indication type
	Total bit size for scheduled cell combination

	Identifier for DCI formats
	1
	Common
	1

	Carrier indicator
	3
	Common
	3

	Bandwidth part indicator
	2
	Separated
	8

	Frequency domain resource assignment
	10
	Common
	10

	Time domain resource assignment
	4
	Common
	4

	VRB-to-PRB mapping
	1
	Common
	1

	PRB bundling size indicator
	1
	Common
	1

	Rate matching indicator
	2
	Common
	2

	ZP CSI-RS trigger
	2
	Common
	2

	Modulation and coding scheme-TB1
	5
	Separated
	20

	New data indicator-TB1
	1
	Separated
	4

	Redundancy version-TB1
	2
	Separated
	8

	Modulation and coding scheme-TB2
	5
	Separated
	20

	New data indicator-TB2
	1
	Separated
	4

	Redundancy version-TB2
	2
	Separated
	8

	HARQ process number
	4
	Common
	4

	Downlink assignment index
	6
	Common
	6

	TPC command for scheduled PUCCH
	2
	Common
	2

	PUCCH resource indicator
	3
	Common
	3

	HARQ timing indicator
	3
	Common
	3

	Antenna port(s)
	6
	Common
	6

	Transmission configuration indication
	3
	Common
	3

	SRS request
	3
	Common
	3

	Priority indicator
	1
	Common
	1

	Minimum applicable scheduling offset indicator
	1
	Common
	1

	One-shot HARQ-ACK request
	1
	Common
	1

	24-bit CRC
	24
	　
	24

	Total bits
	99
	　
	153



Table 2 DCI format for PUSCH
	DCI fields 
	maximum size for single cell scheduling
	Indication type
	Candidate bit size

	Identifier for DCI formats
	1
	common
	1

	Carrier indicator
	3
	common
	3

	Bandwidth part indicator
	2
	separated
	8

	Frequency domain resource assignment
	10
	common
	10

	Time domain resource assignment
	6
	common
	6

	Frequency hopping flag
	1
	common
	1

	Modulation and coding scheme
	5
	separated
	20

	New data indicator
	1
	separated
	4

	Redundancy version
	2
	separated
	8

	HARQ process number
	4
	common
	4

	1st downlink assignment index 
	4
	common
	4

	2nd downlink assignment index 
	4
	common
	4

	TPC command for scheduled PUSCH
	2
	separated
	8

	SRS resource indicator
	4
	common
	4

	Precoding information and number of layers
	6
	common
	6

	Antenna port(s)
	5
	common
	5

	SRS request
	2
	common
	2

	CSI request
	6
	common
	6

	PTRS-DMRS association
	2
	common
	2

	beta_offset indicator
	2
	common
	2

	DMRS sequence initialization
	1
	common
	1

	Open-loop power control parameter set indication
	2
	separated
	8

	Priority indicator
	1
	common
	1

	Invalid symbol pattern indicator 
	1
	common
	1

	Minimum applicable scheduling offset indicator
	1
	common
	1

	24-bit CRC
	24
	
	24

	Total bits
	102
	　
	144



Some DCI fields in the above tables are discussed as following. 
TDRA field
For TDRA field, it is preferred to be common among the co-scheduled cells. One option for common TDRA design is to reuse the TDRA tables for single cell scheduling and the common TDRA field in DCI maps to the same row of multiple TDRA tables corresponding to the co-scheduled cells. Another option is to follow the design principle of Rel-17 multi-PDSCH scheduling and define a joint TDRA table. In such a case, it needs further discussion whether the joint TDRA table is configured per PUCCH group or per cell combination, i.e., whether one entry in the joint TDRA table includes all the SLIVs for all the cells in one PUCCH group or only for the cells in one cell combination.
Proposal 2: Common indication can be used for TDRA field. Legacy TDRA table or new TDRA table could be considered.
FDRA field
In legacy DCI format, the bit size of FDRA field is determined by the active BWP size and frequency domain resource allocation type. When DCI format 0_X/1_X is configured, the DCI could indicate frequency resource allocated for each scheduled cell. Using same resource allocation type makes it easy to determine the bit size for FDRA field and to interpret FDRA field for each scheduled cell.
Proposal 3: The same frequency domain resource allocation type from {Type-0 only, Type-1 only, dynamic switch} shall be configured for all cells potentially scheduled by one DCI, and the same type-0 or type-1 FDRA type should be used for all cells actually scheduled by one DCI.

The maximum number of co-scheduled cells is assumed as 4 in RAN1#110 meeting. If FDRA field is configured for each scheduled cell in a DCI, the total size of DCI may exceed the DCI size limitation. So, common indication type is preferred for FDRA field. The size of FDRA field could be determined by the maximum required bit size or minimum required bit size among all scheduled cell. The required bit size for a scheduled cell is determined by the active BWP size and resource allocation type. The resource allocation results are interpreted based on same bit sequence for each scheduled cell via masking most-significant bits to zeros (equivalent to using part of indication information) or adding prefix of zero bits. For example, assuming there are 4 cells can be scheduled together, the required bit size of FDRA field for each cell is 11bits, 13bits, 10bits, 7bits. The FDRA filed in DCI format 0_X takes 13bits if the maximum required bit size is the bit size of FDRA in DCI format 0_X. When UE detects a DCI 0_X scheduling cells 1~4, the frequency resource allocation results for the four cell are respectively interpreted as the 11 least significant bits, all 13bits, the 10 least significant bits and the 7 least significant bits of FDRA field in DCI. The FDRA filed in DCI format 0_X is 7bits when the minimum required bit size is the bit size of FDRA in DCI format 0_X. In this case, when UE detects a DCI 0_X scheduling cells 1~4, the frequency resource allocation results for cells 1~3 are interpreted by prepending zero bits to the detected 7 bits to reach 11 bits, 13bits and 10 bits, respectively. All 7 bits are used to interpret the resource allocation result for cell 4. Because the minimum required bit size may limit the allocable resource range, the maximum required bit size is preferred to determine the bit size of FDRA in DCI format 0_X/1_X.
Proposal 4: FDRA field could be a shared DCI field (type-1 as agreed in RAN1 #109/#110). The bit size of this single FDRA field is determined by the maximum size of FDRA indication required across all the potentially scheduled cells.
MCS indication filed
Due to the different BWP bandwidths and various channel conditions for scheduled cells, the transmission information relating to channel conditions either at present or in the past, such as MCS, NDI and RV indication should be separately indicated for each scheduled cell (each TB) to ensure flexibility of scheduling and the transmission performance. Using separated NDI and RV indications were agreed in RAN1#110 meeting. For MCS indication, it is also better to be indicated separately. MCS determines the code rate and modulation order for the TB, which is closely related with the channel condition. If there is no restriction for the cell combination, there is no correlation among the channel conditions for each scheduled cell. Separately MCS indication could achieve high system efficiency. Also, enhanced indication could be considered for the lack of payload size for the new DCI format. For an example, dividing the scheduled cells into two or three groups, the indication fields are shared among the cells belong to one group. 
Proposal 5: MCS indication shall be separated for each scheduled PDSCH/PUSCH.
HARQ process number
The scheduled PDSCHs/PUSCHs are carried on different cells. The HARQ processes are handled by each scheduled cell. No restriction for HARQ process is needed for co-scheduled PDSCHs/PUSCHs. With separated transmission information indication (NDI, RV), the HARQ process number field could be common for all scheduled cells. The flexibility for scheduling is maintained. 
Proposal 6: HARQ process number field could be a common indication for scheduled cells.
Power control information for PUSCH
Power control is needed for PUSCH transmission. When a DCI scheduled multiple PUSCHs on different cells, the transmission power adjustment are independent for each PUSCH. In this way, the power control indication filed, e.g. TPC for PUSCH and open loop power control parameter, shall be separated to match the different requirement for power adjustment.
Proposal 7: The DCI field for power control can be separated per scheduled cell.
DCI monitoring procedure
In current spec, search space sets are configured for each scheduled cell separately. The number of DCI size is counted based on the configuration for search space sets per scheduled cell. Blind decoding for any DCI format is based on the configuration of search space sets for each scheduled cell. During PDCCH monitoring capability determination, PDCCH candidates/ CCEs for channel estimation are counted separately for each scheduled cell based on the search space sets configuration. In this case, how to configure the search space set(s) with DCI format 0_X/1_X need to be defined firstly. In RAN1#110 meeting, there was a proposal provided by feature lead for the search space set(s) configuration issue.
	Proposal 2-8rev2:
· For search space configuration for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below options are considered for further study: 
· Alt 1: Search space of the DCI format 0_X/1_X is configured on each cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 2: Search space of the DCI format 0_X/1_X is configured on a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 3: Search space of the DCI format 0_X/1_X is configured on one cell of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
· Alt 4: Search space of the DCI format 0_X/1_X is configured only on the scheduling cell and linked with the set of cells configured by explicit RRC signaling.
· Other alternatives are not precluded.


When DCI format 0_X/1_X is configured for multi-cell scheduling, the DCI size of DCI format 0_X/1_X would be different with legacy DCI formats mostly. In current spec, the number of different DCI size with CRC scrambled by C-RNTI for each scheduled cell is limited to 3. Assuming the DCI format 0_X/1_X is regarded as DCI format x_3, when DCI format x_3 is configured together with legacy DCI format 0_0/0_1/0_2/1_0/1_1/1_2, at least one of the DCI format x_1 and x_2 need align with format x_3. The aligned size for format x_3 may be much larger than the original size of aligned format x_y. It would disadvantageous for PDCCH resource saving (the purpose for multi-cell scheduling) when the format 0_x is configured for each scheduled cell.
If DCI format 0_X/1_X is configured for each cell of multi-cell PUSCH/PDSCH scheduling, the DCI format would be monitored for each scheduled cell in the current procedure. When DCI format 0_X/1_X is only configured in one of the candidate scheduled cells, the PDCCH monitoring for the DCI is just counted by the selected cell, as Alt 2 or Alt 3. The redundancy monitoring is reduced directly. The selected cell could be one or more according to the scheduled cell combination configuration. In this case, multi-cell scheduling and single-cell scheduling will share the PDCCH monitoring capability for the configured scheduled cell. If there is a scheduling cell for single-cell scheduling, different with the scheduling cell for multi-cell scheduling, the monitoring capability for single-cell scheduling and multi-cell scheduling need to be defined independently. A scaling factor could be defined to calculate the capability for single-cell scheduling and multi-cell scheduling.
Alt 4 could be considered when the candidate scheduled cells are regarded as a special scheduled cell. The search space sets configuration, PDCCH monitoring determination and DCI size counting can achieve for the special scheduled cell together with other legacy scheduled cells. 
Proposal 8: PDCCH monitoring capability and DCI size could be counted based on the search space set configuration. Alt 3 and Alt 4 can be considered for the search space set configuration.
If the new DCI format can replace one of the legacy DCI formats, such as extend the use case for DCI forma 0_1/1_1 to support multi-cell scheduling, it may be more similar with the procedure in current spec. Or set a restriction for the number of DCI format configured for a UE. As the new DCI could also schedule only one cell, only one of DCI format 0_1/1_1 and 0_2/1_2 could be configured together with the new DCI format. In this way, DCI size alignment could be reused to meet the budget of different DCI size.
Proposal 9: Restriction for DCI format configuration can be considered to reduce the total number of different DCI size before DCI size alignment.

n_CI is used in the formula to determine CCEs within PDCCH candidates. The value of CIF is used for n_CI when there is single-cell scheduling. When multi-cell scheduling is configured, how to determine the value of n_CI was discussed in RAN1#110 meeting. The candidate alternatives are showed in the proposal by feature lead. 
	Proposal 2-9:
· For monitoring PDCCH candidates for a set of cells which can be co-scheduled by a DCI format 0_X/1_X, below alternatives are considered for further study: 
· Alt 1: the n_CI in the search space equation is determined by a value configured for the set of cells. 
· Alt 2: the n_CI in the search space equation is determined by a value configured for each combination of co-scheduled cells within the set of cells.
· Alt 3: the n_CI in the search space equation is determined by a value configured for one or more combinations of co-scheduled cells within the set of cells.
· Other alternatives are not precluded.


When there is only one scheduling cell is configured, with DCI format 0_X/1_X and legacy DCI format, according to above proposal 2-9, n_CI for PDCCH candidates for DCI format 0_X/1_X could be different with the n_CI for PDCCH candidates for legacy DCI format. The PDCCH candidates for DCI format 0_X/1_X and legacy DCI format may include different CCEs. And the PDCCH monitoring capability, DB/CCE budget, need to be separated for DCI format 0_X/1_X and legacy DCI format. It is a complexity procedure for the PDCCH monitoring capability determination. 
On the other hand, the PDCCH capability is the number of PDCCH candidates. UE will try to decode different DCI format on one PDCCH candidate based on the search space set configuration. So why not share PDCCH candidates for DCI format 0_X/1_X and legacy DCI. DCI format 0_X/1_X shares PDCCH candidates with legacy DCI format would make it easy for PDCCH capability determination and PDCCH candidate determination. In this case, the same value could be used for n_CI for PDCCH candidates for multi-cell scheduling and n_CI for single-cell scheduling. It means the n_CI is determined by the CIF value of the cell which is configured with the search space sets for DCI format 0_X/1_X.
According to Proposal 9, if search space set can be configured for a set of cells, the PDCCH candidates are used only for DCI format 0_X/1_X. In this case, n_CI can be determined by a value configured for the cell set.
Proposal 10: the n_CI in the search space equation is determined by a value of CIF value of the cell or cell set which is configured with the search space sets for DCI format 0_X/1_X.
HARQ-ACK feedback for multi-cell scheduling
HARQ-ACK feedback timing determination
Regarding HARQ-ACK feedback timing determination, the following agreement was achieved in last RAN1 meeting with details of reference PDSCH FFS:
	Agreement
When UE detects a DCI format 1_X scheduling a set of PDSCHs, the UE provides corresponding HARQ-ACK information in a PUCCH transmission within UL slot , where  is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and  is the last UL slot overlapping with the DL slot  for the reference PDSCH reception for slot-based PUCCH or an UL slot overlapping with the end of the reference PDSCH reception in DL slot  for sub-slot based PUCCH.
· FFS details of reference PDSCH


As for the reference PDSCH determination, we think it can follow the design principle for multi-PDSCH scheduling in Rel-17, a PDSCH with last ending symbol can be used as the reference PDSCH to guarantee enough processing time for PDSCH and preparation time for HARQ-ACK. The difference between multi-PDSCH scheduling in Rel-17 and multi-cell scheduling is that there may be more than one PDSCH with the same ending symbol, however, as agreed in RAN #97e, different SCS among co-scheduled cells are not considered, as long as the ending symbols of the more than one PDSCHs are the same, which one is used as the reference PDSCH turns out the same result for HARQ-ACK timing determination.
Another aspect which needs to be clarified is whether the last configured PDSCH or the last actual PDSCH is used for HARQ-ACK timing determination. We think this can also follow the mechanism of multi-PDSCH scheduling in Rel-17, i.e. the last configured PDSCH is the reference PDSCH.
Proposal 11: The reference PDSCH used for HARQ-ACK timing determination is the last configured PDSCH, e.g. the PDSCH with the last ending symbol among the co-scheduled PDSCHs.
Type-2 HARQ-ACK codebook
In last RAN1 meeting, quite a bit of progress was made for Type-2 HARQ-ACK codebook:
	Agreement
· For Type-2 HARQ-ACK codebook, two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling a single cell and a second sub-codebook comprising HARQ-ACK information bits for PDSCH(s) scheduled by DCI(s) with each scheduling more than one cell. 
· Separate DAI counting for DCI(s) with each scheduling a single cell and DCI(s) with each scheduling more than one cell. 
· FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
· Type-2 HARQ-ACK codebook is generated by concatenating the first sub-codebook and the second sub-codebook.
· If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, 
· FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
· Otherwise, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell is equal to N, where N is the maximum number of cells which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
· HARQ-ACK information bits for co-scheduled PDSCHs by a DCI format 1_X is ordered based on serving cell indices associated with co-scheduled PDSCHs.
· HARQ-ACK bundling across co-scheduled cells is not supported for multi-cell scheduling.


There are several remaining issues for type-2 HARQ-ACK codebook construction:
Issue 1: FFS whether a DCI scheduling more than one cell is associated with the first sub-codebook or the second sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
To our understanding, there exists similar issue for multi-PDSCH scheduling in Rel-17 and same mechanism can be reused, i.e. when a DCI scheduling more than one cell with only one actual PDSCH reception due to collision with semi-static TDD DL/UL configuration, it is associated with the first sub-codebook for HARQ-ACK codebook payload size reduction.
Proposal 12: DCI scheduling more than one cell is associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
Issue 2: If at least one cell of the set of cells which can be co-scheduled by a DCI format 1_X is configured with maximum 2 codewords per PDSCH without spatial bundling, FFS: the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell;
Assume the maximum number of codewords is Ci for cell i in the set of cells, there are different alternatives that can be considered to determine the number of HARQ-ACK bits for each DCI format 1_X scheduling more than one cell, e.g.:
Alt 1: The number of HARQ-ACK bits for each DCI format 1_X is max{Ci}*max number of cells which can be co-scheduled by DCI format 1_X, i.e. 2*N；
Alt 2: The number of HARQ-ACK bits for each DCI format 1_X is the sum of largest N values in {Ci};
Alt 3: The number of HARQ-ACK bits for each DCI format 1_X is max{Mj}, where Mj is the sum of the maximum number of codewords configured for each cell in the cell combination j.
Alt 1 is simple but would lead to very large HARQ-ACK codebook size while Alt 2 and Alt 3 can reduce the payload size of HARQ-ACK codebook to varying degrees. Alt 2 only needs to consider the configured maximum number of codewords per cell and the max number of cells which can be co-scheduled while Alt 3 also needs to take the possible cell combinations into consideration. For example, assuming the maximum number of codewords for cell 1/2/3 is 1 while cell 4 is configured with maximum 2 codewords. The cell combination that can be co-scheduled by DCI format 1_X are {cell 1+cell 2+cell 3}, {cell 3+cell 4}, then if Alt 1 is adopted, the number of HARQ-ACK bits for each DCI format 1_X is 2*3=6 bits, while if Alt 2 is applied, the number of HARQ-ACK bits is 2+1+1=4, and if Alt 3 is used, the number of HARQ-ACK bits is max{1+1+1, 1+2}=3. From the example we can see that in terms of HARQ-ACK payload size, Alt 1 is much less efficient than Alt 2/3, so it is preferred to further study Alt 2 or Alt 3.
Proposal 13: The following alternatives can be considered to determine the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell:
· Alt 2: The number of HARQ-ACK bits for each DCI format 1_X is the sum of largest N values in {Ci}, Ci is the maximum number of codewords for cell i in the set of cells ；
· Alt 3: The number of HARQ-ACK bits for each DCI format 1_X is max{Mj}, where Mj is the sum of the maximum number of codewords configured for each cell in the cell combination j.
Issue 3: DAI counting for the second sub-codebook
In the current specification, C-DAI is defined as following. Then for DCI format 1_X scheduling PDSCHs from multiple cells, it needs to be further discussed which serving cell index is used to determine the C-DAI order. Generally, there can be several options, e.g.
Option 1: determined by the smallest/largest serving cell index among the co-scheduled cells;
Option 2: determined by the serving cell index corresponding to the last PDSCH;
Option 3: determined by the cell combination index (if agreed)
Option 1 is simple and the serving cell with smallest/largest index is unique. For option 2, there may exists more than one PDSCH with same ending symbol but associated with different serving cell index, in such a case, how to define which last PDSCH is used needs to be further studied. This may complicate the discussion. Option 3 depends on the discussion status for indication of co-scheduled cells, which may delay the decision for C-DAI counting and is not preferred. So we suggest using the smallest/largest serving cell index among the co-scheduled cells as reference for C-DAI counting.
	A value of the counter downlink assignment indicator (DAI) field in DCI formats denotes the accumulative number of {serving cell, PDCCH monitoring occasion}-pairs in which PDSCH receptions, excluding PDSCH receptions that provide only transport blocks for HARQ processes associated with disabled HARQ-ACK information if donwlinkHARQ-FeedbackDisabled is provided, or HARQ-ACK information bits that are not in response for PDSCH receptions, associated with the DCI formats, excluding the SPS activation DCI, is present up to the current serving cell and current PDCCH monitoring occasion, 
-	first, if the UE indicates by type2-HARQ-ACK-Codebook support for more than one PDSCH reception on a serving cell that are scheduled from a same PDCCH monitoring occasion, in increasing order of the PDSCH reception starting time for the same {serving cell, PDCCH monitoring occasion} pair, 
-	second in ascending order of serving cell index, and 
-	third in ascending order of PDCCH monitoring occasion index , where .


Proposal 14: The smallest/largest serving cell index among the co-scheduled cells is used as reference for C-DAI counting.
Type-1 HARQ-ACK codebook
In RAN#97e, it was concluded that 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, which will make the design for Type-1 HARQ-ACK codebook for multi-cell scheduling much easier. 
In Rel-15, Type-1 HARQ-ACK codebook is determined by candidate PDSCH slots (based on K1 set) and possible PDSCH locations in the slots (based on configured TDRA tables for each cell). When multi-cell scheduling is supported, the use of reference PDSCH to determine HARQ-ACK timing may lead to HARQ-ACK bit positions not reserved for PDSCH(s) other than the reference PDSCH. In order to solve this issue, one alternative is to introduce some scheduling/configuration restrictions, e.g. the candidate PDSCH slots are still determined by the configured K1 set while restrict that the slot offset between the co-scheduled PDSCH and the HARQ-ACK is always within the configured K1 set. Alternatively, the K1 set can be extended follow the similar principle of multi-PDSCH scheduling in Rel-17, e.g. the K1 set is extended based on the slot offset between the reference PDSCH and other co-scheduled PDSCHs and the candidate PDSCH slots are determined by the per-cell extended K1 set.
For the determination of possible PDSCH locations, whether enhancement is needed is determined by the design of TDRA field and TDRA table (if any), so it can be discussed after the TDRA design reach consensus.
Proposal 15: For Type-1 HARQ-ACK codebook construction, the following alternatives can be considered:
· Alt 1: the candidate PDSCH slots are still determined by the configured K1 set while restrict that the slot offset(s) between the co-scheduled PDSCH(s) and the HARQ-ACK is always within the configured K1 set.
· Alt 2: the K1 set is extended based on the slot offset between the reference PDSCH and other co-scheduled PDSCHs and the candidate PDSCH slots are determined by the per-cell extended K1 set.
Type-3/eType-3 HARQ-ACK codebook
In RAN1#110e, it was agreed that a single One-shot HARQ-ACK request field is included in DCI format 1_X. It means at least one of Type-3 HARQ-ACK codebook, eType-3 HARQ-ACK codebook and HARQ-ACK retransmission should be supported for multi-cell scheduling. Considering a DCI format used to trigger HARQ-ACK retransmission cannot be used to schedule PDSCH transmission, we do not prefer to use DCI format 1_X to trigger HARQ-ACK retransmission because of the larger payload of DCI format 1_X.
Proposal 16: DCI format 1_X should not be used to trigger HARQ-ACK retransmission.
To support Type-3 HARQ-ACK codebook, the current mechanism can be almost straightly reused. Specifically, when One-shot HARQ-ACK request field in DCI format 1_X is set to “1”, a Type-3 HARQ-ACK codebook is triggered. Furthermore, if no FDRA field is valid in the same DCI, no PDSCH is scheduled by the triggering DCI.
Proposal 17: To trigger a Type-3 HARQ-ACK codebook, One-shot HARQ-ACK request field in DCI format 1_X is set to “1”. 
· Furthermore, if no FDRA field is valid in the same DCI, no PDSCH is scheduled.
In R17 two kinds of triggering DCI for eType-3 HARQ-ACK codebook are supported, when One-shot HARQ-ACK request field is set to “1”, i.e.:
1) Explicit indication: Enhanced Type 3 codebook indicator field is configured to indicate a set index of configured CCs/HARQ processes;
2) Implicit indication: Without Enhanced Type 3 codebook indicator field, 
a) If FDRA field is not valid, MCS field is configured to indicate a set index of configured CCs/HARQ processes;
b) If FDRA field is valid, the first set of configured CCs/HARQ processes is triggered.
From our point of view, both explicit and implicit indication of a set index of configured CCs/HARQ processes can be supported by DCI format 1_X for eType-3 HARQ-ACK codebook triggering. Specifically, when One-shot HARQ-ACK request field in DCI format 1_X is set to “1”,
· If Enhanced Type 3 codebook indicator field is configured as one Type-1A field, it indicates a set index of configured CCs/HARQ processes;
· If Enhanced Type 3 codebook indicator field is not configured,
· If every MCS field in DCI 1_X is used to carry valid MCS information for a TB, the first set of configured CCs/HARQ processes is triggered; otherwise, the first MCS field not carrying valid MCS information for a TB is used to indicate a set index of configured CCs/HARQ processes.
Proposal 18: To trigger an eType-3 HARQ-ACK codebook, One-shot HARQ-ACK request field in DCI format 1_X is set to “1”,
· [bookmark: _GoBack]If Enhanced Type 3 codebook indicator field is configured as one Type-1A field, it indicates a set index of configured CCs/HARQ processes;
· If Enhanced Type 3 codebook indicator field is not configured,
· If every MCS field in DCI 1_X is used to carry valid MCS information for a TB, the first set of configured CCs/HARQ processes is triggered; otherwise, the first MCS field not carrying valid MCS information for a TB is used to indicate a set index of configured CCs/HARQ processes.
Conclusions
In this contribution, we show our views on multi-cell PUSCH/PDSCH scheduling with a single DCI and concludes with following proposals:
Proposal 1: RAN1 determines carrier indication method from bitmap-based indication and cell-combination table based indication. Bitmap-based indication should be selected whenever allowed by the DCI payload budget. 
Proposal 2: Common indication can be used for TDRA field. Legacy TDRA table or new TDRA table could be considered.
Proposal 3: The same frequency domain resource allocation type from {Type-0 only, Type-1 only, dynamic switch} shall be configured for all cells potentially scheduled by one DCI, and the same type-0 or type-1 FDRA type should be used for all cells actually scheduled by one DCI.
Proposal 4: FDRA field could be a shared DCI field (type-1 as agreed in RAN1 #109/#110). The bit size of this single FDRA field is determined by the maximum size of FDRA indication required across all the potentially scheduled cells.
Proposal 5: MCS indication shall be separated for each scheduled PDSCH/PUSCH.
Proposal 6: HARQ process number field could be a common indication for scheduled cells.
Proposal 7: The DCI field for power control is separated per scheduled cell.
Proposal 8: PDCCH monitoring capability and DCI size could be counted based on the search space set configuration. Alt 3 and Alt 4 can be considered for the search space set configuration.
Proposal 9: Restriction for DCI format configuration can be considered to reduce the total number of different DCI size before DCI size alignment.
Proposal 10: The n_CI in the search space equation is determined by a value of CIF value of the cell or cell set which is configured with the search space sets for DCI format 0_X/1_X.
Proposal 11: The reference PDSCH used for HARQ-ACK timing determination is the last configured PDSCH, e.g. the PDSCH with the last ending symbol among the co-scheduled PDSCHs.
Proposal 12: DCI scheduling more than one cell is associated with the first sub-codebook when the number of cells with actual PDSCH reception due to collision with semi-static TDD DL/UL configuration is one.
Proposal 13: The following alternatives can be considered to determine the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell:
· Alt 2: The number of HARQ-ACK bits for each DCI format 1_X is the sum of largest N values in {Ci}, Ci is the maximum number of codewords for cell i in the set of cells ；
· Alt 3: The number of HARQ-ACK bits for each DCI format 1_X is max{Mj}, where Mj is the sum of the maximum number of codewords configured for each cell in the cell combination j.
Proposal 14: The smallest/largest serving cell index among the co-scheduled cells is used as reference for C-DAI counting.
Proposal 15: For Type-1 HARQ-ACK codebook construction, the following alternatives can be considered:
· Alt 1: the candidate PDSCH slots are still determined by the configured K1 set while restrict that the slot offset(s) between the co-scheduled PDSCH(s) and the HARQ-ACK is always within the configured K1 set.
· Alt 2: the K1 set is extended based on the slot offset between the reference PDSCH and other co-scheduled PDSCHs and the candidate PDSCH slots are determined by the per-cell extended K1 set.
Proposal 16: DCI format 1_X should not be used to trigger HARQ-ACK retransmission.
Proposal 17: To trigger a Type-3 HARQ-ACK codebook, One-shot HARQ-ACK request field in DCI format 1_X is set to “1”. 
· Furthermore, if no FDRA field is valid in the same DCI, no PDSCH is scheduled.
Proposal 18: To trigger an eType-3 HARQ-ACK codebook, One-shot HARQ-ACK request field in DCI format 1_X is set to “1”,
· If Enhanced Type 3 codebook indicator field is configured as one Type-1A field, it indicates a set index of configured CCs/HARQ processes;
· If Enhanced Type 3 codebook indicator field is not configured,
· If every MCS field in DCI 1_X is used to carry valid MCS information for a TB, the first set of configured CCs/HARQ processes is triggered; otherwise, the first MCS field not carrying valid MCS information for a TB is used to indicate a set index of configured CCs/HARQ processes.
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