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1 Introduction
In the RAN1 #96 meeting, the following was agreed in [1]
	Agreements:
· At least for the case of lower SCS PDCCH scheduling a higher SCS PDSCH the earliest possible starting point for the PDSCH is defined by the end of the PDCCH + 
·  >0. Detailed value(s) FFS
· FFS other factor(s) impacting 



In this contribution, we further discuss the FFS aspects and other remaining issues for efficient support of cross-carrier scheduling operation with different numerologies across aggregated CCs.  
2. Discussion
2.1 Scheduling timing for PDSCH
Compared to the self-scheduling case, the soft buffer requirement of scheduled CC can be increased in case of cross-carrier scheduling with different numerologies due to extended PDCCH processing delay as illustrated in FIG.1 below, where a cross-carrier scheduling from a smaller SCS to a larger SCS is enabled for the UE. 
[image: ]
Figure 1: Buffering requirement for self-scheduling and cross-carrier scheduling with different numerologies 
This issue has been identified and discussed in Rel-15 and in recent Rel-16 meetings and the following principle for cross-carrier scheduling with different numerologies have been agreed in [2] and [3]: 
	Agreements:
· Cross-carrier scheduling should at least satisfy the causality constraints between scheduling PDCCH and PDSCH as for self-scheduling, also taking into carrier timing difference
Note: in the case of mixed numerology, limitations on the number of symbols to buffer need to be taken into account

Conclusion:
Study further at least the following:
· Determine the first possible PDSCH starting point based on the timing of the last or first symbol of the scheduling PDCCH.
· Both Type A and Type B PDSCH allocation should be considered
· Consider a possibility for introducing a single solution for Type A and Type B PDSCH allocation
· PDCCH position cases 1-1, 1-2 and 2 should all be considered



[bookmark: _GoBack]However, it remains FFS regarding exact additional constraints related to K0 to address the number of additional symbols which may need to be buffered at the UE side in case of cross-carrier scheduling. 
In general, we believe the overall design of cross-carrier scheduling with different numerologies should not introduce significantly higher complexity in implementation, buffering and spec impacts. Hence, our preferred solution to address this concern is to define additional restriction on the ‘’ value based on the respective SCS of scheduling CC and scheduled CC, which are provided in Table 1 below.  
Proposal 1: 
· For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0



2.2 Support of contiguous data transmission 
Another open issue of cross-carrier scheduling with different numerologies is how to support of contiguous data transmissions in case of cross-carrier scheduling from lower SCS to higher SCS as shown in FIG.2 below.  
[image: ]
Figure 2: Cross-slot scheduling for continuous data transmissions
Several options exist to support continue data transmission on scheduled CC. One option (i.e. Option 1) is to configure multiple PDCCH monitoring occasions within a slot on scheduling CC (i.e. Rel-15 case 2) to schedule slot-based PDSCH on the scheduled CC, as illustrated in FIG.2a above. A second option (i.e. Option 2) is to increase the allowed unicast DCIs that can be received simultaneously on the scheduling CC for different slots on the scheduled CC, as shown in FIG.2b above. The requested unicast DCI number is linearly increased depending on the difference between SCS of scheduling CC and scheduled CC. Another alternative (i.e. Option 3) is to introduce multi-slot scheduling with different TB per slot, which has been specified for LTE LAA operations. 
As shown in FIG.2, one drawback of Option 1 is throughput degradation due to the limitation of PDSCH starting symbol to be later than the end of last PDCCH symbol in every slot. Another problem associated with Option 1 is that UE needs to support case 2 PDCCH monitoring as a prerequisite feature. In addition, Option 1 may increase the PDCCH blocking probability compared to Option 3 due to e.g. either limited control resources on scheduling CC or increased number of CCEs exceeding the CCE restriction defined per slot. This disadvantage is also applied for Option 2 due to separate DCI formats. Furthermore, Option 2 potentially impacts the DCI processing pipeline and correspondingly more discussions are needed for the processing timeline determination e.g. K1/K2 values for the PDSCH/PUSCH in the first slot on scheduled CC, which may be difficult to achieve within the Rel-16 timeframe of this WI. Given the benefit of lower blocking probability and the better throughput performance, we have slightly preference to use multi-slot scheduling to achieve this target.   
       
Proposal 2: 
· Introducing multi-slot scheduling mechanism with different TB per slot to support continue data scheduling on scheduled CC.  


3. Conclusion 
Based on the discussion for effective support of CA with different numerologies between scheduling CC and scheduled CC, it is proposed that: 
Proposal 1: 
· For cross-carrier scheduling with different numerologies between scheduling CC and scheduled CC, the ‘’ where X is defined in below table:
	Table 1. Proposed minimum values X

	Scheduling CC
Scheduled CC
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	15 kHz
	0
	
	
	

	30 kHz
	1
	0
	
	

	60 kHz
	2
	1
	0
	

	120 kHz
	3
	2
	2
	0



Proposal 2: 
· Introducing multi-slot scheduling mechanism with different TB per slot to support continue data scheduling on scheduled CC.  
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