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1. Introduction

This document is an update on [1]. It is evident from the analysis in [1] and [2] that the accuracy of MIMO OTA test systems is dependent on device types/orientations. In [3] there are several proposals for how to determine absolute accuracy. This paper looks more closely at the evidence for device-dependent behaviour before considering the different characteristics of the RTS and MPAC methods to help identify possible reasons for differences in measured performance.
2. Results analysis for isotropic and specific orientations
Results for both radiated two-stage (RTS) and multi-probe anechoic (MPAC) ar avaiable for four devices being the Motorola 1080, 1096, Samsung S4 and Amasung S6.

The recent 3GPP MIMO OTA measurement campaign for the purposes of harmonizing methods has delivered the most comprehensive set of OTA measurement results since the beginning of the work in 2009. On the positive side, the way forward in [4] stated:

Specific parameters have been identified under which harmonization is possible together with the observation that risks and cost be further quantified

Table 1 summarizes the harmonization between RTS and MPAC for the average over 8 orientations per device which can be considered a near isotropic result. (Source data was from [5] with inverse averaging). Figures in this paper are slightly different to earlier analysis due to use of different slope interpolation and averaging).

Table 1. RTS vs MPAC results comparison

	Phone
	UMi
	UMa

	
	70%
	70%

	1080
	0.55
	0.71

	1096
	0.43
	0.53

	S4
	0.17
	0.23

	S6
	0.11
	-0.83


For the harmonization assumption of averaging all 8 orientations it can be stated that the RTS and MPAC methods are harmonized within -0.83 dB to 0.55 dB for these devices and inverse averaging.

One of the key differences between anechoic and reverb methods is that the anechoic methods are capable of measuring device performance in specific orientations and also at specific azimuth angles. This is of particular interests to antenna designers who target optimizing performance for known spatial conditions. It is also the case that standards bodies such as 3GPP and CTIA may choose to specify UE requirements for a subset of 8 or even for one device orientation. Requiring consistency across azimuth is also a possibility. For these reasons it is necessary to understand the accuracy of anechoic methods at specific orientations.

The recent 3GPP measurement campaign has delivered 768 independent results that directly compare RTS with MPAC. This figure comes from four devices, two channel models, 8 orientations and 12 azimuth angles. Averaging all this data into four results for each outage level as in Table 1 has some value when comparing against the isotropic reverb methods but this results in a loss of deeper understanding of system accuracy and device performance at more specific orientations.

In reviewing the 768 data points it is evident there is a large degree of alignment when averaged over all orientations. At the next level of analysis we can compare the performance of the four devices at each orientation for each channel model. Table 2.compares MPAC and RTS by device orientation for UMi @ 70%.
Table 2. MPAC and RTS by device orientation for UMi @ 70%

	
	1080
	1096
	S4
	S6

	
	MPAC
	RTS
	Diff
	MPAC
	RTS
	Diff
	MPAC
	RTS
	Diff
	MPAC
	RTS
	Diff

	Portrait, no tilt
	-97.7
	-98.3
	0.57
	-96.2
	-97.6
	1.43
	-92.9
	-92.6
	-0.38
	-96.2
	-95.5
	-0.68

	Portrait, 45° tilt down
	-95.9
	-96.9
	1.00
	-97.2
	-97.8
	0.56
	-93.4
	-94.1
	0.74
	-95.1
	-95.8
	0.72

	Portrait, 45° tilt up
	-96.0
	-96.3
	0.30
	-97.7
	-98.3
	0.56
	-93.3
	-94.5
	1.22
	-96.5
	-96.4
	-0.16

	Face up
	-92.8
	-93.7
	0.94
	-96.5
	-96.5
	-0.02
	-92.7
	-93.3
	0.62
	-93.7
	-93.8
	0.05

	Face down
	-92.8
	-94.1
	1.28
	-96.5
	-96.8
	0.30
	-93.0
	-93.7
	0.67
	-93.7
	-94.1
	0.39

	Landscape, no tilt
	-97.2
	-97.8
	0.59
	-98.4
	-99.3
	0.88
	-96.3
	-95.2
	-1.07
	-95.9
	-96.5
	0.62

	Landscape,45° tilt down
	-95.5
	-95.7
	0.13
	-97.8
	-96.9
	-0.91
	-95.3
	-95.4
	0.09
	-95.7
	-95.8
	0.08

	Landscape, 45° tilt up
	-96.5
	-96.6
	0.07
	-98.0
	-98.4
	0.43
	-94.9
	-95.1
	0.20
	-96.2
	-96.2
	0.02

	Average
	-95.9
	-96.4
	0.55
	-97.4
	-97.8
	0.43
	-94.2
	-94.3
	0.17
	-95.5
	-95.6
	0.11

	Per device spread
	
	
	1.21
	
	
	1.45
	
	
	1.6
	
	
	1.3


It can be seen from Table 2 that the differences between MPAC and RTS are relatively well-behaved for the UMi channel model with all differences lying within a 2.11 dB window (-0.68 dB to 1.43 dB).
Table 3 provides the equivalent analysis for UMa.
Table 3. MPAC and RTS by device orientation for UMa @ 70%

	
	1080
	1096
	S4
	S6

	
	MPAC
	RTS
	Diff
	MPAC
	RTS
	Diff
	MPAC
	RTS
	Diff
	MPAC
	RTS
	Diff

	Portrait, no tilt
	-91.89
	-90.18
	-1.71
	-92.11
	-89.30
	-2.81
	-87.40
	-87.44
	0.04
	-91.01
	-89.47
	-1.54

	Portrait, 45° tilt down
	-90.53
	-92.09
	1.56
	-92.91
	-93.05
	0.14
	-87.92
	-88.71
	0.79
	-89.68
	-90.47
	0.79

	Portrait, 45° tilt up
	-90.48
	-91.42
	0.94
	-93.14
	-93.51
	0.37
	-88.09
	-89.54
	1.45
	-94.05
	-90.85
	-3.20

	Face up
	-86.79
	-89.14
	2.35
	-90.90
	-91.99
	1.09
	-87.38
	-88.58
	1.20
	-88.20
	-88.82
	0.62

	Face down
	-86.98
	-89.57
	2.59
	-90.95
	-92.34
	1.38
	-87.69
	-88.92
	1.23
	-88.29
	-89.06
	0.77

	Landscape, no tilt
	-92.96
	-93.29
	0.33
	-94.08
	-94.60
	0.53
	-89.49
	-85.36
	-4.13
	-90.26
	-89.34
	-0.92

	Landscape,45° tilt down
	-90.31
	-91.14
	0.83
	-93.04
	-94.72
	1.69
	-89.58
	-90.10
	0.53
	-90.19
	-89.95
	-0.24

	Landscape, 45° tilt up
	-91.39
	-92.13
	0.74
	-93.26
	-93.95
	0.69
	-89.36
	-89.26
	-0.11
	-90.91
	-90.55
	-0.36

	Average
	-90.61
	-91.32
	0.71
	-92.67
	-93.21
	0.53
	-88.46
	-88.68
	0.23
	-90.70
	-89.87
	-0.83

	Per device spread
	
	
	4.3
	
	
	4.5
	
	
	5.58
	
	
	3.99


The situation in Table 3 for UMa is not as good as UMi with the differences lying within a 6.72 dB window (-4.13 dB to 2.59 dB). This suggests - all else being equal - that there is an accuracy dependency on channel model and device orientation. It is also clear form Table 3 that for each device, there is primarily one device orientation where the differences are high while the other orientations are much closer.
3. Results analysis by azimuth angle
Further insight can be gained as th the perofrmance of the two methds by analyzing the results at a level more detailed than that required for the harmonization campaign.

Figure 1 shows the results for the S4 UMa and S4 UMi for Portrait 0.
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Figure 1. S4 UMa and S4 UMi for Portrait 0

What can be ovserved from Figure 1 is that for the S4 in Portrait 0, the RTS and MPAC resutls are highly aligned. For UMa the average difference is 0 dB and across azimuth to less than 0.5 dB per point.. For UMi the average is -0.56 dB and the results in the azimuth domain are within 1 dB. This level of alignement with no shifitng of any data is remarkable can only have come about because both systems are correctly calbirated and are perceived by the UE as generating the correct channel model.

The variation in device performance by azimuth can be partially explained by the signal correlation plots in Figure 2.
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Figure 2. S4 Portrait 0 correaltion for UMa and UMi

These plots show elements from the signal covariance matrix for transmit correlation (element 2,1) and the recevier correlation (element 3,1). The exact relatinship between tehse parameters and performance is compelx but there are trends in the data that indicate which parameter is dominant. Further analysis of other factors such as condition nubmer and signal gain & gain imbalance are planned.

The remarkable alignment between methods in Figure 1 is not unique. Figure 3 shows two further examples for the 1080 and S4.
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Figure 3. Near ideal RTS MPAC differences by azimuth

In figure 3 the RTS and MPAC results can be seen in both cases to track by azimuth typically within 0.2 dB over a UE performance swing of almost 3 dB. The reason for the variation in UE performance by azimuth can again be explained by examining the signal correlation n Figure 4. [image: image7.png]Correlation matrix element
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Figure 4. Transmit and receive correlation by azimuth for Figure 2

At the other end of the alignment scale, Figure 5 shows the worst case RTS MPAC differences by azimuth.
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Figure 5. Worst case RTS MPAC differences by azimuth

On the left, RTS measures the S4 UMa Landscape 0 @ 60 degrees azimuth 5.87 dB worse than MPAC. On the right RTS measures the 1080 UMa Face down 3.12 dB better than MPAC. This represents a result spread of 8.99 dB. There is no obvious reason (other than the much smaller repeatability uncertainty) why any individual measurement at one orientation and azimuth angle should be different between systems. Therefore this nearly 9 dB variation in relative accuracy presents strong evidence that there are device and channel model dependent factors influencing anechoic method accuracy that are not yet fully explained by the current MU budgets and validation procedures.
The analysis of why there are examples of excellent alignment and poor alignment is still continuing. Figure 6 shows the signal Tx and Rx correlation plots for the results in Figure 5.
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Figure 6. Transmit and receive correlation by azimuth for Figure 5.
It is possible that the very high 0.985 transmit side correlation is the reason for the -4.13 dB MPAC – RTS difference. A similar link with high Tx side correlation and method differences was made for the 1080 and 1096 at Portrait 0. However, in the second graph of Figure 6 there is nothing obvious in the signal correlation to explain why MPAC measures 2.59 dB on average below RTS so further analysis is required.
In addition to the systematic alignment and differences between methods averaged across azimuth, there is also evidence of what appear to be stochastic differences in the results by azimuth as shown in Figure 7.
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Figure 7. Examples of stochastic differences in results by azimuth
On the left of figure 7 the two methods are very well aligned except for at 270 degrees where the difference spikes to nearly 2 dB. On the right hand side is an example of several differences in one azimuth rotation. The UMi channel is more directional than UMa but there is nothing immediately obvious from the signal correlation plots in Figure 8 to explain the differences in methods by azimuth.
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Figure 8. Transmit and receive correlation by azimuth for Figure 7.

4. Analysis of possible causes of device-dependent behaviour
Having observed many examples of excellent correlation between the methods showing what is possible and a few examples of non-aligned behaviour it is now worth considering what factors might be causing the differences.

4.1 Possible Common factors

· Device positioning errors
This a possible but unlikely source of differences since it is clear from the slow changing variation in performance by azimuth that the combination of the channel models and antennas is not particularly sensitive to orientation, however this is something that can be studied as part of the antenna pattern sensitivity check for RTS below.

· UE instability

Thera he been issues with throughput drift and astable behaviour that have not been fully explained and it is possible that some of the issues are caused by instability in the test device

· Are the signal conditions at which the systems diverge on the edge of UE performance?

If the UE is about to fall off a cliff then it would be expected that large differences between systems might exist – like measuring the depth of a null.

· System noise floor

Are there noise floor issues in either system that could explain the divergence?

4.2 Possible RTS factors

· UE-measured antenna pattern accuracy

Are the signal conditions at which the systems diverge particularly sensitive to the antenna pattern? A sensitivity analysis can be carried out to test this theory.

· Isolation in the second stage

Are the signal conditions at which the systems diverge particularly sensitive to the achievable isolation in the second stage? Again, a sensitivity analysis can be carried out to test this theory.

· Correlation vs. Geometric sensitivity

It can be seen from Figure 3 in [7] that the RTS system used for the harmonization campaign implemented the correlation-based version of the UMi and UMa channel models. Previous studies have shown the performance difference between the correlation-based and geometric-based implementations to be less than 0.5 dB so this is not an obvious reason for the much larger differences between RTS and MPAC. However, it could be that the signal conditions at which the systems diverge are more sensitive to correlation vs. geometric channel emulation. This can be easily studied.

4.3 Possible MPAC factors

· Could the test zone in which the spatial correlation is controlled be too small (e.g. for S4 Landscape B7 but not for 1080/1096 at B13)?

· Selection of random polarization phases

Assuming the random phases used for the channel model validation were the same as for the throughput testing then given the possibility from [8] that the channel model validation was not sensitive to random phase selection, was the desired spatial correlation achieved in the test volume when transmitting with both polarizations?

· Could the phase calibration between the MIMO streams have been incorrect in the chamber?

This effect has been known to cause 5 dB swings in UMa performance due to loss of high correlation. (The RTS system used a digital baseband channel emulator with 0 degree phase difference by design.)

5. Conclusions
This paper provides analysis of the available RTS and MPAC results. Harmonization between RTS and MPAC averaged over all orientations for four devices and two channel models has been shown be within -0.83 dB and 0.55 dB. 
Analysis of specific orientations has shown remarkable alignment between methods even tracking device variation across the azimuth domain which correlates with variations in signal correlation. However there are a few orientations (typically one out of 8 per device) where the average spread between methods for that orientation is -4.13 dB to 2.59 dB. By examining individual azimuth angles the spread is from -5 87 dB to 3.12 dB.
The existing validation procedures and MU budgets do not adequately explain why these differences between methods appear to depend on the device orientation and channel model. Before considering the MU budgets for these methods to be complete, an understanding needs to be gained of which, if either, system is giving the correct results. Proposals are made in this paper on areas where each method might investigate performance towards building an understanding of the underlying causes of the differences. Proposal for how to determine absolute test system accuracy are provided in [3].
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