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1 Abstract
This paper gives a first overview on the calibration steps required for the two-channel method. It also highlights the additional contributions to the measurement uncertainty which have to be taken into account.
2 Introduction
We present in section 3 an overview on the calibration steps required for the decomposition method using a two-channel radiated test. In section 4 we indicate which additional contributions will be required for our method in the measurement uncertainty budget evaluation.

The method has been described in detail earlier [1]. Figure 1 shows the set-up used for the radiated measurements where the two test antennas, each with two polarization planes, are connected to the R&S®CMW500 Wideband Radio Communication Tester (eNB emulator) via the RF switches of the R&S®OSP130 Open Switch and Control Platform (switching). Optional fading and AWGN can be applied to the baseband signals of the eNB emulator using the R&S®AMU200A Baseband Signal Generator and Fading Simulator. Since we also add conducted measurements possibly including channel fading, the UE antenna connectors are simply connected directly to the R&S®CMW500 or to the RF switches of the R&S®OSP130 for conducted tests.
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Figure 1: Schematic of MIMO OTA test system supporting the two-channel method

3 Calibration for the decomposition method
3.1 Radiated set-up
In order to have calibrated signal levels for the two streams generated in the eNB emulator, in the decomposition method a similar calibration step is required as in SISO tests. The transmission coefficient S21 shall be measured between the input of a calibrated reference antenna (calibration antenna) at the place of the UE, and the output of the RF cable connected to the eNB emulator. Path loss PL is determined from the magnitude of the transmission coefficient and the reference antenna gain GREF
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.The path loss therefore includes the free space attenuation between UE and test antenna, gain of test antenna, and cable loss from test antenna to eNB emulator via the switching. It is of course important to have the calibration antenna positioned in a co-polarized orientation to the test antenna’s polarization plane. This calibration step is required for all frequencies of interest, and for all four polarization planes of the test antennas. The process to calibrate such a path loss is identical to the one for SISO measurements.
The distance between the centre of the coordinate system and the test antenna is always the same. Therefore it does not matter at which elevation angle the calibration is performed. The output level of the R&S®CMW500 is high enough for typical range lengths, and therefore no additional amplifiers are used.
Since the streams from the eNB emulator are normally fully decorrelated, the phase of the transmission coefficient arg(S21) does not need to be calibrated. 
When a test is done, the power level on the eNB emulator is set to a value which is higher than the power level at the UE by the amount of the path loss. This compensation is performed individually for each of the two paths.
In the case of SNR-related tests, still some downlink power level at the UE is required which is calculated following the guidelines above. Both signal and AWGN contribution are undergoing the same attenuation before reaching the UE, and therefore the same ratio between signal and AWGN will be at the eNB emulator output and at the UE. All further adjustments of SNR are then based on relative changes and don’t require special considerations concerning path corrections.
For MIMO tests we care only about downlink power levels. For SISO measurements also the uplink measurement path has to be calibrated which usually is different from the downlink measurement path, for example routing to a spectrum analyser.

3.2 Conducted set-up

A similar path compensation as in radiated set-up is made, but the path loss is simply the loss of the cable connection between UE and eNB emulator. For the conducted MIMO test, each path is compensated individually. Due to the fact that fading is done on baseband level, no additional compensation has to be applied for faded signals.
4 Measurement uncertainty

4.1 Radiated tests

4.1.1 Contributions similar to SISO testing

The radiated tests have much in common with SISO tests. Therefore only few additional aspects have to be considered. Please see [2] for further details.
The following contributions are similar to SISO testing:

· Mismatch of transmitter chain (i.e. between probe antenna and base station simulator) 

· Insertion loss of transmitter chain

· Influence of the probe antenna cable

· Uncertainty of the absolute antenna gain of the probe antenna

· Base station simulator: uncertainty of the absolute output level

· Measurement distance:

a) offset of DUT phase centre from axis(es) of rotation

b) mutual coupling between the DUT and the probe antenna

c) phase curvature across the DUT

· Quality of quiet zone 

· DUT sensitivity drift

Please note that the term “probe antenna” of [2] is called “test antenna” earlier in this document. 

It has to be noted that some descriptions in [2] do explicitly rely on a full sphere measurement with an evaluation of the integral quantity TRS. For such contributions a slightly different derivation may be required which needs to be evaluated with the final settings of the method.
The error-rate-related parameters have to be converted to similar contributions covering the measurement of throughput as function of downlink power or of SNR:

· BER measurement: output level step resolution

· Statistical uncertainty of BER measurement

· BER data rate normalization

Since it is not yet clear how a pass / fail condition for MIMO tests will look like, there might be additional uncertainty caused, for example, by a requirement identifying a given throughput limit on a curve showing throughput as a function of downlink power.

With the final test plan, phantoms will most likely be required. This makes more considerations necessary how to modify the wording from [2]:

· Uncertainty related to the use of the SAM phantom (uncertainty from using different types of SAM phantom; simulated tissue liquid uncertainty; effect of the DUT holder); random uncertainty (repeatability); uncertainty related to the use of the Laptop Ground Plane phantom
These contributions depend mainly on phantom head / hand or ground plane phantom. Therefore they only are relevant when doing tests with phantoms.
4.1.2 Contributions specific to the decomposition method

Several new or substantially changed contributions have to be considered.

· Sampling grid / constellations

· A detailed analysis of this contribution has to await the final selection of constellations (elevation positions of the probe antennas, polarizations, azimuth positions) and is therefore for further study.

· Branch imbalance: the two streams from the test antennas may have some additional imbalance. Most likely this contribution can be neglected due to the uncertainty on the base station simulator absolute output level.

4.2 Conducted tests

4.2.1 Test without channel fading

For the conducted test without fading, the uncertainty calculation includes the following terms:
· Mismatch of transmitter chain (i.e. between UE antenna port and base station simulator)
· Insertion loss of transmitter chain (e.g. adapter cable to specific RF connector of UE)
· Base station simulator: uncertainty of the absolute output level

· DUT sensitivity drift

Similar to the considerations in radiated testing, also in conducted tests some contribution from the throughput evaluation has to be included. See the discussions in section 4.1.1.

4.2.2 Test with channel fading

For the conducted test with fading, the uncertainty calculation includes in addition the following terms:
· Fading simulator level uncertainty 

· Fading simulator stability uncertainty 

· Quality of channel model implementation

4.3 Decomposition
The combination of conducted tests without fading, conducted tests with fading, and radiated two-channel tests requires an additional term to the uncertainty calculation which is for further study.
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