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1 Introduction

The size of a test area (quiet zone) for full circle MIMO OTA has already been discussed in [1] – [5]. The result is roughly as follows: 8, 16, and 32 antennas provide quiet zones of 0.7, 2, 4 lambda, respectively. It is also shown that a non-uniform OTA antenna configuration for a single cluster channel model with 8 OTA antennas provides test area of up to 3.25 wavelengths diameter [1].
In this contribution we investigate measured spatial correlation with 3, 4 and 5 OTA antennas on a single cluster model parameterized as Angle of Arrival (AoA) = 0( and RMS azimuth spread (AS) = 35(. The OTA antenna locations were found by minimizing the error in antenna weight calculation. An RMS error < 0.01 in correlation gives the OTA antenna locations [-43, 0, 43], [-56, -14, 14, 56] and [-51, -19, 0, 19, 51] degrees for 3, 4 and 5 OTA antennas, respectively.  It is worth of noticing that these weights are optimized for 35( RMS angular spread, for other spreads we need to optimize the antennas into different locations in the OTA ring. We would also like to point out that locating the antennas into segment the spatial domain is truncated, i.e. very wide RMS angular spreads require eventually full OTA antenna ring. 
2 Measurement Setup
An implementation of MIMO OTA test system is depicted in Figure 1 below. Outside of the chamber we had a Vector Network Analyzer (VNA) as a test transmitter. The VNA output was connected to EB Propsim F8 fading emulator. From the fading emulator the signal was routed to power amplifier unit and from there to OTA antennas in the chamber. All the measurements were controlled by an external PC. The signal was routed back from DUT to VNA. The system synchronization was done using external clock unit.

OTA antennas, antenna stands and rotation table are shown in Figure 2. A number of dual polarized OTA antennas were located on different sector layouts with non-uniform spacing. Radius of the circle of OTA antennas was 2.3 meters. Each OTA antenna had vertically and horizontally polarized element. The rotation table has three motors to control radius, angle and orientation in the horizontal plane. The positioner has accuracy of about 0.5 mm on a circle with diameter of 60 cm. Orientation can be controlled on accuracy of 0.03 degrees.
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Figure 1. Measurement devices outside the anechoic chamber.
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Figure 2. DUT was located on the top of a rotation table (left). Antenna can be positioned arbitrarily on the horizontal plane and rotated arbitrarily around its vertical axis. OTA antennas in a selected single cluster configuration (right).
3 Results

The first result depicts the RMS AS of 35( when we used 3 antennas in positions of -43(, 0( and +43(. In figure 3 the antenna layout in chamber is depicted and in figure 4 the correlation result is depicted.
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Figure 3. The antenna layout in 1st test case.
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Figure 4. Single Cluster, 3 antennas.

From visual inspection of the figure 4 we can say that the quiet zone (or test volume, i.e. the volume where correlation is following the behaviour of theoretical one) is around 0.6 ~ 0.7*(. After this, the spatial correlation becomes arbitrary. This follows nicely our previous investigations as the spatial sampling is pretty close to the one of 8 antennas in the full ring (i.e. antennas in 45 degrees separation). 

In the following we shall increase the number of OTA antennas and as well increase the spatial sampling. We used 4 antennas in positions of -56(, -14(, +14(  and 56(. Figure 5 depicts the antenna positions and figure 6 the corresponding spatial correlation result.
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Figure 5. The antenna layout in 2nd test case.
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Figure 6. Single Cluster, 4 antennas.

By visual inspection we can see that the quiet zone (defined as in previous case) is now increased up to 1.2*(, which is around double the quiet zone than in test case 1. 
If we further increase the number of OTA antennas and spatial sampling, we see following behavior. We used 5 antennas in positions of -51(, -19(, 0(, +19(  and 51(. Figure 7 depicts the antenna positions and Figure 8 the corresponding spatial correlation result.
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Figure 7. The antenna layout in 3rd test case.
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Figure 8. Single Cluster, 5 antennas.

By visual inspection we can see that the quiet zone (defined as in previous case) is now increased up to 1.6*(, which is around 2.5 times bigger than in case 1.
Based on the above figures we can say that the quiet zone with single cluster configuration is much larger compared to the full circle. By the other words, the same quiet zone can be achieved by lower number of probe antennas. We also can say that locating the antennas according the RMS AS we can achieve bigger quiet zone. As a reference result we shall plot the spatial correlation in cases where we use 8 OTA antennas in 45( circular ring (full ring) and the same 8 OTA antennas are located in sector of -55( to +55(.
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Figure 9. The reference and using the sector of -55( to +55( (antennas in ±6(, ±20(, ±38( and ±55().

The quiet zone in reference is around 0.7*( (as in test case 1). Note, we have with this antenna configuration (same RMS AS) with 8 antennas quiet zone of 1.5*(. However, in test case 3 we could have the same quiet zone using only 5 antennas.
We have to point out that when locating the antennas into sector we are able to increase the quiet zone, but we are also limiting the test cases such that we can not have signals from the other side of the DUT simultaneously. This means that e.g. SCME type of channel models may not be used in this kind of antenna arrangements.
4 Conclusions
We discussed the quiet zone size in single cluster MIMO OTA. Single cluster was implemented by three, four, and five antennas, and the size of the quiet zone was measured. From the results we can see that the quiet zone can be increased with small number of OTA antennas. In other words, the number of required antennas is much lower in single cluster than in full circle MIMO OTA. As an example, we used 35( RMS AS. For other AS’s we need to optimize placement of the antennas separately. We also want to point out that single cluster arrangement is not universal, i.e. we are limited to single cluster models (i.e. signals may not come from different directions simultaneously) and SCME type models can not be created with these arrangements.
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