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1 Introduction 
Along the method representations [1], [2] from RAN4 #83 in Hangzhou and [3], [4] from RAN4 NR AH2 in Qingdao this contribution is for the simulation results. There are several motivations for the simulations as follows:

· Demonstrate the use of the metrics proposed for SS MPAC; how they are applied and what are the inputs and outputs  
· Demonstrate the applicability of the metrics; how they assess the performance of the test system and how different performance threshold values could be set
· Show the system performance for the selected channel models as a function of the number of the active probes; expectation is to get better performance as the number of probes increases 
· Show the change of the performance values as the antenna array size increases; this mitigates the LTE MIMO OTA test zone size parameter

1.1 Result Presentation Format

There are many ways how to present the results. GSCM channel models are used so a statistical approach in the form of histogram is reasoned. It enables quick and visual comparison between test cases when the results are classified per the selected rules. Here the three–step scale is used and the proportions (percentage) are shown also in numerical values.  
1.2 Simulation Parameters
The used simulation parameters are listed in the table below. 

Table 1. Simulation parameters. 
	Parameter
	Value

	Channel model
	38.901 UMi NLOS

	# of drops
	1000

	# of active probes
	4, 8

	# of installed probes
	128

	Range length [m]
	1

	Sector size [(]
	120 x 60 

	UE antenna element
	Patch antenna with 65° HPBW

	Array size
	4 element (2x2) with 0.5λ spacing
16 element (4x4) with 0.5λ spacing

	Beams per UE per array size
	30 (per 2x2)
49 (per 4x4)

	Fixed beam HPBW
	44°
24°

	Fixed beam directions
	±90 azimuth and elevation range with 36° beam spacing
±75 azimuth and elevation range with 25° beam spacing




1.3 Metrics and Limits

The metrics used are from [3]. The limits are as depicted below. It is emphasized that the limits here is not a proposal for the limits but, instead, they were preliminary values for the initial simulation studies only. The actual values for the different grades is to be discussed in RAN4. Note that the weighting function is applied for the spatial correlation measure; 
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The histogram type of output presentation format is used. 
Table 2. Metrics and limits used in the simulations. The limits as such are not proposed to be used. 
	
	Beam Peak Distance
	Beam Total Variation Distance
	 PAS Total Variation Distance
	Spatial Correlation

	Good
	4(
	0.2
	0.15
	0.1

	Acceptable
	4(
	0.2
	0.25
	0.2

	No value
	>8(
	>0.3
	>0.25
	>0.2


A single parameter based on the four calculated values could be finally evaluated using, e.g., an averaging. This is not made here. It should be noted that the values in the table are neither based on any scientific analysis nor on any industrial questionnaire but are example values. The example values are used to demonstrate the method and to draw conclusions from the metrics. 
1.4 Other Simulation Assumptions

The UE beams are equal and uniformly spaced to cover half-hemisphere. The number of beams per antenna array is calculated based on the half–power beam width (HPBW); no gaps between the beams when used the HPBW as the beam width. 
1.5 Probe Weighting 

For historical reasons the probe power weighting in these simulations is based on optimizing the spatial correlation over the test area, which is defined by the UE array size. The references [3] and [4] have stated that the emphasis on the new metrics is to change the view from the spatial correlation of the test zone to the beam selection. The probe selection is based on optimizing the beam selection metrics, but the probe weight calculation, based on spatial correlation, is not optimal for beam selection metrics. Currently, the expectation is that the results for the beam metrics will be improved when the probe power weighting algorithm will be updated. Therefore, the correlation metric shows better results than the beam metrics here. 
2 Result Figures

These are the first, preliminary results. Not a large set of simulation results is yet available. The intent is to continue the work but with the desire that RAN4 Testability discussions also give guidelines on how to direct the simulation cases, i.e. what are the parameters to be used in the simulations. 
The first case is to look at the UMi NLOS model with a small amount of antenna elements in UE and in the sector. The case 2x2 means the rectangular pattern of elements with (/2 distance in between. Similarly, for the case 4x4. The number of probes in the figure titles means how many active probes are selected from the installed ones. All probes contain two orthogonal entities, i.e. two polarizations are modelled.  
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Figure 1. UMi NLOS model, 2x2 UE array and 4 + 4 active probes from the sector selected. 
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Figure 2. UMi NLOS model, 2x2 UE array and 8 + 8 active probes from the sector selected.
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Figure 3. UMi NLOS model, 4x4 UE array and 4 + 4 active probes from the sector selected.
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Figure 4. UMi NLOS model, 4x4 UE array and 8 active probes from the sector selected.

2.1 Analysis on the Results

As expected the best improvement while the number of probes increases is in the spatial correlation metrics. In the 2x2 case the numbers increase from (34 + 53)% to (89 + 8)% and in the 4x4 case the numbers are from (2 + 34)% to (38 + 54)%. The improvement is due to the weighting on the probe powers. However, the change to the weighting may change these numbers. 
The results for PAS total variation distance are similar to the spatial correlation metrics because this metric measures how well the produced power angular spectrum (PAS) follows the ideal one. In other words, it also looks at the test zone and, therefore, it follows the correlation metric. 

The change from 2x2 case to 4x4 case is explained by the fact the beams for 4x4 case are narrower. There are nearly the double the beams for the bigger antenna array. This mitigates the probable real–life UE performance; it is expected that the more there are antenna elements the narrower beams UE may use. The narrower UE beams makes it more difficult to the test system to model it correctly. 
Table 3. Beam total variation distance, beam peak distance and PAS total variation distance metrics results, good and acceptable in separate columns. 
	
	Beam Total Variation Distance [%]

Good               Acceptable
	Beam Peak Distance [%]


Good               Acceptable
	PAS Total Variation Distance [%]

Good               Acceptable

	2x2, 4 probes
	64
	17
	41
	30
	84
	15

	2x2, 8 probes
	67
	19
	41
	30
	97
	2

	4x4, 4 probes
	18
	26
	26
	27
	0
	35

	4x4, 8 probes
	25
	25
	34
	26
	21
	69


The trend of higher performance for increased number of probes can be observed from the simulation results. However, it is expected the trend will be significantly clearer when the optimization of the probe power weighting will be implemented in future simulations. It has been identified from the simulation model that the higher is the number of active probes the more sensitive are the beam metrics for the probe weighting. The future work will correct also this phenomenon. 
The small number of simulation cases here and even with non–tuned weighting algorithm makes challenging to draw the conclusions. Further results are expected for the next meetings. It is expected that with higher number of active probes from the sector the performance numbers will be improved. Optimization of the simulation model also continues. However, more importantly for the current meeting the contribution reveals how the proposed ([3]) metrics could be used to evaluate the performance. 
3 Conclusions

First, preliminary simulation results were presented. The trend of higher performance for increased number of probes can be observed from the simulation results. However, it is expected the trend will be significantly clearer when the optimization of the probe power weighting will be implemented in future simulations. More importantly, however, the simulation results contribution supports the main contributions for SS MPAC; it makes easier to understand the test system and how the proposed metrics function. 
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