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1. Introduction
Various contributions have investigated proposed techniques to achieve a workable MIMO OTA design that is adequate to test the complexities of the various MIMO modes in LTE and WCDMA.  

When designing OTA testing methods, channel modelling concepts must be considered to insure that the received signal is representative of the desired test condition.  An accurate method of producing spatial characteristics must be present, including the ability to produce narrow angle spreads that result in various low, medium, and high correlation cases.

Spatial Channel Models (SCM), [1], [2], are typically used for modelling MIMO scenarios since they include the necessary spatial and temporal characteristics of typical wide-band cellular channels.  These wide-band channels are made up of various signal components that can be reproduced in a chamber to produce an OTA test.  These include paths (signals from clusters) that are characterized by their narrow Angle Spread (AS) at a given Angle-of-Arrival (AoA) and delay.  These multiple paths lead to a frequency selective channel with delay spread.

In [3], a description of combining pre-faded signals from a limited number of test probes in an anechoic chamber was described.  It was shown that 3 test probes could be transmitted (3 Component Model) in combination to reproduce the effect observed by a signal with narrow angle spread.  In [4] a more detailed evaluation was presented, wherein various antenna patterns were show to affect the 3-Component Model in the same was as the patterns affected the ideal 20 sub-path model. In [5] a comparison of mapping techniques was made to show how spatial correlation can be used as a way to configure the signals in an OTA design to include the wide-band characteristics of the channel.
In this contribution, we present the measurement results for a 3-Component Model in an anechoic chamber
 and show that the model performs well when compared to the standard SCME 20-Component model.
2. Measured Results for Signal Emulation
It was show in [3] that 3 pre-faded components could be combined to precisely match the narrow angle spread behavior of a 20 sub-path sum-of-sinusoids signal.  In [4], an evaluation was described, which simulated some specific antenna variations and shown to perform well.  In this description, the SCME signal and the 3-Component model behaved the same way with antenna variations.

In this section, we show the results of measurements using the 3-Component model taken at 1950 MHz in an anechoic chamber, wherein the 3 sources are configured as shown in Figure 1 REF _Ref225156893 \h 
.  A dipole array was used as a test receiver, being attached to a PVC support column on the turn table such that the resulting pattern in Figure 2 was produced.  (The 4” PVC support was behind the dipole array in the 180º direction.)
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Figure 1  3-Component Power Weighted Rayleigh Faded Signal
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Figure 2  Test RX Antennas with Coupling, AoA = 0º at Bore Sight
This pattern shape was evaluated through simulations that included both the ideal SCME 20 sub-path model and the 3-Component model.  The effective difference in correlation for these two signals based on simulations is small due to the effect of the multiple “spread-out” components in combination.  In this example, seen in Figure 3, the ideal 20 sub-paths provide slightly more averaging across the pattern, producing a slight difference in correlation at some AoAs.  The increase in correlation observed around zero degrees is due to the antenna gain, which emphasizes the power at the center of the narrow angle spread signal at this AoA.
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Figure 3  Comparison of an Ideal Omni to the Test Pattern with Antenna Coupling
OTA Measurements of the 3 component model, show that a correlated Rayleigh fading signal is observed at each antenna probe as shown in Figure 4.  Furthermore, the CDF for each antenna is shown in Figure 5 to ideally match the Rayleigh fading behavior.  This CDF is plotted from the entire data set, consisting of all AoAs; however the distributions for each AoA will match the Rayleigh statistics, no matter the antenna pattern gain or phase for the 3 components.  This result is due to the statistics of weighted combinations of Rayleigh fading signals being also Rayleigh  (Maintaining Rayleigh statistics independently from the antenna pattern may be a problem with some methods, which do not transmit pre-faded signals on each probe)
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Figure 4  Measured Rayleigh Fading at each Test Antenna from the 3-Component Transmission
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Figure 5  Measured Rayleigh CDF at each Test Antenna from the 3-Component Transmission
The spatial correlation of the OTA measurement is shown by the solid lines in Figure 6.  These solid lines were obtained by calculating the complex envelope correlation between measured waveforms on the two receive antennas for a 3 kmph Rayleigh fading time profile of 10,000 samples.  This time profile was captured using a 2 channel vector network analyzer.  The pattern measurements and the spatial correlation test were measured separately.
The simulated result is also shown for comparison, wherein the dashed line is calculated from the 3-component model using the antenna patterns of Figure 2.  This simulated case can also be compared to the 20 sub-path SCME assumption as discussed earlier in Figure 3. 

The thin dashed line shown on this plot is the ideal result from an omni antenna without coupling (shown only for reference to observe the effect of the pattern shape on the spatial correlation compared to the ideal omni case.)  
The magnitude and phase behavior of the measurements are very close to the expected result when the antenna patterns are included.  This indicates that the 3-Component model is performing as expected to produce a good representation of the SCME 20 sub-path model.  Spatial correlation is used as a means to make this comparison.    
The differences observed in the plot between the measured and simulated results are due to a combination of effects that include coupling between the cables at the test receiver dipoles, which wrap around the turn table during the test.  Thus, the coupling is slightly different for each test leading to some variation since the antenna pattern and correlation test were measured separately  This could be improved through additional decoupling and better cables to reduce these uncertainties for future testing.    
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Figure 6  Measured OTA Spatial Correlation vs Calculated w/Antenna Coupling
3. Conclusion
The OTA design description in [3],[4] and [5] has been expanded in this contribution to include the evaluation of measured OTA signals transmitted at 1950 MHz in an anechoic chamber using 3 transmit probes to create a narrow angle spread signal.  The signal is Rayleigh faded independently on each transmit probe. 
Based on these measurements, the 3-component OTA signal was shown to reproduce the expected Rayleigh fading statistics at the DUT, along with a close match to the spatial correlation for both the magnitude and phase response that included the antenna pattern.
These measurement results shows that the spatial characteristics of the 3-component model match what is expected in an OTA environment, and align with the spatial characteristics of the SCME 20 sub-path signal.

Note:  Spatial Correlation is used as a means for comparing the characteristics of the OTA signals in order to validate the design of the test signal, and is not proposed as an OTA technique for MIMO evaluation.  
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