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Introduction
Based on feedback on [1-2] we provide some examples and give some background to the concept of systematic correction factor for TRP and its dependence on the angular sampling and correlation.

Background
Any radiation can be modelled as a superposition of the radiated fields from a set of sources. The sources may be antenna elements or simply short current elements. For simplicity we assume that the radiation is identical for all sources. Hence, we can write the radiation as a product of an element factor and an array factor, namely
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	(1)


Here  is the element radiation pattern, 	are complex valued weights,  is the wavenumber,   is the direction of radiation and   is the three-dimensional position of source .
For intended radiation the antenna weights  are often designed to get a high beam-forming gain (peak to average ratio) for the combined pattern. For un-intended radiation the antenna weights have random character resulting in a small or no beam-forming gain. Classical analysis of random excitation of antenna arrays can be found in [3-4] used for array tolerance modelling. In these studies, the antenna weights are modelled as
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	(2)


Here  is a stochastic variable with unit mean and standard deviation  and  is a stochastic phase error. The expectation value  of the power pattern can be written as [3-4]
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	(3)


The radiated power is normalized by using  and   is the fully correlated array field with full beam forming gain i.e.  and . As seen in (3) the expectation value of the power pattern is a combination of the element pattern and the fully beam-formed pattern. For fully correlated weights  and the first term vanishes identically and the full-beamformed array pattern remains. For large random errors the element factor is dominant. In the context of TRP and angular sampling, a trend from a need for dense sampling for correlated sources to sparser sampling for uncorrelated sources is therefore expected. 
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	Figure 1: Examples of expectation values of power patterns ranging from 0 to full correlation. Numbers in the legend refer to the portions in % between the element pattern and the array pattern cf. Eq. (3). 


The elements are excited with a combination of a uniform and a random contribution as
	
	(4)



Here,  is the correlation level and and are normally distributed random numbers with zero mean. By construction, the covariance matrix of the excitation vector then reads
	
	(5)


Note that by the chosen normalization the covariance matrix is identical to the correlation matrix. The effect on correlation is illustrated in Figs 2-4 by using a 10x10 Uniform Rectangular Array (URA).
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	Figure 2: 30 sample patterns (light grey) with zero correlation and the average pattern as solid black line. The average pattern will converge to the element pattern when the number of random patterns approach infinity.
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	Figure 3: 30 sample patterns (light grey) at 0.25 correlation, and the average pattern (black). Note that the increase in beam-forming gain and the appearance of somewhat distinct sidelobes in the average pattern.
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	Figure 4: 30 sample patterns (light grey) at 0.5 correlation. Further increased beam-forming gain and more distinct sidelobes are observed in the average pattern.



When studying of spurious radiation in general the exact level of correlation is not known. Therefore, the correlation between the sources is picked uniformly randomly from an assumed correlation interval, e.g. .
One aspect of sparse sampling is whether the peak EIRP direction is included in the set of measurement directions or not. Including the peak or not plays a major role for a sparsely sampled TRP value if the correlation is high (high beamforming gain). As a thought experiment, consider a rectangular array with a broadside beam. The EIRP peak will be in the broad side direction and the highest sidelobes are located in the cardinal planes. If the sampling is sparse and the array is tilted in such a way that the peak and the cardinal planes are not measured, the resulting TRP value will be too low. However, for spurious emissions, except harmonics of wanted signal, the correlation level can be assumed to be low. This reduces the beam-forming gain and the resulting mis-alignment error will be smaller. Moreover, the positions of the sources of radiation for spurious emissions can be slots, screw holes or any part of the EUT. Hence the geometry of the sources is in general not known. Moreover, searching for the peak at high frequencies can be extremely time consuming. To overcome the alignment problem and peak finding random rotations are studied.	Comment by Aurelian Bria: , except harmonics, right?	Comment by Jonas Friden: Yes

The sources are chosen to be positioned in a uniform rectangular array (URA). Note that, if dense sampling is used (using reference steps or finer) the TRP value is independent of rotation of the grid as the true TRP can not depend on the orientation of the EUT.
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	Figure 5: Left figure depicts a rotated URA (black squares) pattern using correlation 0.5. The right pattern uses the same number of sources distributed randomly within the same form factor and using the same weights. Clearly and as expected the random positioning adds further de-correlation and reduced beam-forming gain. For the study of sparsity, the left alternative is selected to simplify and to not exaggerate the de-correlation.  


An alternative would be to study radiation from randomly position sources within the known mechanical dimensions, see Fig 5. However, this would further randomize the sources of the fields. It is believed that there is often some structure in the source of radiation, but the alignment of the measurement points and the geometry of the sources is unknown. Therefore, rotated URAs are selected, see Figure 2.
Furthermore, for large arrays the main contribution to the angular variation comes from the array factor and the choice of element factor has a minor influence. Therefore, the analysis of sparse sampling uses an isotropic element factor.	Comment by Aurelian Bria: Which analysis?
Conclusions
Conclusion 1: A statistical approach is needed to study spurious emissions in order to find a practical compromise between measurement time and systematic correction factor for TRP.
Conclusion 2: This paper supports and explains the results of [1]
Proposal 1: Use a statistical approach as described in [1] to evaluate systematic correction factors for TRP of spurious emissions.
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