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1. Introduction
Use of Reverberation Chambers (RC) for TRP measurements has been discussed in during the previous meeting in Chengdu [1]. Different aspects of an RC must be validated before and after performing actual measurement. Some chamber verification measurement results are presented in this paper. The covered aspects are: uniformity test, number of independent samples, and K-factor test. Uniformity test is to estimate the chamber transfer function in different positions and polarizations in the working volume to ensure the uniformity of the field distribution inside the chamber. The second factor that contributes to measurement uncertainty for TRP measurement in an RC is the number of independent samples in the measurement for a given frequency. Measurement uncertainty decreases with an increase in the number of independent samples. The procedure of estimating the number of independent samples from measured data is presented. Another factor that can affect the measurement is the presence of a direct component (line of sight) between the DUT and the Rx antenna. The presence of the direct component can be determined through K-factor estimation.

1. Measurement results
The presented results on different aspects are not all from the same measurement setup. Therefore, they differ in the frequency and number of samples. Nevertheless, the validation methods are applicable to all scenarios.
2.1 Uniformity test
In the uniformity test, the idea is to estimate the transfer function with the TX antenna in a number of evenly distributed positions and different polarisations in the working volume and calculate the standard deviation between the different estimations. The matter of number and distribution of spatial points may depend on chamber size and needs further study. The present results are performed in 9 positions with the same polarization and orientation of the antennas. The dimensions of the chamber under investigation are  and has one rotating stirrer. The presented results correspond to 2.2 GHz. Two of the measurement positions are illustrated in Figure 1.
In each antenna position, the chamber stirrer is rotated a full turn and the chamber transfer function is estimated at  intervals. The transfer function vs. stirrer angle is plotted in Figure 2 for the antenna positions of Figure 1. The average of the transfer function over all stirring angles is also plotted in red. Figure 3 shows the average chamber transfer functions for all antenna positions. 
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	Figure 1. Two of the measurement positions in the reverberation chamber, namely positions #1 and #3.
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Figure 2. Chamber transfer function for different stirrer angles at antenna positions #1 and #3. 
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Figure 3. Average chamber transfer function at all antenna positions.
2.2 Independent samples
The present results are from measurements in the same chamber as above and correspond to 2.5 GHz. The measurement is performed with stirrer steps of  which results in 7200 samples. However, not all these samples are independent as very small movements of the stirrer will not make significant changes in the field distribution in the chamber.
The separation between the independent samples can be found by calculating the correlation factors with the shifted measurement data [2]. Assuming the measured samples as the sequence  and  as a circularly shifted copy of , i.e., , the correlation factor is calculated as

where


are the mean and standard deviation of measured samples, respectively.
The independence threshold is set as  if the number of samples is infinite. For finite number of samples, the threshold is adjusted as [2]:

The 7200 measured samples are plotted in Figure 4 which shows the fading effect caused by the stirring. The correlation coefficient is plotted in Figure 5 with the independence threshold plotted in red. The threshold is calculated as . In this figure, it is observed that the angular separation between the independent samples is . This angular separation means that only 360 independent samples are measured in one full rotation of the stirrer.
The number of independent samples  is related to the uncertainty of chamber gain measurement as [3]:

which in this case corresponds to  or .
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Figure 4. Measured samples vs. stirrer angle.
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Figure 5. Correlation coefficient vs. stirrer angle. The independence threshold plotted in red.
2.3 K-factor
The K-factor can be estimated from measured complex  values as

where  denotes the expected value. Note that complex  values are needed and magnitude data is not enough to calculate the K-factor properly.
The same chamber as above is used again. The presented results correspond to 2.5 GHz. The measurement is performed with stirrer steps of  which results in 7200 samples. However, not all these samples are independent. The angular separation between the independent samples can be found by calculating the correlation factors with the shifted measurement data [2]. Only independent samples are used here to calculate the K-factor.
Figure 6 shows the K-factor values vs. chamber gain. It is seen that while the chamber gain has relatively small variation, the K-factor can vary a lot. Furthermore, the present setting shows many samples with K-factor larger than -15 dB which is required for TRP measurement with reasonable accuracy. Therefore, the present setup of the chamber does not provide low enough K-factor values for TRP measurements. Changes in the setup such as adding to the stirrers and adding a turntable for the DUT, or placing the antennas such that the direct path between the two is blocked by the stirrer can reduce the K-factor.
[image: ]
Figure 6. Chamber transfer function vs. the K-factor in different positions in the chamber.

1. Conclusion
Measurement results of uniformity test, correlation between measured samples and the number of independent samples for a  reverberation chamber are presented. These are part of the chamber verification procedure. It is observed that the gain of the present chamber has relatively small variations with regards to different positions and polarizations in the test volume.
The number of independent samples has a direct effect on the measurement uncertainty. 100 independent samples correspond to  uncertainty whereas 360 samples correspond to  uncertainty. The number of independent samples can be increased by, e.g., adding stirrers in the chamber or modifying the layout of the antennas.
The K-factor can be calculated from the complex  values. It can be concluded that the present settings of the chamber does not provide low enough K-factor for TRP measurements. The K-factor can be reduced by enhanced stirring method and positioning the antennas in a more suitable manner.
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