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1. Background
The 1st objective of Rel-18 WI multi-carrier enhancements is to specify a solution for multi-cell scheduling with a single DCI.
	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. Applicability of multi-cell scheduling
At the RAN1#109-e meeting, following agreements have been achieved [1]:
	Agreement
· All the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group.
· FFS: All the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group].
Agreement
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells including the scheduling cell.
· DCI format 0-X/1-X on a scheduling cell can be used to schedule PUSCHs/PDSCHs on multiple cells not including the scheduling cell.
Agreement
· DCI format 0-X/1-X can be transmitted on PCell.
· DCI format 0-X/1-X can be transmitted on a SCell at least when the DCI format 0-X/1-X does not schedule PUSCH/PDSCH on PCell.
· FFS whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. 




DCI format 1_X/0_X carries scheduling information of PDSCHs or PUSCHs on multiple cells. Considering that the possible DCI payload size is limited (up to 120 bits excluding CRC), it is important to maximize the support of common or joint DCI indication fields. Common or joint indication in general works if the scheduled cells have same (or similar) characteristics. To further discuss details of DCI format 0_X/1_X and other necessary aspects, we propose to limit the applicability of DCI format 0_X/1_x such that the set of co-scheduled cells by a DCI format 0_X/1_X is with the same carrier type/numerology. 

It should be noted that multiple DCI formats 0_X/1_X on the same scheduling cell should be able to schedule different sets of co-scheduled cells with different carrier types/numerologies. Therefore, there must be no effective loss of scheduling flexibility with the limitation.

There is an FFS on whether all the co-scheduled cells by a DCI format 0_X and the scheduling cell are included in the same [cell or PUCCH group]. First of all, single DCI format 0_X scheduling multiple cells across different cell-groups does not make sense since different cell-groups are configured to accommodate different MAC schedulers in dual connectivity – in this scenario, scheduling information is supposed not being shared between MgNB and SgNB dynamically. Secondly, a UL DCI received in a cell in one PUCCH-group schedules PUSCH on a cell in the other PUCCH-group is currently not allowed. Therefore, it is straightforward if the UL DCI and scheduled PUSCHs are on the cell(s) in the same PUCCH-group. Supporting cross-PUCCH-group scheduling only for UL (not for DL) does also not make much sense.

There is another FFS on whether a DCI format 0-X/1-X can be transmitted on an SCell if the DCI format 0-X/1-X schedules PUSCH/PDSCH on PCell. This can be discussed later once the design is clearer.

Based on the above discussions, we propose the following.

Proposal 1: 
· In Rel-18, a DCI format 0_X/1_X can schedule PDSCHs/PUSCHs on multiple cells when all the co-scheduled cells belong to the same carrier type (TDD/FDD, FR1/FR2, licensed/unlicensed) and with the same numerology
· The scheduling cell and the co-scheduled cells can belong to different carrier types or with different numerologies
· In Rel-18, all the co-scheduled cells and the scheduling cell belong to the same cell-group/PUCCH-group
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Fig. 1	Example use-case of Rel-18 multi-cell scheduling (FR1-FR2 CA)


3. Identification of co-scheduled cell(s) 
At the RAN1#109-e meeting, following agreements have been achieved [1]:
	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. 



For legacy cross-carrier scheduling where the UE monitors PDCCH for DCI formats for cross-carrier scheduling for different scheduled cells from the same scheduling cell, the UE identifies a set of PDCCH candidates for each scheduled cell by the configured CIF/nCI value, and decodes/parses a DCI for the corresponding scheduled cell in the set of PDCCH candidates associated with the CIF/nCI value. Support of cross-carrier scheduling with the same and different numerologies between scheduling cell and scheduled cells are different UE features. 

For multi-cell scheduling by a DCI format 0_X/1_X, it is also necessary for a UE to be able to distinguish PDCCH candidates for the DCI format 0_X/1_X for the different sets of co-scheduled cells. This can be enabled easily by re-using the existing CIF/nCI assignment framework. A value of CIF/nCI is mapped to a set of multiple cells. The UE monitors PDCCH candidates for the DCI format 0_X/1_X for the multiple cells over the set of CCEs associated with the CIF/nCI value. CIF field is present in the DCI format 0_X/1_X and indicates the same value as the nCI. With this, the multi-cell scheduling can be supported using the same framework as legacy cross-carrier scheduling – e.g., some CIF/nCI values are for multi-cell scheduling and some other CIF/nCI values are for single-cell scheduling, as illustrated in Fig 2.
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Fig. 2	Example configuration of CIF/nCI for multi-cell scheduling with a single DCI.

For a given CIF/nCI value, the DCI format 0_X/1_X should be able to schedule PUSCH(s)/PDSCH(s) on all or a subset of the cells. The subset cell selection can be enabled by using some other field(s) in the DCI format 0_X/1_X. For example, FDRA field for RA Type-0 indicates all 0s for all RBGs of a cell, then there must be no data scheduled on the cell.

Proposal 2:
· Re-use CIF/nCI framework
· Multiple cells can be mapped to a CIF/nCI value of a DCI format monitored on a scheduling cell
· The DCI may schedule data on one, some, or all of the cells mapped to the CIF/nCI value

For proposal 2, there could be two options.
· Opt.1: for a given scheduled cell, at most one CIF/nCI value is assigned
· Opt.2: for a given scheduled cell, more than one CIF/nCI values can be assigned

Option 1 is in line with the existing cross-carrier scheduling framework. Tables 1 and 2 show examples of how a UE can be configured to monitor DCI format 0_X/1_X with Option 1. In Table 1, CIF/nCI value of 1 is dedicatedly assigned to DCI format 0_X/1_X for multi-cell scheduling on CC1 + CC2. With Table 2, a UE is configured to monitor both DCI format 0_X/1_X and legacy DCI format on CIF/nCI value of 0. The BD/CCE/DCI-size budgets are per scheduled cell = per CIF/nCI value. The main benefit of Opt.1 is that the UE is not required to support larger BD/CCE/DCI-size budgets for each scheduled cell. For some cells (e.g., CC1 and CC2 in Tables 1 and 2), the UE does not monitor legacy DCI format for single-cell scheduling; it monitors only DCI format 0_X/1_X for these cells. One may argue that this implies there is no sufficient fallback and hence performance loss maybe caused by the PDCCH payload increase. However, it is still possible to configure monitoring legacy DCI format for single-cell scheduling for at least one cell (CC0 in these examples) for fallback. Besides, the configuration can be changed to legacy CA operational mode whenever necessary by RRC reconfiguration. Therefore, it should not be concern in reality. In addition, we consider it is possible to introduce dynamic indication/switch of scheduling cell(s) as proposed in Section 4 for quicker adaptation/fallback.

Table 1: CIF/nCI value = 1 is assigned to DCI 0_X/1_X for multi-cell scheduling on CC1-CC2
	CIF/nCI value
	Associated CC(s)

	0
	0

	1
	1, 2



Table 2: CIF/nCI value = 0 is shared by DCI 0_X/1_X for multi-cell scheduling on CC0-CC2 and legacy DCI
	CIF/nCI value
	Associated CC(s)

	0
	0 for legacy DCI
0, 1, 2 for DCI 0_X/1_X



Opt.2 enables configurations that are not allowed in Opt.1. For example, a UE maybe configured to monitor DCI format 0_X/1_X with a CIF/nCI value for a set of cells and legacy DCI formats for each of the set of cells with different CIF/nCI values as in Table 3, which enables “fully dynamic fallback to legacy cross-carrier scheduling”. Another example of Opt.2 is that multiple DCI formats 0_X/1_X with different DCI sizes are monitored with different values of CIF/nCI for different sets of co-scheduled cells, where one particular cell is included in the multiple sets as in Table 4, which enables dynamic adaptation of DCI format sizes for scheduling. However, for Opt.2, determination of BD/CCE/DCI-size budgets needs discussion. Considering the fact that it would be difficult to keep “per scheduled cell” BD/CCE/DCI-size budgets for Opt.2 since each scheduled cell can be associated to different sets of CIF/nCI values, we assume BD/CCE/DCI-size budgets for Opt.2 are expected to be “per CIF/nCI value”, which effectively increases the numbers of BDs/CCEs/DCI-sizes per scheduled cell.

Table 3: One value for DCI format 0_X/1_X and the other values for legacy cross-carrier scheduling
	CIF/nCI value
	Associated CC(s)

	0
	0

	1
	1

	2
	2

	3
	0, 1, 2



Table 4: One cell is schedulable by multiple DCI 0_X/1_X with different CIF/nCI values
	CIF/nCI value
	Associated CC(s)

	0
	0

	1
	0, 1

	2
	0, 1, 2



In principle, we consider Opt.1 should be the basic operational mode of multi-cell scheduling. Firstly, we think legacy Rel-15/Rel-16/Rel-17 cross-carrier scheduling is not a prerequisite for Rel-18 multi-cell scheduling. Secondly, increase of BD/CCE/DCI-size budgets per scheduled cell should not be mandated to support Rel-18 multi-cell scheduling. Otherwise, Rel-18 multi-cell scheduling does not offer any incentive to the UE and while is a high cost feature from a UE point of view. Since the WID indicates the targets are both power efficiency and spectral efficiency improvements, increase in UE’s processing complexity should not be mandatory. 

If we have to support Opt.2, support of Opt.1 should be allowed under the same framework. For example, BD/CCE/DCI-size budgets can be defined per CIF/nCI value, but a UE can indicate (1) number of CIF/nCI values that can be configured to one scheduled cell (min value = 1) and (2) number of CIF/nCI values that can be configured to a scheduling cell for a set of scheduled cells. 

Proposal 3:
· For Rel-18 multi-cell scheduling, support of legacy cross-carrier scheduling is not mandated
· For Rel-18 multi-cell scheduling, increase of BD/CCE/DCI-size budgets for each scheduled cell is not mandated 
· Support Opt.1 (for a given scheduled cell, at most one CIF/nCI value is assigned)
· BD/CCE/DCI-size budgets follow legacy (per scheduled cell)
· If Opt.2 (for a given scheduled cell, more than one CIF/nCI values can be assigned) is supported
· BD/CCE/DCI-size budgets are per CIF/nCI value
· UE is able to report how many CIF/nCI value(s) can be associated to each scheduled cell
· Minimum value is 1
· UE is able to report how many CIF/nCI value(s) can be configured to a scheduling cell for a set of scheduled cells


4. Switch/fallback from multi-cell scheduling to legacy self-scheduling
Legacy self-scheduling is a basic CA operation and is supported by all the UEs. As mentioned in Section 3, we believe legacy cross-carrier scheduling should not be mandated for Rel-18 multi-cell scheduling. For Rel-18 multi-cell scheduling, legacy self-scheduling should be able to be a fallback operational mode. This does not mean a UE shall monitor PDCCH for multi-cell scheduling for a set of cells and PDCCHs for each cell of the set of cells simultaneously. These two modes should be able to be switched via an explicit indication.

One use-case of the dynamic switch/fallback from multi-cell scheduling to legacy self-scheduling is CA with different numerologies (e.g., FR1-FR2  CA). Multi-cell scheduling using DCI format 0_X/1_X from a cell with lower SCS to cells with higher SCS is used when the traffic for the UE is not much high. Unlike legacy cross-carrier scheduling, use of DCI format 0_X/1_X allows the UE not to monitor a lot of PDCCH candidates for all the scheduled cells, which can save the UE power consumption. A scheduling offset in time, if it is ensured, can further help the UE to adapt the process of scheduled cells and the power consumption. Once there is a large traffic coming to the UE, the network can indicate dynamic switch/fallback from multi-cell scheduling to legacy self-scheduling. Once the UE is switched to the legacy self-scheduling mode, the UE monitors PDCCH on all the slots on all the scheduled cells. As such, this way can achieve benefits of both (1) DCI overhead reduction and UE power saving thanks to the use of Rel-18 multi-cell scheduling, and (2) delivering flexible and granular scheduling information thanks to the use of legacy DCI formats with self-scheduling.

Proposal 4:
· Support dynamic indication of scheduling cell(s)
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· Highly beneficial for FR1-FR2 CA (different numerologies for scheduling/scheduled cells)
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Fig. 3	Fallback/switch from multi-cell scheduling to legacy self-scheduling by NW indication.


5. HARQ-ACK feedback
At the RAN1#109-e meeting, following working assumption has been achieved [1]:
	Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.



NR supports three types of HARQ-ACK codebook – Type-1, Type-2, and Type-3. Type-1 HARQ-ACK codebook is constructed based on the PDSCH transmission occasion(s) and therefore, whether/how the data is scheduled by a DCI for multi-cell scheduling would not be the matter. For Type-3 HARQ-ACK codebook, the UE reports HARQ-ACK for all the HARQ processes of all the DL serving cells based on the DCI request. Therefore, it is also not expected to have significant impact on Type-3 HARQ-ACK codebook when a DCI for multi-cell scheduling is used.

For Type-2 HARQ-ACK codebook, a specific handling would be necessary. In general, a DCI for multi-cell scheduling can schedule data on up to N cells. If the TB mapping is per cell, the number of TBs scheduled by the DCI varies from 1 to 2 x N. In order to handle this, the solution specified for Rel-15 CBG-based re-transmission and Rel-17 multi-slot PDSCH scheduling can be re-used. That is:
· A UE constructs two HARQ-ACK sub-codebooks and concatenate them to form the final HARQ-ACK codebook, where:
· 1st sub-codebook is for PDSCH(s) scheduled by DCI(s) for single-cell scheduling
· 2nd sub-codebook is for PDSCH(s) scheduled by DCI(s) for multi-cell scheduling
· DAI counting is independent for sets of DCI(s) for single-cell scheduling and for multi-cell scheduling
Similar to Rel-17 multi-slot PDSCH scheduling, it is reasonable not to support joint operation of multi-cell scheduling with Type-2 codebook and CBG-based re-transmission so as to avoid the number of sub-codebooks exceeding two.

Proposal 5:
· For Type-2, re-use HARQ-ACK codebook construction for multi-slot PDSCH scheduling
· Concatenating two sub-codebooks
· 1st sub-codebook is for PDSCH(s) scheduled by DCI(s) for single-cell scheduling
· 2nd sub-codebook is for PDSCH(s) scheduled by DCI(s) for multi-cell scheduling
· DAI counting is independent for the sets of DCI(s) for single-cell scheduling and multi-cell scheduling
· CBG based re-transmission is not supported
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Fig. 4		Two sub-codebooks for a Type-2 HARQ-ACK codebook.

6. Field design of DCI format 0_X/1_X
At the RAN1#109-e meeting, following agreements have been achieved [1]:
	Agreement
For design of multi-cell scheduling DCI, companies are encouraged to consider following types of DCI fields: 
· Type-1 field: A single field indicating common information to all the co-scheduled cells or separate information to each of co-scheduled cells via joint indication or an information to only one of co-scheduled cells
· Type-2 field: Separate field for each of the co-scheduled cells, or each sub-group comprising one or more co-scheduled cells where a single field is commonly applied to the co-scheduled cells belonging to a same sub-group
· Type-3 field: Common or separate to each of the co-scheduled cells or to each sub-group.
· FFS: whether it is dependent on explicit configuration or implicit condition (e.g., intra or inter band CA, FR1 or FR2).
· Other types are not precluded.



A DCI format has a lot of fields – RAN1 has to fix each of them. Below, our views are provided.

NDI, RV
For Rel-16/17 multi-slot PDSCH/PUSCH scheduling (multiple TBs over multiple slots scheduled by one DCI), separate NDI/RV fields for multiple PDSCHs/PUSCHs was supported with smaller number of bits per PDSCH/PUSCH. For multi-cell scheduling, this existing solution can be re-used, i.e., these fields can be separate fields (potentially having smaller number of bits).

TDRA
For each of the co-scheduled cells, timeDomainResourceAllocationList for PDSCH/PUSCH is configured. Similar to Rel-16/17 multi-slot PDSCH/PUSCH scheduling, the TDRA field in a DCI format 0_X/1_X can be a single field that indicates a row of the lists for the multiple co-scheduled cells as in Table 3. The bit-width of the TDRA field can be determined by the number of entries of the TDRA-list for a cell with the maximum list size amongst the co-scheduled cells by the DCI format 0_X/1_X. 

Table 3	joint indication of TDRA for co-scheduled cells
	Value of TDRA
	CC0
	CC1
	CC2
	CC3

	0
	1st entry
	1st entry
	1st entry
	1st entry

	1
	2nd entry
	2nd entry
	2nd entry
	2nd entry

	2
	3rd entry
	3rd entry
	3rd entry
	3rd entry

	3
	4th entry
	4th entry
	4th entry
	4th entry

	4
	5th entry
	
	5th entry
	5th entry

	5
	6th entry
	
	6th entry
	6th entry

	6
	
	
	7th entry
	7th entry

	7
	
	
	8th entry
	8th entry



The above TDRA approach is easily applicable to many other fields as well, e.g., BWP indicator, VRB-to-PRB, PRB bundling size, RM-indicator, ZP-CSI-RS indicator, TCI-state, DMRS sequence initialization, FH flag, beta-offset indicator, SRS request, priority indicator. 

MCS
Currently, a MCS table for PDSCH/PUSCH of a cell is selected from multiple MCS look-up tables that are hard coded in TS38.214. Adopting ‘joint indication approach’ to MCS would require large impacts on RRC signalling and RAN1 spec. With the Proposal 1 in Section 2, in many cases the co-scheduled cells would have similar channel quality. Therefore, MCS field in a DCI format 0_X/1_X can be a common field for multiple co-scheduled cells. For this, the parameter ‘mcs-Table’ in PDSCH-Config or PUSCH-Config for the co-scheduled cells has to be the same value. 

For some cases, e.g., when co-scheduled cells are in different frequency bands (though still belong to the same carrier type/numerology), single common field applied to all the co-scheduled cells might be restrictive – support of different MCS indications for different sets of co-scheduled cells by a single DCI format could be beneficial. This can be enabled by having multiple (e.g., up to 2) MCS fields in the DCI where each of the multiple MCS fields is for different subset of co-scheduled cells. This ‘sub-grouping’ approach would be a feasible way to improve scheduling flexibility for the MCS.
[image: ]
Fig. 5	MCS fields for multiple sub-groups of co-scheduled cells by one DCI format.

Note that for appropriate link adaptation, ‘cqi-Table’ in CSI-ReportConfig for co-scheduled cells that shares the MCS field/indication of a DCI format 0_X/1_X should also be the same.

Antenna port(s),
Antenna port(s) field indicates a row of a table that is selected from multiple hard-coded tables in 38.212 depending on RRC parameters and # of CWs as summarized in Table 4. Similar to MCS, it would be not easy to re-design the Antenna port(s) indication for multi-cell scheduling. Therefore, we suggest to adopt the same approach as for MCS: (1) the Antenna port(s) field is a common indication for multiple co-scheduled cells and (2) consider multiple Antenna port(s) fields for subsets of the co-scheduled cells by a DCI format 0_X/1_X. For the co-scheduled cells that share the Antenna port(s) field, relevant parameters (# of CWs, dmrs-Type, maxLength, etc) are configured such that the same Antenna port(s) table is referred. 

Table. 4		Reference table and bit-width of Antenna port(s) field
	# of CWs
	dmrs-Type
	maxLength
	# of TCI-states
	Table in 38.212
	Field bit-width

	1
	1
	1
	1
	7.3.1.2.2-1
	4

	1
	1
	1
	2
	7.3.1.2.2-1A
	4

	1
	1
	2
	1
	7.3.1.2.2-2 (left)
	5

	2
	1
	2
	1
	7.3.1.2.2-2 (right)
	5

	1
	1
	2
	2
	7.3.1.2.2-2A (left)
	5

	2
	1
	2
	2
	7.3.1.2.2-2A (right)
	5

	1
	2
	1
	1
	7.3.1.2.2-3 (left)
	5

	2
	2
	1
	1
	7.3.1.2.2-3 (right)
	5

	1
	2
	1
	2
	7.3.1.2.2-3A (left)
	5

	2
	2
	1
	2
	7.3.1.2.2-3A (right)
	5

	1
	2
	2
	1
	7.3.1.2.2-4 (left)
	6

	2
	2
	2
	1
	7.3.1.2.2-4 (right)
	6

	1
	2
	2
	2
	7.3.1.2.2-4A (left)
	6

	2
	2
	2
	2
	7.3.1.2.2-4A (right)
	6



Precoder information and number of layer(s), SRS resource indicator, TPC for PUSCH
The above discussion regarding Antenna port(s) field holds for these fields as well. Therefore, it would be reasonable to take the same approach: (1) each of these field is a common indication for multiple co-scheduled cells and (2) consider multiple Antenna port(s) fields for subsets of the co-scheduled cells by a DCI format 0_X/1_X.

FDRA
FDRA should be flexible enough so that network enables multi-user scheduling – one common indication field for co-scheduled cells does not make sense. On the other hand, FDRA field has in general large number of bits (up to 18 bits) and therefore, it is not reasonable to make it separate for each of co-scheduled cells without ant change. To take the balance, we propose to adopt either of the following options.
· Opt.1: Having separate FDRA field for each of co-scheduled cells, where:
· For Type-0, larger RBG size is supported
· For Type-1, RBG-based RIV is used
· Opt.2: Having single FDRA field for all the co-scheduled cells, where:
· Continuous RB indexing over the RBs of the multiple co-scheduled cells is introduced
· Type-0 and Type-1 for the continuous RB indexing over multiple cells is supported
· For Type-2 PUSCH resource allocation, in general, interlaced RB index(es) can be common across co-scheduled unlicensed cells. Details can be further discussed once Type-0/1 are fixed.

HARQ process indicator
For multi-cell scheduling, common HARQ process number indication by a single/common field in the scheduling DCI should be a starting point. If this is too restrictive, a potential enhancement could be to have a common indication field + offset indication field(s) for co-scheduled cells. The common indication can be the same as the legacy HARQ process indicator, i.e., up to 4 bits for the common HARQ process number indication. The offset indication field(s) provide an offset value for the HARQ process number for each of the co-scheduled cells. The step of the offset indication can be an RRC parameter. 

DCI format identifier, PUCCH related fields (TPC command for PUCCH, PUCCH resource indicator, PDSCH-to-HARQ_indicator, one shot HARQ request, enhanced Type-3 CB, PUCCH cell indicator, sidelink assignment index), SCell dormancy indicator, PDCCH monitoring adaptation, UL/SUL indicator, CSI request, UL-SCH indicator, PDCCH monitoring adaptation
These are not relevant to multi-cell scheduling and hence should be kept unchanged.

ChannelAcces-CPext, minimum K0/K2 offset
These fields can be common for all the co-scheduled cells.

Proposal 6:
· NDI, RV: per-cell 
· Re-use Rel-16/17 multi-slot PDSCH/PUSCH scheduling
· MCS: per group-of-cells 
· Configured ‘mcs-Table’ is the same for all the cells in the group
· ‘cqi-Table’ for the cells in the group is expected to be the same for appropriate link adaptation
· Consider up to 2 groups per DCI
· Antenna port(s), Precoder information and number of layer(s), SRS resource indicator, TPC for PUSCH: per group-of-cells
· RRC parameters are configured so that the same look-up table is referred for the cells
· CSI reporting type/config for these cells are expected to be the same for appropriate link adaptation
· Allow 1 or 2 groups per DCI
· FDRA: adopt either of the following
· Opt.1: Having separate FDRA field for each of co-scheduled cells, where:
· For Type-0, larger RBG size is supported
· For Type-1, RBG-based RIV is used
· Opt.2: Having single FDRA field for all the co-scheduled cells, where:
· Continuous RB indexing over the RBs of the multiple co-scheduled cells is introduced
· Type-0 and Type-1 for the continuous RB indexing over multiple cells is supported
· HARQ process indicator: common as the baseline; per-cell offset as an additional flexibility
· HPID field is a common field for all the co-scheduled cells
· Consider to introduce a “HPID offset indication” for each cell
· TDRA, BWP indicator, VRB-to-PRB, PRB bundling size, RM-indicator, ZP-CSI-RS indicator, TCI-state, DMRS sequence initialization, FH flag, beta-offset indicator, SRS request, priority indicator: joint indication
· Similar to TDRA for Rel-16/Rel-17 multi-slot PDSCH/PUSCH scheduling
· DCI format identifier, PUCCH related fields (TPC command for PUCCH, PUCCH resource indicator, PDSCH-to-HARQ_indicator, one shot HARQ request, enhanced Type-3 CB, PUCCH cell indicator, sidelink assignment index), SCell dormancy indicator, PDCCH monitoring adaptation, UL/SUL indicator, CSI request, UL-SCH indicator: No change 
· ChannelAcces-CPext, minimum K0/K2 offset: Common indication


In the above, DCI fields introduced for m-TRP operation in Rel-17 are not included. Support of joint operation of multi-cell scheduling and multi-TRP by a DCI format 0_X/1_X would require further considerations on handling increased DCI payload sizes. It would also impact on Type-2 HARQ-ACK codebook construction. Therefore, such joint operation should be separately discussed once the basic framework of multi-cell scheduling is solid.

7. Conclusion
In this contribution, we provided our views on multi-cell scheduling with a single DCI. The proposals are following.

Proposal 1: 
· In Rel-18, a DCI format 0_X/1_X can schedule PDSCHs/PUSCHs on multiple cells when all the co-scheduled cells belong to the same carrier type (TDD/FDD, FR1/FR2, licensed/unlicensed) and with the same numerology
· The scheduling cell and the co-scheduled cells can belong to different carrier types or with different numerologies
· In Rel-18, all the co-scheduled cells and the scheduling cell belong to the same cell-group/PUCCH-group

Proposal 2:
· Re-use CIF/nCI framework
· Multiple cells can be mapped to a CIF/nCI value of a DCI format monitored on a scheduling cell
· The DCI may schedule data on one, some, or all of the cells mapped to the CIF/nCI value

Proposal 3:
· For Rel-18 multi-cell scheduling, support of legacy cross-carrier scheduling is not mandated
· For Rel-18 multi-cell scheduling, increase of BD/CCE/DCI-size budgets for each scheduled cell is not mandated 
· Support Opt.1 (for a given scheduled cell, at most one CIF/nCI value is assigned)
· BD/CCE/DCI-size budgets follow legacy (per scheduled cell)
· If Opt.2 (for a given scheduled cell, more than one CIF/nCI values can be assigned) is supported
· BD/CCE/DCI-size budgets are per CIF/nCI value
· UE is able to report how many CIF/nCI value(s) can be associated to each scheduled cell
· Minimum value is 1
· UE is able to report how many CIF/nCI value(s) can be configured to a scheduling cell for a set of scheduled cells

Proposal 4:
· Support dynamic indication of scheduling cell(s)
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· highly beneficial for FR1-FR2 CA (different numerologies for scheduling/scheduled cells)

Proposal 5:
· For Type-2, re-use HARQ-ACK codebook construction for multi-slot PDSCH scheduling
· Concatenating two sub-codebooks
· 1st sub-codebook is for PDSCH(s) scheduled by DCI(s) for single-cell scheduling
· 2nd sub-codebook is for PDSCH(s) scheduled by DCI(s) for multi-cell scheduling
· DAI counting is independent for the sets of DCI(s) for single-cell scheduling and multi-cell scheduling
· CBG based re-transmission is not supported

Proposal 6:
· NDI, RV: per-cell 
· Re-use Rel-16/17 multi-slot PDSCH/PUSCH scheduling
· MCS: per group-of-cells 
· Configured ‘mcs-Table’ is the same for all the cells in the group
· ‘cqi-Table’ for the cells in the group is expected to be the same for appropriate link adaptation
· Consider up to 2 groups per DCI
· Antenna port(s), Precoder information and number of layer(s), SRS resource indicator, TPC for PUSCH: per group-of-cells
· RRC parameters are configured so that the same look-up table is referred for the cells
· CSI reporting type/config for these cells are expected to be the same for appropriate link adaptation
· Allow 1 or 2 groups per DCI
· FDRA: adopt either of the following
· Opt.1: Having separate FDRA field for each of co-scheduled cells, where:
· For Type-0, larger RBG size is supported
· For Type-1, RBG-based RIV is used
· Opt.2: Having single FDRA field for all the co-scheduled cells, where:
· Continuous RB indexing over the RBs of the multiple co-scheduled cells is introduced
· Type-0 and Type-1 for the continuous RB indexing over multiple cells is supported
· HARQ process indicator: common as the baseline; per-cell offset as an additional flexibility
· HPID field is a common field for all the co-scheduled cells
· Consider to introduce a “HPID offset indication” for each cell
· TDRA, BWP indicator, VRB-to-PRB, PRB bundling size, RM-indicator, ZP-CSI-RS indicator, TCI-state, DMRS sequence initialization, FH flag, beta-offset indicator, SRS request, priority indicator: joint indication
· Similar to TDRA for Rel-16/Rel-17 multi-slot PDSCH/PUSCH scheduling
· DCI format identifier, PUCCH related fields (TPC command for PUCCH, PUCCH resource indicator, PDSCH-to-HARQ_indicator, one shot HARQ request, enhanced Type-3 CB, PUCCH cell indicator, sidelink assignment index), SCell dormancy indicator, PDCCH monitoring adaptation, UL/SUL indicator, CSI request, UL-SCH indicator: No change 
· ChannelAcces-CPext, minimum K0/K2 offset: Common indication

8. Reference
[1] RP-213577, ‘New WID on Multi-carrier enhancements,’ NTT DOCOMO
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