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1.
Abstract
This text proposal adds previously presented calibration procedures for anechoic chamber to the TR. The text follows the outline of the currently used document [1].
2.
Summary
As part of the finalization and completion of Section 12 of the TR, the calibration procedures for the anechoic chamber multi probe method can be defined in a separate Annex F. Having in mind the high complexity of MIMO OTA and the possibility for multiple hardware implementations only high level description is possible. Detailed principles and consideration for reducing the measurement uncertainty have been described in [2]. A number of higher level calibration procedure options have been presented in [3],  [4] and [5]. The final calibration procedure will be defined with measurement uncertainty in mind by the laboratory having in mind the concrete equipment in use.
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Annex F:
Calibration
F.1
Scope

Here the absolute power level calibration in the center of the test zone is described. Note that Section 8.3 describes in detail the verification process for the various channel models however in addition to that an absolute power calibration needs to be performed as well. Note also that the channel model validation and absolute power calibration may have different renewal cycles.
F.2
Calibration Procedure
The system needs to be calibrated in two steps in order to ensure that the absolute power is correct. The first calibration steps ensures the accurate generation of the channel model in the center of the chamber as required by Section 8.3. The second step validates the total power as would be seen by the DUT and allows for that power to be scaled up or down if necessary.
Considering the complexity of the system various way to calibrate are possible. The end goals are however the same no matter the exact procedure. The two steps must achieve the following:


Step 1: This step is used to equalize the power in the center coming from the different probes. This being a relative measurement is very robust and with minimal uncertainty. It is sufficient to use instruments calibrated according to the manufacturer’s specifications and the measurements require no additional calibration. This step is done for both vertical and horizontal polarizations. The relative differences between probe path losses are recorded and used (typically in the fading emulator) to adjust the generated fading signals for each probe. Example measurement set-up is shown in Figure 8.3.1.1-1.
NOTE: If Step 1 is performed as an absolute measurement accounting for the cable and reference antenna gains Step 2 can be omitted.


Step 2: This step is used to measure the total absolute power of at least one polarization in the center of the ring. Then assuming that validation of the channel models has been done, the total power available to the DUT in the center of the chamber can be computed. If necessary the power can be scaled up or down to achieve the desired power level. Since this is an absolute power measurement, the measurement cable and reference antenna gains have to be accounted for.
NOTE: To minimize measurement uncertainty the passive and active components of the system may be calibrated independently as well as at different intervals.

NOTE: Step 2 of the calibration should be performed with the channel model loaded and LTE signaling active. Sufficient amount of time averaging is required because of the fading nature of the models used.
NOTE: Various ways of performing the two steps may exist depending on the equipment used. The lab is responsible for providing a comprehensive calibration procedure.

NOTE: Steps one and two may be combined with the channel verification procedure.

NOTE: The calibration must be performed for all frequencies of interest.

F.2.1 Example Calibration Procedure 

The calibration procedure outlined below is only one possibility based on a concrete measurement set-up. Improvements can be made to minimize measurement uncertainty.

Step 1:
1. Place a vertical reference dipole in the center of the chamber, connected to a VNA port, with the other VNA port connected to the input of the channel emulator unit – Figure 8.3.1.1-1.
2. Configure the channel emulator for bypass mode (NOTE this might not be available in all instruments)
3. Measure the response of each path from each vertical polarization probe to the reference antenna in the center.

4. Adjust the power on all vertical polarization branches of the channel emulator so that the powers received at the center are equal.

5. Repeat the steps 1 to 4 with the magnetic loop and horizontally polarized probes instead, and adjust the horizontal polarization branches of the channel emulator.
NOTE: At this stage all vertical polarization paths have equalized gains, and so do all horizontal polarization paths. The two polarizations however do not necessarily produce the same signal strength in the center of the chamber – this most commonly happens if two physically different channel emulators are used for the two polarizations. The resulting power imbalance can be accounted for either at this step or adjusted at point 7 of step 2.

Step 2 (see Figure F.2.1-1):
1. Place a vertical reference dipole in the center of the chamber connected to a spectrum analyzer via an RF cable. NOTE: A power meter can also be used.
2. Record the cable and reference dipole gains.

3. Load the target channel model

4. Start the LTE signaling in the base station emulator with the required parameter identical to the measurements conditions (some special instrument options might be necessary).

4. Average the power received by the spectrum analyzer for a sufficient amount of time to account for the fading channel – one full channel simulation might be unnecessary. 
5. Repeat steps 1 to 4 with a magnetic loop for the horizontal polarization (NOTE: this way no prior validation of the channel model is required)

6. Calculate the total power received at the test area as the sum of the power in the two polarizations.
7. Adjust the power in the two polarizations if necessary. The power adjustment can be a simple scaling of the power up or down or adjustment of the XPR due to slight differences in the fading unit’s branches. Depending on the adjustment needed, it can be done at the base station emulator or the channel emulator or both.
[image: image1.emf]Radio Communication

Tester

Channel Emulator

(interference injected at or after 

emulator output)

Amplifier Box

MIMO Ring

Reference Antenna

Spectrum Analyzer

Probe Antennas


Figure F.2.1-1 – Example setup for step 2 of the calibration
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