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1. Introduction
An RF-controlled spatial fading emulator has been proposed as one candidate of methodology to perform a MIMO over-the-air (OTA) testing for a handset with multiple antennas in the 3GPP RAN4 #50 and #52 meeting [1]

 REF _Ref240093564 \n \h 
 \* MERGEFORMAT [2]. The objective of this contribution is to propose a concept of producing an uncorrelated delay wave using this measurement system and to present measured throughput characteristics of a 2-by-2 handset MIMO radio communication using a wireless local area network (WLAN) system based on the IEEE 802.11n using an RF-controlled spatial fading emulator.
2. Discussion
The RF-controlled spatial fading emulator can directly produce 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 [3]. This paper presents a MIMO throughput measurement using the RF-controlled spatial fading emulator for the MIMO OTA testing. A 2-by-2 MIMO OTA testing was conducted on a WLAN system based on the IEEE 802.11n. Moreover, two digital fading simulators enable us to investigate MIMO characteristics with delay waves. From the agreement with an outdoor radio propagation experiment [4], the effectiveness of the throughput measurement of this emulator was confirmed by the OTA experiment. 
Fig. 1 shows a measurement system using the spatial fading emulator for a 2-by-2 MIMO WLAN system. In this study, MIMO reception characteristics of the mobile station (MS), downlink, were evaluated. Thus, the emulator controlled only RF signals from a wireless access point (WAP). Signals from the MS to the WAP were transmitted by a coaxicial cable, see ‘uplink’ in Fig. 1. The emulator can make a spatial distribution of incoming waves and vary phase of the waves according to Doppler shift. The two digital fading simulators (DFSs) were used only for producing delay profile of the incoming waves. In order to measure MIMO characteristics, we used a commercial set of the WAP and the MS based on the IEEE 802.11n system.
Fig. 2(a) shows a photograph of the emulator for the 2-by-2 MIMO WLAN measurement. The emulator contains 15 antenna-probe units that are composed of two half-wavelength dipoles crossing at right angles in order to represent a cross polarization power ratio (XPR). The XPR was set at 9 dB. The radius of the circle of the emulator is 1.5 m. The center frequency of the radio was 2.412 GHz. Doppler frequency was set at 6Hz and moving direction of the handset was set at 3 degrees. In this study, we used four types of the handset arrays in the 2.4 GHz band for the MS antenna, as shown in Fig. 2(b) [4]. The handset array was inclined at 40 degrees from the vertical.
With regard to the propagation model, a simplified channel model was used for our evaluation. In this paper, the simplified channel model is defined as a channel model that has two waves, a direct wave and a delay wave. The direct and delay waves have the same spatial distribution modelled by a Laplacian distribution with a standard deviation of 35 degrees and a mean value of 0. The power of the delay wave was set 3 dB lower than that of the direct wave, and the delay time of the delay wave was set at 140 ns. Correlation coefficient between the direct and delay waves was set to be 0.
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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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Fig. 2 Photograph of the measurement system.

(a) Emulator for the 2-by-2 MIMO WLAN measurement. (b) Four handset arrays for the MS antenna.
We show a concept of producing an uncorrelated delay wave using this measurement system. Fig. 3 shows an example of time variations in amplitude of signals. In the first step, the DFS produces the direct wave and its delay wave. The direct and delay waves have a time variation much smaller than that caused by a Doppler shift producing by the spatial emulator, as shown in the left-hand two figures of Fig. 3. The time variation of the delay wave is set to be different from that of the direct wave in order to produce a pair of uncorrelated waves. Then, the signals of the direct and delay waves with slow variation and correlation coefficient of 0 are divided by a divider, Div, shown in Fig. 1. Phase and amplitude of each divided signals are varied by the phase shifter and the attenuator. The middle figure of Fig.3 is a result of the two-wave model with the same amplitude, in which the one wave comes from in the forward direction and the other comes from the backward direction. As a result, the direct and delay waves has the same Doppler shift but the different time variations, as shown in the right-hand two figures of Fig. 3. We can also produce a set of waves with arbitrary correlation coefficient using this procedure.
Fig. 4(a) shows mean values of the measured throughputs of the four handsets with and without the delay wave. It is found from Fig. 4 that the delay wave deteriorates the throughputs of all the handsets and that the handset C exhibits the best MIMO performance among the handset arrays tested.

Fig. 4(b) shows MIMO channel capacities of the four handsets obtained by the outdoor propagation experiment and using the spatial fading emulator [4]. It is found from the comparison between Figs. 4(a) and 4(b) that the agreement between the throughput and the MIMO channel capacity is very good. From this, the effectiveness of the throughput measurement using the RF-controlled spatial fading emulator was confirmed by the experiment.
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Fig. 3 Time variations in amplitude of signals in order to explain a concept of producing an uncorrelated delay wave using this measurement system.
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Fig. 4 Measured throughput characteristics with and without a delay wave.
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Fig. 5 Measured MIMO channel capacities obtained by the radio propagation test and the emulator.

3. Conclusion
In this document, a 2-by-2 MIMO throughput measurement using the RF-controlled spatial fading emulator was performed. A wireless access point and a mobile station based on IEEE 802.11n wireless LAN system were used for a transmitter and receiver. To demonstrate an OTA measurement with a delay wave for a 2-by-2 MIMO, two digital fading simulators were applied to the spatial fading emulator. Using this measurement system, we evaluated throughput characteristics of four handset array successfully.
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