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Assessment of phase correlation
Background: 
At the GSMOBA#10 a contribution (ref: GSMOBA-07077) regarding the assessment of phase correlation was presented by OnAir. Based on the phase measurements at each aircraft window the contribution GSMOBA-07077 showed that no phase correlation across the aircraft windows can be observed and that no concentration of energy appears at a far field distance at any particular angle. However, it was requested to provide additional analysis on the data sets presented.
1. Regression Analysis: 
The data set of the phase measurement was further analysed using a linear correlation approach also know as a regression analysis. A regression analysis indicates whether there is a good correlation of the data points with a proposed linear line. In the case that a good correlation is determined then it means that the phases measured at each aircraft window are correlated, otherwise there is no relation between each phase.
First step:

Based on the phase results obtained, a linear line could be drawn and will represent the hypothesis linear phase across all the aircraft windows. The equation is in the form of:


Y= a*X + b
Based on the above equation, many lines could be drawn but an approach is required to obtain the line that provides the best fit for all data. Hence, a linear regression is used for the model in which the value of: 
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Where: 


n= number of data 


X= window number

Pm= value of the phase measured at the given window number

Second step: 

When getting the value of “a” and “b” it is possible to determine how good the correlation is between the hypothetical linear phase and the measured phase by determining the correlation coefficient which is defined as follows: 
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Where, in our case:


Pm: value of the phase measured at each aircraft window


Ph: value of the extrapolated phase value at each aircraft window


n: number of windows
The following table provides the accepted interpretation of the correlation coefficient value see Table 1: 
Table 1: correlation factor

	r<0.2
	Negligible correlation

	r=0.2 to 0.4
	Very weak correlation

	r=0.4 to 0.6
	Little correlation

	r=0.6 to 0.8
	Quite good correlation

	r>0.8
	Very good correlation


Post analysis
Note to perform the post analysis the software “regression” function within EXCEL was used. This function automatically calculates the best fit line based on the approach defined above, i.e. defining the two factors of the linear line, calculate the correlation factor, drawing the picture and provide additional information.  

At the frequency 460 MHz 
At 460 MHz, the best fit line equates to the equation Y= - 2.23*X + 74.87
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Figure 1: phase at each aircraft window at 460 MHz
It can be observed that no phase correlation appears between the linear phase and the phase measured at each aircraft window. , the The associated correlation coefficient of 0.28 indicating a weak correlation confirms this view. 

The term “r²” is equal to 0.08 which is interperted as only 8 % of the value measured can be explained by the extrapolated line. 
Conclsuion the above analysis indicates that the phase measured between each aircraft window for 450 MHz is not correlated.

The standard deviation of the difference between the measured phase and the linear phase is 87.75°

At the frequency 918 MHz 
 The linear model is equal to Y=-1.14*X+45.85
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Figure 2: phase at each aircraft window at 918 MHz
The correlation coefficient calculated as 0.17 which indicates a weak correlation. 

The square of this value indicates that 2.89 % of the value obtained through the measurement could be explained through the model.
Conclsuion the above analysis indicates that the phase measured between each aircraft window for 900 MHz is not correlated. d.

The standard deviation of the difference between the measured phase and the linear phase is 96.90°.
At the frequency 1802 MHz

The linear model is equal to Y=-0.85*X-4.45
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Figure 3: phase at each aircraft window at 1802 MHz
The correlation coefficient value is 0.09 which indicates a very weak correlation. 

The square of this value indicates that 0.8% of the values obtained through the measurement could be explained through the model.

Conclsuion the above analysis indicates that the phase measured between each aircraft window for 1800 MHz is not correlated.
The standard deviation of the difference between the measured phase and the linear phase is 104.46°

At the frequency 2150 MHz

The linear model is equal to Y=--2.09*X+48.26 
[image: image7.png]170

-130

-180

4 measured phase@ 2125 MHz

—— Linear (coherent phase)





Figure 4: phase at each aircraft window at 2150 MHz
The correlation coefficient calculated is 0.20 which indicates a weak correlation. 

The square of this value indicates that 4.4% of the value obtained through the measurement could be explained through the model.

Conclsuion the above analysis indicates that the phase measured between each aircraft window for 2.1 GHz is not correlated. 
The standard deviation of the difference between the measured phase and the linear phase is 113.95°.
2. Radiation pattern for a random phase

In the first analysis made, based on the phase and magnitude measurement results, it was possible to extrapolate the normalized radiation pattern at a given distance (i.e. 10 km) using the superposition model and to compare it with a normalized coherent radiation pattern. 
In this post analysis a random phase at each aircraft window was considered for each relevant frequencies and based on the superposition model the radiation pattern was calculated for a distance of 10 km.

The aim of this analysis is to see whether the radiation pattern of the real excitation have a similar behavior than the random excitation.

The following Figures show the result for a random excitation and the results are compared to the real and coherent excitation.

Radiation patterns at 460 MHz
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Figure 5: Normalized radiation pattern at 460 MHz
Radiation patterns at 918 MHz

 SHAPE  \* MERGEFORMAT 



Figure 6: Normalized radiation pattern at 918 MHz
Radiation patterns at 1802 MHz
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Figure 7: Normalized radiation pattern at 1802 MHz
Radiation patterns at 2150 MHz
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Figure 8: Normalized radiation pattern at 2150 MHz
Conclusion

Figure 5 – Figure 8 provide the normalized pattern for a real, coherent and a random excitation.  As expected the pattern of the random excitation has no concentration of energy in any particular angle for the considered frequencies. The above Figures also show that the patterns of the real and random excitation have some similarities. With this post analysis all assumption regarding a phase array at the far field distance can be removed. 
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