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1 Introduction
In RAN #81 meeting, a Work Item on DC and CA enhancements [1] was approved. One of the objectives is to investigate enhancements to CA to support cross-carrier scheduling with different numerologies: 
	5. Cross-carrier scheduling with different numerologies on the scheduling and scheduled carriers [RAN1, RAN2, RAN4]
· This objective applies to CA only


In this contribution, we discuss the operation principles for effective support of cross-carrier scheduling operation with different numerologies across aggregated CCs.  
2. Discussion
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Figure 1: Cross carrier DL scheduling with different numerologies
Figure 1 shows two cases for cross carrier scheduling with mixed numerologies, where 4 slots at high-band (CC2) corresponds to a single slot in low-band (CC1). Case 1 is a smaller SCS scheduling a larger SCS and Case 2 is opposite. 
Given that a UE can be configured a PDCCH monitoring occasion in an arbitrary number of OFDM symbols, further restriction is necessary to clearly define the addressable PDSCH on scheduled CC. Same as self-scheduling case, the PDCCH on the scheduling CC should not later than the associated PDSCH on the scheduled CC. 
In addition, compared to the self-scheduling case, the soft buffer requirement for cross-carrier scheduling can be increased due to extended PDCCH processing delay compared to self-scheduling case. This can be evidenced when a cross-carrier scheduling from a smaller SCS to a larger SCS as illustrated in FIG.2 below. 
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Figure 2: Buffering requirement for self-scheduling and cross-carrier scheduling with different numerologies 
This issue has been identified and discussed in recent meeting and the following principle for cross-carrier scheduling with different numerologies have been agreed [2]: 
	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



However, it remains FFS regarding how to specify additional constraints related to K0 to address the number of symbols which may need to be buffered. 
In general, the overall design of cross-carrier scheduling with different numerologies should not introduce significantly higher complexity in implementation 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



For support of cross-carrier scheduling for CA with different numerologies on the different CCs one open issue is how to define the PDSCH and PUSCH scheduling timing i.e. the value of  and  since one slot on one CC may be overlapped with multiple slots of other CCs, as shown in FIG.1. The scheduling timing should be expressed in relation to the numerology that is used for the scheduled CC, i.e. the CC carrying the PDSCH or PUSCH. This provides the flexibility to schedule a high-band carrier with larger SCS (e.g. CC2 in FIG.1) from a low-band carrier with smaller SCS (e.g. CC1 in FIG.1). 
Proposal 2: 
· The time granularity of a data transmission, indicated in the DCI scheduling the PDSCH or PUSCH on scheduled CC, is based on the numerology of data transmission.
· When a cross-carrier scheduling from a smaller SCS to a larger SCS, “” corresponds to the slot for the larger SCS with beginning boundary aligned to the slot containing the corresponding PDCCH.
· When a cross-carrier scheduling from a larger SCS to a smaller SCS, “” corresponds to the slot overlapped with the PDCCH. 
It should be noted that the proposal 2 has been supported by the existing spec. 

Another open issue of cross-carrier scheduling with different numerologies is how to partition the BD/CCE budgets across CCs, subject to the UE capability. As shown in FIG.3, a single CC may schedule multiple CCs with different numerologies. Denote  ,  and  are the total number of CCs configured for a given UE,  total number of CCs in a CG and the number of CCs with SCS , respectively. FIG.3 gives a example where ; . 
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Figure 3: A illustration of cross-carrier scheduling of CCs with different numerologies 
In our view, the design principle adopted for Rel-15 self-scheduling with different numerologies in CA can be extended here by defining BD/CCE limit on per cell group (CG) basis (i.e. for CG#0 and CG#1 in FIG.3) over scheduling CC slot, where all CCs in a CG is self- or cross-scheduled by a single CC. 
The total limit of BD allocated for CG  is given by: 

Similarly, the total number of non-overlapped CCE allocated for CG  is given by: 

Where  is the SCS of scheduling CC within CG .  

Proposal 3: 
· For the case of cross-carrier scheduling with difference numerologies, the total number of BD allocated for CG  over a slot of scheduling CC is given by: 


· For the case of cross-carrier scheduling with difference numerologies, the total limit of CCEs allocated for CG  over a slot of scheduling CC is given by: 

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: 
· The time granularity of a data transmission, indicated in the DCI scheduling the PDSCH or PUSCH on scheduled CC, is based on the numerology of data transmission.
· When a cross-carrier scheduling from a smaller SCS to a larger SCS, “” corresponds to the slot for the larger SCS with beginning boundary aligned to the slot containing the corresponding PDCCH.
· When a cross-carrier scheduling from a larger SCS to a smaller SCS, “” corresponds to the slot overlapped with the PDCCH. 

Proposal 3: 
· For the case of cross-carrier scheduling with difference numerologies, the total number of BD allocated for CG  over a slot of scheduling CC is given by: 


· For the case of cross-carrier scheduling with difference numerologies, the total limit of CCEs allocated for CG  over a slot of scheduling CC is given by: 
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