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1
Background
Like all OTA measurement systems, the MPAC system has an inherent limitation on the maximum antenna separation of the DUT.  Given that the MPAC system emulates a spatial channel model for the test, the limitation can be isolated to two components:  the ability of the system to deliver a known and constant power (traditionally known as the quiet zone in SISO chambers) and the ability of the system to emulate the spatial statistics of the channel model up to a certain antenna separation (termed the test zone).


This paper derives the theoretical background associated with the MPAC test zone (prior publications on this topic have been made to COST in [8] and to CTIA MOSG in [9]) and provides a number of observations in support of a CR to TR 37.977 which formalizes the definition [10], [11].
2
Discussion

To derive the expected values of the spatial correlation function for each SCMe model (defined in [1] and, more generally, in [5]), the power angular spectra of the clusters of plane wave components of each model are used in the formulation outlined in [2], [3], and [4].
The SCMe models consist of [image: image2.png]


 clusters of angles of arrival, where each cluster is defied by a mean angle of arrival and angular spread.  The distribution of the angles of arrival of plane wave components within the mth cluster is a truncated Laplacian random variable such that the power angular spectrum (PAS) of one cluster is
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where [image: image8.png]


 is the relative power ratio of the cluster, [image: image10.png]


 is the azimuth angle of arrival, [image: image12.png]


 is the mean angle of arrival of the cluster, and [image: image14.png]


 is the angular spread of the cluster (in SCMe channel models all clusters share the same angular spread parameter).  The power angular spectra of the vertically and horizontally polarized arrivals are identically shaped and can be treated independently; thus, the following formulation omits polarization.  The total PAS of the channel model is
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, where [image: image18.png]



(2)
As in [2], the field (spatial) correlation of two signals separated by a distance [image: image20.png]


 is
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, where [image: image24.png]


 is the wave number
(3)

The exponential term can be expanded by a Bessel series such that
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,
(4)

where [image: image28.png]


 is the nth order Bessel function of the first kind.  After substituting (4) into (3), the spatial correlation is
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(5)

Letting [image: image32.png]FS(n)



 be the Fourier spectrum of the PAS (which implicitly assumes a uniform sampling of the distribution) and substituting into (5), the spatial correlation is
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In the multi-probe anechoic chamber MIMO OTA system N uniformly spaced measurement antennas sample the continuous PAS such that the Fourier spectrum of the PAS becomes a discrete transform evaluated at the N spatial locations of the measurement antennas with a period of N in the spatial domain.  Thus, sampling the PAS introduces aliasing of the discrete spectrum and leads to errors in the spatial correlation function.  Figures 1 through 3 below illustrate the PAS and its sampling, the spatial correlation curves, and the calculated error for each channel model.
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Figure 1: SCMe UMa synthesis: (a) sampling of the PAS; (b) spatial correlation
The impact of aliasing the PAS can be visualized by taking the inverse Fourier transform of the aliased Fourier domain PAS and plotting in the antenna direction domain, as shown in Figure 2(a) below.
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Figure 2: Impact of aliasing on the SCMe UMa PAS: (a) aliased PAS; (b) distorted channel model; (c) spatial correlation of distorted channel model
The impact of aliasing can be represented by a newly defined channel model with 8 clusters (corresponding to the number of ring probes) and relative power levels shown in Figure 2(a).  After defining such a model (Figure 2(b)) and computing its spatial correlation function, shown in Figure 2(c), it is observed to match the 8-probe spatial correlation curve in Figure 1(b).
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Figure 3: SCMe UMi synthesis: (a) sampling of the PAS; (b) spatial correlation
As described in [4], sampling and synthesis techniques exist to optimize the solution by minimizing the error of the sampled spatial correlation function.
Figure 4 below illustrates the measured spatial correlation curves for the SCMe UMi channel model in Vertical and Horizontal polarizations.  We note that the behaviour of the measured curves resembles the aliased curves predicted by an 8-probe sampled PAS result shown in Figure 3 above.
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Figure 4: Measured spatial correlation of SCMe UMi synthesized with 8 antennas: a) Vertical polarization (Intel, uncalibrated), b) Horizontal polarization (Intel, uncalibrated)
Observation 1: An analysis of theoretical fundamentals of channel emulation in an MPAC system as well as a verification with measurements implies that a 1-wavelength limitation on the maximum antenna separation is observed for SCMe UMi and SCMe UMa channel models

To verify the ability of the MPAC system to deliver stable power (without reflections whose power is greater than a given threshold) to the DUT, a modification of the SISO ripple test could be used.  From observations based on internal studies, it is reasonable to expect that this quiet zone of an MPAC system is larger than the maximum antenna separation derived from the spatial correlation function.  However, no such test exists in the methodology validation procedures, and the merits for its definition are not clear.
Considering the definition of the spatial correlation measurement, we observe that the measured quantity is sensitive to absolute power measured by the VNA at each test position.  Thus, the spatial correlation measurement implicitly contains the power stability verification.  Figure 5 below illustrates the measurement positions and a zone of implicit power verification.
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Figure 5: Spatial correlation test measurement positions
Observation 2: In the absence of a quiet zone test for MPAC, the zone corresponding to the circle centered inside the chamber with a diameter equal to the span of the spatial correlation verification points describes the implicitly verified zone of power stability.
3
Conclusions
In order for a given multi-probe anechoic chamber system to reliably test the MIMO OTA performance of a EUT, the electrical size of the antenna array integrated into the EUT should not exceed the maximum antenna separation defined in terms of the spatial correlation test for an MPAC system.  The electrical size of the EUT antenna array should be defined as the ka boundary, where k is the wave number of the desired band under test, and a is the diameter of a sphere circumscribing the largest dimension of the antenna array integrated into the EUT.  For practical purposes, this definition may be band-dependent, as has been proposed in [10], [11].
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