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1 Introduction
This contribution discusses higher layer parameters for joint scheduling of PDSCHs/PUSCHs on multiple serving cells using a single DCI format, as considered in the following objective from the Rel-18 WI for multi-carrier enhancements [1].
	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



Throughout this document, cells that are jointly scheduled by a single DCI format are referred to as “co-scheduled” cells.
The following is based on the email discussion in RAN1#112bis-e [2] that resulted in an initial collection of RRC parameters as listed in [3, 4].
2 Configuration of scheduling combinations
Based on previous RAN1 agreements, a UE can be configured with up to 4 sets of cells for multi-cell scheduling in a PUCCH group, with each set of cells including up to 4 cells. The up to 4 configured sets of cells can be associated with different scheduling cells, while only up to N sets of cells can be from a same scheduling cell, where N is related to a UE capability. 
A DCI format 0_3/1_3 can schedule one or more PUSCHs or PDSCHs on one or more cells in one set of cells, from the up to 4 configured sets of cells. The cell combinations, from a set of cells, that a DCI format 0_3/1_3 schedules can be configured in a table and associated with an index that is indicated in the DCI format 0_3/1_3, or can be arbitrary and indicated by FDRA values, where a non-reserved FDRA value for a cell indicates that the cell is scheduled, and a reserved FDRA value for a cell indicates that the cell is not scheduled. 

2.1 How to configure a set of cells for multi-cell scheduling?
A first topic is how to configure the set of cells for multi-cell scheduling, namely the RRC parameters ScheduledCell-ListDCI-0-3 and ScheduledCell-ListDCI-1-3.
All RAN1 agreements have considered one list for a set of cells, without distinction among DL list and UL list. Otherwise, a more elegant approach would have been to adopt separate sets of DL cells and sets of UL cells, rather than the current RRC approach with a set of cells comprising two separate lists of DL cells and UL cells. For the latter approach, configuration of two separate lists of cells ScheduledCell-ListDCI-0-3 and ScheduledCell-ListDCI-1-3 is is clearly not needed for the ‘scheduled cell indicator field’ method, but can be possibly considered for the FDRA-based method. If the two lists are maintained, the relation between the two lists should be clarified.


	MC-DCI-SetofCells
	 
	 
	New
	ScheduledCell-ListDCI-1-3
	Configure the list of possible co-scheduled cells in the set for DL scheduling via DCI format 1_3, where the serving cells in the list are in ascending order of serving cell indices and are mapped to index {0, 1, 2, 3} in the set. Total number of cells within the same set of cells i.e., in ScheduledCell-ListDCI-1-3 and ScheduledCell-ListDCI-0-3, is up to 4.
FFS: clarification on whether cells in ScheduledCell-ListDCI-0-3 should be subset of cells in ScheduledCell-ListDCI-1-3
FFS: potential restriction for number of actual co-scheduled cells in a DCI based on UE capability
	SEQUENCE (SIZE (2..4)) OF ServCellIndex
	N/A
	per set of cells

	MC-DCI-SetofCells
	 
	 
	New
	ScheduledCell-ListDCI-0-3
	Configure the list of possible co-scheduled cells in the set for UL scheduling via DCI format 0_3, where the serving cells in the list are in ascending order of serving cell indices and are mapped to index {0, 1, 2, 3} in the set. Total number of cells within the same set of cells i.e., in ScheduledCell-ListDCI-1-3 and ScheduledCell-ListDCI-0-3, is up to 4.
FFS: clarification on whether cells in ScheduledCell-ListDCI-0-3 should be subset of cells in ScheduledCell-ListDCI-1-3
FFS: potential restriction for number of actual co-scheduled cells in a DCI based on UE capability
	SEQUENCE (SIZE (2..4)) OF ServCellIndex
	N/A
	per set of cells



Regarding the first FFS, further discussion is needed whether existing specs (RAN1/2 or RAN4) support UL-only cells in a set of cells, and/or whether there is motivation or benefit to support such scenario in Rel-18 or beyond. The following example was raised in the discussion of draft CR for TS 38.212: “if UE is configured with ScheduledCell-ListDCI-1-3 ={Cell A, B, C} and ScheduledCell-ListDCI-0-3 ={Cell C,D}, the set of cells would be cell A to D” [5]. In this example, cell D is a cell in the UL list that is not included in the DL list (i.e., an UL-only cell). Additionally, it needs to be further discussed whether no configuration of the UL list implies no application of the UL MC-DCI format 0_3 or whether the DL list can be used as a default value for the UL list. 
Proposal 1: For an MC-DCI-SetofCells:
· Further discuss whether to support UL-only cells in the MC-DCI-SetofCells;
· Accoridngly, further discuss, when the UE is provided both of ScheduledCell-ListDCI-0-3 and ScheduledCell-ListDCI-1-3, whether the UE expects ScheduledCell-ListDCI-0-3 to be a subset of ScheduledCell-ListDCI-1-3 or whether they can be independently configured;
· When the UE is provided ScheduledCell-ListDCI-1-3 and is not provided ScheduledCell-ListDCI-0-3:
· Option 1: ScheduledCell-ListDCI-1-3 is the default value to be applied for DCI format 0_3;
· Option 2: DCI format 0_3 cannot schedule cells in the set of cells corresponding to MC-DCI-SetofCells.

Regarding the second FFS, the RRC parameter list in [3] mentions that the two RRC parameters ScheduledCell-ListDCI-0-3 and ScheduledCell-ListDCI-1-3 capture the following aregeement from RAN1#109. As can be seen from the following agreements in RAN1#112bis-e for MCE UE features, the UE reports values for supported number of co-scheduled cells in a DCI format 0_3/1_3 separately from supported bumber of co-scheduled cells in a set of cells. For example, it is possible that a UE reports capability for 4 cells in a set of cell and is accordingly configured an ScheduledCell-ListDCI-0-3 that includes 4 cells, while the UE reports a capability for co-scheduling only up to 2 UL cells in a DCI format 0_3. Therefore, a DCI format 0_3 cannot schedule any arbitrary cell combination from ScheduledCell-ListDCI-0-3. 
Observation 1: The UE reports a capability for a maximum number of co-scheduled cells supported by a DCI format 0_3/1_3 for the UE, which can be strictly smaller than a UE capability / gNB configuration for a number of cells in a set of cells for multi-cell scheduling.

	Agreement (RAN1#109-e)
· For a UE, the maximum number of cells scheduled by a DCI format 0_X can be same or different to the maximum number of cells scheduled by a DCI format 1_X.

Agreement (RAN1#112bis-e)
Following is reported separately for DCI formats 1_3 and 0_3 as a component of FGs 49-1/1a/1b and 49-2/2a/2b
· Max number of co-scheduled cells supported by a DCI format for the UE: Candidate value set of {2, 3, 4}


Agreement (RAN1#112bis-e  as part of FG 49-1/49-2 and 49-1b/49-2b, respectively)
4) Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}, FFS whether this component is reported per reported value in component 3

4) Max number of co-scheduled cells per set of cells supported by UE is reported with candidate value set of {2, 3, 4}. FFS whether to report separately for the reported combinations between scheduling and scheduled cells in components 3a/3b



Therefore, gNB configuration and scheduling should conform to such UE capability, for both the ‘scheduled cells indicator’ field method, and the FDRA-based method. For the former method, such UE capability should be reflected in the configuration of cell combinations (i.e., size of any cell combination should not exceed the corresponding UE capability). For the latter method, RRC configuration can be considered to avoid indication of more co-scheduled cells in DCI format 0_3/1_3 than what the UE can support. 
Proposal 2: Further discuss the necessity of introducing new RRC parameters for the maximum number of cells that can be co-scheduled by a DCI format 0_3 /1_3.

A last issue about configuration of sets of cells for multi-cell scheduling is regarding the configuration of n_CI value range. Based on the following RAN1 agreement, unique values are required for n_CI value for each set of cells, so RRC should support configuration of up to 8 values for legacy single-cell scheduling DCI (SC-DCI) formats and additional 4 values for MC-DCI formats 0_3/1_3 corresponding to the up to 4 sets of cells for multi-cell scheduling.
Proposal 3: Support a value range of (0..11) for nCI-Value for an MC-DCI-SetofCells to ensure unique n_CI value for each set of cells per RAN1#112 agreement.

	Agreement (RAN1#112)
Following is supported in Rel-18 multi-cell scheduling
· A UE can be configured one or multiple sets of cells with each set configured for multi-cell scheduling using DCI format 0_X/1_X. 
· Up to 4 sets of cells can be configured per PUCCH group.
· When multiple sets of cells are configured, 
· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.
· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.
· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells. 
· DCI size of DCI format 1_X is independently determined for each set of cells.
· The multiple sets of cells can be scheduled by DCI format 0_X/1_X from different scheduling cells. 
· Up to N sets of cells can be configured and respectively scheduled by DCI format 0_X/1_X from a same scheduling cell. 
· The value of N is reported as UE capability.
· An indicator is included in the DCI to indicate the scheduled set of cells,
· The size of the indicator is equal to ceil(log2(N)), where N is the number of sets of cells.
· Unique n_CI value is configured for each set of cells.



2.2 How to a configure a cell combination for DCI format 0_3/1_3?
A second topic is how to configure the co-scheduled cell combinations in a DCI format 0_3/1_3, namely the following RRC parameters ScheduledCellCombo, ScheduledCellCombo-ListDCI-0-3, and ScheduledCellCombo-ListDCI-1-3.
	MC-DCI-SetofCells
	 
	 
	New
	ScheduledCellCombo-ListDCI-1-3
	Configure the table for combinations of co-scheduled cells for DL scheduling via DCI format 1_3
FFS: reusing ScheduledCellCombo-ListDCI-1-3 as default for UL DCI format 0_3 when ScheduledCellCombo-ListDCI-0-3 is not configured
	SEQUENCE (SIZE ([1]..16)) OF ScheduledCellCombo
	N/A
	per set of cells

	ScheduledCellCombo-ListDCI-1-3, ScheduledCellCombo-ListDCI-0-3
	 
	 
	New
	ScheduledCellCombo
	Configure each row of the table for combinations of co-scheduled cells for DL scheduling via DCI format 1_3 and for UL scheduling via DCI format 0_3, where index with value INTEGER (0...3) of co-scheduled cell refers to ScheduledCell-ListDCI-1-3 for DL and ScheduledCell-ListDCI-0-3 for UL
	SEQUENCE (SIZE (1..4)) OF INTEGER (0..3) 
	N/A
	per set of cells

	MC-DCI-SetofCells
	 
	 
	New
	ScheduledCellCombo-ListDCI-0-3
	Configure the table for combinations of co-scheduled cells for UL scheduling via DCI format 0_3
FFS: reusing ScheduledCellCombo-ListDCI-1-3 as default for UL DCI format 0_3 when ScheduledCellCombo-ListDCI-0-3 is not configured
	SEQUENCE (SIZE ([1]..16)) OF ScheduledCellCombo
	N/A
	per set of cells



Regarding the FFS, when the list of UL cell combinations ScheduledCellCombo-ListDCI-0-3 is not configured, it may be implied that the UE needs to use the FDRA-based method (for example, as reflected in the current draft CR for 212 [6]), even though the list of DL cell combinations ScheduledCellCombo-ListDCI-1-3 is configured. However, RAN1 has had no such agreement. Therefore, several options can be considered. One option is to have either both or none of DL and UL cell combinations to be configured (and avoid configuration of one of them only). Another option is to support that only the DL cell combinations is configured and that it is used as default value for the UL cell combinations when not provided; in this case, the UE continues to use the ‘scheduled cells indicator’ field (and not the FDRA-based method). A third option is to allow for the FDRA-based method, but to ensure that FDRA cannot indicate an UL cell combination that is not configured for the DL. These options can be slightly modified if UL-only cells are supported for multi-cell scheduling (see Proposal 1).
Proposal 4: For each MC-DCI-SetofCells, further discuss the following options:
· Option 1: The UE expects that either both or none of ScheduledCellCombo-ListDCI-0-3 and ScheduledCellCombo-ListDCI-1-3 are configured (and not one of them only);
· Option 2: When ScheduledCellCombo-ListDCI-1-3 is configured and ScheduledCellCombo-ListDCI-0-3 is not configured, ScheduledCellCombo-ListDCI-1-3 is the default value to be applied for DCI format 0_3 (and FDRA method is not used);
· Option 3: When ScheduledCellCombo-ListDCI-1-3 is configured and ScheduledCellCombo-ListDCI-0-3 is not configured, FDRA method is used for DCI format 0_3, and FDRA in DCI format 0_3 cannot indicate a cell combination that is not same as or a subset of a cell combination included in ScheduledCellCombo-ListDCI-1-3.

Regarding the value 1 as the lower limit for the number of cell combinations in ScheduledCellCombo-ListDCI-0-3 and ScheduledCellCombo-ListDCI-1-3, it is possible in some cases (especially for DL) that the UE behaviour for ‘scheduled cells indicator’ method with only one cell combination could be identical to that for FDRA-based method. However, for the case of UL, when the only one cell combination is a strict subset of the DL cells in ScheduledCell-ListDCI-1-3 (see Option 1 in Proposal 1), it is preferred to retain the configuration of ScheduledCellCombo-ListDCI-0-3 with only one cell combination to avoid FDRA-method to indicate a different UL cell combination. 
Proposal 5: Retain value 1 as the lower limit on the number of cell combinations in ScheduledCellCombo-ListDCI-0-3 and ScheduledCellCombo-ListDCI-1-3. 
3 Configuration of Type-1B fields
The structure of Type-1B fields was defined in the following agreement:
	Agreement (RAN1#112):
· For a set of cells configured for multi-cell scheduling using DCI format 0_X/1_X, 
· the size of a Type-1A field in the DCI format 0_X/1_X is determined as maximum field size of active BWP among all cells within the set of cells.
· the size of a Type-1B field in the DCI format 0_X/1_X is equal to ceiling(log2(N)), where N is the number of rows in RRC-configured table with each row containing multiple indexes for all cells within the set of cells. 
· The Type-1B field indicates one row of the configured table 
· The Type-1B index for a cell points to a corresponding index in a RRC configured table applicable for DCI format 0_1/1_1 or MAC CE activated values. 
· the size of a per cell Type-2 field in the DCI format 0_X/1_X is determined based on active BWP for each cell.



One key aspect that is not described in the above Agreement from RAN1#112 is the BWP operation for Type-1B fields. Since Rel-15, a UE can be provided, for each UE-specific parameter, different configurations in different BWPs. But it is not clear how such BWP-specific configuration can be enabled based on the RRC-configured table in the above agreement. 
Configuration of Type-1B fields was discussed in the previous meeting and the following options were listed for further discussion [2, 3]. 
	· Alt.1: Single joint table (entries are interpreted based on current active BWPs per cell)
· Alt.1a: single joint table with increased table size
· Alt.1b: single table provided for all BWPs of all cells (each row can be size-matched for the active/target BWP of corresponding cells)
· Alt.2: Configure up to [4] joint tables (each of the tables is associated with BWP ID or BWP indicator value)
· Alt.3: Configure each column in each BWP of each cell, and DCI codepoint is interpreted per cell
· Alt.4: Other approach if any



Alt-1 is more aligned with the RAN1#112 agreement in that it requires a single table applicable to all BWPs of all cells. However, there are two issues with Alt-1: 
· The note “entries are interpreted based on current active BWPs per cell” may need clarification. The values provided by a codepoint of a Typ-1B field should be interpreted based on values provided for the (new/target) active BWP that is indicated by the BWP indicator field in DCI format 0_3/1_3 for the co-scheduled cells (and not the active BWP for co-scheduled cells when the UE receives the DCI format 0_3/1_3); 
· Alt-1 assumes that all entries provided in the single joint table is well defined / applicable for all BWPs of all cells, which in turn implies that the UE needs to be provided, for each Type-1B field, a same configuration in all configured BWPs in a cell, or that the single joint table needs to include only entries that are commonly applicable to all configured BWPs in the cell (while entries that apply only to some BWPs are not used). Otherwise, there would be an “out-of-range” issue, i.e., the single joint table could include an entry that is not configured/applicable to at least one BWP of the cell. Although, such design can generally work, it will result in gNB scheduling and configuration restriction. 

Observation 2: Alt.1 is aligned with RAN1#112 agreement, but requires, for each Type-1B field, a same configuration in all configured BWPs in a cell, or requires that the single joint table includes only entries that are commonly applicable to all configured BWPs in a cell.

Alt-1a is only applicable to the TDRA field, for which the table/field size is not yet agreed, so an increased size can improve the scheduling flexibility. But, it is not applicable to other Type-1B fields, as the table/field size is already agreed and cannot be increased. In addition, Alt-1a does not resolve any of the issues outlined for Atl-1 with respect to BWP operation for Type-1B fields.
Observation 3: Alt-1a is only applicable to the TDRA field, and also does not resolve the issues with BWP operation for TDRA or other Type-1B fields (such as the issue of “out-of-range” values).

Alt-1b is similar to Alt-1 in that it supports only a single joint table applicable to all BWPs of all cells, so is aligned with the agreement in RAN1#112. In addition, Alt-1b supports different BWP-specific configurations in different BWPs of a cell, and provides a solution for “out-of-range” values for Type-1B fields based on existing methods in Clause 12 of [TS 38.213] as copied below. The entries provided in the single joint table for a given Type-1B field can be size matched based on the values configured/applicable in the new/target active BWP that is indicated by the BWP indicator field in DCI format 0_3/1_3: If a bit-width of an entry provided by the single joint table is smaller than the bit-width required for the configured/applicable values in the new/target active BWP, sufficient zeros can be prepended to the entry; if the bit-width of an entry is larger than the bit-width required for the configured/applicable values in the new/target active BWP, the entry can be truncated and a sufficient number of its LSBs can be used. 
	Excerpt from [TS 38.213, Clause 12]

If a bandwidth part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the active DL BWP, from the configured DL BWP set, for DL receptions as described in [5, TS 38.212]. If a bandwidth part indicator field is configured in a DCI format, the bandwidth part indicator field value indicates the active UL BWP, from the configured UL BWP set, for UL transmissions as described in [5, TS 38.212]. If a bandwidth part indicator field is configured in a DCI format and indicates an UL BWP or a DL BWP different from the active UL BWP or DL BWP, respectively, the UE shall
-	for each information field in the DCI format 
-	if the size of the information field is smaller than the one required for the DCI format interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, the UE prepends zeros to the information field until its size is the one required for the interpretation of the information field for the UL BWP or DL BWP prior to interpreting the DCI format information fields, respectively
-	if the size of the information field is larger than the one required for the DCI format interpretation for the UL BWP or DL BWP that is indicated by the bandwidth part indicator, the UE uses a number of least significant bits of the DCI format equal to the one required for the UL BWP or DL BWP indicated by bandwidth part indicator prior to interpreting the DCI format information fields, respectively
-	set the active UL BWP or DL BWP to the UL BWP or DL BWP indicated by the bandwidth part indicator in the DCI format 



Observation 4: Alt-1b is aligned with the RAN1#112 agreement, supports different BWP-specific configurations among different BWPs of a cell, and uses legacy methods to resolve the issue of “out-of-range” values.

[bookmark: _Hlk134627077]Alt-2 offers more scheduling and configuration flexibility, but it is different from the agreement in RAN1#112 as it requires configuration of more than one table for each Type-1B parameter. It also does not result in the issue of “out-of-range” value, since the tables are inherently per BWP. Also, for interpretation of Type-1B DCI fields, configuration of up to 4 tables corresponding to up to 4 values of the BWP indicator field is sufficient, since BWP indicator filed in DCI format 0_3/1_3 is a Type-1A or cell-common field. However, for determination of bit-width/size of Type-1B fields, all 4 tables need to have same number of rows, so that size of Type-1B field is independent of different tables for different BWPs, otherwise the method of Alt2 would not work (i.e., it would need up to 4^4 = 256 tables for all different BWP combinations of the co-scheduled cells, since BWP switching is not only due to DCI format 0_3/1_3, but can also be timer-based or via legacy SC-DCI).
Observation 5: Alt-2 inherently supports different BWP-specific configurations among different BWPs of a cell, but appears to be different from the RAN#112 agreement, and also requires all [4] BWP-specific tables to have the same number of rows for correct DCI field size determination.

Alt-3 provides similar (or more) scheduling and configuration flexibility compared to Alt-2, and is also inherently BWP-specific, so does not result in the issue of “out-of-range” value as for Alt-2. However, it is somewhat different from the agreement in RAN1#112, as the table for Type-1B is configured in a “distributed” manner, where entries for each BWP/cell are provided separately in the corresponding BWP/cell, rather than a single full table across different cells, so the UE is effectively configured more than one table for each Type-1B parameter. In addition, since columns for any BWP of any cell can be combined to form a full table for the Type-1B field, Alt-3 has the restriction that all columns for all BWPs of all cells need to be of the same size. 

Observation 6: Alt-3 inherently supports different BWP-specific configurations among different BWPs of a cell, but it has a “distributed” structure that appears to be different from the RAN#112 agreement, and also requires all columns for all BWPs of all cells to be of the same size for correct codepoint interpretation.

In summary, Alt-1b appears to be the closest approach to the original agreement in RAN#112 for Type-1B fields (i.e., a single joint table), and can also handle different BWP-specific configurations using legacy methods.
Proposal 6: Adopt the approach in Alt-1b for configuration of Type-1B fields: a single joint table provided for all BWPs of all cells;
· Entries are interpreted after size matching (zero prepending or trunctaing) based on the bit-width required for values applicable to the (new/target) active BWPs of co-scheduled cells as indicaetd by the BWP indicator field in DCI format 0_3/1_3.

4 Other RRC issues
Several other issues need to be considered regarding various RRC parameters for multi-cell scheduling.
One general issue is regarding the syntaxes used for the value range and/or indexing of various parameter in the RRC list [3]. Common practice in RRC IEs is to avoid hard-coded values and use parametric values/indexes such as maxNrofXYZ. A few examples are mentioned here for reference, but this can be applied to the entire list:
SEQUENCE (SIZE (1..4)) OF MC-DCI-SetofCells  SEQUENCE (SIZE (1.. maxNrofSetsOfCells)) OF MC-DCI-SetofCells
INTEGER (0..3)  INTEGER (0.. maxNrofSetsOfCells - 1)
SEQUENCE (SIZE (2..4)) OF ServCellIndex   SEQUENCE (SIZE (2.. maxNrofCellsInSet)) OF ServCellIndex
[bookmark: _Hlk134441450]SEQUENCE (SIZE (2..4)) OF ServCellIndex   SEQUENCE (SIZE (2.. maxNrofCellsInSet)) OF ServCellIndex
SEQUENCE (SIZE ([2]..4)) OF INTEGER (0..[maxNrofDL-Allocations]-1)  SEQUENCE (SIZE ([2].. .. maxNrofCellsInSet)) OF INTEGER (0..[maxNrofDL-Allocations]-1)
Proposal 7: Avoid hard-coded values in the RRC list and instead apply parametric values/indexes using maxNrofXYZ.

Several other comments are in order for specific RRC parameters:
· For TDRA: it is reasonable to include up to 64 rows (or up to 128 rows). Also, reasonable to configure entries for each cell based on Rel-16 TDRA tables with 64 rows (rather than Rel-15 TDRA tables with 16 rows);
· For the rate matching parameter rateMatchDCI-1-3: The following note is inside bracket. But the text should be kept without bracket. “[The number of entries in a row of rateMatchDCI-1-3 should be the same as the number of cells included in ScheduledCell-ListDCI-1-3]”.

· For ZP CSI-RS trigger: Slightly prefer to have the values based on codepoints with bit-string of size 2 (rather than integer values), since it conforms to the current spec for DCI 1_1 in [TS 38.214], including the case of codepoint '00' for no ZP-CSI trigger. If the integer values INTEGER (0..3) is to be kept, need a clarification that value 0 corresponds to no ZP-CSI trigger.
	Excerpt from [TS 38.214]

Each non-zero codepoint of 'ZP CSI-RS' trigger in DCI format 1_1 triggers one aperiodic 'ZP-CSI-RS-ResourceSet' in the list aperiodic-ZP-CSI-RS-ResourceSetsToAddModList by indicating the aperiodic ZP CSI-RS resource set ID. The DCI codepoint '01' triggers the resource set with 'ZP-CSI-RS-ResourceSetId' set to '1', the DCI codepoint '10' triggers the resource set with 'ZP-CSI-RS-ResourceSetId' set to '2', and the DCI codepoint '11' triggers the resource set with 'ZP-CSI-RS-ResourceSetId' set to '3'. Codepoint '00' is reserved for not triggering aperiodic ZP CSI-RS. 



· For TCI state: slightly more suitable to use a value set INTEGER (0..7), since unlike ZP-CSI trigger, the descriptions in [TS 38.321] for the TCI state mentions that the TCI state codepoint refers to the ordinal position of activated TCI states in the MAC-CE command, which is an integer number (and not a bit string). 

	Excerpt from [TS 38.214]
The codepoint to which the TCI State is mapped is determined by its ordinal position among all the TCI States with Ti field set to 1, i.e. the first TCI State with Ti field set to 1 shall be mapped to the codepoint value 0, second TCI State with Ti field set to 1 shall be mapped to the codepoint value 1 and so on.

Excerpt from [TS 38.214]
The UE receives an activation command, as described in clause 6.1.3.14 of [10, TS 38.321] or 6.1.3.47 of [10, TS 38.321], used to map up to 8 TCI states and/or pairs of TCI states, with one TCI state for DL channels/signals and/or one TCI state for UL channels/signals to the codepoints of the DCI field 'Transmission Configuration Indication' for one or for a set of CCs/DL BWPs, and if applicable, for one or for a set of CCs/UL BWPs.



· For RBG size parameter rbg-SizeDCI-1-3: the value “config1” can be removed from ENUMERATED {config1, config2, config3} (and used as default value) as for the dual parameter for DCI format 0_3 rbg-SizeDCI-0-3.

· For RV parameters numberOfBitsForRV-DCI-0-3 and numberOfBitsForRV-DCI-1-3: The configuration can be same as for DCI 0_2/1_2 without any enhancement for the 1-bit case. 

Proposal 8: RAN1 to consider the following for RRC parameters of multi-cell scheduling:
· For TDRA: up to [64/128] rows with entries for each cell based on Rel-16 TDRA tables;
· For rateMatchDCI-1-3: keep the text on number of entries without brackets;
· For ZP CSI-RS trigger: use entries as bit-string of size 2;
· For TCI state: use entries as INTEGER (0..7);
· For rbg-SizeDCI-1-3: remove the value “config1” (and set as default value);
· For numberOfBitsForRV-DCI-0-3 and numberOfBitsForRV-DCI-1-3: same as for DCI format 0_2/1_2 without any enhancement.
5 Conclusions
[bookmark: _GoBack]This contribution considered higher layer parameters for multi-cell scheduling of PDSCHs/PUSCHs using a single DCI format and proposed the following.
Proposals 
Proposal 1: For an MC-DCI-SetofCells:
· Further discuss whether to support UL-only cells in the MC-DCI-SetofCells;
· Accoridngly, further discuss, when the UE is provided both of ScheduledCell-ListDCI-0-3 and ScheduledCell-ListDCI-1-3, whether the UE expects ScheduledCell-ListDCI-0-3 to be a subset of ScheduledCell-ListDCI-1-3 or whether they can be independently configured;
· When the UE is provided ScheduledCell-ListDCI-1-3 and is not provided ScheduledCell-ListDCI-0-3:
· Option 1: ScheduledCell-ListDCI-1-3 is the default value to be applied for DCI format 0_3;
· Option 2: DCI format 0_3 cannot schedule cells in the set of cells corresponding to MC-DCI-SetofCells.

Proposal 2: Further discuss the necessity of introducing new RRC parameters for the maximum number of cells that can be co-scheduled by a DCI format 0_3 /1_3.

Proposal 3: Support a value range of (0..11) for nCI-Value for an MC-DCI-SetofCells to ensure unique n_CI value for each set of cells per RAN1#112 agreement.

Proposal 4: For each MC-DCI-SetofCells, further discuss the following options:
· Option 1: The UE expects that either both or none of ScheduledCellCombo-ListDCI-0-3 and ScheduledCellCombo-ListDCI-1-3 are configured (and not one of them only);
· Option 2: When ScheduledCellCombo-ListDCI-1-3 is configured and ScheduledCellCombo-ListDCI-0-3 is not configured, ScheduledCellCombo-ListDCI-1-3 is the default value to be applied for DCI format 0_3 (and FDRA method is not used);
· Option 3: When ScheduledCellCombo-ListDCI-1-3 is configured and ScheduledCellCombo-ListDCI-0-3 is not configured, FDRA method is used for DCI format 0_3, and FDRA in DCI format 0_3 cannot indicate a cell combination that is not same as or a subset of a cell combination included in ScheduledCellCombo-ListDCI-1-3.
Proposal 5: Retain value 1 as the lower limit on the number of cell combinations in ScheduledCellCombo-ListDCI-0-3 and ScheduledCellCombo-ListDCI-1-3. 

Proposal 6: Adopt the approach in Alt-1b for configuration of Type-1B fields: a single joint table provided for all BWPs of all cells;
· Entries are interpreted after size matching (zero prepending or trunctaing) based on the bit-width required for values applicable to the (new/target) active BWPs of co-scheduled cells as indicaetd by the BWP indicator field in DCI format 0_3/1_3.

Proposal 7: Avoid hard-coded values in the RRC list and instead apply parametric values/indexes using maxNrofXYZ.

Proposal 8: RAN1 to consider the following for RRC parameters of multi-cell scheduling:
· For TDRA: up to [64/128] rows with entries for each cell based on Rel-16 TDRA tables;
· For rateMatchDCI-1-3: keep the text on number of entries without brackets;
· For ZP CSI-RS trigger: use entries as bit-string of size 2;
· For TCI state: use entries as INTEGER (0..7);
· For rbg-SizeDCI-1-3: remove the value “config1” (and set as default value);
· For numberOfBitsForRV-DCI-0-3 and numberOfBitsForRV-DCI-1-3: same as for DCI format 0_2/1_2 without any enhancement.

In addition, the following observations were made.
Observations
Observation 1: The UE reports a capability for a maximum number of co-scheduled cells supported by a DCI format 0_3/1_3 for the UE, which can be strictly smaller than a UE capability / gNB configuration for a number of cells in a set of cells for multi-cell scheduling.

Observation 2: Alt.1 is aligned with RAN1#112 agreement, but requires, for each Type-1B field, a same configuration in all configured BWPs in a cell, or requires that the single joint table includes only entries that are commonly applicable to all configured BWPs in a cell.

Observation 3: Alt-1a is only applicable to the TDRA field, and also does not resolve the issues with BWP operation for TDRA or other Type-1B fields (such as the issue of “out-of-range” values).

Observation 4: Alt-1b is aligned with the RAN1#112 agreement, supports different BWP-specific configurations among different BWPs of a cell, and uses legacy methods to resolve the issue of “out-of-range” values.

Observation 5: Alt-2 inherently supports different BWP-specific configurations among different BWPs of a cell, but appears to be different from the RAN#112 agreement, and also requires all [4] BWP-specific tables to have the same number of rows for correct DCI field size determination.

Observation 6: Alt-3 inherently supports different BWP-specific configurations among different BWPs of a cell, but it has a “distributed” structure that appears to be different from the RAN#112 agreement, and also requires all columns for all BWPs of all cells to be of the same size for correct codepoint interpretation.
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