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1. Introduction

This contribution provides a TP to TR37.977 [1] for the calibration procedure for the reverberation chamber methodologies. This calibration procedure is based on the information given in TS34.114 [2].

2. References

[1] 3GPP TR37.977, “Verification of radiated multi-antenna reception performance of User Equipment (UE)”, V1.1.0, September 2013.

[2] 3GPP TS 34.114, “Technical Specification Group Radio Access Network; User Equipment (UE) / Mobile Station (MS) Over The Air (OTA) antenna performance; Conformance testing (Release 11)”, V11.0.0, March 2012.
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F.X
Calibration Procedure – Reverberation Chamber Method
The purpose of the calibration measurement is to determine the average power transfer function in the chamber, mismatch of fixed measurement antennas and path losses in cables connecting the power sampling instrument and the fixed measurement antennas. Preferably a network analyzer is used for these measurements. Recommended calibration antennas are dipoles tuned to the frequency band of interest.

In general, the calibration of a reverberation chamber is performed in three steps:
1.
Measurement of  S-parameters through the reverberation chamber for a complete stirring sequence

2.
Calculation of the chamber reference transfer function

3.
Measurement of connecting cable insertion loss

If several setups are used (e.g. empty chamber, chamber with head phantom, etc.), steps 1 and 2 must be repeated for each configuration. The calibration measurement setup can be studied in Figure F.X-1.
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Figure F.X-1: Calibration measurement setup in the reverberation chamber, using a vector network analyzer.
B.2.1
Measurement of S-parameters through the chamber for a complete stirring sequence

This step will measure S-parameters through the reverberation chamber through a complete stirring sequence. This information is required to determine the chamber’s reference transfer function. The procedure must be performed separately for each measurement setup of which the loading of the chamber has been changed. The calibration procedure must be repeated for each frequency as defined above. Therefore, it is advantageous if the network analyzer can be set to a frequency sweep covering the defined frequencies, so that all frequencies of interest can be measured with a minimal number of measurement runs.
i.
Place all objects into the RC which will be used during the throughput measurements, including a head phantom, hand phantom and fixture for the EUT. This ensures that the loss in the chamber, which determines the average power transfer level, is the same during both calibration and test measurements. Also, if the EUT is large or contains many antennas, it may represent a noticeable loading of the chamber. It should then be present in the chamber and turned on during the calibration.
ii.
Place the calibration antenna inside the chamber. The calibration antenna is preferably mounted on a low-loss dielectric fixture, to avoid effects from the fixture itself which may affect the EUT’s radiation efficiency and mismatch factor. The calibration antenna must  be placed in the chamber in such a way that it is far enough from any walls, mode-stirrers, head phantom, or other object, such that the environment for the calibration antenna (taken over the complete stirring sequence) resembles a free space environment. “Far enough away” depends on the type of calibration antenna used. For low gain nearly omni-directional antennas like dipoles, it is normally sufficient to ensure that this spacing is larger than 0.5 wavelengths. More directive calibration antennas should be situated towards the centre of the chamber. The calibration antenna should be present in the chamber during the throughput measurements.
iii.
Calibrate the network analyzer with a full 2-port calibration in such a way that the vector S-parameters between the ports of the fixed measurement antenna and the calibration antenna can be accurately measured.  Preferably, the network analyzer is set to perform a frequency sweep at each stirrer position. This will enable calibration of several frequency points during the same stirring sequence, thereby reducing calibration time. This will also enable frequency stirring, i.e., averaging the measured power transfer function over a small frequency bandwidth around each measured frequency point (moving frequency window). This will increase accuracy at the expense of frequency resolution.
iv.
Connect the antennas and measure the S-parameters for each stirrer position and each fixed measurement antenna.
The number of stirrer positions in the chosen stirring sequence, i.e. the number of S-parameter samples at each frequency point, should be chosen in such a way that it is large enough to yield an acceptable statistical contribution to the total measurement uncertainty. 

B.2.2
Calculation of the chamber reference transfer function 

From the S-parameters obtained in the calibration measurement, the chamber reference transfer function for fixed antenna n can be calculated. The reflection coefficient for fixed antenna n can be calculated as
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Thus, the chamber reference transfer function can be calculated as
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where M is the total number of samples of the transfer function measured for each fixed measurement antenna and 
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 is sample number m of the transfer function for measurement antenna n. Moreover, 
[image: image5.wmf]22

S

 is the complex average of the calibration antenna reflection coefficient. Finally, 
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 is the radiation efficiency of the calibration antenna.
Note that the radiation efficiency of the fixed antenna is not corrected for, because it will be the same both during calibration and measurements. Therefore the fixed antenna’s radiation efficiency will not affect the final results. The same can be said about the mismatch factor of the fixed measurement antennas, but it is still advantageous to correct for this factor if frequency stirring is applied to improve accuracy.
B.2.3
Cable calibration

This measurement step will calibrate the power loss of the cables needed to connect the instrument to the reverberation chamber.
i.
Disconnect the cables between the VNA and the chamber.
ii.
Connect the cables one-by-one between the two ports of the network analyzer. The VNA must be calibrated at its own two ports.
iii.
Measure the frequency response of the transmission S-parameter (
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[image: image8.wmf]12

S

) of the cable.
iv.
Save the power transfer values (
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) of the frequency response curve for the test frequencies. and cables positions, etc).
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