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1. Introduction

At RAN#63 meeting a new work item proposal: UE Conformance Test Aspects - LTE UE TRP and TRS and UTRA Hand Phantom was approved in [1]. Revision 0.1.0 of “TS 37.544: User Equipment (UE) and Mobile Station (MS) Over The Air (OTA) performance” was published based on the result of RAN5#64.
2. Proposal 
It is proposed that the following Annex B Calibration text proposal is added to TS 37.544:
B.1


General
The relative power values of the measurement points will be transformed to absolute radiated power values (in dBm) by performing a calibration measurement. The calibration measurement is done by using a reference antenna with known efficiency or gain values. In the calibration measurement the reference antenna is measured in the same place as the DUT, and the attenuation of the complete transmission path (
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) from the DUT to the measurement receiver/NB/BS simulator is calibrated out. For the reverberation chamber method, the calibration antenna can be placed in an arbitrarily position in the chamber, as long as it is placed 0.5 wavelengths from other metallic objects and 0.7 wavelengths from absorbing objects.

The gain and/or radiation efficiency of the reference antenna shall be known at the frequency bands in which the calibrations are performed. Recommended calibration antennas are monopole antennas or sleeve dipoles tuned for the each frequency band of interest. Alternatively, other methods may be used if they ensure an equal or greater level of accuracy. A network analyzer is recommended to be used to perform the calibration measurement. Also other devices can be used to measure attenuation. The calibration is performed individually for the both orthogonal polarizations, all the transmission paths and all frequencies used in the testing. For the reverberation chamber method, all polarizations and transmission paths are included in one calibration measurement.

The principle is based on the use of calibration/substitution antennas presenting an efficiency known with a sufficient accuracy in the measurement bandwidths. Such a calibration antenna is placed on the DUT positioner at the exact MS location used for TRP and TRS measurement. It is possible to use a mechanical piece to place the calibration antenna on the positioner. This mechanical piece should not present any electromagnetic properties, which could influence the frequency response and the radiation properties of the calibration antenna. For the anechoic chamber method an illustration of the substitution configuration is shown in Figure B.2.1-1.

For the reverberation chamber method the calibration antenna can be place in an arbitrarily position, as long as it is placed 0.5 wavelengths from other metallic objects and 0.7 wavelengths from absorbing objects. An illustration of the measurement setup for this procedure is shown in Figure B.2.2-1.

B.2


Calibration procedure
B.2.1

Calibration procedure for Anechoic chamber method
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 is the attenuation between P and B, see Figure B.2.1-1.
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Where 
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 is cable loss from A to C. The cable AC connecting the substitution antenna should be such that its influence upon radiation pattern measurements is minimal. 
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 is the attenuation between points A and B. In TRP and TRS measurements point B is connected to the calibrated input/output port of measurement receiver.
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 is the efficiency or gain of the calibration antenna at the frequency of interest.
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Figure B.2.1-1: Calibration/substitution procedures using a vector network analyzer

If the calibration is based on known efficiency of the calibration antenna, a full spherical scanning is performed to determine
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. Unless the otherwise specified in the calibration antenna documentation, TRP sampling grid and equation for TRP in section 5.2.1 should be used for head phantom and TRP sampling grid and equation for TRP in section 5.5.1 should be used for laptop ground plane phantom and embedded devices.

This procedure has to be done at each frequency of interest.

To achieve measurements with an uncertainty as low as possible, it is absolutely necessary to exactly keep the same P to B configuration (cables, dual-polarized antenna.

B.2.2

Calibration procedure for 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 is shown in Figure B.2.2-1.
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Figure B.2.2-1: Calibration measurement setup in the reverberation chamber, using a vector network analyzer
B.2.2.1
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 TRP or TRS 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 TRP/TRS 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. As a guideline it should be larger than 100, preferable 200 or 400 to ensure that the number of independent samples is not severely limited by the total number of samples measured. The number of independent samples, which is a subset of all samples, determines the statistical contribution to the expanded accuracy (which is two times the standard deviation). This should be not less than 100 to ensure an expanded accuracy better than 0.5 dB. The number of independent samples depends on the operating frequency, volume of the chamber, efficacy of the chamber’s stirrers, the level of loading by absorbing objects, and whether or not frequency stirring is used.

The sequence of moving the stirrers to different positions may be either step-wise (stopping stirrer for each sample) or continuous (sampling on-the-fly). With continuous stirring it may not be possible to characterize the chamber over a wide frequency band at the same time.

B.2.2.2
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 by the following equation,
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Thus, the chamber reference transfer function can be calculated by the following equation,
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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, 
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 is the complex average of the calibration antenna reflection coefficient. Finally, 
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 is the radiation efficiency of the calibration antenna.

Note: 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.2.2.3
Cable calibration
This measurement step will calibrate the power loss of the cable needed to connect the instrument used to measure the received power at the fixed measurement antenna during TRP measurements, and to generate the power radiated by the fixed antenna during TRS measurements.
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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 or 
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) 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).


Calibration shall be performed yearly or if any equipment in the measurement system is changed.

 
3. Conclusion

If the proposals are agreed by RAN WG5 we recommended it’s included in the next release of TS 37.544. 
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