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Sensitivity of the MIMO Channel Characterization to
the Modeling of the Environment

Pereira Carlos, Student Member, IEEE, Pousset Yannis, Vauzelle Rodolphe, and Combeau Pierre

Abstract—An important factor in electromagnetic wave propa-
gation simulation, performed by a 3D ray-tracing method is the
modeling of the environment. Results being sensitive to descriptive
accuracy, this paper presents a study on the effect of indoor en-
vironment modeling precision on multiple input multiple output
(MIMO) channel characterization. In order to give some diversity
to the results, the investigation takes into account two unfurnished
indoor environments. The first environment investigated is the en-
trance hall of a building at the University of Poitiers, while the
second is a more confined environment and is represented by the
first floor of the authors’ laboratory. For these two indoor envi-
ronments, four levels of description are proposed in order to es-
tablish the geometrical and electrical modeling impact on MIMO
channel characterization. Results are obtained by analyzing the ca-
pacity, variation in correlation, multipath richness and eigenvalues
in relation to the polarization, the presence of line-of-sight (LOS)
or non-LOS (NLOS) configurations. The effects of the spacing be-
tween antennas and the number of transmitter and receiver an-
tennas are also investigated.

Index Terms—Capacity, correlation, environment modeling,
multiple input multiple output (MIMO) channel characterization,
polarization, 3D ray-tracing.

I. INTRODUCTION

N MOST situations, mobile communication systems handle

multimedia services in the form of wide-band systems, mo-
bile radio channels being considered as wide-band channels.
Moreover, these transmission media achieve their information
propagation through a multipath mechanism. Received signals
arrive from various directions, these variations being closely re-
lated to transmission quality. To overcome this drawback, tradi-
tional mobile communication systems exploit time or frequency
diversity. However, to retain high spectral efficiency, one solu-
tion consists in capitalizing on spatial diversity by introducing
arrays of antennas at the base and/or mobile stations of cellular
networks. In order to optimize the design of array-processing
algorithms, these transmissions, named multiple input multiple
output (MIMO) systems, call for a thorough knowledge of the
radio propagation channel. In most cases, MIMO channel char-
acteristic parameters are evaluated by a set of measurements in
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studied environments, or by simulating propagation models [1],
[2]. The former approach requires MIMO experimental mea-
surement platforms, which give access to pertinent information
about the radio channel for both indoor and outdoor wireless
communication scenarios. However, this approach presents dif-
ficulties: for example, in relation to the calibration step and the
high cost.

Consequently, an approach based on simulations is sought.
There are two families of models: the statistical type and the
deterministic type. The first sort is connected with experimental
investigations carried out in both indoor and outdoor environ-
ments. They have the advantage of being rapid in terms of com-
putation time. The disadvantage is that they cannot be applied
to all environmental configurations. The deterministic approach
is more complex, but also more accurate for MIMO character-
ization applications, whatever the configuration. Unfortunately,
the complexity of the environment description entails that this is
time-consuming in terms of computation. Considering previous
research involving deterministic simulation, several studies in-
vestigated MIMO channel characterization in pico-realistic en-
vironments [3]. Variations in the spatial correlation and the ca-
pacity of the channel, based on a channel transfer matrix, were
considered in relation, on the one hand, to the spacing between
antennas, and on the other hand, to the number of antennas.
These studies also allowed the polarization-diversity effect on
MIMO channel performance to be described [2], [4]. It should
be noted that the impact of complex wall structures on the ca-
pacity of MIMO wireless communication systems has been in-
vestigated [5], it being found that complex walls cannot be ap-
propriately characterized by simple concrete slab walls. To the
authors’ knowledge, however, in relation to larger scale descrip-
tion of line-of-sight (LOS) and non-LOS (NLOS) configura-
tions, no investigation has been carried out concerning the influ-
ence of the geometric description level and the electrical prop-
erties of the environmental materials on MIMO channel char-
acterization. Thus, this investigation addresses the question: Is
it necessary or not, for MIMO characterization, to describe the
studied area in detail? More precisely, the authors set out to as-
certain if an accurate MIMO channel characterization simula-
tion is sensitive to approximations in the description of the en-
vironment, as is the case for SISO (Single Input Single Output)
characterization [6].

It is to be underlined that environment modeling complexity
entails inordinately large computation time. Thus, the aim of
this study is also to find the simplest modeling approach that
ensures a satisfactory level of accuracy while not involving ex-
cessive computation time. In this paper, we consider a determin-
istic model based on an optimized 3D deterministic ray-tracing
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Fig. 1. Summary chart of wave propagation simulation.

method [7], [8] associated with characterization software [9].
In order to provide statistically robust results, a large number of
simulations are undertaken, the approach being considered as
a semi-deterministic MIMO characterization. Two indoor envi-
ronments at the University of Poitiers are studied, the first being
a large entrance hall of a building and the second being the first
floor of the SIC! laboratory. These environments are modeled
according to four levels of description, varying from simple par-
allelepipeds, where all materials are assumed to be concrete, to
more complex rooms taking into account the actual electrical
properties of materials. Geometrical and electrical effects are
analyzed by comparing channel-characteristic parameters gen-
erated at each level of description. This paper is organized as fol-
lows. Section II presents the tools and characteristic parameters
of the MIMO channel (spatial correlation, capacity and eigen-
values). Section III details the indoor environment modeling.
It gives the characteristics of modeling levels, including geo-
metrical and electrical descriptions. Section IV defines simula-
tion conditions: polarization, LOS and NLOS, the spacing be-
tween antennas and the number of antennas. Finally, Section V
presents simulated results for MIMO characteristic parameters.

II. THE MODELING AND CHARACTERIZATION OF A
MIMO CHANNEL

A. Modeling of a MIMO Channel

In wireless communication, a received signal is the result of a
multipath phenomenon. This is due to electromagnetic interac-
tions (reflection, diffraction and refraction) between an electro-
magnetic wave and obstacles in the environment. Each path is
characterized by a specific loss, polarization, propagation delay,
as well as direction of arrival (DoA) and direction of depar-
ture (DoD) in azimuth and elevation [10]. The received signal
derives from the sum of all the paths. To simulate this multi-
path mechanism, a wave propagation simulator was developed
in the SIC laboratory [7]. This allows a deterministic prediction
of radio channel behavior. It associates an optimized 3D ray-
tracing technique to an asymptotic frequency method, which is
based on the geometrical optic (GO) and the uniform theory of
diffraction (UTD). Fig. 1 shows input and output information

ISIC: Signal Image Communications.
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of the wave propagation simulator. The inputs concern informa-
tion about the environment (geometrical and electrical proper-
ties), antennas (position, radiation pattern, polarization and car-
rier frequency) and electromagnetic interactions. The output in-
formation consists of the double-directional complex channel
impulse response (CIR). These data are considered in order to
arrive at the full characterization of the MIMO radio channel.

B. Characterizing a MIMO Channel

From the previous wave-propagation simulator output data,
channel-characterization software, likewise developed in the
laboratory [9], allows the calculation and visualization of
characteristic functions and parameters of the SISO and MIMO
channels. In this section, the MIMO channel parameters are the
focus and relate to correlations between MIMO sub-radio links
and the ergodic capacity which are dependent on the eigen-
values. These parameters are based on the channel transfer
matrix defined in the following subsection.

1) Channel Transfer Matrix: The channel transfer matrix, H
is an N, N; narrow band matrix, N,- and N; being respectively
the numbers of receiver and transmitter antennas. The expres-
sion of H is shown in (1)

}L11 }L12 }Lth
ho1  hao han,
H = ) ) ) ) . (D
hn.1 hn.2 hn. N,

Each element h;; (4,5 € [1, N,; 1, N;]) of this matrix, calcu-
lated for each radio link, is a complex narrow band coefficient.
It results from the contributions of all paths making up the CIR
of a given radio link (4, j). Thus, h;; is given by (2)

N
hij =) ane™" &)
n=1

where N designates the total number of paths; a,, and 6,, are the
magnitude and phase of the nth path.

2) Correlation: The first important characteristic parameter
enabling the evaluation of the environmental modeling impact
on MIMO propagation is the correlation [11]. More precisely,
a correlation matrix of dimensions equal to (N, x N;)? is ana-
lyzed. Each element of the matrix is defined by (3)

cov(X,Y)
var(X).var(Y)

X/Y = 3)
where X and Y are the h;; of H, with var(.) and cov(-, -) being,
respectively, the variance and covariance operators.

3) Capacity: Ergodic capacity is the second important char-
acteristic parameter. It evaluates the performance of MIMO
channels by quantifying the maximum information able to
be transmitted by the propagation channel without error [12],
[13]. Equations (4) and (5) or (6) and (7) define this parameter,
expressed in Bit/s/Hz, so long as the power of each transmitting

antenna is the same
e if NT S Nt

Cvnvio = F {10g2 <det (INi + Nit(HHH)>> } 4)
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Fig. 2. Association between the wave-propagation simulator and the charac-
terization software.

or

N, )

Cvmvio = E ;10g2 (1 + ﬁﬁ“) &)

e if N, > N,
Cumvio = F {10g2 <det <INT + NL(HHH)>>} (6)
or

N, )

Cvmvio = F ;10& <1 + E&) @)

where )\; is the eigenvalues of HH ™ or H H, (.)! is the her-
mitian operator, p is SNR (Signal Noise Ratio), Iy, and I, are
respectively identity matrix of dimensions equal to (N, x N,.)
and (N; x N;) and E{.} is the expectation.

C. Semi-Deterministic Characterization

The evaluation of MIMO channel characteristic parameters
is obtained via the association (cf. Fig. 2) of the wave-propaga-
tion simulator and the channel-characterization software. These
types of software are used in order to perform a semi-determin-
istic study. They are thus applied to a set of a MIMO sub-radio
links randomly defined. Note that this study has had to respect
the stationary assumptions (WSSUS). As a consequence, the
spatial variation of the antennas has been limited to small areas.
Thus, the semi-deterministic study enabled by this association
of software permitted the channel mean characteristic parame-
ters (cf. Subsection I1.B.2 and I1.B.3) to be obtained.

III. MODELING OF THE ENVIRONMENT

To obtain varied results, two unfurnished indoor environ-
ments, differing in their dimensions and shape, are studied. The
first one is a large entrance hall (cf. Fig. 3) which measures
28 x 43 m and is made up of 4 areas. The second environment
is the first floor of the SIC laboratory (cf. Fig. 4); with a surface
area of 13 x 57 m, composed of 22 rooms. For these two envi-
ronments, the impact of geometrical and electrical description
on MIMO channel-characterization is investigated. In order to
define this impact, four levels of description have been adopted.
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areas
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Fig. 3. Entrance hall environment.
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Fig. 5. Levels of description for the first floor environment. (a) Level A. (b)
Level B. (¢) Level C. (d) Level D.

Fig. 5 illustrates these levels of description for the first floor
environment.

The first, level A is the simplest [cf. Fig. 5(a)], being de-
scribed in terms of two parallelepipeds whose walls are consid-
ered to be concrete. The thickness of the interior walls is 8 cm
and that of the exterior walls is 16 cm. These two boxes represent
the minimum level of description still allowing the investigation
of LOS and NLOS configurations.

The second level [level B, shown in Fig. 5(b)] is more com-
plex: while dealing with the same boxes as in level A, a fuller
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TABLE 1
ELECTRICAL PROPERTIES OF THE MATERIALS IN THE STUDIED ENVIRONMENTS, AS DEDUCED FROM MEASUREMENTS [14]

I [| Relative permittivity ¢, (F/m) | Conductivity o (S/m) ||

geometrical description is provided. Thus, to the parallelepipeds
are added doors, windows and radiators according to the archi-
tectural plans. In general, doors are taken to be 200 x 145 cm;
windows 177 x 160 cm at a height of 100 cm. Finally, radia-
tors, 120 x 40 cm in size and placed at a height of 28 cm are
spaced at 156 cm intervals. They are placed only on the left-hand
side of the modeled parallelepipeds. Level B retains the elec-
trical description of level A. As a result, a comparison between
levels A and B highlights properties deriving from the geomet-
rical description.

Level C [illustrated in Fig. 5(c)] considers additional boxes
besides the two of level B and employs the same geometrical
precision. Thus, all the boxes making up the environment have
the most accurate geometrical description possible. These addi-
tional rooms not being directly concerned by the transmission,
the comparison between levels B and C shows the effect of ex-
ternal boxes on the characterization.

Finally, an ultimate description level, called level D [cf.
Fig. 5(d)], retaining the same geometrical description as that of
level C, is considered. At this level, all geometrical elements
have their correct electrical properties (taking into account:
relative permittivity €, and conductivity ), as shown in Table I.
The comparison between these last two levels shows the effect
of electrical properties of the environmental materials inde-
pendently of their geometry. The best description was used
for previous investigation [14], [15] which had validated the
presented simulator with comparisons between measured and
simulated results for the two environments. Consequently, the
level D is considered as the reference of this study.

IV. PROPAGATION SIMULATION CONDITIONS

This section presents, on the one hand, the wave-propagation
simulator parameters and, on the other, the different configura-
tions investigated.

A. Wave-Propagation Simulator Parameters

A carrier frequency of 5.18 GHz is chosen in accordance with
Wifi 802.11n standard. The induced wavelength is thus approx-
imately 6 cm. Transmitter and receiver antennas are half-wave
dipoles placed at 1.5 m above the ground. The wave-propaga-
tion simulator, which delivers a sinusoidal waveform signal, was
parameterized in such a way that a maximum of two reflections,
one diffraction and five refractions were allowed for each path.
In fact, these parameters had emerged from previous studies [14]
of indoor SISO cases based on comparisons between simula-
tions and actual measurements. It is helpful at this point to note
that, in the current characterization, CIR are not normalized and
that mutual coupling between antennas is not considered.

Plasterboard (walls) 6 0.07
Glass (windows) 3 0
Wood (doors) 5 0
Iron (radiators) 1 10°
Concrete 9 0.1
// /,{E%\\ T
,/ 7 : N \\
/ /I e RN ‘\ \
\
|' II “/J\\y P '\ ! \I
LB @) e
\ \ \ - 1 ! ]
\ \ \ e / ]
\ \ S - /’ /
\\ A S - 4 S /,
N S __-- (B, g
h & (B

(b)

Fig. 6. Scenarios of antennas. (a) Spacing between antennas. (b) Number of
antennas.

B. MIMO Configurations

In both of the studied environments, antennas vary randomly
according to a uniform law in zones of one meter square. Seven
zones are identified (cf. Figs. 3 and 4). One of them is dedicated
to receiver antennas, the others being reserved for transmitter
antennas with respect to LOS and NLOS cases. Each study
takes into account three different positions. Thus, the MIMO
characteristic parameters presented in Section V result from an
averaged set of simulations. In the entrance hall environment,
the mean radio link length is approximately 8 m, while in the
first floor environment this distance is 4 m. The simulation is
achieved with or without polarization diversity. In the first case,
all antennas are vertically polarized. In the second, polariza-
tion diversity is obtained by inclining the antennas at angles of
45° and 135°. For all the possible scenarios, the variation in the
MIMO characteristic parameters is investigated in relation to:

* the spacing between antennas for a (2 % 2) MIMO trans-
mission. In transmitter and receiver areas, two antennas
are in the first place randomly positioned at a distance of
(A/20). Afterwards, the spacing is augmented in a step-
wise fashion, each spatial step being (A/20) [cf. Fig. 6(a)].

* the number of antennas. The number of transmitter and re-
ceiver antennas grows from one ((1 * 1) SISO) to seven
((7 = 7) MIMO). The first two antennas are randomly po-
sitioned and the others follow the alignment of these two.
The result is a linear antenna array, the spacing between
antennas being fixed at 0.4 )\ [cf. Fig. 6(b)]. This gener-
ally corresponds to a minimum correlation [16], although
this value directly depends on what environments and sce-
narios are considered, as well as the type of antenna used.

For each possible combination of parameters, involving the
visibility, the spacing between antennas, the number of antennas
and the polarization diversity, 7000 simulations were carried
out for a particular environment. Overall, this study represents
112000 simulations. In the rest of this work, the gain in capacity

Authorized licensed use limited to: CNRS -XLIM UMR 6172. Downloaded on November 13, 2009 at 11:10 from IEEE Xplore. Restrictions apply.



1222
2 T :
-x-Level A
1.9 -O-Level B |
> ™ ||-8-Level C
= -%-Level D
o 1.8 1
a
© 1.7F 1
(&) e - X=X
£ 16 1
c
‘© 15 1
O X
14+ / 1
1 3 x’ 1 Il 1 1
(] 0.2 0.4 0.6 0.8 1

Antenna spacing in wavelengths

Fig. 7. Entrance hall environment: variation in the gain in capacity in relation
to the spacing between antennas in LOS, without polarization diversity.

G, is addressed. Defined in [5], this gain results from the nor-
malization of the average capacities by considering the average
capacities of the single transmission, single receiver antenna
system (i.e., N = Nt = 1). Moreover, these equivalent SISO
capacities are obtained for the highest level of description (level
D) and for the considered polarization. Consideration of G. thus
frees the investigation from needing to take account of transmis-
sion and reception constraints. These constraints include nor-
malization problems related to CIR, transmission power, recep-
tion amplification and SNR. This last-mentioned parameter is
kept at 30 dB throughout the study.

Cyvivo
Ge=——. ¥

Csiso

V. RESULTS

A. Variation in Characteristic Parameters in Relation to the
Spacing Between Antennas

In this section we present simulation results for the variation
in the characteristic parameters (gain in capacity, correlation
matrix, multipath richness and eigenvalues) with respect to the
spacing between antennas.

1) Los Configuration Without Polarization Diversity: In this
subsection, transmitter and receiver antennas are in LOS and do
not involve polarization diversity. This means that CIR are com-
posed of a set of paths, including the direct path, which is the
most powerful. Figs. 7 and 8 show the increased gain in capacity
and highlight this in relation to the spacing between antennas.
Whatever the level, this gain increases up to approximately 0.4 A
[16]. Fig. 8 shows that the level of description does not affect
the evaluation of gain in capacity. For the entrance hall envi-
ronment, however, there is a great difference between level A
and the other three levels. Thus, an oversimplified geometrical
description cannot allow a pertinent evaluation of channel char-
acteristic parameters.

To complete these observations, the focus firstly shifts to
the correlation between MIMO sub-radio links. Next to be ad-
dressed are the cumulative functions associated with multipath
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Fig. 8. First floor environment: variation in the gain in capacity in relation to
the spacing between antennas in LOS, without polarization diversity.

richness. Consideration is also given to the eigenvalues of the H
non-normalized matrix of the channel for all the studied MIMO
radio links. These characteristic parameters are evaluated in the
same environments under the same conditions.

In the correlation matrices only the inter-correlations between
the different MIMO sub-radio links have been analyzed. The
curves shown in Fig. 9(a) and (b) emerge:

 curves hi1/hoy and his/has involve CIR emanating from

the same transmitter;

 curves hi1/hio and hay/hss involve CIR arriving at the

same receiver;

* curves his/hor and hiy/hes involve CIR coming from

both transmitters and going to both receivers.

The variation in the correlations is similar to that of a Bessel
function, with minimum values at 0.4\ and 0.8, in line with
previous studies using dipolar antennas [16].

As shown in Fig. 9(b), correlations vary in a similar way with
respect to description levels. This similarity is supported by the
results relating to capacity. However, for the entrance hall envi-
ronment [cf. Fig. 9(a)], inter-correlation characteristic variation
at level A is different from that found at the other levels. This
means that geometrical description (in this configuration) has
an impact on channel-characteristic parameters. This difference
can be noted in curves h11/h21 and hi2/hoo. Examining these
curves suggests that MIMO characterization depends on a min-
imum of geometric description of rooms that is directly related
to the transmission, but seems to be insensitive to an electrical
description (cf. comparison between levels C and D).

The previous analysis is reinforced by the curves shown in
Figs. 10, 11, 12, and 13, corresponding respectively to the cu-
mulative functions of multipath richness and eigenvalues of the
simulated MIMO radio links in the entrance hall and the first
floor environments.

In general, it is observed that the large number of multipaths
rises from level A to level D, in line with the increasing de-
scriptive precision of the two environments considered. This
was the case irrespective of the scenarios investigated. Further-
more, the average eigenvalues associated with level A are lower
than those for the other levels for the entrance hall environment
(6 x 1072 at 50% for level A, versus approximately 4 x 107
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Fig. 9. Variation in correlation in relation to the spacing between antennas in LOS, without polarization diversity. (a) Entrance hall, (b) First floor.
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Fig. 11. Entrance hall environment: cumulative functions associated with the
eigenvalues in a LOS configuration, without polarization diversity.

eigenvalues in a LOS configuration, without polarization diversity.

environment, the eigenvalues resemble each other for all four

for the other levels). This leads to a smaller spread of the eigen-
levels (approximately 1 x 10~° at 50%, whatever the level). This

values for level A and to a weaker capacity. For the first floor
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Fig. 14. Entrance hall environment: variation in gain in capacity in relation to
spacing between antennas in LOS, with polarization diversity.
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Fig. 15. First floor environment: variation in gain in capacity in relation to the
spacing between antennas in LOS, with polarization diversity.

leads to changes in capacity close to the level in the other envi-
ronment. These features were observed for all other scenarios,
showing that in the majority of the cases, only the distribution
of the eigenvalues associated with level A differs significantly
from those of the other levels.

2) LOS Configuration With Polarization Diversity: Picking
up on the above results, an attempt is made to determine whether
or not polarization diversity increases the effects of environment
modeling on MIMO characterization. Figs. 14 and 15 show that
the pattern of gains in capacity corroborates the findings re-
lating to gains in capacity without polarization diversity [cf.
Figs. 7 and 8]. Accordingly, comparison between the results in
Subsections V.A.1 and V.A.2 indicate that the impact of environ-
ment modeling on MIMO characterization is the same, whatever
the antenna polarization in a LOS configuration.

It can be noted that the trend in the results shown in
Subsections V.A.1 and V.A.2 is similar. This is due to the
definition of gain in capacity (normalization of MIMO capacity
by SISO capacity) being specified without recourse to units of
measurement.

3) NLOS Configuration Without Polarization Diversity: The
main difference between the LOS and NLOS configurations is
that, in the latter, there is no longer a direct path. A focus on this
condition allows the influence of the direct path on environment
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Fig. 16. Entrance hall environment: variation in the gain in capacity in relation
to the spacing between antennas in a NLOS, without polarization diversity.
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Fig. 17. First floor environment: variation in the gain in capacity in relation to
the spacing between antennas in a NLOS, without polarization diversity.

modeling to emerge. The comparison between, on the one hand,
Figs. 16 and 17 and, on the other, Figs. 7 and 8 points to sim-
ilar characteristic trends. Nevertheless, in the NLOS configu-
ration, the difference between the simplest geometrical descrip-
tion (level A) and the others is greater than in the LOS condition.

We observe, however, for the entrance hall environment that
the change in capacity associated with level A is greater that for
the other levels. This can be explained by the curve in Fig. 18
showing that the eigenvalues of level A give an average (1.2 X
108 at 50% for the level A, versus approximately 7 x 10~
for the other levels) and a dispersal more substantial than those
for the other levels. This means not only that level A generates
an insufficient number of rays, but also that the rays generated
have incorrect amplitudes.

Finally, it should be noted that these analyses confirm those
in the literature [17]-[19] showing that the power of the rays
has a more important impact on the performance of the MIMO
channel than impact associated with the multipath richness.

However, characteristic parameters seem again to be insen-
sitive to electrical description and additional architectural ele-
ments. This demonstrates that a direct path modifies the effects
of environment modeling. Supporting this, the same results are
obtained with polarization diversity.
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Fig. 18. Entrance hall environment: cumulative functions associated with the
eigenvalues in NLOS configuration, without polarization diversity.

B. Summary

Before turning attention to MIMO characterization in relation
to the number of antennas, the above results are summarized. It
has been shown that channel characteristic parameters are not
sensitive to electrical description, whatever the configuration of
the environment and whatever the polarization.

Furthermore, it is asserted that geometrical description has
an impact on MIMO characterization. This fact is amplified in
the NLOS configuration because of the lack of a direct path. At
larger-scale description, it is shown that architectural elements
outside the rooms involved in wireless transmission have little
influence on MIMO channel characterization. Accordingly,
level B would seem to be a satisfactory level of description
for accomplishing an adequate characterization of a MIMO
channel. This allows a gain in computation time over level D
roughly to the order of two.

C. Variation of Characteristic Parameters in Relation to the
Number of Antennas

To build on the above findings, the following results eval-
uate gains in capacity in relation to the number of antennas
(cf. Section IV.B), for LOS and NLOS cases, with and without
polarization diversity. The aim of this part is to examine pre-
vious assumptions for more than two transmitter and receiver
antennas.

1) LOS Configuration Without Polarization Diversity:
Figs. 19 and 20 show an increasing gain in capacity in relation
to the number of antennas. This is line with the study of Yun
and Iskander [5]. Moreover, these figures clearly show that
a minimum level of modeling is necessary as the number of
antennas increases. In fact, where there are more than two
transmitter and receiver antennas, the simplest modeling (level
A) is not sufficient to adequately evaluate MIMO channel char-
acteristic parameters. It thus appears that a geometric level of
description is of major importance for MIMO characterization.
A minimum level of description is required to take into account
the propagation of predominant paths. In spite of this, it is not
necessary to consider all geometric elements (i.e., all rooms). In
the end, an electrical description of materials has less impact on
MIMO channel characterization than a geometrical description.
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Fig. 19. Entrance hall environment: variation in the gain in capacity in relation
to the number of antennas in a LOS configuration, without polarization diversity.
(The element spacing is equal to 0.4\).
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Fig. 20. First floor environment: variation in the gain in capacity in relation to

the number of antennas in a LOS configuration, without polarization diversity.
(The element spacing is equal to 0.4).
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Fig. 21. Entrance hall environment: variation in the gain in capacity in relation
to the number of antennas in a LOS configuration, with polarization diversity.
(The element spacing is equal to 0.4).

2) LOS Configuration With Polarization Diversity: Polariza-
tion diversity brings about the same gain in capacity as in the
previous configuration (compare Figs. 21 and 22 and Figs. 19
and 20). Thus, these results corroborate the analysis of the pre-
vious section.
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Fig. 22. First floor environment: variation in the gain in capacity in relation
to the number of antennas in a LOS configuration, with polarization diversity.
(The element spacing is equal to 0.4X).
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Fig. 23. Entrance hall environment: variation in the gain in capacity in relation
to the number of antennas in a NLOS configuration, without polarization diver-
sity. (The element spacing is equal to 0.4\).
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Fig. 24. First floor environment: variation in the gain in capacity in relation to
the number of antennas in a NLOS configuration, without polarization diversity.
(The element spacing is equal to 0.4)).

3) NLOS Configuration Without Polarization Diversity: The
study of the lack of a direct path in the Section V.A.3 has shown
that the influence of environment modeling emerges in this con-
dition. The contrast of these results (see Figs. 23 and 24) and
those presented in Section V.A.3 supports this assumption.
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VI. CONCLUSION

This work has investigated environment modeling effects on
MIMO channel characterization. The goal was to answer to the
question: What degree of accuracy is required to describe the
indoor environment, both geometrically and electrically, to ar-
rive at an adequately accurate MIMO channel characterization
involving a minimum of computation time?

To highlight modeling effects, correlation matrices and gain
in capacity values, multipath richness and eigenvalues were
used. These characteristic parameters were investigated in rela-
tion to the spacing between antennas on the one hand, and the
number of antennas on the other hand. Moreover, environment
modeling effects were studied in LOS and NLOS cases, with
or without polarization diversity. All the cases studied revealed
that MIMO characterization is quite insensitive to the electrical
properties of materials. In the same context, the results show
that rooms beside those directly concerned by the transmis-
sion have a little impact on MIMO channel characterization.
However, geometrical precision in the description of rooms is
a crucial parameter in achieving an accurate characterization.
Indeed, characteristic parameters vary strongly where modeling
of the environment involves poor geometric description. This
fact is amplified in NLOS configurations where a direct path
is lacking. It is concluded that pertinent environment modeling
requires a minimum level of description of geometric elements
involved in propagation configurations. Further, materials can
be described uniformly as having the electrical properties of
concrete. It is consequently assumed that level B ensures an
adequate level of descriptive accuracy, while offering a gain in
computation time roughly of the order of two, when compared
with level D descriptions.
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