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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 discuss some remaining issues in this item.
2 Remaining issues about format 0_X/1_X
2.1 Multiple sets of cells for multi-cell scheduling with a single DCI
It was concluded the maximum number of co-scheduled cells by a DCI format 1_X/ DCI format 0_X in Rel-18 is 4. On the other hand, more than 4 cells could be configured for PUSCH/PDSCH operation in Rel-18. If only one set of cells could be configured to be scheduled by one DCI, PUSCH/PDSCH of some cells could only be scheduled by legacy DCI formats which restricts the benefits of multi-cell scheduling with a single DCI. As discussed in the previous meeting, the specification of supporting multiple sets of cells scheduling could be marginal comparing with only one set of cells is supported with the following assumptions:
· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.
· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.
· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells.
· DCI size of DCI format 1_X is independently determined for each set of cells.
Furthermore, whether multiple sets of cells scheduled from a same scheduling cell is supported or not was discussed and three alternatives were listed[3]. 
· Alt 1: Multiple sets of cells scheduled from a same scheduling cell is not supported in Rel-18;
· Alt 2: Multiple sets of cells scheduled from a same scheduling cell is supported in Rel-18, where which set of cells the DCI format 1_X/0_X is associated with is differentiated by network configuration for the multiple sets of cells.
· Alt 3: Multiple sets of cells scheduled from a same scheduling cell is supported in Rel-18, where the DCI format 1_X/0_X has an indication field that indicates which set of cells the DCI format 1_X/0_X is associated with.
If multiple sets of cells scheduled from a same scheduling cell is not supported, the scheduled set of cells could be decided by the search space configuration of DCI format 0_X/1_X. While if it is supported, Alt 2 is preferred due to less scheduling restriction and less impacts on DCI bit fields.
Proposal 1: Multiple sets of cells for multi-cell scheduling with a single DCI is supported with the following assumptions:
· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.
· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.
· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells.
· DCI size of DCI format 1_X is independently determined for each set of cells.
Proposal 2: Multiple sets of cells scheduled from a same scheduling cell is supported. The set of cells the DCI format 1_X/0_X is associated with is differentiated by network configuration.
2.2 About CRC bits in DCI format 0_X/1_X
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. Further enhancements should be considered to overcome this restriction.
Proposal 3: Further enhancements are considered to overcome the scheduling restriction if unique RNTI is used in the CRC bit filed.
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/RNTI-2/RNTI-3/RNTI-4 is used to scramble the CRC bits, the scheduled PDSCHs of Cell-1 and Cell-2 corresponds to MCS-RNTI and C-RNTI, C-RNTI and MCS-RNTI, C-RNTI and C-RNTI, MCS-RNTI and MCS-RNTI respectively.
Proposal 4: 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.
3 Remaining issues about HARQ enhancements 
Reference PDSCH for HARQ-ACK feedback timing determination
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 5: 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.
Reference PDSCH to determine DAI counting and last DCI format for PUCCH resource 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 at the gNB side. 
Proposal 6: 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 7: 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 8: 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 remaining issues about multi-cell PUSCH/PDSCH scheduling with a single DCI. The following observations and proposals are reached:
Proposal 1: Multiple sets of cells for multi-cell scheduling with a single DCI is supported with the following assumptions:
· a cell in one set of cells can’t be included in another set of cells.
· n_CI value is independently configured for each set of cells.
· reference cell for counting DCI size and BD/CCE of DCI format 0_X/1_X is independently determined for each set of cells.
· search space configuration of DCI format 0_X/1_X is independently configured for each set of cells.
· DCI size of DCI format 0_X is independently determined for each set of cells.
· DCI size of DCI format 1_X is independently determined for each set of cells.
Proposal 2: Multiple sets of cells scheduled from a same scheduling cell is supported. The set of cells the DCI format 1_X/0_X is associated with is differentiated by network configuration.
Proposal 3: Further enhancements are considered to overcome the scheduling restriction if unique RNTI is used in the CRC bit filed.
Proposal 4: 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 5: 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 6: 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 7: 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 8: 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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