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Introduction
An RF-controlled spatial fading emulator has been proposed for a methodology of a MIMO over-the-air (OTA) testing in the 3GPP RAN4 #50 - #53 meeting [1]-[6]. The objective of this contribution is that a text proposal to add the RF-controlled spatial fading emulator for TR 25.abs v0.0.x is provided below.
Proposal

1. Methodologies based on Anechoic RF Chamber
An OTA method based on the use of an Anechoic RF Chamber is described consisting of a number of test antenna probes located in the chamber transmitting signals with temporal and spatial characteristics for testing multiple antenna devices.
This section describes the methodologies based on Anechoic RF Chamber, where a number of test antennas are located in different positions of the chamber, and the device under test (DUT) is located at center position. The DUT is tested over the air without RF cables.

<Skipped sections>

1.1 Candidate Solution 4
The RF-controlled spatial fading emulator can directly reproduce a multipath radio propagation environment by radio waves emitted from antenna-probe units arranged around a handset tested. Moreover, the emulator has an advantage of measuring radiation characteristics of a handset antenna for the present OTA testing in 3GPP as well as the multipath testing because of its RF operation [7].

6.1.1
Concept and Configuration

The RF-controlled spatial fading emulator can directly reproduce multipath radio propagation environments both in line-of-sight (LOS) and non line-of-sight (NLOS) situations by radio waves emitted from antenna probes arranged around a DUT. Thus, the emulator can be easily used for measurement of the MIMO characteristics of a HSPA/LTE multiple antenna device in a multipath fading environment. 

Figs. 1(a) and 1(b) show the configuration and arrangement of the antenna probes of the RF spatial fading emulator in an anechoic chamber. In this method, the DUT is designated as any device that possesses multiple antennas, including a HSPA or LTE device. 
The height of DUT from the floor of the anechoic chamber is H. The DUT can also be placed at a rotatable turn-table in order to set and vary the horizontal angle of the DUT. The DUT is surrounded by N numbers of antenna probes. The distance between DUT and each antenna probe is r. The antenna probe consists of two antennas. The one is a half-wavelength dipole set vertically for emitting the vertically-polarized wave and the other is a horizontally-located half-wavelength dipole for the horizontally-polarized wave. This configuration of the antenna-probe unit can represent a cross polarization power ratio, XPR, of incoming wave. The separation between vertical and horizontal antennas is d. The height of the antenna probe from the anechoic chamber floor is h. The distance between the ring of antenna probes and the walls of anechoic chamber is D. (Note if the anechoic chamber is not square, then D1 and D2 are used). 

A reference antenna probe is designated so that it can be used to determine the direction of motion of DUT. This parameter is designated as
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. The circular angle between antenna probes from the centre of the ring (i.e. DUT) is 
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with respect to the reference antenna probe.
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(a) Experimental setup
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(b) Arrangement of the antenna probes
Fig.1 Experimental setup of the spatial fading emulator.

The key features of this method are that it does not use the sophisticated commercial channel emulator. By using the combination of phase shifters, power dividers and attenuators, operating in the RF band, it has been shown that a realistic fading channel environment can be emulated. To reduce the influence from the measurement equipment, the receiver, phase shifter, power divider, transmitter and computer are set outside of the anechoic chamber. Firstly, we describe channel response between the m-th base station, BS, antenna and the n-th handset antenna for M-by-N MIMO radio communication system. The channel response is calculated by following equation:
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where En and fD are radiation component of the n-th handset antenna and the Doppler frequency respectively. 0 is the direction of motion and i is the direction of the i-th antenna probe. mi is initial phase of the signal radiated from the i-th antenna probe. The waves radiated from each base station (BS) antenna are uncorrelated each other. For the investigation of MIMO antennas, the waves from different BS antenna are represented by different sets of initial phases, mi, of the waves. According to the propagation models, such as SCM and SCME, the angular power spectrum  of the spatial cluster of incoming waves in the horizontal plane can be modelled by a Laplacian distribution in the following, for instance:
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where P and  are power and average direction of angle of the cluster.  is a standard deviation of the APS. In this case, the spatial distribution in the vertical plane is modelled by a delta function.
In addition, the strongest point of the spatial fading emulator is to be capable of evaluating radiation characteristics of a handset antenna for the present OTA testing in 3GPP as well as the multipath-fading evaluation since the emulator is operated in a radio frequency (RF) band [2].

A calibration of the RF-controlled spatial fading emulator is carried out using the following procedure:
1. Firstly a half-wavelength dipole for the receiving antenna is vertically placed at the center of a circle arranging the antenna probes.
2. A radio wave with vertical polarization is radiated only from a vertical dipole of the antenna probe #i (i=1, 2, …, L), and then, the dipole at the center of the emulator can receive the wave. From this, we can obtain amplitude and phase of the RF signal from the transmitter to the receiver via the vertical dipole of the antenna probe #i.
3. The attenuator and phase shifter are adjusted so that the RF signals received by the dipole at the center have the same values in amplitude and phase.
4. Secondly the slotted cylindrical antenna is placed at the center of the antenna probes located on the circle.
5. A radio wave with horizontal polarization is radiated only from a horizontally-located dipole of the antenna probe #i (i=1, 2, …, L). From the received signal from the antenna probe #i, we also obtain amplitude and phase of the RF signal from the transmitter to the receiver via the horizontal dipole of the antenna probe #i.
6. The attenuator and phase shifter are adjusted so that the RF signals received by the slotted cylindrical antenna at the center have the same values in amplitude and phase.
The calibration procedure above mentioned can be performed by using an electrical-controlled RF switch. Thus, the calibration of the emulator can be done automatically using a computer in our system. Once the calibration is finished, we can vary the attenuators in order to produce a special distribution of the incoming wave and to make a cross polarization power ratio (XPR). Moreover, we can set an initial phase to each antenna probe to create a multipath fading channel.
With regard to the signal-to-noise power ratio, SNR, of incoming wave, the signal power can be determined by an average value of faded signal powers received by a half-wavelength dipole antenna for the vertical polarization and a slotted cylindrical antenna for the horizontal polarization. Both antennas have an omni-directional radiation pattern. Thus, SNR can be obtained as the following equation:
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where SV and SH are the average signal powers received by the dipole and slotted cylindrical antennas, respectively. N0 is the noise power that was calculated as a thermal noise within the frequency bandwidth of the radio communication.
6.1.2
Test Conditions
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 followings:

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 BS emulator and start the testing session (by establishing a communication session with DUT)

The RF signals transmitted from the BS emulator’s antenna connector are fed to a bank of Power Dividers. Each power divider provides identical RF signal from each of the output ports. 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 digital-to-analogue, 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.
The output of the Phase Shifters is connected to the antenna probes. 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 antenna probe 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.

An example below illustrated the principle of creating Rayleigh faded signal by control the phase of each component wave in Fig. 2. 
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Fig.2 Rayleigh faded signal by control the phase of each component wave.
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Number of antenna probes N  :   15 


Direction of motion :   10 deg.


Doppler frequency    fD :   20 Hz


Sampling frequency  fS : 400 Hz


Radius of circle arranging antenna probes  r : 1.0 m


Operating frequency  : 2.14 GHz


Receiving antenna (Rx) : half-wavelength Dipole


Radiation pattern of Rx En: omni


APS, () :Uniform
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