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Abstract—This paper proposes an approach for the
evaluation of mutual coupling effect on MIMO antennas without
referring to the canonical minimum scattering (CMS) antenna
approximation. The proposed approach is able to separate the
effect of mutual coupling on variations of average received power
and correlation properties. Full-wave simulations are used to
evaluate the mutual coupling effect of two parallel dipoles with
variable separation under different propagation channels.
Finally, the proposed results are compared with those obtained
with the CMS antenna approximation showing the limitations of
the latter.
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I. INTRODUCTION

In the last two decades, Multiple-Input-Multiple-Output
(MIMO) technology has attracted great interest in wireless
communications due to the potential of enhancing channel
capacity by exploiting multiple transmit and receive antennas
[1]. In order to achieve the promised MIMO performance
multipath propagation with low spatial correlation is required
[1]. In practice, the lack of scattering within the physical
channel and insufficient antenna separation increases spatial
correlation therefore reducing the achievable capacity.
Moreover, the close distance between the antennas leads to the
mutual coupling effect which has been shown to impact either
positively or negatively the channel capacity depending mainly
on antenna separation [2]. In this regard, the vast majority of
the studies have modelled the mutual coupling effect by means
of the so called coupling matrix [2—3] which relies on the
assumption of canonical minimum scattering (CMS) antennas
[4]. This implies that the self-impedance of one antenna is not
influenced by the presence of nearby open-circuit antennas.
Although this assumption greatly simplifies the study of mutual
coupling it can provide misleading results when the considered
antennas are not dipoles and for inter-element distances less
than half wavelength [5]. For the above reasons, the objective
of this paper is to propose a more rigorous and general
approach to evaluate the mutual coupling effect in MIMO
systems. The proposed theory is then used to evaluate an
example MIMO antenna and compare the results with those
provided by the CMS antenna approximation.
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II. THEORY

Let us consider a M x M MIMO wireless communication
system under correlated Rayleigh fading channel that is
modelled using the Kronecker model [1]. This approach
separates the correlation properties between transmit and
receive antennas allowing therefore to individually study the
performance of a MIMO antenna under test (AUT). In the
following we focus on evaluating the mutual coupling effect of
an AUT on the system performance by referring to the
definition of multiplexing efficiency [6]. As explained in [6],
the multiplexing efficiency relates the signal-to-noise ratio
(SNR) required by a system equipped with the AUT to achieve
a given channel capacity, with the SNR required by the same
system equipped with a reference MIMO antenna to achieve
the same channel capacity. At high SNR regime the
multiplexing efficiency can be expressed as follows

SNRy _ det(A)™  det(R)"
SNR  det(Ao)™  det(Ro)"™ )

TIMEG TJCORR

Nmux =

where A is a M x M diagonal matrix containing the mean
effective gains (MEGs) of the AUT and R is the normalized
correlation matrix of the AUT [6]. The subscript 0 identifies
these quantities for the reference MIMO antenna. The above
terms are related to antenna parameters such as radiation
pattern and total efficiency and to propagation channel
statistics described by the power angular spectrum (PAS) [6].
In order to evaluate the sole effect of mutual coupling in (1) we
consider the AUT with its M embedded radiation patterns and
the reference MIMO antenna with M isolated radiation patterns
taken from the same AUT, i.e. each radiation pattern is
obtained by removing the respective M—1 radiators from the
AUT. 3D radiation patterns and PAS have to be considered in
order to obtain approximation-free results.

III. NUMERICAL RESULTS

In this section we consider a 2 x 2 MIMO system and
evaluate the mutual coupling effect of an AUT composed by
two parallel dipoles located in free space with variable inter-
element distance d between 0.05 — 1.5 A, where A is the



wavelength at the operating frequency. Each dipole has a total
length of 0.44 A with radius 0.01 A chosen to resonate at A in
isolation, i.e. when the other dipole is absent. The loads or
intrinsic generator impedances attached to the dipoles are set to
50 Q. CST Full-wave simulations [7] are used to obtain the
required antenna parameters which are then post processed in a
MATLAB [8] routine to obtain (1). Fig. 1 reports #meG, #Corr,
and 7mux as a function of d/A for uniform and a Gaussian PAS
[6]. The nMmec and #5corr show different trends for different
PAS however their combined effect, i.e. #mux, remains the
same regardless of the specific PAS. This fact is a direct
consequence of the high SNR approximation [1-2]. The nmux
shows a positive impact of mutual coupling especially for d/A <
0.28 and 0.6 < d/A < 0.8. It is worth noting that for d/A < 0.28
the positive impact is always given by a reduction in #mec and
an improvement in #corr. Fig. 2 compares the #mux of (1) with
the #ymux computed using the coupling matrix approach [2—3],
i.e. using the Z-parameters of the AUT.
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Fig. 1. Multiplexing efficiency and its contributing terms for 3D uniform and
Gaussian PAS aligned with antenna broadside direction with 6= 6,=20° [6].
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Fig. 2. Multiplexing efficiency of the proposed approach and CMS antenna
approximation.
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The coupling matrix approach generally shows a good
agreement for d/A > 0.25 while exhibits a high discrepancy
respect to the proposed approach as d/A decreases. This fact is
consistent with the minimum inter-element distance between
two dipoles that maintains valid the CMS antenna
approximation, i.e. d/A = 0.5 [5]. Finally, it is worth noting that
the coupling matrix approach requires less computational effort
respect to the proposed approach, however the latter is valid for
any MIMO antenna and it is able to separate the effect of
mutual coupling on variations of average received power and
correlation properties providing therefore a deeper insight on
the effect of mutual coupling on MIMO performance.

IV. CONCLUSION

In this paper we have proposed a general approach for the
evaluation of mutual coupling effect of MIMO antennas
without referring to the CMS antenna approximation. As an
example, the mutual coupling effect of two parallel dipoles
with variable inter-element distance has been investigated.
Full-wave simulations have been used for the proposed results
which show that at high SNR regime the mutual coupling
effect provides a positive impact on the MIMO performance
especially for d/h < 0.28 and 0.6 < d/A < 0.8 regardless of the
PAS. These results have been compared with those provided by
the CMS antenna approximation showing that the coupling
matrix approach provides a good approximation for d/A > 0.25,
which however becomes less valid as d/A decreases. Indeed, a
high disagreement between the two approaches has been
reported for d/A < 0.25 which highlights the limit of the CMS
antenna approximation for the study of closely packed
antennas.
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