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1. Introduction
This contribution aims to compare total radiated power (TRP) and total isotropic sensitivity (TIS) measurements between the reverberation chamber (RC) and the anechoic chamber (AC). One Bluetest HP RC and two CTIA approved ACs are used in the measurements.
2. Reverberation Chamber
An RC is a metal cavity with electromagnetic reflective walls. By injecting an electromagnetic field in the chamber, and by stirring that field, the chamber can be used to generate a 3-dimensional Rayleigh fading environment with an exponential decaying power delay profile. The signal received by a device placed in the chamber is similar to the faded signal received by the end-user equipment in a real multipath propagation environment, like urban and indoor environments. In contrast to the real world, the chamber will be a repeatable facility. Because of these favourable properties, the reverberation chamber has become an established tool for analysis and characterization of various antenna parameters, such as radiation efficiency, impedance mismatch, diversity gain, MIMO antenna capacity, total radiated power (TRP), and total isotropic sensitivity (TIS).
3. TRP Measurements on Built-In Module
TRP measurements were performed in one RC and two different CTIA approved ACs for 21 GSM and WCDMA channels. The device under test was a laptop with a built-in module. The result can be studied in Figure 1. As can be seen in the figure, the RC give results that are very similar to what is achieved in both of the ACs. The deviation in TRP value between the RC and the AC is less than between the two ACs. The largest deviation between the RC and any of the two ACs is about 2 dB, whereas the largest deviation between the two ACs is about 3 dB.
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Figure 1   Total radiated power (TRP) values measured in the reverberation chamber and two different CTIA approved anechoic chambers for a number of GSM and WCDMA channels. The measurements were performed with the same laptop and the same built-in module. The deviation in TRP value between the reverberation chamber and the anechoic chamber is less than between the two anechoic chambers.
4. TIS Measurements on Built-In Module
Figure 2 shows results from TIS measurements in the RC and the AC for 21 GSM and WCDMA channels. The same laptop with built-in module was used as for the TRP measurements above. The figure shows that the two methodologies give similar results. The Bluetest HP and the CTIA chamber 1 results follow each other most closely with a maximum deviation of about 3 dB, whereas the CTIA chamber 2 result shows a larger deviation from the chamber 1 and the RC results.
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Figure 2   Total isotropic sensitivity (TIS) values measured in the reverberation chamber and two different CTIA approved anechoic chambers for a number of GSM and WCDMA channels. The measurements were performed with the same laptop and the same built-in module. The results are very similar.
5. Round Robin Measurement Campaign
A Round Robin measurement campaign was completed within the CTIA RCSG subgroup in 2009, where a single device was circulated between eight labs using the RC and AC measurement methodologies [1]. Results from TRP and TIS measurements performed in this campaign can be studied in Figure 3 and Figure 4, respectively. The device under test was a cell phone and the figures show results for three WCDMA channels in band II. Both figures show the deviation from the group average TRP or TIS value for the different participating labs. As can be seen in the figures, the spread around the mean is similar for the two different methodologies. It is not possible to distinguish between the RC and the AC results. 
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Figure 3   Total radiated power (TRP) measured on the same phone for three different WCDMA channels in band II. The measurements are performed in three anechoic chamber labs and five reverberation chamber labs. The figure shows the deviation from the group average value. There is little difference in the spread between the anechoic chamber and the reverberation chamber.
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Figure 4   Total isotropic sensitivity (TIS) measured on the same phone for three different WCDMA channels in band II. The measurements are performed in three anechoic chamber labs and four reverberation chamber labs. The figure shows the deviation from the group average value. There is little difference in the spread between the anechoic chamber and the reverberation chamber.

6. Conclusions
This contribution showed that the reverberation chamber and the anechoic chamber give similar results when performing total radiated power and total isotropic sensitivity measurements of the same device. In some cases it was seen to be less deviation between the results obtained in the reverberation chamber and the CTIA approved anechoic chambers compared to the difference in the results obtained with two CTIA approved anechoic chambers. The results show that different methodologies can be used for obtaining similar estimates of various parameters. It is proposed that the 3GPP test plans should not focus on specific methodologies, but instead specify a limit for the uncertainties in the measurement of the parameter of interest. It should then be possible to choose a methodology, as long as that methodology fulfils the accuracy requirements.
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