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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#94 meeting, a Work Item [1] was agreed to support multi-cell PUSCH/PDSCH scheduling with a single DCI. In RAN1#110 meeting, companies had heated discussion on DCI field types, Type-2 codebook design, scenarios, etc. of multi-cell scheduling DCI. Some agreements and conclusions [2] have been achieved, which can be found in appendix 1 for details. In addition, considering the limited TU, proposals listed in appendix 2 are agreed in RAN#97-e meeting for down-scoping [3]. 
[bookmark: OLE_LINK69][bookmark: OLE_LINK70][bookmark: _Ref129681832]In this contribution, remaining issues are further discussed, including DCI format design, blind detection and HARQ-ACK codebook enhancements.

DCI format design
Maximum number of scheduled cells
RAN1 has reached work assumption on the maximum number of co-scheduled cells by DCI 1_X/0_X in last meeting. Considering both the flexibility of scheduling scenarios and the limitation of the DCI payload size, 4 is a better choice for the maximum number of co-scheduled cells. Also, to provide clear guidance on the specific design of the DCI fields, the WA below should be confirmed.
	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


One remaining FFS is about the number of configurable cells for co-scheduling. If maximum number of configurable cells for co-scheduling is more than the maximum number of co-scheduled cells by DCI format 1_X/0_X, any combination of cells in which are configured for co-scheduling can be jointly scheduled. In this case, the number co-scheduled cell sets will have a large number of options. For example, 8 cells are configured by network for co-scheduling, the co-scheduled cells set may be {cell 1, cell 2, cell 3, cell 4}, {cell 3, cell 4, cell 5, cell 6}, etc. This will increase the complexity on the indication of co-scheduled cells. 
Proposal 1: Confirm the work assumption that the maximum number of co-scheduled cells by a DCI format 1_X/0_X in Rel-18 is 4.
Proposal 2: The maximum number of configurable cells for co-scheduling should be same as the maximum number of co-scheduled cells by DCI format 0_X/1_X, i.e. 4.

Scheduling possibilities
Considering the limited TU, some scheduling possibilities such as configuring more than one scheduling cell for DCI 0_X/1_X and SCell scheduling multiple cells including P(S)Cell are precluded in RAN#97e meeting’s discussion. In this section, remaining issues for the scheduling possibilities of DCI 0_X/1_X are further discussed.
One issue is whether single DCI and legacy DCI can be monitored from the same scheduling cell. A work assumption was reached as follows in RAN1#110 meeting but some details are needed to be clarified. 
	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


Since monitoring DCI format 0_X/1_X and legacy DCI simultaneously is mainly for applying different traffic patterns and monitoring fallback DCI when public messages are scheduled or state switching occurs, it is preferable for all scheduled cells within the set to support it. Also, considering the scheduling flexibility, at least fallback DCI, DCI 0_1/1_1 and DCI 0_2/1_2 should be supported to be monitored with DCI 0_X/1_X.
Proposal 3: Confirm the WA that multi-cell scheduling DCI and legacy DCI can be monitored simultaneously from the same scheduling cell and the following should also be supported:
· Monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for all scheduled cells within the set of co-scheduled cells.
· At least fallback DCI, DCI 0_1/1_1 and DCI 0_2/1_2 should be supported to be monitored with DCI 0_X/1_X.
Another issue to be further discussed is whether single DCI and legacy DCI can be monitored from different scheduling cells. If single DCI for multi-cell scheduling and legacy DCI for single-cell scheduling can only be monitored on the same scheduling cell, CCE load on the scheduling cell will be heavy. Therefore, to mitigate the DL control load on one scheduling cell, it is beneficial to support multi-cell scheduling DCI from one scheduling cell and single-cell scheduling DCI via self-scheduling. As illustrated in Figure 1, when burst small-packet services arrive in the system, legacy DCI can be transmitted on the SCell by self-scheduling to balance the PDCCH load. Some companies concern that allowing two DCI formats monitored from different scheduling cells would cause high complexity on blind detection of UE. However, if one scheduled cell corresponds to two scheduling cells, mechanism of BD/CCE split in R17 DSS can be reused and more details about BD/CCE counting in this scenario can be found in section 3.3.
[image: ]
Figure 1 One example of single DCI and legacy DCI monitored from different cells
Proposal 4: Monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling should be supported.

Categorization of DCI fields
As agreed in last meeting, the fields of the DCI can be divided into three types and classification criteria is provided under each type. Types of some fields have also been determined which are as follows. In this section, other fields to be included in DCI format 1_X/0_X and which type of these fields belong to are further discussed.
	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


According to the classification criteria, our views on the remaining fields in DCI format 1_X/0_X are summarized in Table 1 and Table 2 respectively.
Table 1 Categorization of fields in DCI 1_X
	DCI fields in DCI 1_X
	Field type
	Comments

	Bandwidth part indicator
	Type-3
	These fields are related to resource allocation/MIMO and can be separate or common based on network flexible configuration.

	Frequency domain resource assignment
	Type-3
	

	Time domain resource assignment
	Type-3
	

	VRB-to-PRB mapping
	Type-3
	

	PRB bundling size indicator
	Type-3
	

	Rate matching indicator
	Type-3
	

	ZP CSI-RS Trigger
	Type-3
	

	Antenna port(s) and number of layers
	Type-3
	

	Transmission configuration indication
	Type-3
	

	SRS request
	Type-3
	

	DMRS sequence initialization
	Type-3
	

	Modulation and coding scheme
	Type-2
	Considering the frequency differences in co-scheduled cells, it is preferable that the MCS is indicated independently.

	HARQ process number
	Type-2
	Considering that HARQ processes may be different in different cells, it is preferable that the HARQ process number is indicated independently to avoid blocking.

	Enhanced Type 3 codebook indicator
	Type-1A
	If exist, common indication.

	HARQ-ACK retransmission indicator
	Type-1A
	If exist, common indication.

	Priority Indicator
	Type-1A
	This field defines the priority of HARQ-ACK feedback, so it belongs to Type-1A.

	Minimum applicable scheduling offset indicator
	Type-1A
	If exist, common indication.

	SCell dormancy indication
	Type-1A
	A single field is enough for co-scheduled cells since it can indicate the dormancy of one SCell group.

	PDCCH monitoring adaptation indication
	Type-1A
	This field is related to the scheduling cell, so it belongs to Type-1A.

	PUCCH Cell indicator
	Type-1A
	If exist, common indication.


Table 2 Categorization of fields in DCI 0_X
	DCI fields in DCI 0_X
	Field type
	Comments

	UL/SUL indicator
	Type-3
	This field can be commonly indicated for all cells configured with NUL carrier or independent indicated if combination of SUL in one cell and NUL in another cell is supported.

	Bandwidth part indicator
	Type-3
	This field can be independently indicated among co-scheduled cells when BWP switching is supported.

	Frequency domain resource assignment
	Type-3
	Similar to DCI 1_X, this field can be commonly or independently indicated base on network configuration. 

	Time domain resource assignment
	Type-3
	Similar to DCI 1_X, this field can be commonly or independently indicated base on network configuration.

	Frequency hopping flag
	Type-3
	This field is related to frequency domain resource assignment, so it belongs to Type-3.

	Modulation and coding scheme
	Type-2
	Considering the frequency differences in co-scheduled cells, it is preferable that the MCS is indicated independently.

	HARQ process number
	Type-2
	Considering that HARQ processes may be different in different cells, it is preferable that the HARQ process number is indicated independently to avoid blocking.

	1 downlink assignment index
	Type-1A
	These fields are related to HARQ-ACK feedback, so a single field is enough.

	2 downlink assignment index
	Type-1A
	

	TPC command for scheduled PUSCH
	Type-3
	The TPC of each co-scheduled cell can be configured with same maximum output power or configured independently.

	Second TPC command for scheduled PUSCH
	Type-3
	If supported, Type-3 indication.

	SRS resource indicator (SRI)
	Type-3
	These fields are related to MIMO and are better to be indicated based on network configuration.

	Precoding information and number of layers
	Type-3
	

	Second Precoding information
	Type-3
	

	Antenna port
	Type-3
	

	SRS request
	Type-3
	

	SRS offset indicator
	Type-3
	

	CSI request
	Type-3
	

	PTRS-DMRS association
	Type-3
	

	DMRS sequence initialization (SCID)
	Type-3
	

	Beta_offset indicator
	Type-1A
	If exist, common indication.

	UL-SCH Indicator
	Type-1A
	If exist, common indication.

	Open-loop power control parameter set indication
	Type-3
	This field is related to SRS resource indicator, so it belongs to Type-3.

	Priority indicator
	Type-1A
	This field defines the priority of HARQ-ACK feedback, so it belongs to Type-1A.

	Invalid symbol pattern indicator 
	Type-1A
	If exist, common indication.

	Minimum applicable scheduling offset indicator 
	Type-1A
	If exist, common indication.

	SCell dormancy indication
	Type-1A
	A single field is enough for co-scheduled cells since it can indicate the dormancy of one SCell group.

	PDCCH monitoring adaptation indication
	Type-1A
	This field is related to the scheduling cell, so it belongs to Type-1A.

	PUCCH Cell indicator
	Type-1A
	If exist, common indication.


Among the field classification provided in the tables above, some fields are controversial. Below more analysis are provided for these fields.
· Time domain resource assignment
In our view, time domain resource assignment field is better to belong to Type-3. It can be independent among cells or assumed to be common to reduce the overhead. For example, the time domain resource assignment can be shared by some standard efforts. Specifically, TDRA table can be modified that a row of the TDRA table can indicate PDSCHs/PUSCHs that are in co-scheduled cells by configuring {SLIV, mapping type, scheduling offset K0 (or K2)}. If no more optimization is allowed, the time domain resource assignment is better to be indicated independently for multiple cells to provide more scheduling flexibility.
· Frequency domain resource assignment
Frequency domain resource assignment field occupies large number of bits for resource allocation. Some companies propose to share this field among co-scheduled cells by joint indication. One possible way is when co-scheduled cells are located on neighboring frequency bands and use Type-0 discontinuous resource allocation mode, joint indication among co-scheduled cells may be implemented by numbering RBG consecutively and increasing the RBG granularity. However, for Type-1 continuous resource allocation mode, it is difficult to indicate four-segment continuous resource by one value. RBG-based RIV for Type-1 which is similar to Rel-16 URLLC can reduce the number of bits, but it will lead to waste of RB resources. Therefore, Frequency domain resource assignment field is better to be flexible indicated based on network configuration.
· HARQ process number
HARQ uses the stop-and-wait protocol to send data. When one HARQ process waits for acknowledgment information, the network may continue to send data by using another HARQ process. These HARQ processes together form a HARQ entity, and each cell has its own HARQ entity. When data is transmitting, each HARQ process corresponds to separate HARQ buffer, and the unused HARQ process number on each cell may be different. 
For multi-cell scheduling scenario, it is too restrictive for all co-scheduled cells to use the same HARQ process number. Some companies propose to have a common indication field and offset indication field(s) for co-scheduled cells. However, a maximum of 16 HARQ processes per cell is supported by the UE, so each cell requires a maximum of 4 bits to indicate an offset value. This does not reduce the overhead of the DCI size and limits the scheduling flexibility to some extent. Therefore, HARQ process number field is better to be independently indicated among co-scheduled cells.
· UL/SUL indicator
The UL/SUL indicator is used to indicate whether the carrier is a supplementary uplink carrier. For the case of UEs configured with SUL with dynamic switching between SUL and NUL, the work is just exactly the same as tens of other fields, i.e. to determine which type the SUL filed to go. It is very obvious that the standard effort is very small. Therefore, UL/SUL indicator should exist in DCI format 0-X for multi-cell PUSCH scheduling and is preferred to be indicated flexibly between co-scheduled cells, if configured upon the current specifications.
· Fields preferred not to be included
According to the conclusion of RAN#97-e meeting, the unlicensed spectrum should be deprioritized in the multi-cell scheduling and enhanced Type-2 HARQ-ACK codebook is not supported. Therefore, fields like PDSCH group index, New feedback indicator, and Number of requested PDSCH group(s) fields which are related to the HARQ-ACK codebook of unlicensed spectrum should not be included in DCI 0-X/1-X. In addition, as agreed in RAN1#110 meeting, UE does not expect to be configured both CBG-based PDSCH/PUSCH transmission and the multi-cell PDSCH/PUSCH scheduling on the same or different cells within a same PUCCH group, so CBG transmission information and CBG flushing out information should not be included in multi-cell scheduling DCI. Sidelink assignment index should also be precluded since multi-cell PDSCH/PUSCH scheduling in Rel-18 does not support sidelink scheduling.
Proposal 5: Fields in multi-cell scheduling DCI 1-X are advised to classify as follows:
· Type-1A: Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Priority Indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator.
· Type-2: Modulation and coding scheme, HARQ process number.
· Type-3: Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, Rate matching indicator, Bandwidth part indicator, Antenna port(s), SRS request, ZP CSI-RS trigger, PRB bundling size indicator, DMRS sequence initialization, Transmission configuration indication, UL/SUL indicator.
Proposal 6: Fields in multi-cell scheduling DCI 0-X are advised to classify as follows:
· Type-1A: 1st downlink assignment index, 2nd downlink assignment index, Beta_offset indicator, UL-SCH Indicator, Priority indicator, Invalid symbol pattern indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator.
· Type-2: Modulation and coding scheme, HARQ process number.
· Type-3: UL/SUL indicator, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, Frequency hopping flag, TPC command for scheduled PUSCH, Second TPC command for scheduled PUSCH, SRS resource indicator (SRI), Precoding information and number of layers, Second Precoding information, Antenna port, SRS request, SRS offset indicator, CSI request, PTRS-DMRS association, DMRS sequence initialization, Open-loop power control parameter set indication.
Proposal 7: Fields are not recommended to be included in multi-cell scheduling DCI:
· PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), CBG transmission information, CBG flushing out information, Sidelink assignment index.

Indication of the co-scheduled cells
In RAN1#109-e meeting, three options below are agreed to be considered for indicator of co-scheduled cells.
· Option 1: An indicator in the DCI points to one row of a table defining combinations of scheduled cells.
· 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.
According to the discussion in RAN1#110 meeting [4], most companies prefer to select option 1 to indicate the co-scheduled cells. Option 1 indicates the co-scheduled cells through the combination of RRC configuration and DCI indication. One example of the table design in option 1 is shown below. 
Table 3 One example of table configuration in option 1
	Index
	Co-scheduled cells

	1
	Cell 1, Cell 2, Cell 3, Cell 4

	2
	Cell 1, Cell 2, Cell 3

	3
	Cell 2, Cell 3, Cell 4

	4
	Cell 1, Cell 2

	5
	Cell 1

	……
	……


One concern about option 1 is how many bits of the field in DCI format 1_X/0_X are needed to indicate the scheduling combination. Take the configuration in Table 3 as an example. If each possible combination of co-scheduled cells needs to be indicated, there are at most 15 () cases. Therefore, an indicator field of 4 bits is needed in DCI format 1_X/0_X, which has the same number of required bits for the bitmap based indication in option 2, and the bitmap method seems simpler.
Another concern is that how to handle configured to be scheduled but deactivated SCell. For example, if one cell is included in one combination of co-scheduled cells in the table but this cell is not activated by MAC CE, whether DCI format 1_X/0_X can still schedule this combination of co-scheduled cells or not?
Considering these concerns, another method combined with option 3 is provided below for indicating the co-scheduled cells and determining the payload size of multi-cell scheduling DCI.
Similar to the acquisition of QCL information, co-scheduled cells can be determined through combination of RRC configuration, MAC CE activation and DCI indication. First, M co-scheduled sets are configured by RRC. Then, MAC CE signaling can be used to indicate one of the sets. The cell set indication may be delivered together with the activation information. Therefore, when receiving the activation command, UE may also determine which cells can be jointly scheduled. In this way, the DCI size of multi-cell scheduling can be determined after MAC CE activation. Considering the number of actual co-scheduled cells by a DCI format 0_X/1_X may be smaller than or equal to the number of cells in the cell set, gNB can further indicate based on DCI which cells in the group are actually scheduled. For example, if one cell in the group is not scheduled, all bits in the cell-specific field can be indicated as specific value like 0. This method does not need to introduce additional indication field and can reduce the bit redundancy in multi-cell scheduling DCI when the number of actual scheduled cells is smaller than the maximum number of configured co-scheduled cells.
Proposal 8: Indication of co-scheduled cells can be determined through combination of RRC configuration, MAC-CE activation and DCI indication.
Proposal 9: Size of multi-cell scheduling DCI can be determined by the number of co-scheduled cells indicated by MAC CE.

Blind detection of single DCI
Search space configuration
According to existing search space configuration for cross-carrier scheduling, a search space is configured on each scheduled cell, in which all the optional fields are absent except for nrofCandidates. Search spaces with the same searchSpaceId in scheduled cell and scheduling cell are linked to each other. For Rel-18 multi-cell scheduling, similar issue about search space configuration should also be discussed. In previous meeting, companies' views about how to configure search spaces are summarized below [4].
	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.


It seems that Alt 1&2&3 are more similar to existing search space configuration for cross carrier scheduling and Alt 4 needs to define a new association mode through RRC parameters. Actually, multi-cell scheduling is an enhancement of cross-carrier scheduling. To be compatible with the association mechanism of search space configuration for cross-carrier scheduling, similar link manner with same search space ID between scheduling cell and scheduled cell can be reused to reduce standard efforts. 
As for Alt 1, more RRC signalling overhead are needed compared with Alt 2&3. In addition, since multiple cells are scheduled by the same DCI, it is unnecessary to configure search space information on each co-scheduled cell. Considering the number of BD/CCE is associated with the parameter of nrofCandidates and corresponding aggregationLevel of search space, which cell(s) the search space is configured on should be consistent with BD/CCE counting rules. Therefore, the search space corresponding to the DCI format 0_X/1_X on the associated scheduling cell can be obtained by using the search space information configured on one cell or a subset of co-scheduled cells. One potential issue for Alt 2&3 is the cell configured with the search space may not be activated. Considering that semi-static configuration is not impacted by dynamic indication such as SCell deactivation or SCell dormancy, UE still can obtain the search space information configured by RRC on the inactive cell since the co-scheduled cells set is known.
Therefore, to minimize standard impacts and reduce the overhead of RRC parameters, search space of the DCI format 0_X/1_X should be configured on one cell or a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
[bookmark: _GoBack]Proposal 10: Support Alt 2 or Alt 3 that search space of the DCI format 0_X/1_X can be configured on one cell or a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.

CCE indexes of PDCCH candidates
For legacy cross-carrier scheduling, the corresponding search space (SS) set is configured for each scheduled cell respectively. To determine the PDCCH candidates in the scheduling cell, the CCE index of the search space is associated with each scheduled cell by  configuration, and the location of the search space corresponding to different scheduled cells is distinguished by different  in the formula as follows. 

Since multiple cells can be scheduled by a single DCI, new SS set needs to be determined for the multi-cell scheduling DCI. Below three alternatives on determining CCE indexes of PDCCH candidates for DCI format 0_X/1_X are listed in [4] for further study. 
	Proposal 2-9:
· For monitoring PDCCH candidates for a set of cells which can be potentially 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.


The framework of SS set in cross-carrier scheduling can be almost reused. The difference is that the UE identifies CCEs in the search space equation for PDCCH candidates of a DCI format 0_X/1_X based on one value associated to the set of cells not one value associated to one cell. Therefore, to distinguish from the legacy n_CI, extra carrier indicator for co-scheduled cells may be introduced for multi-cell scheduling DCI such as  (multi-cell indicator) which can be configured by RRC. In this way, no collision will happen even if multi-cell scheduling DCI and legacy DCI for single-cell scheduling are transmitted on the same scheduling cell.
[image: ]
Figure 2 One example of SS indication for multi-cell scheduling
Proposal 11: Support Alt 1 that the n_CI (or n_MI) in the search space equation is determined by a value configured for the set of cells.

DCI size budget and BD/CCE counting
In existing specification, the total number of different DCI sizes configured to monitor is no more than 4 and the total number of different DCI sizes scrambled with C-RNTI configured to monitor is no more than 3 for each scheduled cell. Since a new DCI format is introduced for multi-cell scheduling, a new DCI size will be introduced. Especially, when legacy DCI and single DCI are configured to be monitored simultaneously, it is inevitable that the current "3 + 1" DCI size budget limit will be exceeded. Two options are widely discussed for the issue of DCI size budget in RAN1#109-e as follows.
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
From the perspective of UE implementation, increasing the existing DCI size budget in option 2 will result in greater complexity of blind detection, which is not expected. In addition, if changing the “3+1” size budget limit per scheduled cell, alignment rules of legacy DCIs in current spec may need to be adapted because each cell has more size budget. Therefore, option 1 is more preferred among companies in RAN1#110 meeting and a merged proposal with BD/CCE counting is formed in [4], which is presented below.
	Proposal 2-6 and Proposal 2-7rev2:
· In order to discuss BD/CCE budget in case a UE monitors DCI format 0_X/1_X or both legacy DCI formats and DCI formats 0_X/1_X in a slot on a scheduling cell, Rel-17 PDCCH monitoring limits (i.e.,  and ) is used for further discussion.
· For further study DCI size budget and BD/CCE budget for multi-cell scheduling DCI, below Option 1 is considered: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on each potentially co-scheduled cell.
· Alt 1-2: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted only in a same potentially co-scheduled cell.
· Alt 1-3: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted for one or more co-scheduled cells configured with PDCCH candidates for multi-cell scheduling. 
· Alt 1-4: Both DCI size and BD/CCE of DCI format 0_X/1_X are counted on the scheduling cell.
· FFS details on how to maintain the DCI size budget, e.g., via DCI size alignment or configured size for the DCI format 0_X/1_X.
· Other alternatives are not precluded.


For option 1, the complexity of blind detection will not increase but it is necessary to explore additional solutions to maintain the current DCI size budget. For Alt 1-1 and Alt 1-4 in option 1, methods like aligning the size of legacy DCI to multi-cell scheduling DCI or configuring limited DCI sizes are required to be taken to maintain the DCI size budget. While for Alt 1-3, counting the size budget of multi-cell scheduling DCI in partial scheduled cells doesn’t affect the scheduling performance and flexibility. Moreover, counting the BD/CCE of multi-cell scheduling DCI on part of co-scheduled cells can reduce the maximum number of monitored PDCCH candidates, and correspondingly reduce the implementation complexity of blind detection. Therefore, in our view, Alt 1-3 is preferred.
However, more clarification is required for Alt 1-3, e.g., how to determine which cell(s) the DCI size and BD/CCE of multi-cell scheduling DCI are counted for. One feasible implementation is that the size budget of single DCI can be counted on the co-scheduled cell which has the minimum number of legacy DCI formats or has the minimum number of DCI sizes after alignment. Furthermore, considering fall-back DCI (DCI x_0) is not configured in SCell, another feasible solution is to place the size budget of the multi-cell scheduling DCI on the co-scheduled SCell. Figure 3 presents an example, the size budget of multi-cell scheduling DCI can be counted on SCell 1 with the minimum number of DCI sizes. Moreover, when DL single DCI and UL single DCI have different payload sizes and if the margin in one co-scheduled cell is insufficient for two DCI sizes, the size budgets of UL single DCI and DL single DCI can be counted on two co-scheduled cells respectively.
[image: ]
Figure 3 One example for DCI size budget counting for multi-cell scheduling DCI
Similarly, the target cells which the BD/CCE for multi-cell scheduling DCI is counted on can be same as the cell(s) which is selected to count the size budget of multi-cell scheduling DCI. In addition, scenario discussed in section 2.2 that the target cell is scheduled by DCIs on multiple cells, e.g., self-scheduling and scheduled by a multi-cell scheduling DCI on another cell, needs to be considered. As illustrated in Figure 4, CC2 is selected as the target cell for BD/CCE counting for multi-cell scheduling DCI while CC2 is also scheduled by legacy DCI via self-scheduling. In this case, the BD/CCE budget of CC2 may need to be split for multi-cell scheduling DCI and single-cell scheduling legacy DCI. Scaling factor  similar to that in Rel-17 DSS can be introduced to allocate the BD/CCE budget of CC2. The scaling factor  can be configured by higher layer parameter. For example, assuming that SCSs of scheduled cell are all 15 kHz, the maximum number of BDs for multi-cell scheduling DCI is  and for legacy DCI is .
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Figure 4 One example for BD/CCE counting for multi-cell scheduling DCI
Proposal 12: Regarding to the DCI size and BD/CCE, Alt 1-3 (counted for one or more co-scheduled cells configured with PDCCH candidates for multi-cell scheduling) is preferred.

HARQ-ACK enhancements
Discussion on reference PDSCH
In the previous meeting, agreement on HARQ-ACK feedback timing determination was achieved, which is presented below. 
	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


For multi-cell scheduling, PDSCHs in different co-scheduled cells may be located in different slots. Since shared PDSCH-to-HARQ_feedback timing indicator field in multi-scheduling DCI among co-scheduled cells is adopted to reduce the overhead, it is necessary to select a reference PDSCH in a plurality of cells to determine the slot for HARQ-ACK codebook feedback. 
As an option, the reference PDSCH can be the last PDSCH of co-scheduled PDSCHs, which can reduce the bit overhead of PDSCH-to-HARQ_feedback timing indicator field in multi-cell scheduling DCI. Figure 5 presents an example. PDSCH 2 is the last PDSCH among PDSCHs scheduled by single DCI simultaneously. Therefore, PDSCH 2 can be selected as reference PDSCH and only one bit is needed to indicate the slot for HARQ-ACK feedback (K1=1).
[image: ]
Figure 5 One example for the selection of reference PDSCH
Proposal 13: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI. 

Type-2 HARQ-ACK codebook design
Type-2 HARQ-ACK codebook structure with two concatenated sub-codebooks was agreed in the previous meeting, and some issues need to be further discussed.
	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.


The first issue to be clarified is DAI counting rule. Since separate DAI counting is for single-cell scheduling DCI and multi-cell scheduling DCI, the C-DAI/T-DAI of the {Serving Cell, PDCCH monitoring occasion}-pair in multi-cell scheduling DCI can be counted per DCI, which is similar to Rel-17 multi-PDSCH/PUSCH scheduling.
The second issue is 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. In current spec, if PDSCH (s) among multiple cells that are scheduled by a DCI is collided with uplink symbol(s) indicated by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated, the UE will not receive the PDSCH. Therefore, to align the understanding of gNB and UE, if only one cell is actually scheduled due to the semi-static TDD DL/UL configuration, corresponding HARQ-ACK information for the PDSCH scheduled by the DCI should belong to the second sub-codebook and NACK value can be fed back for the PDSCH(s) not received due to configuration collision. In other words, type of sub-codebook belongs to should be based on the number of cells indicated by the DCI.
Another issue is how to determine the number of HARQ-ACK information bits when 2 code words per PDSCH is configured. The number of HARQ-ACK information bits for multi-cell scheduling DCI can be the number of TBs of maximum cells which can be co-scheduled. For example, maximum 4 cells (cell 1~cell 4) can be co-scheduled by multi-cell scheduling DCI and cell 1 is configured with 2 TB. In this case, the number of TBs of maximum co-scheduled cells is 5. Therefore, when {cell 1+cell 3+cell 4} is scheduled simultaneously by DCI, the number of HARQ-ACK information bits is 5 bits.
Proposal 14: For Type-2 HARQ-ACK codebook, some details can be clarified as follows:
·  C-DAI/T-DAI is counted per DCI.
· A DCI 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 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, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell can be the number of TBs of maximum cells which can be co-scheduled.

Other related issue
In last meeting, companies have different views on whether multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling with different DCIs on a same or different cell(s) within a same PUCCH group can be configured simultaneously. Since separate HARQ-ACK codebook is specified for multi-PDSCH/PUSCH scheduling in Rel-17, a total of three sub-codebooks are required for single-cell scheduling, multi-cell scheduling and multi-PDSCH/PUSCH scheduling respectively when multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling are configured simultaneously. In this case, the bit overhead for HARQ-ACK feedback will be heavy. Some companies propose that one sub-codebook can be designed for multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling, but this will bring much more standard efforts and the remaining TU is limited. Therefore, it is not expected that multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling are configured simultaneously in Rel-18.
Proposal 15: Multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously. Unless time allows, related design of HARQ-ACK codebook can be further discussed.

Conclusion
According to the above discussions, we have the following proposals:
Proposal 1: Confirm the work assumption that the maximum number of co-scheduled cells by a DCI format 1_X/0_X in Rel-18 is 4.
Proposal 2: The maximum number of configurable cells for co-scheduling should be same as the maximum number of co-scheduled cells by DCI format 0_X/1_X, i.e. 4.
Proposal 3: Confirm the WA that multi-cell scheduling DCI and legacy DCI can be monitored simultaneously from the same scheduling cell and the following should also be supported:
· Monitoring of the DCI format 0_X/1_X and the legacy DCI format(s) is supported for all scheduled cells within the set of co-scheduled cells.
· At least fallback DCI, DCI 0_1/1_1 and DCI 0_2/1_2 should be supported to be monitored with DCI 0_X/1_X.
Proposal 4: Monitoring the DCI format 0_X/1_X from one scheduling cell and legacy DCI format(s) from the scheduled cell via self-scheduling should be supported.
Proposal 5: Fields in multi-cell scheduling DCI 1-X are advised to classify as follows:
· Type-1A: Enhanced Type 3 codebook indicator, HARQ-ACK retransmission indicator, Priority Indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator.
· Type-2: Modulation and coding scheme, HARQ process number.
· Type-3: Time domain resource assignment, Frequency domain resource assignment, VRB-to-PRB mapping, Rate matching indicator, Bandwidth part indicator, Antenna port(s), SRS request, ZP CSI-RS trigger, PRB bundling size indicator, DMRS sequence initialization, Transmission configuration indication, UL/SUL indicator.
Proposal 6: Fields in multi-cell scheduling DCI 0-X are advised to classify as follows:
· Type-1A: 1st downlink assignment index, 2nd downlink assignment index, Beta_offset indicator, UL-SCH Indicator, Priority indicator, Invalid symbol pattern indicator, Minimum applicable scheduling offset indicator, SCell dormancy indication, PDCCH monitoring adaptation indication, PUCCH Cell indicator.
· Type-2: Modulation and coding scheme, HARQ process number.
· Type-3: UL/SUL indicator, Bandwidth part indicator, Time domain resource assignment, Frequency domain resource assignment, Frequency hopping flag, TPC command for scheduled PUSCH, Second TPC command for scheduled PUSCH, SRS resource indicator (SRI), Precoding information and number of layers, Second Precoding information, Antenna port, SRS request, SRS offset indicator, CSI request, PTRS-DMRS association, DMRS sequence initialization, Open-loop power control parameter set indication.
Proposal 7: Fields are not recommended to be included in multi-cell scheduling DCI:
· PDSCH group index, New feedback indicator, Number of requested PDSCH group(s), CBG transmission information, CBG flushing out information, Sidelink assignment index.
Proposal 8: Indication of co-scheduled cells can be determined through combination of RRC configuration, MAC-CE activation and DCI indication.
Proposal 9: Size of multi-cell scheduling DCI can be determined by the number of co-scheduled cells indicated by MAC CE.
Proposal 10: Support Alt 2 or Alt 3 that search space of the DCI format 0_X/1_X can be configured on one cell or a subset of the set of cells and associated with the search space on the scheduling cell with the same search space ID.
Proposal 11: Support Alt 1 that the n_CI (or n_MI) in the search space equation is determined by a value configured for the set of cells.
Proposal 12: Regarding to the DCI size and BD/CCE, Alt 1-3 (counted for one or more co-scheduled cells configured with PDCCH candidates for multi-cell scheduling) is preferred.
Proposal 13: Reference PDSCH can be the last PDSCH of co-scheduled PDSCHs by multi-cell scheduling DCI. 
Proposal 14: For Type-2 HARQ-ACK codebook, some details can be clarified as follows:
·  C-DAI/T-DAI is counted per DCI.
· A DCI 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 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, the number of HARQ-ACK information bits for each DCI format 1_X that schedules more than one cell can be the number of TBs of maximum cells which can be co-scheduled.
Proposal 15: Multi-cell PDSCH/PUSCH scheduling and multi-PDSCH/PUSCH scheduling transmission on the same or different cell within a same PUCCH group are not expected to be configured simultaneously. Unless time allows, related design of HARQ-ACK codebook can be further discussed.
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Appendix 1
	Agreements in RAN1#110 meeting:
Agreement
All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same PUCCH group.

Agreement
Confirm below working assumption reached in RAN1#109e meeting. 
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling

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

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
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.

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

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



Appendix 2
	Following proposals are agreed in RAN#97-e meeting:
Updated proposal 4.1:
· Deprioritize any optimization for unlicensed spectrum operation for designing the multi-cell PUSCH/PDSCH scheduling in Rel-18.

Updated proposal 4.2:
· 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

Updated proposal 4.3:
· 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.

Updated proposal 4.5:
· Followings are excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· SCell schedules multiple cells including P(S)Cell
· Different SCS among co-scheduled cells
· Different carrier type (licensed or unlicensed, FR1 or FR2-1 or FR2-2) among co-scheduled cells
· Configuration of both multi-cell PDSCH/PUSCH scheduling and multi-TRP for a scheduled cell
· Support for any sidelink scheduling

Conclusion:
· Following is excluded from multi-cell PDSCH/PUSCH scheduling in Rel-18.
· PCell schedules multiple cells by DCI format 0_X/1_X when a sSCell is configured to schedule PCell
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