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1. Introduction
In the last RAN 43 meeting, a study item on MIMO OTA was agreed. The purpose of the study item is to create a working methodology to measure the radiated performance of devices with multiple antennas. The objective of this contribution is therefore to present a method that is currently under progress in COST2100 SWG 2.2.   
2. Discussion

During the last COST2100 meeting, there were discussions on how to create a MIMO OTA methodology. The proposal presented in this contribution represents one of those solutions. 

The graphical illustration of the method is given in Figure 1. The DUT is designated as any device that possesses multiple antennas. The height of DUT from the anechoic chamber is H. (Rotation ability of the turn-table is FFS). The DUT is surrounded by N numbers of scattering units. The distance between DUT and each scattering unit is r. The scattering unit consist of two antennas: one is vertically polarised half-wavelength dipole, and the other is horizontally polarised half-wavelength dipole. The separation between vertical and horizontal antenna is d. The height of the scattering unit from the anechoic chamber is h. The distance between the ring of scattering units and the walls of anechoic chamber is D. (Note if the anechoic chamber is not square, then D1 and D2 are used). A reference scattering unit is designated so that it can be used to determine the direction of motion of DUT. This parameter is designated as (shift. The circular angle between scattering units from the centre of the ring (i.e. DUT) is (i.
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Figure 1: System setup in a RF chamber
In this method, all signals are operated and controlled at RF level. A computer (either a laptop or relatively powerful computer) is used to provide the following processes:

1. Graphical user interface (GUI) to set the input parameters, determine the measured parameters to be collected, setting of calibration parameters and setting of DUT parameters.

2. Generating control signals to manipulate the phase angle of each Phase Shifter. 

3. Collecting measured raw data obtained via the DUT. 

4. Post-processing the measured raw data to derive the desired figure of merits (i.e. minimum requirements for DUT).

5. To initiate the BTS emulator and start the testing session (by establishing a communication session with DUT)

The RF signals transmitted from the BTS emulator’s antenna connector is fed to a bank of Power Dividers. Each power divider is assumed to be lossless and identical RF signal is obtained from each of the output of the Power Divider. The number of Power Dividers required is determined by N.
Each Power Divider output is then fed to a Phase Shifter. The Phase Shifter is used to change the phase of the RF signal according to the parameter setting input to the computer earlier. Note that the control signal from the computer is D/A converted, before used to control the Phase Shifter. By controlling the phase of each RF signal, a Rayleigh distributed or other relevant multipath distribution can be obtained. The number of Phase Shifters required is determined by N.
An example below illustrated the principle of creating Rayleigh faded signal by control the phase of each component wave. 

The phases of each RF signal can be obtained using the following equation:
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where fD is the maximum Doppler frequency, and t is time. 

When DUT are used omni-directional, the received signal of DUT antenna are written by
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The distribution of P(t) is follow the Rayleigh distribution.

The output of the Phase Shifter is connected to Attenuator. The amplitude of the each signals were varied using Attenuator to make a uniform and non-uniform angular power spectrum (APS).
The output of the attenuators is connected to the scattering units. The signal from each Phase Shifter is fed to the vertical and horizontal antennas and radiates toward the DUT. 

The DUT then measures the signals from each scattering unit and the measurement data is reported back to the computer. The amount of measurement data to be collected can be controlled by the computer by setting the sampling rate, R.
The cross-polarisation power ratio (XPR) is defined as the ratio between vertical radiated power and horizontal radiated power of a scattering unit. It is also equivalent to the ratio between vertical dipole SNR and horizontal SNR. By varying the XPR (e.g. from 0 dB to 20 dB), the BER or other figure of merits can be plotted against XPR. 

The figures of merit that can be obtained from this method are:

1. MIMO Channel Capacity

2. Averaged Received Power measured at the DUT

3. Spatial fading correlation (between DUT antennas) 

4. Channel Eigenvalue

5. Average BER
3. Conclusion
In this document, a potential candidate on MIMO OTA methodology has been proposed. From the preliminary, the method seems to be promising in terms of proof-of-concepts, calibration, measurement setup and test parameters. 
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