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1. Introduction
One of the MIMO OTA testing technologies that has recently attracted considerable interest is based on the spatial channel emulator (SCE) methodology comprising a radio channel emulator which has multiple output ports and an anechoic chamber equipped with multiple probe antennas radiating pre-faded signals [1][2]. The SCE is definitely beneficial in evaluating the MIMO performance under various channel conditions. There are issues however concerning the adequate number of probe antennas in order to reproduce the spatial channel characteristics equivalent to the assumed channel conditions. Therefore, important metric regarding antenna correlation for antennas under test (AUT) considering the radiation characteristics has been investigated [3-5]. In this contribution, we present the correlation characteristics and MIMO OTA throughput obtained by the SCE comprising 8 probes or 16 probes with dual polarized components for the AUT which has large element spacing beyond 1  as the real MIMO OTA testing under the assumption that we have to evaluate MIMO OTA performance for varied types of mobile terminals including laptop PC. We compare the results for 8-probe configuration with that for 16-probe configuration in order to clarify the adequate number of probe antennas aimed at MIMO OTA testing for the laptop PC.
2. Discussion
2.1 Testing Setup
We employ sleeve array antennas with an element spacing of 1.5  and real multiple antennas embedded in a commercially available laptop PC with an element spacing of 2  as a typical example for the AUT mounted on the laptop PC as shown in Fig. 1 in order to consider the radiation characteristics of real antennas with large element spacing beyond 1 . We consider the effect of the mutual coupling in the multiple antenna configuration.
Figure 2 shows the experimental setup of the SCE that we used in this contribution. This system is composed of a base station emulator that generates MIMO signals to establish a MIMO connection, a radio channel emulator, an anechoic chamber equipped with dual-polarized multiple probe antennas that have the fixed-spaced linear alignment and a mobile terminal with multiple antennas. The MIMO signals are input into a radio channel emulator and the Rayleigh-faded signals composed of multiple delay taps are radiated via multiple probe antennas. The signals radiated from each probe antennas are received at the AUT, and the received signals are divided into two paths using directional couplers. One path is consistently connected to the device under test (DUT), while the other is connected to a vector signal analyzer that we use to analyze the correlation coefficient. We can acquire throughput, as an indispensable figure of merit for the MIMO OTA testing, between a server PC connected to the BS emulator and a client PC connected to the mobile terminal simultaneously. In order to achieve an experimental evaluation of the dependency of the correlation coefficient and throughput on the AUT angle, we measure the correlation coefficient and throughput concurrently with rotation of the AUTs, which are mounted on a turntable located at the center of probe ring.
Figure 3 shows the probe configuration. We employed two types of probe configurations, eight probes and sixteen probes with the fixed-spaced linear alignment of 45 and 22.5 degrees, respectively. Regarding the spatial channel model, we employed the single cluster model with an angular spread of 35 degrees for the power angular spectrum and the Pedestrian A model for the power delay profile as shown in Fig. 4. Testing conditions are listed in Table 1. We employed MIMO enabled W-LAN devices based on 802.11n as the DUT equipped with dual antenna ports for MIMO spatial multiplexing. The AUTs are rotated over the azimuth angle with an angle step of 15 degrees.
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Fig.1  Antenna under test
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Fig.2  Experimental Setup
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Fig.3  Probe configuration
[image: image4.emf]PAS: Single cluster

(AS=35deg)

PDP: Pedestrian A

(3km/h)

Delay

Power


Fig.4  Spatial channel model
Table 1.  Testing conditions.
	Frequency
	2450 MHz band

	Device under test
	802.11n MIMO device

	Angle step in azimuth plane
	15 deg.


2.2 Testing Results
Figure 5 shows the comparison of measured correlation coefficient and measured MIMO OTA throughput between 8-probe configuration and 16-probe configuration for AUT with large element spacing. The results of correlation coefficient derived from the amplitude and phase patterns, which are obtained in the passive mode antenna measurement using the optical fiber feeding system instead of coaxial cables to minimize the uncertainty, for the PAS the Laplacian distribution, which can be used to predict theoretical characteristics, are also shown. We find the measured results of 16-probe configuration are in good agreement with the results of the Laplacian PAS. These results indicate that we can adequately evaluate MIMO performance for the AUT which has large element spacing beyond 1  by using 16-probe configuration. Meanwhile, we find that three is a large gap between the Laplacian PAS and the 8-probe configuration. With respect to the 8-probe configuration, we confirm that the correlation coefficient is elevated beyond 0.4 and throughput is degraded below 40 Mbps according to AUT angle unlike the cases of 16-probe configuration and Laplacian PAS. Based on this, we conclude that the MIMO OTA testing employing 8-probe configuration is inadequate to evaluate MIMO performance of the AUT which has large element spacing beyond 1  typified by the AUT for the laptop PC.
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Figure 5  Comparison of measured correlation coefficient and measured MIMO OTA throughput between 8-probe configuration and 16-probe configuration for AUT with large element spacing.
3. Conclusion
In this contribution, we presented the measured correlation characteristics and measured MIMO OTA throughput obtained by the SCE comprising 8 probes or 16 probes with dual polarized components for the AUT which has large element spacing beyond 1  under the assumption that we have to evaluate MIMO OTA performance for varied types of mobile terminals including laptop PC. We compared the results for 8-probe configuration with that for 16-probe configuration in order to clarify the adequate number of probe antennas aimed at MIMO OTA testing for the laptop PC. Based on the results, we have confirmed that the MIMO OTA testing employing 8-probe configuration is inadequate to evaluate MIMO performance of the AUT which has large element spacing beyond 1 .
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