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After RAN1#100bis-e, most of the functions of cross-carrier scheduling with mixed numerologies have been stabilized. In this contribution, the analysis and discussion on how to support more than one DCIs per MO per serving cell in Rel-16 are presented.
Discussion
During RAN1#100bis-e meeting, the following intermediate version of UE feature on DL cross-carrier scheduling has been concluded. The second component, i.e., processing up to X unicast DCI scheduling for DL (or UL) per scheduled CC is still FFS.
	18-5
	DL cross-carrier scheduling with different SCS
	1. The UE supports DL cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in DL carrier aggregation where numerologies for the scheduling cell and scheduled cell are different
{Scheduling cell of lower SCS and scheduled cell of higher SCS, Scheduling cell of higher SCS and scheduled cell of lower SCS, both}
[2. Processing up to X unicast DCI scheduling for DL per scheduled CC ]
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
X=[4] for (15,120), (15,60), (30,120), 
X=[2] for (15,30), (30,60), (60,120 kHz),
X applies per span in a slot of scheduling CC


	18-5b
	UL cross-carrier scheduling with different SCS
	1. The UE supports UL cross carrier scheduling for the different numerologies with carrier indicator field (CIF) in UL carrier aggregation where numerologies for the scheduling cell and scheduled cell are different
{Scheduling cell of lower SCS and scheduled cell of higher SCS, Scheduling cell of higher SCS and scheduled cell of lower SCS, both}
[2. Processing up to X unicast DCI scheduling for UL per scheduled CC ]
X is based on pair of (scheduling CC SCS, scheduled CC SCS):
X=[4] for (15,120), (15,60), (30,120), 
X=[2] for (15,30), (30,60), (60,120 kHz), 
X applies per span in a slot of scheduling CC



Currently, the DAI is firstly ordered by the MO. For the PDSCHs scheduled from the same MO, the DAI is then ordered by the serving cell index. Take Figure 1 as an example, the numbers in brackets are (C-DAI, T-DAI) respectively. For PDSCHs scheduled from the same MO, the C-DAI is increased with the ascending order of serving cell index.
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[bookmark: _Ref19810445]Figure 1. DAI count order in Rel-15.
The current Rel-15 DAI counting mechanism assumes that only up to one unicast DL DCI is in each monitoring occasion for each scheduled cell, which doesn’t cover the case that more than one unicast DL DCI is received for the same scheduled cell. More than one unicast DL DCI for one scheduled cell is a typical case for cross-carrier scheduling with smaller SCS for the scheduling cell. For example, the scheduling cell is of 15 KHz SCS and the scheduled cell is of 120 KHz SCS, where one 15 KHz slot equals to 8 120 KHz slots. For full flexibility, up to 8 unicast DCIs may need to be transmitted within one MO. Thus, the new DAI counting order shall also take this case into account. For PDSCHs scheduled from the same MO for the same scheduled cell, the PDSCH starting time can be used for DAI counting. Combined with the Rel-15 DAI counting order, the new DAI counting order can be summarized as below:
1. First in ascending order of PDSCH starting time;
1. Second in ascending order of serving cell index;
1. Third in ascending order of MO index.
Figure 2 shows an example about the above order rules. The HARQ-ACK of all the PDSCH transmissions correspond with the same PUCCH slot. The numbers in brackets are (C-DAI, T-DAI) respectively. PDSCH A and PDSCH B are counted first since they are from the MO#0, then PDSCH A is counted before PDSCH B since PDSCH A is from a smaller serving cell index. Among PDSCH C, D, E and F, PDSCH C are first counted since it is from the smallest serving cell index followed by PD-SCH D. Then, PDSCH E is counted before PDSCH F since PDSCH E starts earlier. 
Proposal 1: If the maximum number of unicast DCIs per MO per scheduled cell is increased to larger than one, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback.
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[bookmark: _Ref19811373]Figure 2. DAI count order if more than one DCI is received within one MO.

Conclusion
In this contribution, we discuss how to support more than one DCIs in one MO per scheduled cell. The following proposal is proposed.
Proposal 1: If the maximum number of unicast DCIs per MO per scheduled cell is increased to larger than one, the PDSCH starting time in addition to the existing MO and Cell index is introduced to order the HARQ-ACK feedback.
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