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Introduction
[bookmark: _Ref178064866]In this document we discuss issues related to specification of cross-carrier scheduling with different numerologies.
Discussion
We discuss the following aspects: 1) K0 handling, 2) BD/CCE handling, 3) QCL aspect and 4) Number of valid unicast DCI per monitoring occasions.
2.1 K0 handling

Regarding K0 handling, following conclusion was made at the RAN1 AH meeting Jan 2019. 

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

For K0 handling with cross-carrier scheduling to address buffering requirements, a minimum k0 value for each combination of scheduling/scheduled cell numerology can be specified as discussed in RAN1#94 [2]. Two possible alternatives were mentioned in [2] which are shown in the Annex A. 

For K0 handling, the main constraint that determines the amount of buffering that UE needs to perform is the time between end of PDCCH reception/processing and the start of PDSCH reception– therefore, the last symbol of the scheduling PDCCH should be used to determine the first possible PDSCH starting point. Otherwise, only using the first symbol of scheduling PDCCH as reference is insufficient as it will not factor in the Coreset duration which will be a significant factor contributing to the timing constraints. Therefore, the first possible PDSCH starting point should be based on the timing of the last symbol of the scheduling PDCCH.

The alternatives in [2] were written assuming Case 1-1 PDCCH monitoring but should be readily extendable to other cases of PDCCH monitoring (Case 1-2 and Case 2), by specifying the minimum separation that UE can expect between the end of PDCCH reception and the start of the corresponding PDSCH. This minimum separation is indicated as “margin” value shown in the tables in the Annex. 

With respect to Type-A and Type-B PDSCH allocations, Type-A PDSCH can (in Rel-15) begin earlier than corresponding PDCCH, while Type-B PDSCH can begin no earlier than corresponding PDSCH.  In case of overlap of PDCCH and scheduled Type-B PDSCH, an additional relaxation in processing time is allowed which is dependent on the amount of overlap (i.e. number of overlapping symbols of PDSCH and PDCCH). For mixed numerology case, it is simpler if both Type-A and Type-B PDSCH allocations can be handled with a single simple scheme that can avoid further modifications to processing times, etc. Therefore, for cross-carrier scheduling with different numerologies, we propose that there is no overlap between PDCCH and corresponding PDSCH.

Based on the above, we propose the following regarding K0 handling: 

Proposal 1

· If a UE is configured with CIF, and if numerology of the scheduling cell is different from that of the scheduled cell, the UE is not expected to receive a PDSCH if the corresponding PDCCH DCI indicates k0<X.
· X depends on the numerology of the scheduling cell and the scheduled cell
· Select one of Alt1 or Alt2 from [2] for X.

2.2 BD/CCE handling

The UE capability signaling with respect PDCCH BD/CCE capability is shown below (from 38.306, 15.4.0): 

	Definitions for parameters
	Per
	M
	FDD-TDD
DIFF
	FR1-FR2
DIFF

	pdcch-BlindDetectionCA
Indicates PDCCH blind decoding capabilities supported by the UE for CA with more than 4 CCs as specified in TS 38.213 [11]. The field value is from 4 to 16.
	UE
	Tbd
	No
	Yes



According to RAN2 specifications based on RAN1 UE FG 6-5a, the UE can report two capability values, one for FR1 and one for FR2. Given this, along with the partitioning mechanism of PDCCH BD/CCE, it is also necessary to apply the appropriate parameter value, depending on the frequency range. Then, with cross-carrier scheduling with mixed numerology, then the total BD budget for scheduling CC in a frequency range should be based on:
· Corresponding BD/CCE capability for the frequency range
· Total number of schedulable CCs from that frequency range.

In Rel-15, with self-scheduling and mixed numerology, and cross-carrier scheduling with same numerology between scheduling and scheduled cells, the BD/CCE partitioning is done according to numerologies of CC, with limits on per-numerology maximum BD/CCE limit, and a per-cell maximum BD/CCE limit.

For Rel-16, with cross-carrier scheduling and mixed numerology, we propose the Rel-15 principle is extended by partitioning according to the numerology pair (i.e. (scheduling CC numerology, scheduled CC numerology)), with limits on per-numerology pair maximum BD/CCE limit, and a per-cell maximum BD/CCE limit.

The principle is described in the proposal below, and an example in Figure 1 with ten CCs and with cross-carrier scheduling between CCs of different numerologies. Note that instead of scaling (2i/2j) and scheduled cell BD/CCE limit for non-CA case, other alternatives where the scheduling cell BD/CCE limit for non-CA case are also possible. However, we think this proposal maintains the Rel-15 principle, while also allowing enough flexibility in scheduling of CCs of higher numerology from lower numerology scheduling cells.

[image: ]
Figure 1. Example BD partitioning for cross-carrier scheduling with mixed numerology.

Proposal 2

· For cross-carrier scheduling with different numerologies with BD/CCE capability Y for a frequency range, the limit of BDs/CCEs per slot of the scheduling CC(s) (with numerology j) belonging to the frequency range for scheduled CC(s) with numerology is given by 
· , if  is less than or equal to 4 or is less than or equal to Y,
· , if  is greater than Y,
where 
·  is the number of configured CCs that are schedulable from that frequency range
·  is the numerology of the scheduling CC(s), 
·  is the numerology of the scheduled CC(s), 
·  denotes the limit of BDs/CCEs for non-CA case for numerology , 
·  is the number of CCs with numerology  that are schedulable from the scheduling CCs with numerology j 

2.3 QCL aspect
Regarding QCL aspect of cross-carrier scheduling, the following alternatives were discussed in RAN1 AdHoc meeting and conclusion was to discuss further in RAN1#96. 
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 3

· 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.

2.4 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 4

· 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

· If a UE is configured with CIF, and if numerology of the scheduling cell is different from that of the scheduled cell, the UE is not expected to receive a PDSCH if the corresponding PDCCH DCI indicates k0<X.
· X depends on the numerology of the scheduling cell and the scheduled cell
Proposal 2

· For cross-carrier scheduling with different numerologies with BD/CCE capability Y for a frequency range, the limit of BDs/CCEs per slot of the scheduling CC(s) (with numerology j) belonging to the frequency range for scheduled CC(s) with numerology is given by 
· , if  is less than or equal to 4 or is less than or equal to Y,
· , if  is greater than Y,
where 
·  is the number of configured CCs that are schedulable from that frequency range
·  is the numerology of the scheduling CC(s), 
·  is the numerology of the scheduled CC(s), 
·  denotes the limit of BDs/CCEs for non-CA case for numerology , 
·  is the number of CCs with numerology  that are schedulable from the scheduling CCs with numerology j 
Proposal 3

· 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 4

· For CA with mixed numerology, increased number of valid unicast DCIs per PDCCH monitoring occasion can be considered.
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Annex A 
Following is a possible proposal related to K0 handling that was mentioned in [2] from RAN1#94 (Aug 2018). 

Proposal: 
· When the configured with Case 1-1 PDCCH monitoring, a UE is not expected to be cross-carrier scheduled PDSCH with CIF unless K0>=X according to Table 1. (Select between Alt 1 and Alt 2)

	Alt 1: 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
	1 (35.71us margin)
	1
	0
	

	120 kHz
	2 (35.71us margin)
	1 (17.86us margin)
	1 (53.57us margin)
	0



	Alt 2: Table 1. Proposed minimum values X

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

	15 kHz
	0
	
	
	

	30 kHz
	1 (285.7us)
	0
	
	

	60 kHz
	2 (285.7us)
	1 (142.9us)
	0
	

	120 kHz
	3 (160.7us)
	2 (142.9us)
	2 (178.6us)
	0
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To schedule CCx (x=1to 3)

« Number of BDs per 1ms slot = floor(3/7 * 44*Y1)

To schedule CCx (x=4to 5)

* Number of BDs per 0.5ms slot = floor(2/7 * 36*Y1)

To schedule CC6 and CC7

* Number of BDs per 0.5ms slot = floor(2/7*(4*20) *Y1)

To schedule CCx (x=8 to 10)
* Number of BDs per 0.125ms slot = 20*3




