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Multiple-input multiple-output (MIMO) systems can
provide significant increments in capacity; however, the
capacity of MIMO systems degrades severely when spatial
correlation among multipath channels is present. This
paper demonstrates that the influence of shadowing on the
channel capacity is more substantial than that of multipath
fading; therefore, the shadowing effect is actually the
dominant impairment. To overcome the composite fading
effects, we propose combining macroscopic selection
diversity (MSD) schemes with MIMO technology. To
analyze the system performance, the capacity outage
expression of MIMO-based MSD (MSD-MIMO) systems
using a characteristic function is applied. The analytic
results show that there are significant improvements when
MSD schemes are applied, even for the two-base-station
diversity case. It is also observed that the effect of spatial
correlation due to multipath fading is almost negligible
when multiple base stations cooperatively participate in the
mobile communication topology.
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1. Introduction

Future mobile communication systems will be required to
support broadband networking applications, where the reliability
and robustness of the wireless link quality will be of prime
concem. This paper investigates the performance of multiple-
input multiple-output MIMO systems in outdoor environments
under the presence of shadowing, where most research has been
focused on the effect of small scale fading on channel capacity.
The capacity outage expression of MIMO systems using a
characteristic function approach was originally introduced in [1].
In this paper, an extension to this approach is applied to
demonstrate the capacity gain that can be obtained through the
application of macroscopic selection diversity technologies.

Since its original conception, numerous papers have
investigated the relation between channel capacity and the
number of deployed multiple antennas at the transmitter and
receiver for MIMO systems [1]-[8]. As the number of antenna
elements at the transmitter and receiver increases the
information channel capacity of MIMO systems can linearly
increase, provided that a rich scattering environment ensures an
uncorrelated relation among the transmitter and receiver
antenna elements. However, this increment in channel capacity
cannot be obtained if correlation is present between the
antennas. This can result from numerous causes, including
insufficient antenna spacing or lack of local scattering objects.
In [5], [7], and [9]{11], different correlation models are
introduced to simulate different propagation environments and
to investigate the effects of antenna correlation. In [12] and [13],
the asymptotic capacities of correlated MIMO systems are
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investigated. All of these studies show how the MIMO
capacity decreases as the channel correlation increases.
To evaluate the capacity of spatially correlated MIMO

systems, a physical model of the channel correlation is required.

One approach is to use a ray tracing model. Another approach
is to construct a scatter model that can provide a reasonable
description of the propagation environment [14]. In this paper,
the scatter model approach is applied. An overview of

multipath correlation models can be found in [7], [10], and [15].

In addition to multipath correlation, the received signal is
degraded by large scale physical obstacles in the propagation
path, resulting in a phenomenon called shadowing. Usually, the
transmitted directional signals from a base station (BS) are
under a common shadowing influence even though the
multipath signal scattering profile may be uncorrelated. In such
a system, there are significant reductions in obtainable channel
capacity despite an ample scattering profile. In fact, as we will
show in this paper, shadowing has a more dominant influence
on the channel capacity than multipath correlation.

Various studies have analyzed space diversity techniques in
order to combat multipath Rayleigh fading and shadowing
effects in mobile communication. A majority of the early space
diversity techniques were introduced in [9]. The term
macrodiversity was first used in [16]. The author of [17] and
[18] provided a theoretical analysis of composite microscopic
plus macroscopic selection diversity (MSD) combining within
continuous phase modulation (CPM) systems. In [19], the
multiply-detected macrodiversity (MDM) scheme was
introduced. It utilizes the maximum-likelihood bit-by-bit
decision criterion on the combined information. In [20], the
channel capacity and its upper and lower bounds are derived
for MIMO-based macroscopic diversity combining systems
applying selection diversity and stochastic water filling in
composite fading environments. In [21], a performance
analysis based on computer simulation was conducted for
MIMO distributed antenna systems.

As we demonstrate in this study, the capacity of a MIMO
system is severely degraded when shadowing is present on the
propagation channels, even when the multipath channel
components are statistically uncorrelated. The applied MSD
topology presented in this paper enables the mobile terminal
and base stations to maximize the spatial multiplexing gain
while combating the shadowing phenomena.

In this paper, two aspects of the capacity are investigated:
channel capacity and capacity outage. In terms of MSD, two
BS selection schemes are presented in this paper. The first
MSD scheme is based on maximizing the channel capacity.
The second MSD scheme is based on minimizing shadowing
by selecting the maximum signal to noise ratio (SNR) link. In
the following sections, the complexity and the capacity outage
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performance of the two schemes are compared.

The subsequent sections of this paper are organized as
follows. In section II, the capacity of MIMO-only and MSD-
MIMO systems under composite fading is analyzed. In section
I, the capacity outage probability for MIMO systems based
on two MSD schemes is derived using a characteristic function
approach [1]. In section I'V, numerical results are provided. The
paper concludes with a summary and analysis of the
observations in section V.

II. Capacity of MSD-MIMO System in Composite
Fading Channels

Figure 1 illustrates a typical outdoor wireless environment.
For downlink transmission, the received signal vector Y of an
(Ng, Ng)-MIMO system under composite fading channel can
be written as

Y=H.X+N, (1)

where Ny is the number of transmitter antennas, Ny is the
number of receiver antennas, H¢ is the composite fading
channel gain matrix with an NpxN7 dimension, X is the Nyx1
signal vector transmitted with total transmit power E[X"X]=P,
and N is the Nzx1 additive white Gaussian noise (AWGN)
vector with covariance of Q = E[N-N"]= of,l .

The received signal under a composite fading channel can be
expressed as the product of the multipath fading and shadowed
fading [22]. When the covariance of the channel gain matrix is
not available at the transmitter, the capacity of a (Ny, Ng)-
MIMO system employing uniform transmit power allocation
with composite fading can be expressed as

C =log, {det(I+NLHC H ﬂ : ®)

T

where the average SNR is p=F, / or . In (2), the channel
gain matrix is

12 1/2 /2
) hy, huv, Dy,
1/2 1/2 . 1/2
H. - hy, @, hy, 05, hZNT WDy, 3
c . . . . > ( )
1/2 1/2 /2
hNR 19,1 hNR 2Py, hNRN,- NNy

where Ny and Ny are, respectively, the number of transmitter

. 1/2
antennas and receiver antennas; and /; and a),.j/

respectively, the channel gain between the j-th transmitter

are,
antenna and the i-th receiver antenna for multipath fading and

shadowed fading.
In outdoor wireless environments, the height of the antenna
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Fig. 1. Illustration of outdoor wireless propagation environment.

at the mobile terminal (MT) is typically lower than that of the
antenna at the BS site. In addition, mobile communication BSs
are normally located in open areas with a wide range of line of
sight, while an MT is typically surrounded by ample local
scatters (see Fig. 1). Thus, the multipath signals at the MT
antennas are more likely to be uncorrelated, while those at the
BS antennas have a higher probability of being correlated due
to lack of local scatterers. Meanwhile, the large-scale
shadowing term @, requires much wider antenna spacing to
be uncorrelated. Thus, all shadowing terms at the receiver (that
is, {a);/ Vi }) from the j-th transmitter can be considered
completely correlated because of the physical limitation of
antenna spacing at the MT (that is, a);./ ’= a)}/ ?
regardless of the multipath signal scattering profile, the
shadowing components of the composite faded signals result in

a common factor among the scattered channels (that is,

w;/z 12
the form of

C =log, {de{l+iHc-H2{ﬂ
NT
1 p p
=log, {det[l +—oH; -Hy H
NT

S P S P
= log, 1+N—a)/1i =>log, 1+7xi ,

). Moreover,

=®'" ). From this fact, the capacity can be simplified to

Q)

i=1 T i=1 T

where N=min(Ny, Ny), Hyg is a channel gain matrix of multipath
fading channels whose elements are zero mean complex
Gaussian random variables with unit variance (CMO,1),
x, =wA, ,and A is the i-th largest eigenvalue of the matrix
W =H; H? . In our analysis, we assume Nz = Ny =N for
simplicity. However, simple manipulation will yield the result
for imbalanced antenna deployment (that is, N, # N, ). The
large scale shadowing statistics are known to be log-normally
distributed and can be represented by the probability density
function (pdf) of [9]:
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Fig. 2. Capacity outage probability of a MIMO system for
multipath fading channel. Note that exponential
correlation model is used to illustrate the effect of spatial
correlation.

~ 1 _(IOlogmco—,uw)2
fm(a)) - wawg\/g exp[ 20_3) ] H (5)

where z, and o are the local mean power (LMP) in dBm
and variance of the log-normal random variable o,
respectively,and & =1n10/10.

Equation (4) shows that the capacity of a MIMO system
depends on the distribution of the multipath channel gain
matrix and shadow fading. Extensive research has been
conducted on MIMO systems in multipath fading channels [1]-
[6]. In such studies, the capacity was investigated for multipath
fading conditions to analyze the multiplexing gain of MIMO
systems. It has been observed that the mean capacity of MIMO
systems under independent multipath fading channels increases
linearly as the number of antennas at both ends increases.
However, capacity improvement degrades when the multipath
channels are correlated. Figure 2 illustrates the degradation of
capacity outage probability along with spatial correlation
considering multipath fading only. In the simulation, a simple
exponential model was used, which is explained in section IV,
to model the spatial correlation among multipath channels. As
shown in Fig. 2, the capacity outage decreases as the
correlation between the multipath fading channels increases.

However, when shadowing is considered, the capacity
outage probability degrades severely, as shown in Fig. 3, for
o, =8 dB. In particular, the capacity barely increases as the
multipath fading correlation decreases over the low outage
probability region of interest (below the 10% outage region).
This is because the strength of the received signal suffering
severe shadowing is not enough to take advantage of spatial
multiplexing. This implies that shadowing, rather than
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Fig. 4. Illustration of the (M, Ny, Nx) MSD-MIMO system, where
M=3 and Ny = Ny =3 is deployed for illustrative purpose.

multipath fading correlation, is responsible for the capacity
outage degradation.

MSD is known to be an efficient scheme to overcome the
shadowing phenomenon in cellular communications [9]. In
MSD schemes, a BS is selected among a number of BSs.
Figure 4 illustrates the configuration of an (M, Ny, Ni) MSD-
MIMO system, where M BSs cover a cellular area, Ny
represents the number of transmitter antennas at the BS, and Ny
represents the number of receiver antennas at the MT. In this
system, the optimal selection scheme is to select the BS that

provides largest capacity, that is,
C=max[C, C, Cyl > ©6)

where C, as given in (4), is the capacity of the communication
link between the MT and the /-th BS. The capacity outage
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probability of an (M, Ny, Ng) MSD-MIMO system is

(CTh)
=Pr {max(C],Cz,---,CM)SCTh} @)
:F (CT/l CT;,:“'scTh)’

{C < CTh}

where the joint cumulative distribution function (cdf) of the

random vector C=[C; C;:*C,,] is given by
(CTh CTh LA CTh)
=Pr{C, <C,.C, <Cp,--,C,, <Cp ).

As shown in (4), the capacity of the communication link
between the MT and the /-th BS, C,, is determined by the
distribution of the shadowing term (,) and multipath gain
matrix Hs;,, We assume that the configuration of the local
scatterers at the MT site is symmetric. In other words, the
geographical configurations of local scatterers seen at any BSs
are statistically identical. Thus, @, and Hg; for all / are
assumed to be identical and independently distributed (IID),
thereby, C; is also IID. With this assumption, the capacity
outage probability can be simplified to

7CTh ) = [Fc, (CTh )]M , ()

where F, (C,) is the outage probability of the th link
given as F,(C,)=Pr{C,<C,} [l6]
communication configurations where the local scatterers at the

PI‘{CSCT;,}:Fc(CThacTh’”'

In wireless

mobile terminal are symmetric and the shadow fading terms
from the base stations are IID, a macroscopic selection
diversity system with two or more BSs will always have a
lower capacity outage probability compared to a single BS
communication the
between £, (Cp,) and F.(Cy,)  increases as Fy, (x) decreases.

topology.  Moreover, difference

III. Outage Probability of MSD-MIMO Systems

In this section, we provide exact expressions of capacity
outage probability for the MSD-MIMO system. First, we
provide an expression of the capacity outage probability for the
Hhlink, F, (Co ) , using the characteristic function (CF). Then,
the capacity outage probability of an MSD-MIMO system is
obtained as the productof F,, (Cy,) asshownin (8).

In this paper, two BS selection algorithms are presented and
analyzed.

Scheme 1. Maximum Channel Capacity MSD Scheme

Based on the criteria of achieving maximum channel
capacity, an optimal MSD BS selection algorithm for a MIMO
system is one that will result in the selection of the base station

ETRI Journal, Volume 30, Number 3, June 2008



that can provide the largest channel capacity.

Scheme 2. Minimum Shadowing MSD Scheme

Based on the criteria of achieving minimum shadowing, an
optimal MSD BS selection algorithm for a MIMO system is
one that will result in the selection of the base station that has
the highest SNR.

Scheme 2 may result in a different selection than scheme 1.
The two schemes are compared in this section.

For scheme 1 we consider an MT that detects signals from M
BSs statistically independent. Suppose that the MIMO system
channel capacity at time 7 of the i-th BS to the MT is denoted as
Cps(?) (for i = 1,, M). At time ¢, an optimal MSD base station
selection algorithm will be one that selects the BS that
maximizes its capacity; therefore, the BS selection criteria will

be max[C(¢)] =sup(Cyg, (1), Ciys, (D), Cyar (1) -

For scheme 2, we consider an MT that detects signals from
M BSs statistically independent. Correspondingly, the MIMO
system average SNR at time ¢ of the i-th BS to the MT is
denoted as p,, (f) (for i = 1,-, M). An MSD algorithm that
selects the BS that suffers the least shadowing will make its
decision  based on  the BS that
SUD(Pysy (1), Pysa(D)s o Py (1)), Where it is assumed
that the BS that is selected from this maximum SNR criteria is
denoted as C,,, ,(¢). From the channel capacity point of
view, if we compare the two, we obtain
max[C(1)]2 C,,,,.,(#) , which indicates that the two
schemes may result in different selections and channel capacity

satisfies

performance.

In terms of complexity, scheme 1 requires an estimation of
multipath channel gains and shadowing terms for all links
involved in the communications. An alternative MSD method
is scheme 2, which selects the BS that suffers the least
shadowing. Although scheme 2 does not guarantee maximum
channel capacity, it is much simpler to implement, and in
section IV it is shown that scheme 2 has an impressive
capacity outage performance that is very close to the
performance of scheme 1. Scheme 2 is less complex because
it does not require computationally massive channel
estimation for all links.

1. MSD-MIMO System with Maximum Channel Capacity
BS Selection Scheme

The CF of capacity for the /~th link is given as
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=£.f;((x],' ‘»xN)ﬁ[l-i-%xij " ax
%1

L , 9
[ o7 o (0) O(e.2)de ©)

where E [] is an expectation taken with respect to the
random variable o, X is a vector given by X = [xl 3 Xyt -,xN] R
and f, (4,4,,"+-,4,) is the joint pdf of the ordered
eigenvalues of W. In (9), the integral is taken over the ordered
statistics, {x, >x, >--->x, > 0} ,and

Jj2nz
N n2
P Y R Xy
Olw,z)= || 1+—x . —, =, .,/ |dX (10
( Z) ii_l[ Nx') fl[a) 1) a)j (10)

Extending equation (32) of [1], the capacity outage
probability of the /-th link can be obtained from its CF as

CTh 0

F. (Cp)= j j ¢, (z)e ™ dzdc

- T 4 (Z).{M}dz_

Pr[CI SCTh]:

)
J2rz

By substituting (11) into (8), the capacity outage probability
of the (M, N, Ng) MSD-MIMO system can be expressed as

Th} = |:Fc, (CTh )JM

Ty (2 "
e[l 0

Numerical evaluation techniques such as the inverse fast
Fourier transform can be applied to evaluate (11).

A. Uncorrelated Multipath Fading Case

Evaluation of (9) involves an (N+1)th order integral, which
usually increases the computational complexity. Chiani and
others provide a simpler form to evaluate the inner integral of
©(w,z). Using corollary 2 in the appendix of [1], the CF of
the /-th link can be simplified as

0

o (2)= | 1, (@) 0(0 ) do

0

- Kij 1, (o)-det[U]de . (13)
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where U is a Hankel matrix with the #-th element given by

i+j-2 x J2mz
2 x e Yol In2
u . =\ — e | 1+—=x dx 14
f{w] ( N] (14)
N(N-1)
and K =— > with
T (V)]

FB) =2 T B,

B. Correlated Multipath Fading Case

When the small-scale channel gains are correlated, the inner
integral of the CF function shown in (10) can be obtained using
corollary 2 in the appendix of [1]:

@(a),z):K2 det[G], (15)

where the ij-th elements of the matrix G is given by

Jj2nz

s Jj-1 X
X *z;; In2
gi’j:_[[—j e -[1+§xj de, (16
0

and the normalizing constant is given by

where X is the correlation matrix of small-scale fading with
ordered eigenvalues of 6 =[0,,0,,:+,0,], andV,(s) isa

Vandermonde matrix given by
1 1 1
-1 -1 -1
—0 -0, Oy
V.(o)=| : :
—GIHV —oé’N —GII\;N

Note that (14) and (16) can be evaluated in a compact form
using the identity

x" (1 + bx)y eigdx

oe—38

B n'T(=1-n-y),F (1+n,n+y+2,1/ab)
- b’”lr(—y)

+a"+]+ybyr(n +1 +)’) £ (—y,—n —y,l/ab) ’

(17)

which is valid for R{a}>0, n>0, arg{b} =, where
() is the and | F(,,) is the
hypergeometric function [23].

Gamma function,
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2. MSD-MIMO System with Minimum Shadowing BS
Selection Scheme

If the distributions of Hg for all BSs are statistically identical,
that is, if the configuration of the local scatters is symmetrical,
the selection of the BS to maximize the capacity might be
comparable to the capacity of the BS which suffers the least
amount of shadowing. Thus, the capacity is given as

N N
C =) log, {1+%/1,a)m}:210g2 {14'%%}’ (18)

i=1 i=1

where @, = max[w, , -

w,],and X, = Lo

The distribution function of the shadow fading component is
given as in [17] by

.. (o)=1] (19)

(o}

1 o

Q(IOIOg]OZa)_Iuw J ,

where Q(x) = | jﬁe’z/ *dt . By differentiating (19), the

pdf of the shadowing component can be simply obtained as

_ M _(lOlOgm a)_/'l(u)z
fw’"“‘ (a)) - a)ngZ\/E exp{ 20‘3)

X {erf (.IOIOglo O—H, H . (20)
0 .

2]

In a similar fashion as in the optimal selection scheme, the
capacity outage probability is represented as

© 1— —Jj27zCp,
Pr{C <) = I¢C(z){ﬁ}dz. @
The CF in (21) is
Jj2nz
) N In2
bo(2) = Ec [ | = Ey H(l+%x[)
Jj2nz
N n
= [ K, ,xN)H[Hﬁxi]”dx
! EIRY
71
:J'Ffw (0)-0(w,z)do, (22)
0

where ©(w ,z) is givenin (10).

IV. Numerical Results

In this section, we provide numerical results of the capacity
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outage probability. As shown in (4), the capacity of MIMO
systems is determined by large-scale shadowing and multipath
fading. In wireless environments, the signals can be correlated
to each other for many reasons, including insufficient antenna
spacing or the lack of local scatters. The capacity of MIMO
systems can be significantly lower in correlated fading
environments than in independent fading environments.

For downlink transmission, the distribution of a multipath
channel gain matrix Hg can be approximated as given in [7] as

H,~H,x"”, (23)
where Hy is a complex Gaussian matrix whose elements are
ID. Complex Gaussian CM0,1), and X is the channel
correlation matrix whose elements represent the spatial
correlation of the multipath profile among the antennas. To
model the channel correlation matrix X, we consider two
correlation models: the exponential model and the one-ring
model.

In our evaluation model, we assume N/=Nz=3, p=10 dB,
and o,=8 dB.

1. Exponential Correlation Model

For a linear antenna array, the correlation among antennas
decreases as the distance between antenna elements increases.
In [11], exponential correlation was used to model the spatial
correlation between any two individual fading channels for a
uniform linear antenna array. The correlation matrix using this
model is givenas X = {’”‘[ﬂ“}f,j=1,---,1v with re[0,1).

Figure 5 shows the capacity outage probability of MSD-
MIMO systems for various numbers of BSs. The results show
that the mean capacity can be substantially improved by
employing multiple BSs. The largest improvement occurs
between M=1 and M=2. At the 10% outage level, an
approximate 120% capacity gain is obtained, and at the 5%
outage level an approximate 180% capacity gain is obtained.
Comparing Fig. 5 to the uncorrelated case (» = 0) of Fig. 2, the
mean capacity is not greatly degraded even for » = 0.5. This
means that the comparable spatial correlation in small scale
fading does not degrade the mean capacity. Rather, the capacity
is greatly affected by the shadowing effect. Regarding the
difference between the suboptimal to optimal selection
methods, despite M increasing, the capacity difference is less
than 4%. The performance of scheme 2 (minimum shadowing
BS selection) is very close to that of scheme 1 (maximum
channel capacity BS selection) but can be obtained at a fraction
of the computation complexity. Thus, from the point of view of
implementation, scheme 2 would be a natural preference. Its
performance is further illustrated in the following figures.
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Fig. 6. Outage capacity of (3, 3, 3) MSD-MIMO system for
different multipath correlation values (the minimum
shadowing MSD scheme is applied).

Figure 6 shows the outage capacity of a (3, 3, 3) MSD-
MIMO system applying scheme 2 for different spatial
correlation values. The outage capacity degradation of the
MSD-MIMO system at » = 0.5 is approximately 10%. In
addition, Fig. 7 shows the effect of SNR on the 10% capacity
outage performance for a (3, 3, 3) MSD-MIMO
communication topology. As the SNR level (in dB) increases,
the capacity outage increment factor is larger than
0.27 bps/Hz/dB for the uncorrelated and correlated cases. In
comparison of the uncorrelated case (» = 0) to the » = 0.5
correlated case, a less than 5% loss in outage capacity occurs
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Fig. 7. 10% capacity outage of (3, 3, 3) MSD-MIMO system for
different multipath correlation values (the minimum
shadowing MSD scheme is applied).

for a wide range of SNR levels. This demonstrates the level of
robustness of the MSD-MIMO scheme against composite
fading environments. For a fixed value of correlation, this
improvement is due to base station diversity. Thus, the benefit
of diversity increases logarithmically as the diversity order
increases.

It is important to note that the results also apply if the channel
model is reversed (that is, if the transmitter and receiver roles
are reversed in the communication model) due to the channel
reciprocal properties.

2. One-Ring Model

Figure 8 illustrates a one-ring model applied as an alternative
method to analyze the effects of correlation on the capacity
outage in composite fading environments. The model assumes
that the local scatterers are placed on a continuous ring
surrounding the MT. Since the MT is surrounded by local
scatters, the correlation introduced by the MT antennas is
negligible if the antenna spacing is greater than half a
wavelength. Thus, the jj-th element of the multipath correlation
matrix at the transmitter site is given by

3, ~J,(27-0-d (i), 24)

where Jy(x) is the Bessel function of the first kind of the 0-th
order, ® is the angle spread at the transmitter site as shown in
Fig. 8, and d(i,)) is the distance in wavelength between the i-th
and the j-th transmitter antennas.

Figures 9, 10, and 11 respectively show the capacity outage
performance for the angle spread (® ) of 10°, 30°, and 50°. In
each graph, the (1, 3, 3) MSD-MIMO topology performance is
illustrated for the cases of M equaling 1, 2, 3, and 4. Comparing
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Fig. 10. Capacity outage probability of (M, 3, 3) MSD-MIMO
system for different number of BSs. Angle spread of 30
degree is used. Note that the solid curves are the
capacity outage probabilities for maximum capacity
MSD scheme, while dashed curves are those for
minimum shadowing MSD scheme.
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Fig. 9 to Fig. 10, for each corresponding case of M =2, 3, and 4,
an approximate 27% gain in capacity is obtained at the 10%
outage level. Next, comparing Fig. 10 to 11, for the
corresponding cases of M =2, 3, and 4, an approximate 5% to
10% gain in capacity is obtained at the 10% outage level.
These results in Figs. 9 to 11 demonstrate the effects of
correlation on the capacity outage performance based on the
one-ring model. As the angle spread increases from 10°, to 30°,
to 50°, the correlation decreases, resulting in an increment in
the obtainable capacity. As the angle spread reaches 50°, the
signals become almost uncorrelated resulting in a capacity
outage performance near the saturated level.

V. Conclusion

MIMO systems can provide significant increments in
capacity, which make them a favorable candidate for futuristic
mobile communication applications. However, the inherent
structure of MIMO technology makes it sensitive to the
wireless channel environment. Namely, the signal correlation
factor of the multipath signal profile is one aspect that has been
heavily investigated in past studies [1]-[7]. This paper adds to
the findings of previous studies by investigating the effects of
shadowing to the MIMO system capacity. With this intent, the
capacity outage expression of MSD-MIMO systems using a
characteristic function approach has been developed. From the
results, we conclude that the shadowing effect is a stronger
factor in decreasing the capacity than multipath correlation. In
relation to MSD BS selection schemes, we demonstrated that
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the maximum channel capacity selection scheme, which is
more complex, has a negligible advantage in outage capacity
performance compared to the simpler minimum shadowing
selection scheme. Based on the analysis of MSD systems in
correlated composite fading environments, we conclude that
the MSD-MIMO scheme can provide a capacity outage
performance beyond the performance range of MIMO systems.
The exact capacity outage equations and simulation results
provide an accurate method to quantitatively analyze the
performance gain of MSD technology in MIMO systems.
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