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1. Introduction
An RF-controlled spatial fading emulator has been proposed in order to perform a MIMO over-the-air (OTA) testing for a LTE handset under multipath fading environment [1]

 REF _Ref240093564 \n \h 
 \* MERGEFORMAT [2]. The objective of this contribution is to present a calibration method of the RF-controlled spatial fading emulator before performing the MIMO OTA testing.
2. Discussion
The RF-controlled spatial fading emulator can directly produce multipath radio propagation environment by varying phase of radio waves emitted from antenna-probe units arranged around a handset tested. This paper presents a calibration method of the RF-controlled spatial fading emulator before performing the MIMO OTA testing.
Fig. 1 illustrates a configuration of the RF-controlled spatial fading emulator using a wireless local area network (WLAN) system based on the IEEE 802.11n. In this system, we can evaluate a 2-by-2 MIMO OTA testing. In order to perform the calibration, we have to know amplitude and phase of RF signal between a transmitter and receiver. In Fig. 1, a wireless access point (WAP) and a mobile station (MS) are used as the transmitter and receiver, respectively. We can easily measure amplitude and phase of RF signal using a Network analyzer. Thus, by replacing the WAP and MS to the network analyzer, the calibration can be directly done from the output port of the WAP to the input port of MS via air. 
Fig. 2 shows photographs of the emulator and an antenna-probe unit. The antenna-probe unit consists of two half-wavelength dipoles crossing at right angles in order to represent a cross polarization power ratio (XPR), as shown in Fig. 2(b). Thus, the calibration is needed to be done for both the vertical and horizontal polarizations using a half-wavelength dipole and a slotted cylindrical antenna [3] as a receiving antenna for vertical and horizontal polarizations, respectively. Each antenna has an omni-directional radiation pattern in the horizontal plane, as shown in Fig. 3.

The calibration is carried out using the following procedure;

(1) Firstly a half-wavelength dipole for the receiving antenna is 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.
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Fig. 1 Measurement system using the spatial fading emulator for a 2-by-2 MIMO WLAN system.
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(a) Setup in a radio anechoic chamber                       (b) Antenna-probe unit

Fig. 2 Photograph of the spatial fading emulator.
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(a)                                                     (b)

Fig. 3 Power gain patterns in the horizontal plane of (a) vertical polarization of a dipole, and (b) horizontal polarization of a slotted cylindrical antenna.

3. Conclusion
In this document, a calibration procedure of the RF-controlled spatial fading emulator is presented. The calibration can be carried out using a half-wavelength dipole and a slotted cylindrical antenna as a receiving antenna for vertical and horizontal polarizations, respectively. We have already introduced an electrical-controlled RF switch so that the calibration can be performed automatically using a computer. 
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