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1. Introduction
In RAN#97e meeting [1], a Rel-18 WI on Multi-carrier enhancement was approved as follows.
	1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: The number of TAGs is limited to up to 2.
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



This contribution discusses the issues on scenarios and basic framework, indication of co-scheduled cells, PDCCH monitoring, DCI fields and HARQ-ACK procedure for multi-cell PUSCH/PDSCH scheduling with a single DCI.
2. Scenarios and basic framework
In the RAN1#110b-e meeting, it has agreed that the maximum number of co-scheduled by a DCI format 0_X/1_X is 4. The maximum number of configurable cells for co-scheduling is still pending 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


Per our understanding, the maximum number of configurable cell for co-scheduling refers to the maximum number of cells configured within a set of cells. The cells combinations can be co-scheduled by a DCI format 0_X/1_X are a subset or total of any cell combination in the same set of cells. Regarding the maximum number of cells configured within a set of cells, there are two potential alternatives:
-  Alt.1: The maximum number of cells configured within a set of cells is 8.
-  Alt.2: The maximum number of cells configured within a set of cells is 4.
From the perspective of scheduling flexibility, Alt.1 is more flexible than Alt.2 since the possible cell combinations of Alt.1 is more than that of Alt.2. However, the complexity of DCI field size determination will increase with the increase of the number of configured cells within a set of cells. For DCI field size determination, the high-layer parameters of each cell within a set of cells should be taken into account to determine the size of DCI field. Thus, to avoid complexity of DCI format 0_X/1_X design, it is recommended that the maximum number of configured cells within a set of cells is 4.
Proposal 1: The maximum number of configured cells within a set of cells can be 4. 
Another issue is whether allow configuring multiple sets of cells for multi-cell scheduling. Rel-18 multi-cell scheduling is an enhanced scheduling mechanism based on the current CA framework where the maximum number of carrier aggregation is 16. For multi-cell scheduling, it’s possible to define the maximum number of configured cell within a set of cells is 4. If only one set of cells can be configured for the UE, the cells other than the set of cells can’t be scheduled by multi-cell scheduling. To enable a more flexibility CA framework in Rel-18, it’s better to allow configuring multiple sets of cells for a UE. In addition, a cell can only be configured in a set of cells. In this way, each set of cells is an independent set with no overlapping cell (s) with other set of cells. It’s conducive to the design of search space configuration/BD/CCE counting/DCI size counting mechanism.
Proposal 2: Multiple sets of cells can be configured for multi-cell scheduling, but one cell can be only configured in one set of cells.
In RAN1#110b-e meeting, an agreement on simultaneous monitoring DCI format 0_X/1_X and legacy DCI format was achieved as follow.
	Agreement
Confirm below working assumption reached in RAN1#110 meeting with revision.
Working Assumption
· For 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 DCI format 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 DCI format 0_0/1_0/0_1/1_1/0_2/1_2 can be monitored simultaneously. 
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.


RAN1 has supported that DCI format 0_X/1_X and legacy DCI format can be monitored on the same scheduling for any cell within a set of cells. The next issue is whether to support more than one set of cells monitored on the same scheduling cell. If two sets of cells correspond to the same scheduling cell, the UE may require monitor DCI format 0_X/1_X and legacy DCI format for all the cells from two sets of cell on the same scheduling cell. Since the number of cells corresponding to same scheduling cell increase and the CCE resource of scheduling cell is limited, the PDCCH blocking possibility will increase which will affect both multi-cell scheduling and legacy scheduling. Besides, if there are more than one set of cells corresponding to one scheduling cell, a set indication is required to involve in the DCI format 0_X/1_X to indicate the scheduled set of cells. Otherwise, the UE cannot distinguish DCI format 0_X/1_X corresponding to different set of cells on the same scheduling cells. Therefore, to avoid high PDCCH blocking possibility and minimize standard impact, one scheduling cell can be only configured corresponding to one set of cells. In another word, different set of cells should correspond to different scheduling cell as shown in Figure 1. 
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[bookmark: _Ref118414732][bookmark: _Ref118414729]Figure 1: multiple sets of cells configured for a UE
Proposal 3: For multi-cell scheduling, one cell can be configured as scheduling cell for only a set of cells.
Indication of co-scheduled cell(s)
In RAN1#109-e, an agreement on indication of co-scheduled cells was achieved as follows.
	Agreement
For multi-cell scheduling, the co-scheduled cells are indicated by DCI format 0_X/1_X. At least the following options are considered:
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells. 
· The table is configured by RRC signaling.
· FFS: Separate tables can be configured for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 2: An indicator in the DCI is a bitmap corresponding to a set of configured cells that can be scheduled by the DCI 0_X/1_X 
· FFS: Separate sets of configured cells for multi-cell PDSCH scheduling and multi-cell PUSCH scheduling.
· Option 3: using existing field (e.g., CIF, FDRA) to indicate whether one or more cells are scheduled or not
· Other options are not precluded.
· Note: It does not preclude other DCI information fields (e.g., BWP) to be jointly indicated by the indicator of the co-scheduled cells. 


Per our understanding, the indication of co-scheduled cell(s) is used to indicate the actual scheduled cells of DCI format 0_X/1_X. Option1, option 2 and option 3 are analyzed as follows:
· For Option-1, the network will configure UE with a table defining combinations of co-scheduled cells as shown in Table 1, and each combination of co-scheduled cells corresponds to a value. The actual co-scheduled cells of DCI format 0_X/1_X can be indicated via the value of the indicator.
[bookmark: _Ref118732346]Table 1: The table defining combinations of co-scheduled cells 
	value
	Combination of co-scheduled cells

	0
	CC#1

	1
	CC#1,CC#2

	2
	CC#1,CC#3,CC#4

	3
	CC#1,CC#2, CC#4

	…
	…


· For option 2, the co-scheduled cells are indicated by a bitmap, each bit of bitmap represents a cell configured by RRC signaling. If one bit is set to one, the corresponding cell is scheduled by DCI format 0_X/1_X. If one bit is set to zero, the corresponding cell is not scheduled by DCI format 0_X/1_X. For example, assuming the most significant (left) bit represents CC3, the second significant represents CC2 and the least significant bit represents CC1, if the value of bitmap is {011}, CC2 and CC1 are scheduled by DCI format 0_X/1_X.
[image: ]
Figure 2: Bitmap for co-scheduled cells
· For option 3, the co-scheduled cells are indicated by an existing field. Take the field of TDRA as an example, the TDRA table is configured by RRC signalling, each row index corresponds the K0 and SLIV of co-scheduled cells and the invalid element represents corresponding serving cell is not scheduled by the DCI. For example, if row index 1 is indicated in TDRA field of DCI format 0_X/1_X, the co-scheduled cells are CC#1 and CC#2 
Table 2: TDRA table for multi-cell scheduling
	Row index
	CC#1
	CC#2
	CC#3
	CC#4

	R=0
	K0=3; SLIV=1;
	Invalid
	Invalid
	Invalid

	R=1
	K0=3; SLIV=1;
	K0=3; SLIV=1;
	Invalid
	Invalid

	R=2
	K0=4; SLIV=2;
	Invalid
	K0=4; SLIV=2;
	K0=4; SLIV=2;

	R=3
	K0=1; SLIV=2;
	Invalid
	Invalid
	Invalid

	…
	…
	..
	..
	..


Regarding the bitwidth for indication of co-scheduled cells, the bitwidth in option 2 will increase with the increased number of co-scheduled cells supported by DCI format 0_X/1_X. In our view, option 2 is not the best solution considering the limited DCI payload size of DCI format 0_X/1_X. Regarding the RRC configuration for indication of co-scheduled cells, the table in option 3 is used to indicate both TDRA information and combination of co-scheduled cells which may result in a lot of redundant information in the configured TDRA table. For option 1, the bitwidth for indication of co-scheduled cells can depend on the number of combinations of co-scheduled cells configured by RRC, which can achieve the balance between the DCI overhead and RRC signaling overhead through gNB configuration. Therefore, it is suggested to apply option 1 to indicate co-scheduled cells.
Proposal 4：The actual co-scheduled cells can be indicated by an indicator in DCI format 0_X/1_X, and each value corresponds to a combination of co-scheduled cells that is configured by RRC signalling.
3. PDCCH monitoring
3.1. DCI size and BD/CCE budget
RAN1 has reached a working assumption on DCI size/BD/CCE counting and search space configuration. Although DCI format 0_X/1_X is used to schedule a set of cells, it is monitored on scheduling cell similar to legacy single cell DCI format. The simplest method is to configure search space of DCI format 0_X/1_X on one cell of co-scheduled cell or scheduling cell, and then count the DCI size and the BD/CCE on that cell as well. To make some progress on DCI size counting, BD/CCE counting and search space of DCI format 0_X/1_X, the below WA should be confirmed.
	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 DCI size and BD/CCE of DCI format 0_X/1_X, the legacy DCI size and BD/CCE counting rule can be reused for DCI format 0_X/1_X, which both of the DCI size and BD/CCE are counted on the cell configured with the corresponding PDCCH candidates. For multi-cell scheduling, if the search space of DCI format 0_X/1_X is configured on one cell within a set of cells, then both of the DCI size and BD/CCE of DCI format 0_X/1_X should be counted on this cell as well. The cell counted BD/CCE and DCI size of DCI format 0_X/1_X can be determined based on the search space of DCI format 0_X/1_X configured on which cell. No additional signaling is required to indicate which cell is used to count BD/CCE and DCI size.  To minimize the impact of current spec, for a set of cells, the BD/CCE and the DCI size of DCI format 0_X/1_X should be counted on the same cell, and this cell is the cell configured with the search space of DCI format 0_X/1_X.
Proposal 5:Confirm the working assumption on DCI size, BD/CCE and search space of DCI format 0_X/1_X from RAN1#110b-e. 
Proposal 6: For a set of cells, the BD/CCE and the DCI size of DCI format 0_X/1_X should be counted on the same cell, and this cell is the cell configured with the search space of DCI format 0_X/1_X.
According to the discussion in the last meeting, three potential alternatives are listed below on configured the search space of DCI format 0_X/1_X on which cell:
· Alt.1: configured on one cell of the scheduled cells within a set of cells.
· Alt.2: configured on the scheduling cell.
· Alt.3: configured on one cell of the scheduled cells within a set of cells or on scheduling cell.
For Alt.1, the search space of DCI format 0_X/1_X is configured on one cell of the co-scheduled cells, and the corresponding BD/CCE and DCI size will be counted on this cell as well. This method enables gNB to flexibly allocate BD/CCE of multi-cell scheduling to one cell within a set of cells, and can avoid overloading BD/CCE to a certain cell with smallest or largest index within a set of cells. 
For Alt.2, the search space of DCI format 0_X/1_X can is configured on the scheduling cell, and the BD/CCE and DCI size is counted on the scheduling cell. This method means the BD/CCE and the DCI size of DCI format 0_X/1_X is always counted on the scheduling cell, which will bring additional PDCCH monitoring load to scheduling cell. Moreover, it is not in line with current search space configuration rule that the search space is configured on the scheduled cell. 
To make a compromise between Alt.1 and Alt.2, Alt.3 is introduced that the search space of DCI format 0_X/1_X can be configured on one cell of co-scheduled cells and on scheduling cell. It can up to gNB configuration to determine configuring PDCCH candidates on which cell. For example, the DCI size and BD/CCE can be counted on one scheduled cell if the search space of DCI format 0_X/1_X is configured on this scheduled cell. The DCI size and BD/CCE can be counted on the scheduling cell if the search space of DCI format 0_X/1_X is configured on the scheduling cell. Although the current search space configuration rule is broken, the benefit of flexible configuration can be obtained. 
Proposal 7: For a set of cells, the DCI size and BD/CCE of DCI format 0_X/1_X can be counted either on one scheduled cell or on scheduling cell, depending on configuring search space of DCI format 0_X/1_X on which cell.
3.2. PDCCH search space set
For Rel-18 multi-cell scheduling, the UE monitors the PDCCH candidate for a set of cells which can be scheduled by DCI format 0_X/1_X. In order to determine the stat CCE index of PDCCH candidate for DCI format 0_X/1_X, a FL proposal was discussed in RAN1#110b-e meeting.
	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.  


In Rel-17 cross-carrier scheduling, the start CCE index corresponding to PDCCH candidate of search space is calculated by the below search space equation, where  is the value configured for the scheduled cell.
[image: ]
Since the DCI format 0_X/1_X is used to schedule a set of cells, the PDCCH candidate of DCI format 0_X/1_X is configured for a set of cells. The n_CI in the search space equation is used to calculate the start CCE of PDCCH candidate of DCI format 0_X/1_X. Thus, the n_CI should be the value configured for a set of scheduled cells. In additional, if multiple sets of cells are configured for multi-cell scheduling, the n_CI configured for different sets of scheduled cells should be the different value. This method is similar to the legacy CCE index calculate mechanism where a scheduled cell is extension to a set of cells.
Proposal 8: For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation should be determined by a value configured for a set of cells.
4. DCI fields and DCI size
For enabling multi-cell PUSCH/PDSCH scheduling with a single DCI, DCI format 0_X/1_X is introduced. In RAN1#110b-e meeting, agreements about DCI fields of DCI format 0_X/1_X were achieved as follows.
	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
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



In the last meeting, the fields of priority indicator, indication of co-scheduled cells, beta offset indicator, CSI request, UL-SCH indicator and TDRA have been defined as Type-1 fields. One remaining issue is that whether the channel access-CPext (CACP) can be involved in the DCI format 0_X/1_X and defined as Type-1 fields. It has been agreed that the Rel-16 Type-3 and Rel-17 Type-3 is applicable to multi-cell PDSCH scheduling. If the CACP can be involved in the DCI format 0_X/1_X, the multi-cell scheduling can be supported in the unlicensed band without any other spec impact. In additional, the multi-carrier scheduling is an enhancement based on the current CA framework including both of licensed band and unlicensed band. It is reasonable to include a single CACP field in the DCI format 0_X/1_X to support multi-cell scheduling in the unlicensed band.
Proposal 9: The ChannelAccess-CPext can be involved in the DCI format 0_X/1_X and defined as Type-1 field.
It was agreed that time domain resource allocations for a set of cells are indicated by a single TDRA field in the DCI format 0_X/1_X. However, the details of TDRA table design require further discussion. Two potential options are discussed in the e-mail of last meeting as follows:
· Option 1: each row includes N {SLIV, mapping type, scheduling offset K0 (or K2)}, where N is number of actually scheduled cells, where N is determined based on the CIF indication
· Option 2: each row includes N {SLIV, mapping type, scheduling offset K0 (or K2)}, where N is number of configured cells, and UE needs to determine the TDRA based on the CIF indication.
Per our understanding, for option 1, the TDRA table is configured independently for each cell of a set of cells, which can be used for legacy single cell scheduling as well. The RRC configuration can be saved if all cells within a set of cell are configured to be monitored by both of legacy DCI and DCI format 0_X/1_X. However, the number of TDRA table rows of each cell cannot be guaranteed to be the same, which may cause a row index in DCI format 0_X/1_X corresponds to an invalid value for some cells. This is not conductive to the scheduling flexibility of time domain resource indication for multi-cell scheduling. While for option 2, a joint TDRA table involved all cells is configured for a set of cell, which doesn’t impact the scheduling flexibility and multi-cell scheduling performance. In additional, the size of the TDRA field can be reduced as the number of row indexes configured for multi-cell scheduling decrease.
Proposal 10: For TDRA table configured for multi-cell scheduling, each row includes N {SLIV, mapping type, scheduling offset K0 (or K2)}, where N is number of the set of cells. 
For co-scheduled cells by a DCI format 0_X/1_X, the channel conditions of co-scheduled cells are considered to be approximate, and the difference of MCS index among co-scheduled cells will be small. In order to ensure the flexibility of MCS indication and reduce the bitwidth of MCS fields of DCI format 0_X/1_X, it is recommended to apply a reference MCS and (N-1) offset MCS via joint indication to indicate MCS for the co-scheduled cells. For example, the MCS of one cell is used as a reference MCS, and the MCS of other cells are indicated by the offset to reference MCS.
Proposal 11: For DCI format 0_X/1_X, the fields of MCS can be indicated by a reference MCS and (N-1) offset MCS via joint indication to indicate MCS for the co-scheduled cells, where N is the maximum number of co-scheduled cells.
Type-2 field refers to a type of field that separate field is used for indicating each scheduled cell or each sub-group of scheduled cell. Although type-2 field can provide flexible scheduling based on the channel condition of each scheduled cell or each sub-group of scheduled, the bitwidth of Type-2 field will increase linearly with the number of scheduled cells or sub-groups of scheduled cell. Thus, this type of DCI format is suitable for DCI field with short bitwidth. In RAN1#110-e meeting, the fields of NDI and RV have been defined as Type-2 field. The bitwidth of the field of NDI and RV still require to be discussed. It is recommended that the bitwidth of each NDI for a co-scheduled cell and each RV for a co-scheduled cell is 1 bit and 2 bits for each cell, respectively.
Proposal 12: The bitwidth of each NDI for a co-scheduled cell and each RV for a co-scheduled cell is 1 bit and 2 bits for each cell, respectively.
Type-3 field refers to a type field can be used as type-1 field or type-2 field depend on explicit configuration or implicit condition. The motivation of Type-3 field is to make the payload of DCI format 0_X/1_X can be configured by gNB. When a type-3 field is configured as separate field, it can obtain the benefit of scheduling flexibility. When a type-3 field is configured as common field, it can make the payload of DCI format 0_X/1_X smaller. In DCI format 0_X, the fields of FDRA, frequency hopping flag, SRS indicator, precoding and layers, antenna port and PTRS-DMRS can be designed as Type-3 field. In DCI format 1_X, the fields of FDRA, VRB-to-PRB, PRB bundling size, rate matching indicator, antenna port and TCI state can be designed as Type-3 field.
Proposal 13: The following fields are suggested to be designed as type-3 field:
· The fields in DCI format 0_X: FDRA, frequency hopping flag, SRS indicator, precoding and layers, antenna port and PTRS-DMRS can be designed as Type-3 field. 
· The fields in DCI format 1_X: FDRA, VRB-to-PRB, PRB bundling size, rate matching indicator, antenna port and TCI state can be designed as Type-3 field.
In the RAN1#110b-e meeting email discussion, a FL’s proposal on the payload size of DCI format 0_X/1_X is proposed as follow.
	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.


Since a DCI format 0_X/1_X can be used to schedule all or sub-set of the co-scheduled cell combinations within a set of cells, the payload size of multi-cell scheduling for a set of cells should be the same for all the co-scheduled cell combinations. It should be noted all co-scheduled cell combinations are configured by RRC configuration, i.e. configuring a table defining the defining combinations of scheduled cells as described in the section 3. Moreover, the payload size of multi-cell scheduling for different sets of cells can be different as they are used to schedule different sets of cells and correspond to different RRC configuration of co-scheduled cell combinations.
Proposal 14: For a set of cells, the payload size 0_X is the same for all the co-scheduled cell combinations.
Proposal 15: For a set of cells, the payload size 1_X is the same for all the co-scheduled cell combinations.
In the RAN1#110b-e meeting, it has discussed how to determine the payload size of DCI format 0_X/1_X for a set of cells. There are two potential options on the payload size of DCI format 0_X/1_X to be further discussion.
· Option 1: 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.
· Option 2: The payload size of DCI format 0_X/1_X is configured by a higher layer parameter.
For option 1, the method to determine payload size of DCI format 0_X/1_X is similar to that of DCI format 0_1/1_1/0_2/1_2. One difference is that the UE requires calculating the actual payload size for each configured cell combinations based on RRC configuration and defining the maximum of payload size among the configured cell combinations as the payload size of DCI format 0_X/1_X. For example, if the UE is configured with 8 cell combinations within a set of cells, the payload size of DCI format 0_X/1_X is the maximum number of payload size among the calculated actual payload size for each cell combinations. Obviously, it will increase the calculation burden for both UE and network. Moreover, if the payload size of DCI format 0_X/1_X is derived by UE based on the RRC configurations, it can’t ensure that the payload size of DCI format 0_X and 1_X is different from the payload size of legacy DCI format with C-RNTI.
For option 2, the method to determine payload size of DCI format 0_X/1_X is similar to that of DCI format 2_0/2_1/2_4/2_5/2_6/4_2, which is directly configured by high layer parameter. It can avoid complexity calculation for both of UE and network. Besides, the payload size of DCI format 0_X/1_X can be configured with a value that is different from the payload size of legacy DCI format with C-RNTI. It can enable UE to distinguish DCI format DCI format 0_X/1_X and DCI format 0_0/1_0/0_1/1_1/0_2/1_2 with C-RNTI when decoding the DCI format.
Proposal 16: The payload size of DCI format 0_X/1_X should be configured by a higher layer parameter.
5. HARQ-ACK procedure
5.1. K1 timing
In the RAN1#110b-e meeting, it has discussed how to determine the timing of a PUCCH carrying HARQ-ACK information corresponding to a set of co-scheduled PDSCHs by a DCI format 1_X, and a FL’s proposal was achieved as below.
	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.


The K1 value is used to indicate the slot offset between PDSCH and PUCCH with ACK/NACK corresponding for giving PDSCH. For multi-cell scheduling, a PUCCH slot corresponds to a set of co-scheduled cells by a DCI format 1_X. And then, the K1 in the DCI format 1_X is used to indicate a slot offset between a reference PDSCH among co-scheduled cells and PUCCH. To reuse the set of value of K1 in the current spec and avoid redefining the timeline relationship between the PDSCH and PUCCH, the simplest method is to define the PDSCH ending last as indicated in the DCI format 1_X as the reference PDSCH. As shown in Figure 3, a DCI schedules 3 PDSCHs, and indicates the slot offset between the third PDSCH and PUCCH via K1=3.
[image: ]
[bookmark: _Ref115453352]Figure 3:  Defining the K1 as the slot offset between last PDSCH slot and PUCCH slot
Proposal 17: 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.
It was agreed in RAN1#110b-e meeting that the UE does not receive/transmit a PDSCH/PUSCH in the cell if at least one symbol of scheduled PDSCH/PUSCH in the cell is collision with semi-static TDD DL/UL configuration. The corresponding agreement is achieved as below.
	Agreement
· 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.


[bookmark: _GoBack]The next issue is how to handle the NDI value corresponding to the PDSCH/PUSCH where at least one symbol of PDSCH/PUSCH scheduled by DCI format 1_X/0_X collisions with semi-static TDD DL/UL configuration. Although the UE can receive the scheduling signaling of the PDSCH/PUSCH collision with semi-static TDD DL/UL configuration, the scheduled PDSCH/PUSCH cannot be received or transmitted. Therefore, the NDI value corresponding to the PDSCH/PUSCH should be ignored by the UE, if the PDSCH/PUSCH is scheduled by DCI format 1_X/0_X and at least one symbol of PDSCH/PUSCH is collision with semi-static TDD DL/UL configuration. In this case, whether NDI value of HPID is toggled or not should be compared with the previous transmission with the same HPID of PDSCH/PUSCH collision with semi-static TDD DL/UL configuration.
Proposal 18: The UE should ignore the NDI value corresponding to the PDSCH/PUSCH in the cell: 
· 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.
· 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 
5.2. Type-2 HARQ-ACK codebook
In the RAN1#110b meeting, it has agreed two sub-codebooks are generated with a first sub-codebook comprising HARQ-ACK bits for single-cell scheduling and a second sub-codebook comprising HARQ-ACK bits for multi-cell scheduling. However, the definitions of the reference PDSCH to determine DAI counting and last DCI format are still under discussion. A FL’s proposal is achieved in RAN1#110b-e meeting as following.
	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


In the current specification, the value of DAI field in DCI formats is determined by the order of {serving cell, PDCCH monitoring occasion}-pairs, where serving cell refers to the serving cell index of PDSCH reception and PDCCH monitoring occasion refers to the slot of PDCCH monitoring. In detail, the scheme for DAI ordering in Rel-17 is specified as follows.
	TS 38.213 v17.3.0 section 9.1.2.1
<Unrelated Text Omitted>
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 . 
< Unrelated Text Omitted>


For single-cell scheduling, DAI is accumulated to the number of DCI, one DCI maps to one serving cell of PDSCH. For multi-cell scheduling, a DCI format 1_X will be used to schedule more than one co-scheduled cell. In order to reuse the DAI ordering scheme in the current spec as much as possible, a reference serving cell index can be defined to count DAI, where the reference serving cell index can be the smallest serving cell index among the co-scheduled cells. Compared with defining the last PDSCH as reference PDSCH, it can ensure there is only one reference serving cell index for DAI counting.
Proposal 19: 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.
The next issue is on how to determine last DCI format of DCI format 0_X/1_X for PUCCH determination among DCI formats. In Rel-17, the detected DCI format is ordered by first indexing in an ascending order across serving cells indexes of PDSCH for a same MO and then indexing in an ascending order across PDCCH MOs. The corresponding text in the TS 38.213 is copied as following.
	TS 38.213 v17.3.0 section 9.2.3
<Unrelated Text Omitted>
For PUCCH resource determination, detected DCI formats are first indexed in an ascending order across serving cells indexes for a same PDCCH monitoring occasion and are then indexed in an ascending order across PDCCH monitoring occasion indexes.
< Unrelated Text Omitted>


Similar to DAI counting issue of multi-cell scheduling, as more than on PDSCHs can be scheduled by a DCI format 1_0, a reference PDSCH should be defined to determine the index of the DCI format 1_X indicated a same slot for PUCCH transmission. To specify a unified solution with DAI counting, it’s better to define the PDSCH with smallest serving cell index among the set of co-scheduled cells as the reference PDSCH as well. 
For the case when both DCI format 1_X and other DCI format are received in a same PDCCH MO for scheduling PDSCHs on the same [reference]scheduled cells, how to determine the last DCI format. Firstly, the ambiguity of last DCI format in the above case is not a new issue introduced by multi-cell scheduling. In this case, the gNB can indicate the same PRI for the DCI formats in a same PDCCH MO to distinguish which DCI format is the last DCI format. Secondly, the benefit to optimize last DCI format determination in the above case for multi-cell scheduling is not obvious. To avoid unnecessary spec impact, the legacy last DCI format determination can be reused for multi-cell scheduling 
Proposal 21: 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.

Proposal 22: For the case when both DCI format 1_X and other DCI format are received in a same PDCCH MO for scheduling PDSCHs on the same [reference] scheduled cells, the gNB should indicate the same PRI for the DCI formats in a same PDCCH MO.
5.3. Type-1 HARQ-ACK codebook
For multi-cell scheduling, when gNB schedules PDSCH transmissions on multiple co-scheduled cells, the values of K0 indicated to multiple co-scheduled cells may be different. In order to re-use the scheme of Type-1 HARQ-ACK CB for multi-PDSCH scheduling in Rel-17, the configured K1 set should be extended to a K1* set according to the TDRA table configured for multi-cell scheduling. 
[bookmark: _Ref111240691]Table 5: TDRA table for multi-cell scheduling
	Row index
	Cell -1
	Cell-2
	Cell -3
	Cell -4

	0
	K0=2;SLIV=1
	K0=3; SLIV=2
	K0=4; SLIV=3
	K0=6；SLIV=4

	1
	K0=1; SLIV=5
	K0=6; SLIV=6
	K0=0; SLIV=7
	K0=2; SLIV=7




[bookmark: _Ref111241152]Figure 4: The potential PDSCH reception occasion of multi-cell scheduling
Assuming that the reference PDSCH of K1 is the last PDSCH among actual co-scheduled cells by a DCI format 1_X and taking the TDRA table of Table 3 as an example, two row indexes are configured for multi-cell scheduling. And the K1 set configured for multi-cell scheduling is {3}. Based on the configured TDRA table and K1 set for multi-cell scheduling, the potential PDSCH reception occasion for each cell will be inferred as shown in Figure 4. 
For example, 
· When row index 0 is indicated in DCI format 1_X, the potential PDSCH reception occasions of cell-1, cell-2, cell-3 and cell-4 are slot 10, slot 11, slot 12 and slot 14, respectively. The actual value of K1*(the slot offset between PDSCH and PUCCH slot) of cell-1, cell-2, cell-3 and cell-4 are equal to 7, 6, 5 and 3, respectively. 
· When row index 1 is indicated in DCI format 1_X, the potential PDSCH reception occasions of cell-1, cell-2, cell-3 and cell-4 are slot 9, slot 14, slot 8 and slot 10, respectively. The actual value of K1*(the slot offset between PDSCH and PUCCH slot) of cell-1, cell-2, cell-3 and cell-4 are equal to 8, 3, 9 and 7, respectively.
From the perspective of UE, the K1 set extension procedure should be performed based on the configured K1 set and TDRA table for each cell configured for multi-cell scheduling. Taking the above configuration as an example, the result of extended K1* sets are {7, 8} for cell-1, {3, 6} for cell-2, {5, 9} for cell-3 and {3, 7} for cell-4.
Proposal 23: When Type-1 HARQ-ACK is configured for multi-cell scheduling, the K1 set extension procedure should be performed for each cell based on the K1 set and TDRA table configured for multi-cell scheduling.
Moreover, if a cell can be scheduled by both DCI format 1_X and legacy DCI format, the actual K1 set for Type-1 CB generation is provided by the union of K1 set configured for legacy single-cell scheduling and the extended K1* set for multi-cell scheduling. For example, if the cell-1 is PCell and can be scheduled by DCI format 1_1, when the K1 set configured for legacy single-cell scheduling is {1,2,3} and the extended K1* set for multi-cell scheduling is {7,8}, then the actual K1 set for Type-1 CB generation is {1,2,3,7,8}.
Proposal 24: When a cell can be scheduled by both DCI format 1_X and legacy DCI format, the actual K1 set for Type-1 CB generation is provided by the union of K1 set configured for legacy single-cell scheduling and the extended K1* set for multi-cell scheduling.
Conclusion 
This contribution discussed the multi-cell PUSCH/PDSCH scheduling with a single DCI. We have the following proposals:
Proposal 1: The maximum number of configured cells within a set of cells can be 4. 
Proposal 2: Multiple sets of cells can be configured for multi-cell scheduling, but one cell can be only configured in one set of cells.
Proposal 3: For multi-cell scheduling, one cell can be configured as scheduling cell for only a set of cells.
Proposal 4：The actual co-scheduled cells can be indicated by an indicator in DCI format 0_X/1_X, and each value corresponds to a combination of co-scheduled cells that is configured by RRC signalling.
Proposal 5: Confirm the working assumption on DCI size, BD/CCE and search space of DCI format 0_X/1_X from RAN1#110b-e. 
Proposal 6: For a set of cells, the BD/CCE and the DCI size of DCI format 0_X/1_X should be counted on the same cell, and this cell is the cell configured with the search space of DCI format 0_X/1_X.
Proposal 7: For a set of cells, the DCI size and BD/CCE of DCI format 0_X/1_X can be counted either on one scheduled cell or on scheduling cell, which depends on configuring search space of DCI format 0_X/1_X on one scheduled cell or scheduling cell.
Proposal 8: For monitoring PDCCH candidates for a set of cells which is configured for multi-cell scheduling, the n_CI in the search space equation should be determined by a value configured for a set of cells.
Proposal 9: The ChannelAccess-CPext can be involved in the DCI format 0_X/1_X and defined as Type-1 field.
Proposal 10: For TDRA table configured for multi-cell scheduling, each row includes N {SLIV, mapping type, scheduling offset K0 (or K2)}, where N is number of the set of cells. 
Proposal 11: For DCI format 0_X/1_X, the fields of MCS can be indicated by a reference MCS and (N-1) offset MCS via joint indication to indicate MCS for the co-scheduled cells, where N is the maximum number of co-scheduled cells.
Proposal 12: The bitwidth of each NDI for a co-scheduled cell and each RV for a co-scheduled cell is 1 bit and 2 bits for each cell, respectively.
Proposal 13: The following fields are suggested to be designed as type-3 field:
· The fields in DCI format 0_X: FDRA, frequency hopping flag, SRS indicator, precoding and layers, antenna port and PTRS-DMRS can be designed as Type-3 field. 
· The fields in DCI format 1_X: FDRA, VRB-to-PRB, PRB bundling size, rate matching indicator, antenna port and TCI state can be designed as Type-3 field.
Proposal 14: For a set of cells, the payload size 0_X is the same for all the co-scheduled cell combinations.
Proposal 15: For a set of cells, the payload size 1_X is the same for all the co-scheduled cell combinations.
Proposal 16: The payload size of DCI format 0_X/1_X should be configured by a higher layer parameter.
Proposal 17: 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: The UE should ignore the NDI value corresponding to the PDSCH/PUSCH in the cell: 
· 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.
· 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 
Proposal 19: 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.
Proposal 21: 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.
Proposal 22: For the case when both DCI format 1_X and other DCI format are received in a same PDCCH MO for scheduling PDSCHs on the same [reference] scheduled cells, the gNB should indicate the same PRI for the DCI formats in a same PDCCH MO.
Proposal 23: When Type-1 HARQ-ACK is configured for multi-cell scheduling, the K1 set extension procedure should be performed for each cell based on the K1 set and TDRA table configured for multi-cell scheduling.
Proposal 24: When a cell can be scheduled by both DCI format 1_X and legacy DCI format, the actual K1 set for Type-1 CB generation is provided by the union of K1 set configured for legacy single-cell scheduling and the extended K1* set for multi-cell scheduling.
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