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1. Introduction
At the RAN#94e meeting, a new WID on Multi-carrier enhancements (NR_MC_enh) was approved and it was revised at the RAN#96 meeting [1]. The objectives of the core part WI are shown below.
	[bookmark: _Hlk101907526]1. Specify a solution for multi-cell PUSCH/PDSCH scheduling (one PDSCH/PUSCH per cell) with a single DCI [RAN1]
· Identify the maximum number of cells that can be scheduled simultaneously
· Consider both intra-band and inter-band CA operation
· Consider both FR1 and FR2
· The single DCI shall be optimized for 3 or more cells for the multi-cell PUSCH/PDSCH scheduling
2. Study and if necessary specify following enhancements for multi-carrier UL operation [RAN1, RAN2, RAN4]
· UL Tx switching schemes across up to 3 or 4 bands with restriction of up to 2 Tx simultaneous transmission for FR1 UEs, including mechanisms to enable more configured UL bands than its simultaneous transmission capability and to support dynamic Tx carrier switching across the configured bands for both single TAG and multiple TAGs configurations (RAN1, RAN4)
· UE capability and RRC configuration related signalling (RAN2)
· Note: strive for RAN1/2 design agnostic with the number of bands, i.e., common design between 3 and 4 bands
· Note: no additional TAG is introduced for UL transmission on a carrier without corresponding DL carrier
· Note: this objective does not target to extend the SUL framework to support more than 1 SUL for 1 NUL
· Note: Extension of TX switching for 2 bands to multiple TAG configurations is included in the scope. The work is limited to RAN4.
· Switching time and other RF aspects, and RRM requirements for above UL Tx switching schemes across up to 3 or 4 bands (RAN4)
· Note: Prioritize UL Tx switching across up to 3 bands is to be addressed first and then that for up to 4 bands can also be addressed



In this contribution, we discuss on the objective 1, i.e., multi-cell PUSCH/PDSCH scheduling with a single DCI.


2. Discussion
Based on the following agreement made at the RAN1#109-e meeting, DCI which schedules multiple PUSCHs/PDSCHs on multiple cells is described as DCI format 0_X/DCI format 1_X respectively in this contribution;

	Agreement
Agree the following terminologies ONLY for convenience of discussion:
· DCI format 0_X is used for scheduling multiple PUSCHs on multiple cells with one PUSCH per cell
· DCI format 1_X is used for scheduling multiple PDSCHs on multiple cells with one PDSCH per cell.
The above does not imply introducing new DCI format(s) at this point.




2.1. Target scenarios and assumptions
As described in the work plan [2], the allocated TUs and meetings for this WI are quite limited, and hence it is important for the timely completion to clarify the common understandings and to narrow-down the scope of the target scenarios/assumptions in the early phase of the WI discussion. Accordingly, the target scenario/assumptions were discussed at the last RAN1 meeting and the following agreements were made;
	Agreement
· Different TBs are scheduled on different cells by DCI format 0_X.
· Different TBs are scheduled on different cells by DCI format 1_X.
Agreement
Fallback DCI (i.e., DCI formats 0_0 and 1_0) does not support multi-cell scheduling.
Agreement
The DCI for multi-cell scheduling is monitored only in USS set.
Agreement
· PDSCH cannot be scheduled by DCI format 0_X. 
· PUSCH cannot be scheduled by DCI format 1_X. 
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. 



According to the agreement, some scenarios are still captured as FFS, i.e., the restriction on PUCCH group and/or cell group for PUSCHs scheduled by DCI format 0_X and 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. In addition, it was also discussed at the last RAN1 meeting that whether numerology and/or carrier type can be different between scheduling and scheduled cells but no consensus was achieved. These aspects need to be clarified with high priority to achieve consensus on the scope of discussion for this WI.

At the RAN1#109-e meeting, it was agreed that all the co-scheduled cells by a DCI format 1_X and the scheduling cell are included in the same PUCCH group to avoid the complicate discussion for HARQ-ACK codebook construction for the PDSCHs scheduled by a DCI format 1_X. However, for PUSCHs scheduled by a DCI format 0_X, we don’t see any benefit or necessity to apply the same restriction as PDSCHs by a DCI format 1_X.

Proposal 1: Co-scheduled cells scheduled by DCI format 0_X do not need to be included in the same PUCCH group unless benefits of restriction is clarified.

On the other hand, regarding the cell group, the scheduling cell and scheduled cells are included in the same cell group for single cross-carrier scheduling case and it may complicate the discussion if scheduling cell and scheduled cells scheduled by DCI format 0_X are across the cell groups. In that sense, scheduling cell and co-scheduled cells scheduled by DCI format 0_X should be included in the same cell group same as for DCI format 1_X.

Proposal 2: Scheduling cell and co-scheduled cells scheduled by DCI format 0_X should be included in the same cell group.

At the last RAN1 meeting, it was discussed whether SCell can be a scheduling cell for multi-carrier scheduling when co-scheduled cells include P(S)Cell but no consensus was achieved. In Rel-17, cross-carrier scheduling from SCell to P(S)Cell was supported, but there is constraint on SCS that SCell SCS is larger than or equal to P(S)Cell SCS. In addition, it was also discussed and specified for SCell to P(S)Cell cross-carrier scheduling in Rel-17 that a UE can monitor SS sets on SCell and P(S)Cell simultaneously and the monitored SS set (USS or CSS) and the DCI formats on each SCell and P(S)Cell is different depending on UE capability. Considering the limited TU and not to increase the standardization workload, following three alternatives can be considered for multi-cell scheduling to avoid some complicated discussions;
· Alt.1: Not support the case that 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.
· Alt.2: The same restriction on SCS for P(S)Cell and SCell as Rel-17 DSS is applied, i.e., if DCI format 0_X/1_X schedules PUSCH/PDSCH on PCell, the DCI format 0_X/1_X can be transmitted on an SCell only when the SCell SCS is larger than or equal to P(S)Cell SCS.
· Alt.3: Support with no specification impact, i.e., no optimization is pursued compared with from PCell to SCells scheduling and from SCell to SCells scheduling.
In our view, additional discussion would not be required for all of the alternatives, and hence either of them is fine.

Proposal 3: Down-select from the following alternatives for multi-cell scheduling;
· Alt.1: Not support the case that 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.
· Alt.2: The same restriction on SCS for P(S)Cell and SCell as Rel-17 DSS is applied, i.e., 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 only when the SCell SCS is larger than or equal to P(S)Cell SCS.
· Alt.3: Support with no specification impact, i.e., no optimization is pursued compared with from PCell to SCells scheduling and from SCell to SCells scheduling.

At the last RAN1 meeting, it was discussed whether we can prioritize the cases that numerology and carrier type (FR1 or FR2, license or unlicensed, FDD or TDD) are the same among co-scheduled cells in this WI. It was almost agreeable but not agreed since further discussion is necessary especially for the cases 1) a DCI format 0_X/1_X is transmitted on an unlicensed cell and 2) numerologies are different among co-scheduled cells.
Regarding the case that a DCI format 0_X/1_X is transmitted on an unlicensed cell, we don’t see any additional specification impacts to support this case. Even if a DCI format 0_X/1_X is monitored on an unlicensed cell and LBT fails, and then no PUSCHs/PDSCHs are scheduled anyway. Thus, we support this case as prioritized case.
Regarding the case that numerologies are different among co-scheduled cells, it may require additional discussion to support. For example, some DCI fields of DCI format 0_X/1_X need to be configured or optimized for each cell separately considering that the numerologies of co-scheduled cells are different, while these field can be commonly configured if numerologies of co-scheduled cells are same. Therefore, this case should be deprioritized to simplify the supporting scenario and discussion.

Proposal 4: Prioritize the following cases which restrict the numerology and carrier type for scheduling and co-scheduled cells;
· Case 1-1: A DCI format 0_X/1_X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0_X/1_X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 2-1: A DCI format 0_X/1_X on a scheduling cell can schedules multiple cells including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· Case 2-2: A DCI format 0_X/1_X on a scheduling cell can schedules multiple cells not including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells which may be same or different carrier type to the scheduling cell.


2.2. Target maximum number of scheduled cells
At the RAN1#109-e meeting, following agreements were made;
	Agreement
· 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
· One value for the maximum number of co-scheduled cells by a DCI format 0_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 0_X can be smaller than or equal to the maximum number supported in Rel-18.

Agreement
· One value for the maximum number of co-scheduled cells by a DCI format 1_X in Rel-18 is selected from {3, 4, 8}.
· For a UE, the maximum number of co-scheduled cells by a DCI format 1_X can be smaller than or equal to the maximum number supported in Rel-18. 



As shown in the agreement, candidate values for the maximum number of cells scheduled by a DCI format 0_X/1_X are 3, 4 or 8. In our understanding, it highly depends on the discussion for DCI fields design for DCI format 0_X/1_X, i.e., which field(s) should be separately indicated for each scheduled cell and/or whether/how to reduce the field size for each field would affect/depend on the maximum number of cell schedulable by a single DCI. In general, the maximum number of cells that can be scheduled by a single DCI and DCI configuration flexibility is a trade-off. Given that the maximum payload size for DCI is 140 bits, it is challenging to support 8 cells as the maximum number of cells that can be scheduled by a single DCI. By the way, it was proposed at the last RAN1 meeting that 2-stage DCI can be introduced for multi-cell scheduling which can enable to support large number of cells, e.g., 8 cells, as maximum scheduled cells. However, 2-stage DCI is a completely new functionality for NR and would require plenty of time to discuss. Considering the limited TU for this WI, it is not practical solution. Therefore, it would be good to target 3 or 4 cells as maximum for discussion of DCI field design.
Based on the discussion above, we propose to agree on the narrow-down of the maximum number of scheduled cells.

Proposal 5: Narrow-down the candidate value of the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 to {3, 4}.
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2.3. DCI enhancement
At the RAN1#109-e meeting, the following agreement was made;
	Agreement
· (Working assumption) DCI format 0_X/1_X is a new DCI format for multi-cell scheduling
· DCI format 0_X can be used for single cell PUSCH scheduling.
· DCI format 1_X can be used for single cell PDSCH scheduling.
· FFS: UE monitors one of or both multi-cell scheduling DCI and legacy single cell scheduling DCI for a scheduled cell.


As shown in the agreement, it was agreed as a working assumption to introduce new DCI formats for multi-cell scheduling, and accordingly, as least the detailed DCI field design, monitored DCI formats and DCI size budget need to be discussed. 


2.3.1. DCI field categorization
For the new DCI formats, i.e., DCI format 0_X/1_X, it needs to be discussed which fields should be contained and how to realize the good balance between the DCI compression gain and the configuration flexibility for each scheduled cell. As a framework of the discussion, the following agreement was made at the RAN1#109-e meeting;
	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.



At first, we can identify some field(s)/operation(s) which can be overhead or lead complexity in case of multi-cell scheduling and such operation may not be supported at all.
As described in the final FL summary at the last RAN1 meeting [3], UL/SUL indicator needs to be discussed whether this field should be included.
	On UL/SUL indicator
Companies are encouraged to investigate the issues of UL/SUL scheduling combined with multi-cell PUSCH scheduling and presence of UL/SUL indicator in DCI format 0_X. 


In the discussion for another objective for this WI, i.e., UL Tx switching enhancement, it seems common understanding that PUSCHs are not transmitted simultaneously on NUL and SUL. Accordingly, UL/SUL indicator should be precluded from DCI fields for DCI format 0_X.
In addition, it was discussed at the last RAN1 meeting whether CBG-based PDSCH transmission and multi-cell scheduling by DCI format 1_X can be configured simultaneously related to HARQ feedback enhancement. For multi-slot PDSCH scheduling with a single DCI specified in Rel-17, CBG-based PDSCH transmission is not supported simultaneously to avoid complicating the construction of HARQ-ACK codebook. To follow the principle of this multi-slot PDSCH scheduling, it has not been agreed but there was no strong objection on not supporting simultaneous configuration of CBG-based PDSCH transmission and multi-cell scheduling by DCI format 1_X at the last RAN1 meeting. Therefore, DCI fields corresponding to CBG transmission for PDSCH can be precluded from DCI fields for CBG-based PDSCH transmission and multi-cell scheduling by DCI format 1_X as well.

Proposal 6: The following DCI fields should not be included in the DCI format 0_X/1_X;
· UL/SUL indicator is not included in DCI format 0_X/
· CBGTI and CBGFI is not included in DCI format 1_X

We can also identify some fields as Type-1 of the agreement that are not necessary to be indicated separately for each scheduled cell. For example, obviously, DCI format identifier, SCell dormancy indication and indicator of co-scheduled cells does not need to be indicated separately for each scheduled cell. Especially for indicator of co-scheduled cells, it would require further discussion, e.g., field size which depends on how to indicate the co-scheduled cells and/or whether it would be the same field as existing CIF or regarded as a different field from CIF. However, in any case, indicator of co-scheduled cells would be required in DCI to indicate the cell(s) actually scheduled. In addition, for downlink assignment index, it should be counted per DCI, the same manner as multi-slot PDSCH scheduling, and hence this field also should be indicated commonly for co-scheduled cells. Finally, for TPC for PUCCH, PRI and PDSCH-to-HARQ timing indicator, these fields also should be indicated commonly for co-scheduled cells according to the agreement that all PDSCHs on the co-scheduled cells scheduled by DCI format 1_X are included in the same PUCCH group. 
Based on the above, at least DCI format identifier, downlink assignment index, indicator of co-scheduled cells, TPC for PUCCH, PRI and PDSCH-to-HARQ timing indicator should be Type-1 fields.

Proposal 7: At least the following DCI fields of a multi-carrier scheduling DCI should be the Type-1 field;
· DCI format identifier
· SCell dormancy indication
· Indicator of co-scheduled cells
· Downlink assignment index
· Transmission power control for PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator

For Type-2 or Type-3 fields, these fields can be configured/indicated separately for each scheduled cell or sub-group of co-scheduled cells. In other words, the field size would be determined by the size for one cell or one sub-group of co-scheduled cells and the number of the cells or sub-groups scheduled by a single DCI. For example, if MCS whose payload size is 5 bits as maximum in the current specification is categorized as Type-2 or Type-3 field and the maximum number of scheduled cells scheduled by a single DCI is 4, and then 20 bits are required without reducing the configurability. In that sense, to suppress the increase of DCI size effectively, the configuration flexibility of field for one cell or one sub-group of cells may need to be reduced especially for the fields which has large payload size. 

[bookmark: _Hlk111123440]On top of that, we can identify some DCI fields as Type-2 field that require separate indication for each scheduled cell. More specifically, at least new data indicator and redundancy version should be Type-2 field assuming that separate TB is scheduled for each cell. Especially for redundancy version, it can be further discussed whether the field size can be reduced to 1 bit per TB per PDSCH e.g., only when two TB transmission is configured, or 1 bit per TB per PDSCH irrespective of the number of TBs.

Proposal 8: At least the following DCI fields of a multi-carrier scheduling DCI should be the Type-2 field;
· New data indicator
· Redundancy version
· FFS: Whether the field size can be reduced to 1 bit per TB per PDSCH

Type-3 field is the field that can be common (Type-1) or separate (Type-2) for co-scheduled cells or part of co-scheduled cells in a sub-group depending on scenarios and operation policy, e.g., relationship among co-scheduled cells. For example, some field(s) can be common across scheduled cells and a single value indication is enough in case that co-scheduled cells are within a same band, using same SCS and co-located, while it may be beneficial to have separate value indication of the field(s) for each scheduled cell in case that scheduled cells are in different bands, using different SCSs (if such case is supported) and/or non-co-located. More specifically, in the case that co-scheduled cells or cells in a sub-group are within a same band, using same SCS and co-located, and then MCS, Antenna ports, TCI, precoding information and number of layers, PTRS-DMRS association and DMRS sequence initialization can be indicated commonly for the cells or the cells in the sub-group. As discussed above, it can be further discussed whether the configuration flexibility of each field i.e., the field size can be reduced in the specific case, e.g., when these fields are configured as Type-2 field.

Proposal 9: At least the following DCI fields of a multi-carrier scheduling DCI should be the Type-3 field;
· Modulation order and coding scheme
· Antenna ports
· TCI
· Precoding information and number of layers
· PTRS-DMRS association
· DMRS sequence initialization
FFS: Whether the field size can be reduced e.g., when these fields are configured as Type-2 field.

In general, the categorization of other fields can be up to gNB (i.e., Type-3 from specification perspective) unless the total number of DCI payload including CRC does not exceed 164 bits while it can be further discussed whether and how the configurability of each field and corresponding field size can be reduced.
In addition, according to the current specification, there are some DCI fields for specific features e.g., for multi-TRP operation, power saving enhancement, URLLC, MBS etc., and it should also be clarified whether combinations between such specific features and multi-carrier scheduling are to be supported or not with considering DCI size impact and practical use case. 

Proposal 10: It should be clarified whether specific features which includes URLLC, multi-TRP operation, power saving enhancement and MBS can be supported simultaneously with multi-carrier scheduling i.e., whether DCI fields for them should be considered in DCI for multi-cell scheduling.


2.3.2. [bookmark: _Hlk111107638]Monitored DCI format with DCI format 0_X/1_X
The new DCI formats would be introduced for multi-cell scheduling as shown in the above agreement, and accordingly, it should be discussed whether legacy DCI formats can be monitored simultaneously on the cell which the new DCI formats are transmitted and/or each scheduled cells scheduled by DCI format 0_X/1_X can be scheduled by legacy DCI formats. One of the motivations to introduce new DCI formats for multi-cell scheduling is to enable single cell scheduling by legacy DCIs with smaller DCI size than DCI format 0_X/1_X while it was also agreed that a single cell scheduling by DCI format 0_X/1_X is not precluded. For example, if the simultaneous monitoring of legacy DCI format is not supported and DCI format 0_X/1_X is used even for single cell scheduling, larger DCI size would be required, i.e., the number of CCEs would increase, for single cell scheduling compared with legacy DCI size. Then, it may result in the scheduling flexibility degradation. In addition, for single cell scheduling, configurability of each field of DCI would be better for legacy DCI formats than DCI format 0_X/1_X since some fields of the DCI format 0_X/1_X need to be reduced and/or commonly indicated for co-scheduled cells for DCI size compression as discussed in section 2.3.1. Therefore, legacy DCI formats should be monitored simultaneously for single cell scheduling. 
For the scheduling by legacy DCI formats, self-carrier scheduling and cross-carrier scheduling can be considered, and each of them may be beneficial in different scenarios. For example, it would be beneficial in terms of PDCCH offloading across scheduled cells for self-carrier scheduling while it would be beneficial to avoid distribution of the cells for PDCCH monitoring for cross-carrier scheduling. Therefore, in our view, it is preferable to support both cases, but at least either of self-carrier scheduling or cross-carrier scheduling by legacy DCI formats should be supported. For example, simultaneous monitoring of legacy DCI formats for self-carrier scheduling can be supported by UE supporting multi-carrier scheduling, while simultaneous monitoring of legacy DCI formats for cross-carrier scheduling can also be supported by UE supporting multi-carrier scheduling if the UE also supports cross-carrier scheduling.

Proposal 11: Both multi-cell scheduling DCI and legacy single cell scheduling DCI for the co-scheduled cells should be monitored simultaneously.
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Fig.1: DCI format 0_X/1_X and legacy DCI formats are monitored simultaneously.

2.3.3. DCI size budget enhancement
According to the current specification, a UE can monitor up to three different sizes of DCIs scrambled by C-RNTI and one DCI scrambled by RNTI other than C-RNTI. Considering that the new DCI format would be introduced, it should also be discussed whether the current “3+1” DCI size budget should be maintained or can be enhanced, and the following agreement was made at the RAN1#109-e meeting;
	Agreement
Further study DCI size budget including below options for multi-cell scheduling DCI: 
· Option 1: Existing DCI size budget is maintained per scheduled cell.
· Alt 1-1: DCI size budget is maintained via DCI size alignment and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-2: DCI size budget is maintained via configured size for multi-cell scheduling DCI and DCI size budget of DCI format 0_X/1_X is counted for each of the co-scheduled cells.
· Alt 1-3: DCI size budget is maintained via DCI size alignment and DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Option 2: Existing DCI size budget is not necessarily maintained per scheduled cell. 
· Alt 2-1: DCI size budget of multi-cell scheduling DCI is counted only in one scheduled cell.
· Alt 2-2: DCI size budget of multi-cell scheduling DCI is not counted per serving cell and not considered in the related serving cell specific DCI size alignment procedure, e.g., for K co-scheduled cells, gNB guarantee the total budget of 3*K DCI sizes is not exceeded.
· Alt 2-3: voiding the “3+1” limit for multi-cell scheduling
· Alt 2-4: the DCI size budget for DCI size alignment can be separately configured for each cell
· Alt 2-5: DCI size budget of the scheduling cell can be increased to account for the DCI format for multi-cell scheduling. Accordingly, the DCI size budget of a scheduled cell can be reduced.
· Other options/alternatives could be considered.



As discussed in section 2.3.2, the legacy DCI can be monitored simultaneously for single cell scheduling.   Obviously, DCI size for DCI format 0_X/1_X would be much larger than that for legacy DCI formats. As we mentioned, one of the motivations to introduce new DCI formats for multi-cell scheduling is to enable single cell scheduling by legacy DCIs with smaller DCI size than DCI format 0_X/1_X. However, if the current DCI size budget is maintained, the DCI sizes of legacy DCI formats may be adjusted to be large via DCI size alignment procedure and the motivation for introducing new DCI formats for multi-cell scheduling would be lost. In that sense, the DCI size of DCI format 0_X/1_X should not be considered in the current DCI size budget, i.e., alternatives of Option 1 in the agreement are not preferable. In our view, Alt 2-3 of Option 2 in the agreement is preferable for its simplicity.

Proposal 12: Existing DCI size budget is not necessarily maintained per scheduled cell when multi-cell scheduling is configured, i.e., support Option 2 of the agreement for DCI size budget made at the RAN1#109-e meeting.
[bookmark: _Hlk111104585]

2.4. PDCCH BD and SS set configuration related enhancements
At the RAN1#109-e meeting, it was discussed on which cell BD/CCE for DCI format 0_X/1_X should be counted and the following alternatives were agreed;
	Agreement
Further study BD/CCE counting for multi-cell scheduling DCI based on below options: 
· Alt 1: counted on each co-scheduled cell 
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell
· Alt 5: scaled down to each of scheduled cells excluding scheduling cell
· Alt 6: counted on each co-scheduled cell excluding scheduling cell
· Other alternatives could be considered.



In our understanding, regardless of the number of scheduled cell(s) which can be scheduled by a single DCI, UE burden would not increase for PDCCH blind detection as long as the number of PDCCH candidates and non-overlapped CCEs are the same. In that sense, it is not necessary for DCI format 0_X/1_X to be counted on each co-scheduled cell, i.e., Alt 1 and Alt 6 in the above agreement should be precluded. Considering that it was agreed that both cases that scheduling cell is and isn’t included in co-scheduled cells, Alt 5 in the agreement cannot be applied when scheduling cell is included as co-scheduled cells. The principle of scaling of BD/CCE counting across co-scheduled cell is covered by Alt 2, therefore, Alt 5 also can be precluded from the candidate solutions. In our view, Alt 2 or Alt 4 is preferable for its simplicity while Alt 3 would be beneficial in terms of BD/CCE counting distribution.

Proposal 13: Regarding BD/CCE counting for multi-cell scheduling DCI, down-select from the following options (narrow-downed from RAN1#109-e agreement);
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell

In addition to the discussion for BD/CCE counting, applicable SS set configuration would require the discussion.
At the last RAN1 meeting, some companies pointed out that the number of PDCCH candidates of each AL in SearchSpace IE configured for scheduled cell is applied for cross-carrier scheduling in the current specification, and hence it should be clarified that the configuration for which cell should be applied for multi cell scheduling. As for the number of PDCCH candidates of each AL for multi-cell scheduling, similar alternatives as BD/CCE counting discussion can be considered as follows;
· Alt.1: Configuration for scheduling cell is applied.
· Alt.2: Configuration for one of the co-scheduled cells is applied. 
· Alt.3: Configured by a new RRC parameter for scheduling cell.
· 3-1: Configuration for multi-cell scheduling regardless of the combinations of cells.
· 3-2: Configuration for each combination of co-scheduled cells.

Proposal 14: Regarding the applicable PDCCH candidate for each AL in SearchSpace for multi-cell scheduling DCI, down-select from the following options;
· Alt.1: Configuration for scheduling cell is applied.
· Alt.2: Configuration for one of the co-scheduled cells is applied. 
· Alt.3: Configured by a new RRC parameter for scheduling cell.
· 3-1: Configuration for multi-cell scheduling regardless of the combinations of cells.
· 3-2: Configuration for each combination of co-scheduled cells.

Based on the discussion outcome for the configuration of the number of PDCCH candidates above and the co-scheduled cell indication, CCE index calculation for multi-cell scheduling may need to be discussed further.


2.5. HARQ related enhancements
At the RAN1#109-e meeting, HARQ related enhancements were discussed but no consensus was achieved except following working assumption;
	Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.



At first, HARQ feedback timing for the multi-carrier scheduling, i.e., how to determine HARQ feedback timing especially for the case that multiple PDSCHs in scheduled cells are not aligned in time domain, should be clarified. More specifically, how to interpret the indicated value e.g., indicated k1 is an offset from which PDSCH to PUCCH, needs to be specified. In our view, the most straightforward way is that indicated k1 is interpreted as an offset between PUCCH and the PDSCH which ends at last in time domain (e.g., if different TDRAs for different PDSCHs can be indicated/configured). In addition, it may be complicated if the case with different SCSs among different PDSCHs scheduled by DCI format 1_X is to be supported, and hence it is preferable to deprioritize this case in this WI.

Proposal 15: For PDSCH-to-HARQ feedback timing indicator, the reference PDSCH should be the PDSCH which ends at last in time domain.

Another discussion point is whether CBG-based transmission and/or multi-slot scheduling with a single DCI can be configured simultaneously with multi-cell scheduling.
Regarding CBG-based transmission for PDSCHs, simultaneous configuration with multi-slot scheduling in the same PUCCH group is not supported for both Type-1 and Type-2 HARQ-ACK codebook in the current specification. Considering that the framework of HARQ-ACK codebook construction for multi-slot scheduling can be the baseline for multi-cell scheduling, it should be followed that CBG-based transmission should not be supported for multi-cell scheduling as well.
Regarding CBG-based transmission for PUSCHs, in the current specification, simultaneous configuration with multi-slot scheduling in the same PUCCH group is not supported for 480/960 kHz SCS but supported for other SCSs when only one PUSCH is scheduled. Accordingly, the same restriction can be considered for multi-cell scheduling, i.e., simultaneous configuration with multi-cell scheduling in the same PUCCH group is not supported for 480/960 kHz SCS (if supported for multi-cell scheduling) but supported for other SCSs when only one PUSCH is scheduled.

Proposal 16: CBG-based PDSCH transmission should not be configured simultaneously in the same PUCCH group for multi-cell scheduling for 480/960 kHz SCS (if supported for multi-cell scheduling) but can be configured for other SCSs when only one PUSCH is scheduled by multi-cell scheduling DCI.

Regarding multi-slot scheduling with a single DCI, it may complicate the discussion for HARQ-ACK codebook construction if multi-cell scheduling is configured simultaneously, and hence it may be preferable not to support with multi-cell scheduling same as CBG-based transmission considering limited TU.

Observation 1: If multi-cell scheduling and multi-slot scheduling with a single DCI are configured simultaneously, it would require additional discussion for HARQ-ACK codebook construction.

In addition, details for Type-2 HARQ-ACK codebook should be discussed for multi-cell scheduling.
As discussed above, the framework of HARQ-ACK codebook construction for multi-slot scheduling can be the baseline for multi-cell scheduling. More specifically, two sub-codebooks are generated, and 1st sub-codebook contains HARQ-ACK for single PDSCH scheduling via legacy DCI format and 2nd sub-codebook contains HARQ-ACK for multiple PDSCHs scheduling via DCI format 1_X. For these sub-codebooks, DAI should be counted separately for each sub-codebook per DCI (i.e., reference cell for DAI counting should be the cell which DCI is monitored).

Proposal 17: For Type-2 HARQ-ACK codebook, support following framework;
· Two sub-codebooks are generated.
· 1st sub-codebook for single PDSCH scheduling via legacy DCI format, 2nd sub-codebook for multiple PDSCHs scheduling via DCI format 1_X
· DAI is counted separately for each sub-codebook per DCI.

3. Conclusion
In this contribution, we discussed and its specification impacts. Based on the discussion, we made following observation and proposals.

Proposal 1: Co-scheduled cells scheduled by DCI format 0_X do not need to be included in the same PUCCH group unless benefits of restriction is clarified.

Proposal 2: Scheduling cell and co-scheduled cells scheduled by DCI format 0_X should be included in the same cell group.

Proposal 3: Down-select from the following alternatives for multi-cell scheduling;
· Alt.1: Not support the case that 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.
· Alt.2: The same restriction on SCS for P(S)Cell and SCell as Rel-17 DSS is applied, i.e., 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 only when the SCell SCS is larger than or equal to P(S)Cell SCS.
· Alt.3: Support with no specification impact, i.e., no optimization is pursued compared with from PCell to SCells scheduling and from SCell to SCells scheduling.

Proposal 4: Prioritize the following cases which restrict the numerology and carrier type for scheduling and co-scheduled cells;
· Case 1-1: A DCI format 0_X/1_X on a scheduling cell can schedule multiple cells including the scheduling cell and same SCS is used among all the co-scheduled cells including the scheduling cell.
· Case 1-2: A DCI format 0_X/1_X on a scheduling cell can schedule multiple cells not including the scheduling cell and same SCS is used among all the co-scheduled cells which may be same or different to the SCS of the scheduling cell.
· Case 2-1: A DCI format 0_X/1_X on a scheduling cell can schedules multiple cells including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells including the scheduling cell.
· Case 2-2: A DCI format 0_X/1_X on a scheduling cell can schedules multiple cells not including the scheduling cell and same carrier type (FDD or TDD, licensed or unlicensed, FR1 or FR2-1 or FR2-2) is used among all the co-scheduled cells which may be same or different carrier type to the scheduling cell.

Proposal 5: Narrow-down the candidate value of the maximum number of co-scheduled cells by a DCI format 0_X/1_X in Rel-18 to {3, 4}.

Proposal 6: The following DCI fields should not be included in the DCI format 0_X/1_X;
· UL/SUL indicator is not included in DCI format 0_X/
· CBGTI and CBGFI is not included in DCI format 1_X

Proposal 7: At least the following DCI fields of a multi-carrier scheduling DCI should be the Type-1 field;
· DCI format identifier
· SCell dormancy indication
· Indicator of co-scheduled cells
· Downlink assignment index
· Transmission power control for PUCCH
· PUCCH resource indicator
· PDSCH-to-HARQ timing indicator

Proposal 8: At least the following DCI fields of a multi-carrier scheduling DCI should be the Type-2 field;
· New data indicator
· Redundancy version
· FFS: Whether the field size can be reduced to 1 bit per TB per PDSCH

Proposal 9: At least the following DCI fields of a multi-carrier scheduling DCI should be the Type-3 field;
· Modulation order and coding scheme
· Antenna ports
· TCI
· Precoding information and number of layers
· PTRS-DMRS association
· DMRS sequence initialization
FFS: Whether the field size can be reduced e.g., when these fields are configured as Type-2 field.

Proposal 10: It should be clarified whether specific features which includes URLLC, multi-TRP operation, power saving enhancement and MBS can be supported simultaneously with multi-carrier scheduling i.e., whether DCI fields for them should be considered in DCI for multi-cell scheduling.

Proposal 11: Both multi-cell scheduling DCI and legacy single cell scheduling DCI for the co-scheduled cells should be monitored simultaneously.

Proposal 12: Existing DCI size budget is not necessarily maintained per scheduled cell when multi-cell scheduling is configured, i.e., support Option 2 of the agreement for DCI size budget made at the RAN1#109-e meeting.

Proposal 13: Regarding BD/CCE counting for multi-cell scheduling DCI, down-select from the following options (narrow-downed from RAN1#109-e agreement);
· Alt 2: counted only in one scheduled cell
· Alt 3: scaled down to each of co-scheduled cell according to the number of co-scheduled cells
· Alt 4: counted as part of the scheduling cell instead of each scheduled cell

Proposal 14: Regarding the applicable PDCCH candidate for each AL in SearchSpace for multi-cell scheduling DCI, down-select from the following options;
· Alt.1: Configuration for scheduling cell is applied.
· Alt.2: Configuration for one of the co-scheduled cells is applied. 
· Alt.3: Configured by a new RRC parameter for scheduling cell.
· 3-1: Configuration for multi-cell scheduling regardless of the combinations of cells.
· 3-2: Configuration for each combination of co-scheduled cells.

Proposal 15: For PDSCH-to-HARQ feedback timing indicator, the reference PDSCH should be the PDSCH which ends at last in time domain.

Proposal 16: CBG-based PDSCH transmission should not be configured simultaneously in the same PUCCH group for multi-cell scheduling for 480/960 kHz SCS (if supported for multi-cell scheduling) but can be configured for other SCSs when only one PUSCH is scheduled by multi-cell scheduling DCI.

Observation 1: If multi-cell scheduling and multi-slot scheduling with a single DCI are configured simultaneously, it would require additional discussion for HARQ-ACK codebook construction.

Proposal 17: For Type-2 HARQ-ACK codebook, support following framework;
· Two sub-codebooks are generated.
· 1st sub-codebook for single PDSCH scheduling via legacy DCI format, 2nd sub-codebook for multiple PDSCHs scheduling via DCI format 1_X
· DAI is counted separately for each sub-codebook per DCI.
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