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1 Introduction
In the RAN1 #109e meeting, multi-cell PUSCH/PDSCH scheduling with a single DCI was discussed and the achieved agreements are listed in the appendix. In this contribution, we will continue to discuss the aspects about multi-cell PUSCH/PDSCH scheduling with a single DCI.
2 Maximum number of cells scheduled by a single DCI
The maximum number of cells scheduled by a single DCI was discussed in the previous meeting and the following two agreements were reached:
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.

In Rel.17, there was no consensus about whether using a single DCI to schedule two PDSCHs on two carriers is beneficial for reducing the PDCCH blocking rate and improving the PDSCH throughput compared to using two separate DCIs. The gain of PDCCH overhead reduction depends on the payload of the new DCI and the sum of the separate DCIs. Less payload of the new DCI would restrict scheduling flexibility and impact spectral/power efficiency on scheduling data while too much payload would discount the gains. In addition, PDCCH blind detection complexity corresponding to the maximum number of cells relates to the design of the PDCCH. Due to there is no certain agreements about the payload for each cell scheduling, it is proposed as the starting point the maximum number of cells is 4 to design the DCI for multi-cell PUSCH/PDSCH scheduling.
Proposal 1: As the starting point, the maximum number of co-scheduled cells by a DCI format 1_X/ DCI format 0_X is 4.
3 DCI field design
3.1 DCI field types
In the previous meeting, it was agreed to consider three types of DCI fields:
The type-1 fields are motivated to reduce control signaling overhead. For example, the DCI fields for HARQ-ACK feedback such as “PDSCH-to-HARQ_timing indicator”, “PUCCH resource indicator”, “TPC command for scheduled PUCCH”, and etc. could be shared for all the scheduled PDSCH. 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.

The CRC bits had better be designed as a type-1 field since separate 24-bit CRC field for each of the co-scheduled cells would make the DCI much redundant. Correspondingly, the CRC bits would be scrambled by one RNTI. It is noticed that in the current specification some of the bit fields are interpreted according to the RNTI. For example, the interpretation of“Modulation and coding scheme”is based on whether the CRC of PDCCH is scrambled by MCS-RNTI or C-RNTI, and the MCS table related higher layer parameter configuration. The meaning of “New data indicator” for PUSCH scheduling depends on whether the CRC is scrambled by C-RNTI or CS-RNTI. Then, one RNTI in the PDCCH means unified interpretation for these fields of each scheduled PDSCH/PUSCH. The flexibility of the scheduled multiple PUSCH/PDSCH would be restricted due to unique RNTI is used. Further enhancements should be considered to overcome the restriction.
Observation 1: If the CRC bit filed is type-1, the flexibility of the scheduled multiple PUSCH/PDSCH would be restricted due to unique RNTI is used.
Proposal 2: Further enhancements are considered to overcome the scheduling restriction if CRC bit filed is designed as a type-1 field.
4.2	Indication of scheduled cells
About the indication of scheduled cells, there are the following achieved agreements in the previous meeting:
 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.
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.

Option 2 provides much flexibility about the scheduled cells. However, the corresponding overhead would also be heavy. If the maximum number of co-scheduled cells is 8, one 8-bit field would be needed for the indication. To balance the overhead and scheduling flexibility, option 1 is proposed.
Considering both intra-band and inter-band CA operation, both FR1 and FR2 scheduling are to be supported by the new DCI for multi-cell PUSCH/PDSCH scheduling, the length of bit field for each cell could be quite different. For example, if there are  bits and  bits required for cell-1 scheduling and cell2 scheduling respectively. The bit length for cell-3 scheduling could be comparable with . Therefore, it is beneficial to have a unified DCI bit fields for scheduling of cell-1 and cell-2 with the DCI for scheduling of cell-3 considering PDCCH detection simplicity. Also it is beneficial that most of type-2 bit fields for each scheduled cell are configurable. One indicator in the DCI could indicate the length of type-2 bit fields for each scheduled cell. With proper configuration, the indicator for the row index of scheduled cells and the indicator for the length of type-2 bit fields for each scheduled cell could be jointly designed. The Fig.1 below is an example. The “Flag” field in the DCI indicates a row which includes preconfigured bit length for each scheduled cell. Corresponding to “Flag=0”, there are  bits of type-2 fields for cell 1,  bits of type-2 fields for cell 2,  bits of type-2 fields for cell 3. If 0 bits of type-2 fields are included for one cell, it means this cell is not scheduled. Aligned length of bit fields as  for each configuration would facilitate PDCCH blind detection. 
Considering the multi-cell PDSCH scheduling and multi-cell PUSCH scheduling are independent with each other, it is proposed separate tables are configured.
[image: ]
Fig. 1 configured bit fields in the DCI for each scheduled cell
Proposal 3: A table defining combinations of the length of bit fields for each cell scheduling is preconfigured. One flag in the DCI indicates one row of the table which implicitly indicates the scheduled cells.
4 HARQ enhancements
HARQ enhancements to support multi-cell PUSCH/PDSCH scheduling with a single DCI was discussed in the previous meeting and there is the following working assumption:
Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.

For HARQ-ACK feedback of multi-cell scheduled PDSCH, the bit field of “PDSCH-to-HARQ_timing indicator” is assumed to be type-1 fields considering overhead reduction. Then one reference PDSCH should be determined to decide the timing of HARQ-ACK feedback. That is, “PDSCH-to-HARQ_timing indicator” in DCI format 1_X indicates the timing gap between the reference PDSCH and the UL time unit for HARQ-ACK feedback of the co-scheduled PDSCHs. The last PDSCH among the scheduled PDSCH is preferred to be the reference PDSCH to narrow the range of K1 value down. 
Proposal 4: “PDSCH-to-HARQ_timing indicator” in DCI format 1_X indicates the timing gap between the reference PDSCH and the UL time unit for HARQ-ACK feedback of the co-scheduled PDSCHs. The reference PDSCH is the last one among these PDSCHs.
HARQ-ACK bits for PDSCH(s) scheduled by single-cell scheduling DCI(s) and HARQ-ACK bits for PDSCH(s) scheduled by multi-cell scheduling DCI(s) are supposed to be two sub-codebooks within a Type-2 HARQ-ACK codebook. To keep the maximum number of sub-codebooks, it is proposed not to support simultaneous multi-cell PDSCH scheduling and CBG-based PDSCH transmission on the same or different cell within a same PUCCH group
Proposal 5: Simultaneous multi-cell PDSCH scheduling and CBG-based PDSCH transmission on the same or different cell within a same PUCCH group is not supported.
5 Conclusion
In this contribution, we discussed the multi-cell PUSCH/PDSCH scheduling with a single DCI. The following observations and proposals are reached:
Proposal 1: As the starting point, the maximum number of co-scheduled cells by a DCI format 1_X/ DCI format 0_X is 4.
Observation 1: If the CRC bit filed is type-1, the flexibility of the scheduled multiple PUSCH/PDSCH would be restricted due to unique RNTI is used.
Proposal 2: Further enhancements are considered to overcome the scheduling restriction if CRC bit filed is designed as a type-1 field.
Proposal 3: A table defining combinations of the length of bit fields for each cell scheduling is preconfigured. One flag in the DCI indicates one row of the table which implicitly indicates the scheduled cells.
Proposal 4: “PDSCH-to-HARQ_timing indicator” in DCI format 1_X indicates the timing gap between the reference PDSCH and the UL time unit for HARQ-ACK feedback of the co-scheduled PDSCHs. The reference PDSCH is the last one among these PDSCHs.
Proposal 5: Simultaneous multi-cell PDSCH scheduling and CBG-based PDSCH transmission on the same or different cell within a same PUCCH group is not supported.
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Appendix A: Agreements made on the topic of “PUCCH carrier switching for HARQ feedback” in the RAN1 #109-e meeting

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.

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
· 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.

Working Assumption
· All HARQ-ACK codebook types (Type-1/2/3) are applicable when multi-carrier PDSCH scheduling is configured.

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.

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.

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. 

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.

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.

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. 

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.
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