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1. Introduction
Progress was made in the MIMO OTA work item at the last few meetings with various contributions on using OTA techniques to measure MIMO performance.  When designing OTA testing methods, channel modelling concepts must be considered to insure that the received signal is representative of the desired test condition. 
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 in combination to reproduce the effect observed by a signal with narrow angle spread.  
In this contribution, we extend this analysis to show that the effect of different antenna patterns has a negligible effect on the emulation of narrow angle spread by the use of a limited number of pre-faded signals.
2. Spatial Channel Models for OTA Testing 

It is important to reproduce the wide-band channel characteristics measured in real environments for testing MIMO performance.  These channel characteristics have been measured in numerous measurement campaigns and captured in various channel models, i.e. SCM, SCME, Winner I & II, for the purpose of modeling MIMO performance in various environments.  

SCME was recently chosen as a working assumption in Cost-2100, and is used in the examples below, although various different assumptions could also be used with the concepts presented.
The approach assumes approximately zero delay spread clusters, where signals are received from discrete directions of arrival and correspond to different delays as illustrated in Figure 1.
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Figure 1  Spatial Channel Model Example, (Top View)

Each path leaves the BS at a particular Angle-Of-Departure (AoD) and arrives at the UE at a particular AoA.  In this model, each path is a virtual path, such that the AoD and AoA are specified, but the path is not required to take any particular course between transmitter and receiver.  The path will have a predefined delay and an arbitrary phase.

Paths may be characterized by discrete or continuous distributions.  The SCME uses a discrete representation with 20 equal powered sub-path sinusoids to represent each path.  The AoDs and AoAs of the sub-paths are distributed non-linearly to emulate a Laplacian power azimuth spectrum (PAS) with zero intra-path delay spread.  
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Figure 2  Path Model with Sum-of-Sinusoids

The AS determines the correlation between the antennas at the link end. SCME specifies a 35° AS at the UE, as shown in Figure 2, and similarly a 2° AS at the BS, wherein the sub-path components that are closer together, [1], [2].
Figure 3 represents the spatial correlation between the UE antennas that have a λ/2 spacing.  This is used as an example, since mobile devices may have various antenna types and spacings.  Cross polarized antennas may have very small or even zero spacing, although non-ideal antenna characteristics obtained within an actual hand-held will typically produce a response with a similar effective spacing.  Thus for convenience a λ/2 spacing is chosen to be representative of a practical value.
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Figure 3  Azimuthal Correlation for the UE Antennas
3. Simulated Narrow Angle Spread in an OTA Environment

It is desirable to produce an accurate representation of a path as defined in Figure 2 for use in an OTA test. However, it is not practical to generate this signal using 20 individual test probes.  By specifying both the AoAs and the relative power of a reduced number of signal components, a good match to the standardized 20 sub-path 35º azimuth spread model can be obtained.  This is shown in Figure 4 for a model using three signal components.  (This example is shown with three components, however different numbers of components, spacings and powers can be used to obtain a match to a path with particular angle spread characteristics.)  
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Figure 4  3-Component Power Weighted Rayleigh Faded Signal

Figure 5 shows that by using these 3 signal components with a given power distribution and angle spacing, a good match to the correlation is obtained in both amplitude and phase, along with maintaining the original 35º azimuth spread.  By matching the correlation between antenna elements, this indicates that the three-component signal is a good representation of the original narrow angle spread signal specified in Figure 2. 
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Figure 5  Matching the Correlation with 3 Signal Components

Figure 5 shows that the correlation magnitude is well matched across AoA for the modeled path.  
4. Signal Emulation in the Presence of Antenna Pattern Shapes

It was show 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 this section the case of non-ideal antenna patterns is considered to see the effect on the ability of the pre-faded 3-component signal to match the 20 sub-path signal.
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Figure 6  Omni Antennas with Coupling

In Figure 6, the antenna coupling model described in [4] is reproduced in order to test the effectiveness of using the 3-component model to emulate the narrow angle spread signal.  

The effective difference in correlation is small due to the slowly changing gain differences versus angle of arrival as seen in Figure 7.  For this reason, the differences are minimal.  Note that the 20 path model and the 3-component model are similarly affected.
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Figure 7  Comparison of an Ideal Omni to an Omni with Antenna Coupling
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Figure 8  Hypothetical Antenna Patterns with different Bore Site Directions and Beam Widths
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Figure 9  Comparison of Omni to Hypothetical Antenna Response
Figure 8 shows a hypothetical gain plot representing two antennas having significant differences in directivity, beam width, and bore site direction.  This is much more severe than the effect of antenna coupling on the omni pattern and is used as a test case to observe the effect of antenna patterns on narrow angle spread signals.
Figure 9 compares the original 20 sum-of-sinusoids narrow angle spread to the pre-faded 3 component signal for these two different antenna configurations.  The first antenna configuration is an omni, which produces the match as previously shown in Figure 5.  When the omni pattern is replaced by the hypothetical pattern shown in Figure 8, some obvious changes result.  
The correlation observed versus AoA is skewed to one side due to the non-symmetric antenna patterns.  The magnitude and dynamic range of the correlation remain approximately the same, being due primarily due to the antenna separation of the two elements in response to the angle spread of the signal.  Note that nearly identical skewing occurs for the original 20 sum-of-sinusoids signal and the pre-faded 3-component signal.  This indicates that the 3-component signal behaves in the same way as the original, even in the presence of severe antenna variations.
4. Conclusion
The OTA design description in [3] has been expanded in this contribution to include a description of the robustness of the generation of the narrow angle spread signals.

Two different antenna configurations were show to affect the ideal 20 sub-path sum-of-sinusoids and the 3 component pre-faded signal in a nearly identical fashion.   This indicates that the use of the 3-component model is a good design choice for reducing the number of test probes in an anechoic chamber design.
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