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1 Introduction
In the previous meetings, multi-cell PUSCH/PDSCH scheduling with a single DCI was discussed and the achieved agreements are listed in [1]. In this contribution, we will continue to discuss the aspects about this item.
2 DCI field design
In the previous meeting, the type of DCI fields was discussed and the reached agreements are shown below:
 Agreement
For DCI format 1_X/0_X, Type-1 fields at least include below:
· Priority indicator
· Indicator of co-scheduled cells
· beta offset indicator
· CSI request
· UL-SCH indicator
· FFS: ChannelAccess-Cpext
Agreement
At least the following fields are excluded from DCI format 1_X/0_X:
· CBGTI
· CBGFI
· PDSCH group index
· New feedback indicator
· Number of requested PDSCH group(s)
· Sidelink assignment index
· Second TPC command for scheduled PUSCH 
· Second SRS resource indicator 
· Second Precoding information 
· Second PTRS-DMRS association 
· Second TPC command for scheduled PUCCH 
Agreement
For a set of cells co-scheduled by a DCI format 0_X/1_X, time domain resource allocations for the set of cells are indicated by a single TDRA field in the DCI format 0_X/1_X. 
· Separate {SLIV, mapping type, scheduling offset K0 (or K2)} is indicated for each of co-scheduled PDSCHs/PUSCHs.
· FFS details of the TDRA table design

Since separate 24-bit CRC field for each of the co-scheduled cells would make the DCI much redundant, the CRC bits had better be designed as a type-1 field. 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 for each scheduled PDSCH/PUSCH. Then the flexibility of the scheduled multiple PUSCH/PDSCH would be much restricted due to unique RNTI is used. Further enhancements should be considered to overcome this restriction.
Observation 1: The flexibility of the scheduled multiple PUSCH/PDSCH would be restricted due to unique RNTI is used.
Proposal 1: Further enhancements are considered to overcome the scheduling restriction if CRC bit filed is designed as a type-1 field and unique RNTI is used.
A possible solution is to consider the CRC bit filed as Type-1B field. Through multiple predefined RNTIs, different combination of the scheduled PUSCH/PDSCHs modes could be indicated. For example, the DCI format 1_X is used to schedule 2 cells. When predefined RNTI-1 is used to scramble the CRC bits, the corresponding scheduled PDSCHs of Cell-1 and Cell-2 are SPS PDSCH and D-PDSCH respectively. While if predefined RNTI-2 is used, the corresponding scheduled PDSCHs of Cell-1 and Cell-2 are both D-PDSCH.
Proposal 2: CRC bit filed in DCI format 0_X/1_X is considered as Type-1B field. Multiple predefined RNTIs are used to discriminate different scheduling modes of the scheduled PDSCH/PUSCH by DCI format 0_X/1_X.
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. One indicator in the DCI indicates a row which includes preconfigured bit length for each scheduled cell. Corresponding to “Indicator =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.
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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 indicator in DCI format 0_X/1_X indicates one row of the table which implicitly indicates the scheduled cells.
3 HARQ enhancements
HARQ enhancements to support multi-cell PUSCH/PDSCH scheduling with a single DCI was discussed in the previous meeting, the following agreements were reached:
Agreement
HARQ-ACK codebook types (Type-1, Rel-15 Type-2, Rel-16 Type-3, Rel-17 Type-3) are applicable when multi-cell PDSCH scheduling is configured.
Agreement
· UE does not expect to be configured both multi-PDSCH scheduling and multi-cell PDSCH scheduling on the same or different cells within a same PUCCH group.
Agreement
· For Type-2 HARQ-ACK codebook, if at least one cell of a set of cells which can be co-scheduled by 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 of the set of cells is equal to M, where M is the maximum number of TBs which can be co-scheduled by a DCI format 1_X in the PUCCH group for the UE.
Agreement
· For Type-2 HARQ-ACK codebook, a DCI format 1_X scheduling more than one cell is associated with 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. 
· If a UE is scheduled by a DCI format 1_X to receive PDSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PDSCH reception in the cell is an uplink symbol, the UE does not receive the PDSCH in the cell. 
· If a UE is scheduled by a DCI format 0_X to transmit PUSCH over multiple cells, and if tdd-UL-DL-ConfigurationCommon, or tdd-UL-DL-ConfigurationDedicated, indicates that, for a cell from the multiple cells, at least one symbol from a set of symbols where the UE is scheduled PUSCH transmission in the cell is a downlink symbol, the UE does not transmit the PUSCH in the cell.

The reference PDSCH to determine the HARQ-ACK timing was discussed in the previous meeting. It was proposed the PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs is the reference PDSCH since potential more processing time could be provided. Also, it is possible to narrow the range of K1 value down with the last PDSCH as the reference PDSCH.
Proposal 4: The PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs is the reference PDSCH for HARQ-ACK timing determination.
Besides, the reference PDSCH to determine DAI counting for Type-2 HARQ-ACK codebook construction and the reference PDSCH to determine the last DCI format for PUCCH determination among DCIs within a same PDCCH MO was discussed respectively. To our understanding, the reference PDSCH should be unique with the principle to be defined. The PDSCH with the smallest serving cell index among the set of co-scheduled cells could be the reference PDSCH for these two cases. If both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion, the same PRI could be indicated by gNB in these DCIs since the PRI determination is nearly simultaneously. 
Proposal 5: For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
Proposal 6: For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
Proposal 7: If both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion, the same PRI could be indicated by gNB in these DCIs.
4 Conclusion
In this contribution, we discussed the multi-cell PUSCH/PDSCH scheduling with a single DCI. The following observations and proposals are reached:
Observation 1: The flexibility of the scheduled multiple PUSCH/PDSCH would be restricted due to unique RNTI is used.
Proposal 1: Further enhancements are considered to overcome the scheduling restriction if CRC bit filed is designed as a type-1 field and unique RNTI is used.
Proposal 2: CRC bit filed in DCI format 0_X/1_X is considered as Type-1B field. Multiple predefined RNTIs are used to discriminate different scheduling modes of the scheduled PDSCH/PUSCH by DCI format 0_X/1_X.
Proposal 3: A table defining combinations of the length of bit fields for each cell scheduling is preconfigured. One indicator in DCI format 0_X/1_X indicates one row of the table which implicitly indicates the scheduled cells.
Proposal 4: The PDSCH ending last as indicated in the DCI format 1_X among the set of co-scheduled PDSCHs is the reference PDSCH for HARQ-ACK timing determination.
Proposal 5: For Type-2 HARQ-ACK codebook, for a set of cells which is co-scheduled by a DCI format 1_X, the reference PDSCH to determine DAI counting is the PDSCH with smallest serving cell index among the set of co-scheduled cells.
Proposal 6: For a set of cells which is co-scheduled by a DCI format 1_X, the PDSCH with the smallest serving cell index among the set of co-scheduled cells is used to determine last DCI format for PUCCH determination among DCI formats within a same PDCCH MO.
Proposal 7: If both DCI format 1_X and other DCI format 1_0/1_1/2_1/1_X are received in a same PDCCH monitoring occasion, the same PRI could be indicated by gNB in these DCIs.
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