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	Abstract:
	Bivariate analysis of radio measurements has illustrated the link between spatial correlation and first principles in wave propagation. In order to achieve a measure of confidence that optimizing a handset design for a MIMO OTA test yields optimal performance in real world conditions, and based on our analysis, we seek to ensure that the OTA methodology is capable of controlling the angular characteristics of its environment when emulating a spatial channel test case.


1. Introduction

Companies participating in the specification of MIMO OTA testing methodologies [1] have reached agreement during the 3GPP RAN4 #63 meeting on a framework to verify channel model implementations across different proposed methodologies [2].  One of the parameters to be verified within this framework is the spatial correlation function.  In an effort to derive the spatial correlation function from the first principles of wave propagation and to illustrate the spatial modelling aspects of this parameter, we share the results of a study of indoor propagation measurements recently presented at the IEEE AP-S meeting [3].
In this study, we extract estimates of the fading process observed by a dual-receiver system from wideband channel sounding measurements. The spatial precision of the measurements allows the analysis to capture the distribution of channel power and phase, the joint density functions of the field coefficients, and the spatial correlation function.  Analysis of the data illustrates the observed bivariate distributions and spatial correlation functions, shows the dependence of bivariate statistics on the orientation of the receivers, and links the mathematical model to first principles in wave propagation.
The application of our results to MIMO OTA standardization lies in the modelling aspects of spatial correlation:  in order to achieve a measure of confidence that optimizing a handset design for a MIMO OTA test yields optimal performance in real world conditions, we seek to ensure that the OTA methodology is capable of controlling the angular characteristics of its environment when emulating a spatial channel test case.
2. Discussion

Prior work, cited in [3], has described the methodology of performing wideband indoor radio measurements.  The floor plan and the measurement locations are shown in Figure 1 below.
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Figure 1: Layout of the test house with measurement locations
Figure 2 below shows the measured power and phase of the narrowband frequency response of the channel at 2400 MHz.
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Figure 2: Measured power and phase maps (F = 2400 MHz)
The z-axis (color) scaling of the power maps (Figures 2a, 2c) is given in dB and spans the values in Table 1 below. The z-axis scaling of the phase maps (Figures 2b, 2d) ranges from 0 to 2π radians. We note the structure in the LOS-A map and explore this further in terms of spatial correlation.

Table 1: Ricean K-Factor Estimates (F = 2400 MHZ)
	Location
	Minimum
Power (dB)
	Maximum
Power (dB)
	Average
Power (dB)
	K

	LOS-A
	-69.9
	-45.2
	-50.7
	3.6

	NLOS-A
	-111.0
	-65.9
	-72.9
	0.7


A bivariate ensemble (u,v) is formed from the data by selecting a spacing d and an axis direction (x or y) across the measured grid such that the field values in v correspond to measurements offset from u by a distance d. This ensemble represents the samples of a fading process observed by a two-antenna receiver in a fixed orientation relative to the transmitter, as shown in Figure 3 below.
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Figure 3: Forming the bivariate ensemble from measurements
The complex spatial correlation coefficient [4] is specified below:
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Figure 4 below shows the spatial correlation function estimated from the two ensembles formed from the LOS-A measurements.
(a)[image: image6.emf](b)[image: image7.emf]
Figure 4: Spatial correlation, LOS-A; (a): ensemble along x-axis, (b): ensemble along y-axis
Forming the ensembles from the same data in the direction parallel to the LOS path, we observe a periodic behavior of the power correlation (Figure 4a).  Forming the ensembles from the LOS-A data in a direction perpendicular to the line of sight path, we observe the correlation of channel power exceeds 0.7 for Δd up to 2.5λ (Figure 4b).
At the location NLOS-A, with walls obstructing the LOS, we observe the spatial correlation functions shown in Figure 5 below.

(a)[image: image8.emf](b)[image: image9.emf]
Figure 5: Spatial correlation, NLOS-A; (a): ensemble along x-axis, (b): ensemble along y-axis
We note a general trend toward decorrelation with increasing Δd; however, the function’s phase behaviour differs among the two formed ensembles.
In our prior work [4] we focused on building a propagation model from these measurements by clustering the angles of arrival.  We repeat the derivation of the spatial correlation function here.

If we let the spatial field correlation between elements in an array be
[image: image10.emf],

then we can express the field correlation in terms  of partial plane wave components:
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We assume the angle of incidence is a random variable with a defined probability density and have
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As a check, if we assume uniform arrivals on [0,2π], we have the Slaz-Winters model [5]:

[image: image13.png]Rrp(n) = Jg(knd)




We then generalize the model to multiple clusters:
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Using identities of integer Bessel functions of order i,
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,

we derive the spatial correlation function for the multiple cluster model [6]:
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where

[image: image17.png]
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Again, as a check, for φ = 00, Δ = 3600, we have

[image: image18.png]Rrp(n) = Jg(knd)



.

The multiple cluster generalization of the spatial correlation function links the mathematical formulation of correlation to the first principles of wave propagation.
3. Conclusion
Using indoor radio propagation measurements we have shown the results of a bivariate analysis of the data, observed structure in the phase behaviour of field distributions in space, showed the dependence of bivariate statistics on the orientation of the receivers, and linked the mathematical model to first principles in wave propagation.
The application of our results to MIMO OTA standardization lies in the modelling aspects of spatial correlation:  in order to achieve a measure of confidence that optimizing a handset design for a MIMO OTA test yields optimal performance in real world conditions, we seek to ensure that the OTA methodology is capable of controlling the angular characteristics of its environment when emulating a spatial channel test case.
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