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1. Introduction
A considerable effort has been made in 3GPP towards the development of standardized MIMO OTA test methods. One method currently considered for standardization, the reverberation chamber, has already been found to fulfil the ABCD criteria set for IL/IT test results consistency, and has also recently been found to be harmonized with Anechoic Chamber Multiprobe method as it provides the same decision of what is a “good” or “bad” device from the radiated receiver performance perspective.
The objective of this contribution is to present some test results of the capabilities of reverberation chambers to control the angular spread in view of the future requirements to be set for MIMO OTA test equipment.

This contribution was made in co-operation with EMITE, a manufacturer of MIMO OTA test equipment and and Prof. Yoshio Karasawa from the Advanced Wireless Communication research Center (AWCC) at the University of Electro-Communications (UEC Tokyo). Some preliminary results can be found in [1].

2. Double-layer reverberation chamber
A conventional reverberation chamber is not capable of controlling the angular spread propagation parameters. Cascading different cavities has however been proposed in 3GPP as a method to provide advanced features for reverberation chambers [2].
The development for allowing control of the arrival angle distribution consists of a double-layered RC, also called nested reverberation chamber. The novelty is that in the side walls of the inner reverberation chamber, apertures are drilled in a periodic pattern. The transmitting antenna is placed in the outer chamber but outside the inner chamber, and the receiving antenna is placed at the center of the inner chamber. The complete setup is illustrated in figure 1. These chambers are also used for EMC testing.
Figure 1 also shows the periodic square apertures in the side walls of the inner chamber. These apertures operate as a frequency selective surface. At the center of each aperture, metallic elements are placed on a glass epoxy substrate; these elements are termed reflective elements. The transmission amplitude of a vertically polarized wave is controlled by the length of these elements. Further, inside the side walls, (/4-type radio wave absorbers are embedded. These absorbers attenuate multiple reflections inside the inner chamber. Using the abovementioned structure, we expected that the arrival angle distribution determined by the transmission amplitude of the wave incident on the side walls is achieved at the receiving antenna side.
As shown in the figure, the apertures in the area of the side walls from where the incident wave is transmitted do not possess reflective elements, and the apertures in the area from where the incident wave is blocked possess reflective elements. The central angle of arrival of the wave is (=90°, and the value of the transmission angle 2( is varied. Here, the transmission angles are selected as 45°, 135° and 360°, which correspond to the side walls one, three, and eight of the inner chamber, respectively. We estimated the value of the angular distribution by comparing the measured spatial correlation to the theoretical spatial correlation.
[image: image1.emf]
Figure 1. Double-layer RC used in the experiments.

3. Experiments

A 45° polarized dipole antenna is used as the transmitting antenna and a vertically polarized dipole antenna is used as the receiving antenna. The receiving antenna was fixed on the slide rail and was moved from the inside center of the inner chamber to a distance x = 200 mm with a step of 2 mm (101 points); the propagation characteristics are measured at each point using a vector network analyzer (VNA).

The correlation coefficient of received power variation at each point with respect to the power at the center was measured and the spatial correlation characteristics for transmission angles 2( of 45°, 135° and 360° are depicted in figure 2. In this figure, the theoretical spatial correlations of uniform and Laplacian distributions are also shown; here, the interval of the uniform distribution and the angular spread of Laplacian distribution are the same as the transmission angle. The main lobe in the spatial correlation characteristics spreads gradually with a reduction in the transmission angle, and the measured correlation becomes similar to that of Laplacian distribution.
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Figure 2. Spatial correlation for each transmission angle.

The cumulative probability distribution of the received power level was also investigated. In figure 3, the statistical data for transmission angles of 45° and 360° are shown. We can observe that the measured distributions follow a Rayleigh distribution, irrespective of the transmission angle.

[image: image3.emf]
Figure 3. Cumulative probability distribution of received power level.

Finally, we examined the eigenvalue distribution to determine whether the channel characteristics corresponding to angular distribution are achieved using a 4 × 4 MIMO antenna array. Sleeve antennas were used for both the transmitting and receiving antennas, and these antennas were linear array antennas in the x direction. The array distances of the transmitting and receiving antennas are 1.5( and 0.5(, respectively. We measured each channel characteristic without moving the receiving antennas spatially. Figure 4 shows the cumulative probability distributions of the eigenvalues for transmission angles of 45°, 135° and 360°. The measured data were normalized to the mean value of the received power. The angular distributions at the receiving antenna side followed a Laplacian distribution. The measured and simulated distributions exhibit a similar behavior. 
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Figure 4. Eigenvalue distribution of 4x4 MIMO antenna array for each transmission angle.

4. Conclusions

We have presented a double-layered reverberation chamber as a MIMO-OTA system with arrival angle distribution control. We have demonstrated that through a careful design of the side walls of the inner chamber, up to 280° control of the transmission angle is achieved. We have measured the spatial correlation characteristics and found that the arrival wave distribution is similar to Laplacian distribution, whose angular spread is the same as the transmission angle. On the basis of the measured eigenvalue distribution of a 4 × 4 MIMO antenna array, we have demonstrated that the channel characteristics corresponding to the desired arrival angle distributions were achieved.

Reverberation chambers have demonstrated their ability to incorporate angular spread control for future MIMO OTA test systems.
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