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Introduction
[bookmark: _Ref178064866]In this document we discuss issues related to specification of cross-carrier scheduling with different numerologies. In RAN#83, a way-forward [2] was endorsed regarding work scope in the cross-carrier scheduling with different numerologies.
Discussion
[bookmark: _GoBack]We discuss the following aspects: 1) K0 handling, 2) QCL aspect and 3) Number of valid unicast DCI per monitoring occasions.
2.1 K0 handling

Regarding K0 handling, following agreement was made at the RAN1 meeting 96. 

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 

Additionally, in RAN#83, it was agreed to also include the cases where high SCS can schedule low SCS as well [2]. Then, we think the above agreement can be extended to also the case of higher SCS PDCCH scheduling a lower SCS PDSCH. The factors that can affect delta value include PDCCH processing/decoding time (~ 1-2 symbols at lower numerologies and note that BD/CCEs also change with numerologies) and additionally the maximum received timing difference for the CA case ( ~ 33us as the maximum). Considering these factors, we think the value for minimum delta should be as shown in the below proposal. 

Proposal 1  Minimum values for Δ are as shown in the following table, indicated in the number of symbols of scheduling CC numerology (and absolute time for reference).

	
	
	Scheduling CC

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	
	
	
	

	Scheduled CC
 
 
 
	15 kHz
	N/A
	4 (142.9us)
	6 (107.2us)
	8 (71.42us)

	
	30 kHz
	2 (142.9us)
	N/A
	6 (107.2us)
	8 (71.42us)

	
	60 kHz
	2 (142.9us)
	4 (142.9us)
	N/A
	8 (71.42us)

	
	120 kHz
	2 (142.9us)
	4 (142.9us)
	6 (107.2us)
	N/A






2.2 QCL aspect
Regarding QCL aspect of cross-carrier scheduling, the following alternatives were discussed in RAN1 AdHoc meeting. 
Alt 1: (follow Rel-15 definition): Tci-PresentInDCI has to be always enabled for cross-carrier scheduling. 
· For cross-carrier scheduling with tci-PresentInDCI being enabled for a DCI format 1_1, or if tci-PresentInDCI is not enabled for DCI format 1_1, the scheduling timing offset cannot be smaller than the threshold. 
Alt 2: 
· If the scheduling timing offset is smaller than the threshold, or if tci-PresentInDCI is not enabled for DCI format 1_1, the default QCL assumption for PDSCH in case of cross-carrier scheduling is based on dummy CORESET configured in the active BWP of the scheduled cell
Alt 3: 
· If the scheduling timing offset is smaller than the threshold , or if tci-PresentInDCI is not enabled for DCI format 1_1, default QCL assumption for PDSCH in case of cross-carrier scheduling is based on the TCI-state with the lowest ID applicable to PDSCH in the active BWP of the scheduled cell

Alt 1 proposes following Rel-15 behavior, suggesting the scheduling timing offset to be no smaller than the delta_offset threshold. As discussed in sec 2.1, the k0 value for PDCCH end to PDSCH start timing will be specified for cross-carrier scheduling case, which may likely be different (and potentially smaller) than the delta_offset threshold value. Therefore, rather than not allowing scheduling timing offset smaller than the delta_offset threshold, it is preferable to have a rule defined that UE can use to determine QCL if the PDSCH is too close to the DL assignment. 
We think the explicit configuration of the TCI-state is simple and sufficient solution. 
Proposal 2

· For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

2.3 Number of valid unicast DCIs per monitoring occasions
Currently, according to UE feature list (in Rel-15), for some UE capabilities (3-5b), there is a limitation on the number of DCIs UE can process for a monitoring occasion. For CA with mixed numerology, increasing the number of valid unicast DCIs per monitoring occasion can be considered. 
Proposal 3

· For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.

Conclusions
In this document, we discuss issues related to specification of cross-carrier scheduling with different numerologies and propose the following.
Proposal 1  Minimum values for Δ are as shown in the following table, indicated in the number of symbols of scheduling CC numerology (and absolute time).

	
	
	Scheduling CC

	
	
	15 kHz
	30 kHz
	60 kHz
	120 kHz

	
	
	
	
	
	

	Scheduled CC
 
 
 
	15 kHz
	N/A
	4 (142.9us)
	6 (107.2us)
	8 (71.42us)

	
	30 kHz
	2 (142.9us)
	N/A
	6 (107.2us)
	8 (71.42us)

	
	60 kHz
	2 (142.9us)
	4 (142.9us)
	N/A
	8 (71.42us)

	
	120 kHz
	2 (142.9us)
	4 (142.9us)
	6 (107.2us)
	N/A



Proposal 2

· For cross-carrier scheduling, an explicit TCI-state is configured for QCL assumption for PDSCH reception when the PDSCH scheduling timing offset is smaller than delta_offset threshold.

Proposal 3

· For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.
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