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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].
	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



In this contribution we propose various aspects for multi-cell PDSCH/PUSCH scheduling with a single DCI. The latest RAN1 agreements and RAN plenary decisions captured in [2] and [3] are taken into account.

2. PDCCH monitoring and BD/CCE/DCI-size counting/budget
2.1	General framework
Figure 1 illustrates an example of CA configuration with large number of CCs with different SCSs over FR1 and FR2. 
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Fig. 1	An example CA configuration.

For such CA configuration, it is beneficial to configure monitoring DCI format 0_X/1_X for CC#3-#6 for improving spectral/power efficiency. For the other CCs (CC#0-#2), self-scheduling, cross-carrier scheduling, or multi-cell scheduling using the other DCI format 0_X/1_X can be used.

Suppose for the above example, the UE is configured with multi-cell scheduling from CC#2 to CC#3-#6. For simplicity, all other cells (CC#0-#2) are configured with legacy self-scheduling. On CC#2, the UE has to monitor PDCCH candidates for two different sets of scheduled CCs. 

For legacy self-/cross-carrier scheduling, the UE identifies a set of CCEs for 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. For multi-cell scheduling by a DCI format 0_X/1_X, it is also necessary for a UE to be able to distinguish the set of CCEs for PDCCH candidates for the associated set of multiple cells before the UE decodes them. 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, as illustrated in Fig. 2.
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Fig. 2	An example of PDCCH monitoring for the CA configuration.

Table 1.	Mapping between a value of CIF/nCI to cell(s)
	Scheduling CC
	CIF/nCI value
	Scheduled CC(s)

	#0
	-
	#0

	#1
	-
	#1

	#2
	0
	#2

	#2
	1
	#3, #4, #5, #6



The above can be realized by simple clarification on RRC IE cif-InSchedulingCell in crossCarrierSchedulingConfig; the parameter cif-InSchedulingCell configured for multiple scheduled cells from the same scheduling cell should be able to take the same value for Rel-18 multi-cell scheduling. No specification change would be necessary in the PDCCH/CCE hash function of TS38.213 Section 10.1.

Note that for CIF/nCI = 1 of scheduling CC#2 in the above example, it is also possible to configure legacy DCI format for PDSCH/PUSCH scheduling for one of the scheduled CCs #3-#6 without increasing the UE’s complexity as long as legacy 3+1 DCI size budget is maintained. 

Association between a CIF/nCI value and a set of multiple cells is based on RRC configuration. However, a DCI format 0_X/1_X should be able to schedule PUSCH(s)/PDSCH(s) on a subset of the multiple cells. This can be realized easily by using simple resource allocation mechanism. For example, FDRA field in the DCI format 0_X/1_X can indicate “no RB is allocated” for some cells amongst the set of multiple cells. 

Proposal 1:
· 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


2.2	BD/CCE count/limit
In the example of Fig. 2, different CIF/nCI values are associated with different set of scheduled CCs. For such case, it is straightforward to count BDs, CCEs, DCI sizes per CIF/nCI value. In Fig. 2, BDs for CC#0 and CC#1 are capped by 44, respectively, and BDs for CIF/nCI = 0 and CIF/nCI = 1 on CC#2 are capped by 36, respectively. This is a simple and straightforward extension from the existing CA framework that specifies BD/CCE count/limit for self-scheduling/cross-carrier scheduling.

In addition, there could be per-SCS limit (also called as CA-limit) for BD/CCE if the UE reports a value of pdcch-BlindDetectionCA. For legacy CA, per-SCS BD limit for SCS configuration m is determined as  , where  is the value of pdcch-BlindDetectionCA,  is the BD limit defined in Table 10.1-2 of TS 38.213, and  is the number of configured DL cells with DL BWPs having SCS configuration m (per-SCS CCE limit is determined in the same way). For now, multi-TRP and span-based PDCCH monitoring are not considered here for simplicity. For multi-cell scheduling, the  in the equation should be re-defined as, or replaced by, the sum of (1) the number of configured DL cells for scheduling cells with SCS configuration m without CIF/nCI configuration and (2) the total number CIF/nCI values for scheduling cells with SCS configuration m with CIF/nCI configuration. This is a backward compatible change since in the legacy CA, one value of CIF/nCI is associated with one scheduled cell which has no impact from the change. An example of how per-SCS limit should be computed when the UE reports pdcch-BlindDetectionCA = 4 is provided in Table 2 (note: in this particular example, per-SCS limit is not a cap for each SCS since the value of pdcch-BlindDetectionCA is not smaller than the number of CIF/nCI values). The same should apply to CCE (not shown in the table).

Table 2.	BD limits for Proposal 1 when the UE reports pdcch-BlindDetectionCA = 4
	Scheduling CC
	CIF/nCI value
	Scheduled CC(s)
	BD limit
	Per-SCS BD limit with 
pdcch-BlindDetectionCA = 4

	#0 (15kHz)
	-
	#0
	44
	88 in total
(44 x 4 x 2/4)

	#1 (15kHz)
	-
	#1
	44
	

	#2 (30kHz)
	0
	#2
	36
	72 in total
(36 x 4 x 2/4)

	#2 (30kHz)
	1
	#3, #4, #5, #6
	36
	



Proposal 2:
· BD/CCE counting/limit are per CIF/nCI value
· I.e., for a CIF/nCI value associated with multiple cells for multi-cell scheduling, BD/CCE limit is provided as one of {44, 36, 22, 20} for the given SCS configuration of the scheduling cell
· Per-SCS BD limit according to the UE reported pdcch-BlindDetectionCA applies even when multiple cells are mapped to a CIF/nCI value
· To derive per-SCS BD limit using ,  in the equation is replaced by the sum of (1) the number of configured DL cells for scheduling cells with SCS configuration m without CIF/nCI configuration and (2) the total number CIF/nCI values for scheduling cells with SCS configuration m with CIF/nCI configuration
· Same for per-SCS CCE limit

2.3	DCI size count/limit and size alignment
Similar to the BD/CCE count/limit explained in Section 2.2, the “3+1” DCI size budget shall be maintained per CIF/nCI value in this framework. The current TS 38.212 7.3.1.0 DCI size alignment specifies the procedure for DCI size alignment for the case where a UE monitors DCI 0_0/1_0, 0_1/1_1, and 0_2/1_2, for a scheduled cell. If monitoring of DCI 0_X/1_X, in addition to all these existing DCI formats, is required for a CIF/nCI value, keeping “3+1” DCI sizes requires additional step(s). 

We consider that a UE does not need to monitor DCI formats 0_X/1_X and all the other legacy DCI formats for the same scheduled cell in Rel-18. More specifically, for a given CIF/nCI value, network can configure either (not both) monitoring DCI 0_X/1_X or DCI 0_2/1_2. With this, the current DCI size alignment procedure in TS 38.212 7.3.1.0 can apply to DCI 0_X/1_X as if it is DCI 0_2/1_2. More specifically, all the DCI alignment procedures in TS 38.212 7.3.1.0 for DCI 0_2/1_2 are applicable to DCI 0_X/1_X (as long as DCI 0_2/1_2 are not configured to be monitored when DCI 0_X/1_X are monitored for the same scheduled cell).

Proposal 3:
· DCI size counting/limit are per CIF/nCI value
· In Rel-18, monitoring DCI format 0_X/1_X and DCI format 0_2/1_2 for the same CIF/nCI value is not supported
· In Rel-18, DCI size alignment procedure specified in TS 38.212 7.3.1.0 for DCI format 0_2/1_2 is re-used for DCI format 0_X/1_X

2.4	Additional aspects
At the RAN1#110 meeting, following working assumption has been made:
	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



Whether/how to support monitoring DCI format 0_X/1_X and legacy DCI format(s) for more than one cells within the set of cells for, e.g., fallback purpose, has been controversial. With the CIF/nCI framework, it does not make sense to enable legacy DCI format(s) for more than one cells within the set of cells for the same CIF/nCI value since BD/CCE/DCI-size budgets are determined per CIF/nCI value. If there is a strong demand/use-case, we think supporting monitoring DCI format 0_X/1_X and legacy DCI format(s) for more than one cells within the set of cells can be enabled by assigning additional CIF/nCI value(s) for legacy DCI formats. Table 2 and Fig. 3 shows an example where the UE is configured to monitor legacy DCI formats for all the scheduled cells by a DCI format 0_X/1_X with this framework. It is assumed that the UE reports PDCCH BD capability pdcch-BlindDetectionCA = 4.

Table 2.	BD limits for Proposal 1 when the UE reports pdcch-BlindDetectionCA = 4
	Scheduling CC
	CIF/nCI value
	Scheduled CC(s)
	BD limit
	Per-SCS BD limit with 
pdcch-BlindDetectionCA = 4

	#0 (15kHz)
	-
	#0
	44
	44 in total
(44 x 4 x 2/8)

	#1 (15kHz)
	-
	#1
	44
	

	#2 (30kHz)
	0
	#2
	36
	108 in total
(36 x 4 x 6/8)

	#2 (30kHz)
	1
	#3
	36
	

	#2 (30kHz)
	2
	#4
	36
	

	#2 (30kHz)
	3
	#5
	36
	

	#2 (30kHz)
	4
	#6
	36
	

	#2 (30kHz)
	5
	#3, #4, #5, #6
	36
	



[image: ]
Fig. 3	CA configuration for Table 2.

Enabling more CIF/nCI value(s) for legacy DCI format(s) for each of the scheduled CCs in the set eventually increases the BD limit per scheduled CC. For example, in Table 2, CC#3 can be scheduled by a DCI format 0_X/1_X associated with CIF/nCI value = 5 or a legacy DCI format associated with CIF/nCI value = 1. Since BD limit for each of them is 36 and per-SCS BD limit is 108, the total number of BDs for scheduling CC#3 becomes up to 72. Therefore, enabling legacy DCI format(s) for more than one cells within the set of cells must be subject to the additional optional UE capability. 

Proposal 4:
· For a given CIF/nCI value, a UE can be configured to monitor a DCI format 0_X/1_X for a set of scheduled cells and to monitor legacy DCI format(s) for up to one of the scheduled cells in the set
· Additional CIF/nCI value(s) for monitoring legacy DCI format(s) for the scheduled cell(s) in the set can be supported subject to optional UE capability signalling


3. Dynamic switch/fallback from multi-cell scheduling to legacy self-scheduling
Multi-cell scheduling has to accommodate all the necessary scheduling information for all the co-scheduled cells into a limited DCI payload (<= 120 bits) and hence, compared to legacy single-cell scheduling that has each DCI format for each scheduled cell, the DCI can convey coarser scheduling information, in principle. In other words, a DCI format 0_X/1_X for multi-cell scheduling loses a certain scheduling flexibility/information. This loss of scheduling flexibility may cause additional burden to the BS scheduler or may cause degradation of spectral efficiency. In addition, DCI format 0_X/1_X would typically has larger payload than legacy DCI format(s) and hence, PDCCH link-budget maybe degraded as well. 

One possible option to address these issues is to support a UE monitoring both a DCI format 0_X/1_X for a set of scheduled cells and legacy DCI formats for each of all the cells in the set as presented in Section 2.4. However, this requires additional UE complexity. For a given scheduled cell, the UE has to accommodate larger number of PDCCH BDs/CCEs/DCI-sizes. Although per-SCS BD/CCE limits are capped by the value of pdcch-BlindDetectionCA, such increase impacts on the UE implementation. This issue has been explained in Section 2.4.

In addition, “monitoring both a DCI format 0_X/1_X for a set of scheduled cells and legacy DCI formats for each of all the cells in the set” is not a fundamental solution for CA with scheduling cell using a lower SCS and scheduled cells using a higher SCS. The scenarios include (1) FR1-FR2 CA with scheduling from FR1 cell to FR2 cells, (2) FR1 CA with scheduling cell on licensed spectrum to scheduled cells on unlicensed spectrum. Due to the difference of slot lengths, to achieve peak data rate in such scenarios, the UE would be demanded/required to support either (i) processing X unicast DCIs per scheduled CC (e.g., FG18-5c/18-5d) and/or (ii) span-based PDCCH monitoring (e.g., FG 3-5b/11-2). Examples when SCS of scheduled cell is 4 times higher than that of scheduling cell are illustrated in Fig. 4. Requiring these features, in addition to the support of multi-cell scheduling with the increased BDs/CCEs/DCI-sizes for a scheduled cell as presented in Section 2.4, makes support of the scenarios being quite challenging.
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(a) Processing 4 unicast DCIs	 			(b) Monitoring PDCCH in 4 spans per slot
Fig. 4	Multi-carrier scheduling with different numerologies between scheduling and scheduled cells

We propose to introduce dynamic switch/fallback from multi-cell scheduling to legacy self-scheduling as a simpler solution to address this. NW configures CORESETs/search space sets for PDCCH monitoring on multiple scheduling cells for a given scheduled cell(s) and indicates one of the scheduling cells via dynamic signalling such as DCI/MAC-CE. This can be enabled as follows:
· Currently, for a serving cell, if crossCarrierSchedulingConfig is not configured, PDCCH is monitored on the cell, and if it is configured, PDCCH is monitored on the cell if schedulingCellInfo = own and is monitored on the other cell if schedulingCellInfo = other. This should be changed such that more than one scheduling cells can be configured for a serving cell, e.g., change from CHOICE to SEQUENCE. Details should be up to RAN2.
· Currently, SSSG switching or BWP switching enables to switch PDCCH monitoring behavior for a serving cell. This can be extended such that the UE switches the scheduling cell, as well as PDCCH monitoring behavior, for a serving cell. For example, joint SSSG switching indication for multiple scheduling cells can simply enable this.
The image is illustrated in Fig. 5. 

[image: ]
Fig. 5	Switch/fallback from multi-cell scheduling to self-scheduling.

The substantial benefits of are following:
· High scheduling flexibility. Whenever the network wants to use legacy DCI format for each of the scheduled cell, the network can let UE to fallback to legacy CA operation using self-scheduling, same as for the other legacy UEs.
· Less UE complexity. A UE is not required to support advanced features for cross-carrier/multi-carrier scheduling with different numerologies, for achieving peak data rate.
· UE power-saving. As long as data traffic demand is low/medium, PDCCH monitoring can be kept on a cell with lower SCS. Since the UE is not required to monitor PDCCH on many cells, this can save the UE energy consumption.

Proposal 5:
· Support dynamic indication of scheduling cell(s)
· Enable configuration of more than one scheduling cells for a scheduled cell
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· Extend SSSG switching or BWP switching to enable this

4. Field design of DCI format 0_X/1_X
At the RAN1#110 meeting, following agreements have been achieved [1]:
	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



Our views on the remaining fields are as follows.

TDRA: Type-1B
For legacy single-cell scheduling, a list of time-domain resource allocation for PDSCH/PUSCH is provided for each BWP of each cell and the TDRA field of the scheduling DCI indicates an entry of the list for the scheduled cell. For multi-cell scheduling, the TDRA field of the scheduling DCI can indicate an entry of the list for each of the co-scheduled cells. 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



For legacy case, the actual RRC parameters used to establish the TDRA table are pdsch-TimeDomainAllocationList and pusch-TimeDomainAllocationList. Each entry of the list includes K0/K2, mappingType, startSymbolAndLength, (and repetitionNumber, if supported). If a UE monitors DCI format 1_2/0_2, separate lists (pdsch-TimeDomainAllocationListDCI-1-2, pusch-TimeDomainAllocationListDCI-0-2) can be configured for PDSCH/PUSCH scheduled by DCI format 1_2/0_2. In this case, depending on which DCI format the UE detects as a DL assignment or a UL grant for a scheduled cell, the UE refers to the entry of the list corresponding to the codepoint of the TDRA field of the scheduling DCI.

For DCI format 0_X/1_X, it would not be necessary to introduce new RRC parameters of time-domain resource allocation list for these DCI formats. Unlike DCI format 0_2/1_2, the purpose of using DCI format 0_X/1_X is to enable efficient CA operation (not to support another traffic/service type). With the Proposal 3 in Section 2.3, a UE does not monitor DCI format 0_2/1_2 for a cell if the UE monitors DCI format 0_X/1_X for the cell. If this is the case, the solution can simply be the following:
· No new RRC configuration is introduced for time-domain resource allocation for PUSCH(s)/PDSCH(s) scheduled by a DCI format 0_X/1_X
· The bitwidth of the TDRA field is determined as  bits, where Imax is the maximum value of I for each of the scheduled cells
· i-th codepoint of the TDRA field of the DCI format 0_X/1_X points to the i-th entry of the higher-layer parameter pusch-TimeDomainAllocationList or pdsch-TimeDomainAllocationList for each of the scheduled cells if configured
· FFS: whether to support default TDRA table for DCI format 0_X/1_X 
Note that the above also simplifies the Type-1 HARQ-ACK codebook construction.

The above “joint RRC-configurable table” 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: Type-3
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): Type-3
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: Type-3
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: Type-1B or Type-2 with a new configuration for coarser scheduling granularity 
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: Type-1A or Type-2
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. 

SCell dormancy indicator, PDCCH monitoring adaptation, CSI request, UL-SCH indicator, PDCCH monitoring adaptation: Type-1A
These are not relevant to multi-cell scheduling and hence should be kept unchanged.

ChannelAcces-CPext, minimum K0/K2 offset: Type-1A
These fields can be common for all the co-scheduled cells.

UL/SUL indicator: Not included
For legacy DCI format 0_1/0_2, 1-bit UL/SUL indicator is included in the DCI if the UE is configured with supplementaryUplink in ServingCellConfig in the cell and the UE is configured for PUSCH transmission for both of the carriers in the cell. If the UE is configured with supplementaryUplink in ServingCellConfig in the cell and the UE is configured for PUSCH transmission only for one of the carriers in the cell, the PUSCH transmission takes place on the carrier in the cell.

For multi-cell PUSCH transmissions scheduled by a DCI format 0_X, one question is how/whether to support SUL. The fundamental motivation of configuring SUL, instead of UL-CA, is to ensure the UL coverage by using a low band for uplink transmission. Considering the fact that a UE monitoring DCI format 0_X for multiple scheduled cells can be configured to monitor legacy DCI format for PUSCH scheduling for at least one of the multiple scheduled cells, and the legacy DCI format for PUSCH scheduling can schedule PUSCH on SUL of a serving cell, there is no fundamental need to support PUSCH on SUL scheduled by a DCI format 0_X. 

The overall procedure can be like following:
· A DCI format 0_X can schedule PUSCHs on multiple cells including at most one cell configured with supplementaryUplink in ServingCellConfig
· The DCI format 0_X does not have the UL/SUL indicator field and can schedule PUSCH only on non-SUL (NUL) carrier
· If the UE monitors legacy DCI format as well as the DCI format 0_X for cell configured with supplementaryUplink in ServingCellConfig, PUSCH scheduling by the legacy DCI format follows the legacy specification


Proposal 6:
· 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: Type-1B
· Similar to TDRA for Rel-16/Rel-17 multi-slot PDSCH/PUSCH scheduling
· MCS: Type-3
· 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: Type-3
· 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: Type-1B or Type-2
· Opt.1: Type-1B, 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
· Opt.2: Type-2, where:
· For Type-0, larger RBG size is supported
· For Type-1, RBG-based RIV is used
· HARQ process indicator: Type-1A or Type-2
· HPID field is a common field for all the co-scheduled cells
· Consider to introduce a “HPID offset indication” for each cell
· SCell dormancy indicator, PDCCH monitoring adaptation, CSI request, UL-SCH indicator, PDCCH monitoring adaptation: Type-1A
· ChannelAcces-CPext, minimum K0/K2 offset: Type-1A
· UL/SUL indicator: Not included

5. HARQ-ACK codebook construction

Following agreements have been achieved for Type-2 HARQ-ACK CB at RAN1#110 meeting:
	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 n + k, where k is a number of slots and is indicated by the PDSCH-to-HARQ_feedback timing indicator field in the DCI format and n is the last UL slot overlapping with the DL slot nD 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 nD 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.




On “FFS details of reference PDSCH” for the timing of HARQ-ACK feedback on PUCCH:
For slot-based PUCCH, the reference PDSCH should be the one on the latest slot amongst all the DL slots of co-scheduled PDSCHs. For sub-slot-based PUCCH, the reference PDSCH should be the one with the latest ending symbol amongst all the co-scheduled PDSCHs. There is no reason to select the other PDSCH as the reference PDSCH. 

On “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”:
We think this case should follow Rel-17 multi-slot PDSCH scheduling, i.e., this DCI is associated with the second sub-codebook (the sub-codebook for multi-cell scheduling). 

On “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”:
This should be 2, same as for legacy Type-2 HARQ-ACK codebook construction.

Proposal 7:
· For HARQ-ACK feedback on PUCCH for PDSCH reception(s) scheduled by a DCI format 1_X, the reference PDSCH for PUCCH slot/sub-slot determination is the latest PDSCH amongst the scheduled PDSCH(s) by the DCI format 1_X
· A DCI scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception is one due to collision with uplink symbols configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
· 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 is equal to 2*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

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

Proposal 1:
· 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 2:
· BD/CCE counting/limit are per CIF/nCI value
· I.e., for a CIF/nCI value associated with multiple cells for multi-cell scheduling, BD/CCE limit is provided as one of {44, 36, 22, 20} for the given SCS configuration of the scheduling cell
· Per-SCS BD limit according to the UE reported pdcch-BlindDetectionCA applies even when multiple cells are mapped to a CIF/nCI value
· To derive per-SCS BD limit using ,  in the equation is replaced by the sum of (1) the number of configured DL cells for scheduling cells with SCS configuration m without CIF/nCI configuration and (2) the total number CIF/nCI values for scheduling cells with SCS configuration m with CIF/nCI configuration
· Same for per-SCS CCE limit

Proposal 3:
· DCI size counting/limit are per CIF/nCI value
· In Rel-18, monitoring DCI format 0_X/1_X and DCI format 0_2/1_2 for the same CIF/nCI value is not supported
· In Rel-18, DCI size alignment procedure specified in TS 38.212 7.3.1.0 for DCI format 0_2/1_2 is re-used for DCI format 0_X/1_X

Proposal 4:
· For a given CIF/nCI value, a UE can be configured to monitor a DCI format 0_X/1_X for a set of scheduled cells and to monitor legacy DCI format(s) for up to one of the scheduled cells in the set
· Additional CIF/nCI value(s) for monitoring legacy DCI format(s) for the scheduled cell(s) in the set can be supported subject to optional UE capability signalling

Proposal 5:
· Support dynamic indication of scheduling cell(s)
· Enable configuration of more than one scheduling cells for a scheduled cell
· Enable switch/fallback from multi-cell scheduling to legacy self-scheduling dynamically
· Extend SSSG switching or BWP switching to enable this

Proposal 6:
· 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: Type-1B
· Similar to TDRA for Rel-16/Rel-17 multi-slot PDSCH/PUSCH scheduling
· MCS: Type-3
· 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: Type-3
· 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: Type-1B or Type-2
· Opt.1: Type-1B, 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
· Opt.2: Type-2, where:
· For Type-0, larger RBG size is supported
· For Type-1, RBG-based RIV is used
· HARQ process indicator: Type-1A or Type-2
· HPID field is a common field for all the co-scheduled cells
· Consider to introduce a “HPID offset indication” for each cell
· SCell dormancy indicator, PDCCH monitoring adaptation, CSI request, UL-SCH indicator, PDCCH monitoring adaptation: Type-1A
· ChannelAcces-CPext, minimum K0/K2 offset: Type-1A
· UL/SUL indicator: Not included

Proposal 7:
· For HARQ-ACK feedback on PUCCH for PDSCH reception(s) scheduled by a DCI format 1_X, the reference PDSCH for PUCCH slot/sub-slot determination is the latest PDSCH amongst the scheduled PDSCH(s) by the DCI format 1_X
· A DCI scheduling more than one cell is associated with the second sub-codebook when the number of cells with actual PDSCH reception is one due to collision with uplink symbols configured by tdd-UL-DL-ConfigurationCommon or tdd-UL-DL-ConfigurationDedicated
· 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 is equal to 2*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
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