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1. Introduction
A lot of attention has been paid to the measurement of spurious emissions. One of the reasons why this topic is so hard is because spurs are, by nature, unpredictable. As such, it is hard to devise fast, cost-efficient, accurate and repeatable measurement methodologies. 
To improve our understanding of what spurious emissions spatial characteristics look like and what the impact of their characteristics are on the effectiveness and overall performance of different measurement methodologies, we have conducted an investigation into what these spurs might look like. 
In this discussion paper we look at a model which is published in literature to estimate the maximal directivity from a source of given size and compare this with actual results from our own measurement campaign. From these we can draw some conclusions about the general characteristics of spurs.

2. Discussion

2.1 Model for spurs: theory and validation
NIST (National Institute of Standards and Technology, USA) has conducted investigations into what the emissions of electrically large sources might look like [1,2]. In this publication a theoretical model is proposed for estimating the maximal directivity of an unintentional emitter. The model is validated with measurements and simulations. 
Maximal directivity is estimated from the far-field pattern of the emitter. This is calculated from a Spherical Wave Expansion, where it is assumed that the expansion coefficients are independent random variables. This leads to following formula for the estimated directivity:
[image: ]
And peak to average power ratio (which is equal to the directivity):
[image: ]
With k being the wavenumber and a the radius of smallest sphere enclosing the EUT. A complete derivation can be found in [1].
Figure 2.1-1 the maximal directivity of an electrically large source as predicted by the model, evaluated in simulations and measured. The maximal directivity value only gradually increases with frequency and dimension (represented by ka) and remains below 10 dB. To show what this means for a real base station Figure 2.1-2 shows the maximal estimated directivity for an EUT, using the NIST model, with largest dimension equal to 0.5 m and 1 m in function of frequency. The same trend is seen here.
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[bookmark: _Ref4142067]Figure 2.1-1: The peak to average ratio is relatively low (Scale in figure is linear). The theoretical estimate from NIST agrees well with simulation and measurement.
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[bookmark: _Ref4145272]Figure 2.1-2: Maximal estimated directivity bases on NIST model in function of frequency for a device with largest dimensions 0.5 m (blue) and 1m (red)
Figure 2.1-3 shows the measured radiation pattern at two different frequencies (low and high). We see a hedgehog-like pattern: multiple peaks in arbitrary directions, varying with frequency. It can clearly be seen that the number of peaks increases with frequency and that their beam width -on average- decreases as well. 
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[bookmark: _Ref4142307]Figure 2.1-3: Hedgehog like radiation pattern from spur at two different frequencies. The magnitude and direction of the peaks is frequency dependent. (Image from [1]). (Scale of plot is linear with range ~ 10 dB)

2.2 Results from measurement campaign on actual EUTs
To evaluate the theoretical model described above, we compare it with actual measurement data of spurs. Figure 4 shows the measured directivity of two spurs: a low frequency (i.e. the spur frequency is much lower than the EUT’s operating frequency) and a high frequency spur (spur frequency is higher than the operating band). The trends that are predicted in the NIST model are also seen here: there are many peaks, their beamwidth reduces with increasing frequency and their direction is highly random. The maximal peak directivity (peak to average ratio) is also in line with what is predicted: around 10 dB in both cases. 
Differences between theory and practice can also be noted: the peak distribution, although still highly unpredictable, is less uniform than the NIST model and measurements predict. Which is to be expected. In [1] measurements and simulations are on a box with a large number of holes, randomly drilled in the surface, while the plotted spurs are from an actual EUT and the influence of the casing is noticeable.
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[bookmark: _Ref4587491]Figure 2.2-1: Measured spurs of an actual EUT: low frequency (above) and high frequency (below). A hedgehog-like pattern is seen again.
This is a first investigation into what the pattern and directivity of spurs might look like. Since this might have a significant impact on the outcome and reliability of a chosen test method, we will continue this investigation with more measurements and in-depth study of the modelling.


Observation:
Spurs have a hedgehog-like radiation pattern. Multiple peaks exist and are unpredictable. The number, the orientation and the beamwidth vary with frequency.
For a realistic spur, the orientation of the peaks is not uniformly distributed, but some angular ranges have more than others and consequently within these angular ranges the radiated power will be higher.






3. Conclusion
This contribution takes a closer look at the radiation characteristics of spurs. A theoretical model based on NIST publications was investigated and compared to measurement results of a spurious emissions with higher and lower frequency than the operating band.
The pattern of a spur is hedgehog like and highly unpredictable. The number of peaks varies strongly with frequency. The maximal directivity is lower than the maximal directivity calculated from the dimensions of the device. In both model and the measurements, the maximally observed directivity was around 10 dB. We also noticed influence of the device’s casing on the angular distribution of peaks. With a high density of peaks in certain angular ranges and lower density in others.
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Fig. 10. Estimated (theory). measured. and simulated (15 sources)
Prevansn { Proc) ratio for the 30-hole EUT.
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Fig. 9. Measured 30-hole EUT radiation pattern at 4000 MHz.
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