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MIMO POLARIZED WIRELESS CONFIGURATION

Kosai RAOOF, kosai.raoof@gipsa-lab.fr, Nuttapol PRAYONGPUN, prayongp@gipsa-lab.fr
Laboratoire Grenoble Images Paroles Signal Automatique (GIPSA-DIS), UMR CNRS 5216
961, Rue de la Houille Blanche - BP 46 - 38402 Saint Martin d'Héres, France

Abstract—On  wireless communication  systems,
multiple-input multiple-output (MIMO) systems have
dramatically the potential to improve the reliability
and the performance. However, the MIMO wireless
channel performance is generally affected by the an-
tenna array configuration and environment characte-
ristic. This paper highlights the impact of angle spread
and depolarization effects on the MIMO channel ca-
pacity with a focus on 4x4 uniform linear multi-
polarized antenna array. We employ a geometric scat-
tering model based on a three-dimensional double
bouncing model that takes into account the antenna
configurations. We investigate the use of multi-
polarization configurations that can provide capacity
improvement over conventional single-polarization
configurations. The single-polarization configuration
is dependent on the depolarization phenomena. It is
found that when low depolarization and spatial corre-
lation effects, the capacity of single-polarization confi-

guration behaves better than that of multi-
polarization configuration.
Index Terms — Multiple-input multiple-output

(MIMO) channel capacity, spatial correlation, multi-
polarized antenna arrays, depolarization effects

1. INTRODUCTION

For next-generation wireless communication systems,
multiple antennas at both transmitter and receiver could
be engaged to achieve the higher capacity and reliability
of wireless communication channels, under rich scattering
environments, in comparisons with traditional single an-
tennas. Due to the potential of MIMO systems on a li-
mited bandwidth and transmission power, the initial re-
searches demonstrate that the uncorrelated channel capac-
ity can be proportionally increased according to the num-
ber of antennas. Unfortunately, in practice, the perfor-
mances of MIMO communication channel are affected by
spatial correlation and channel environments. The spatial
correlation depends on the array configuration such as
radiation pattern, antenna spacing and array geometry.
The channel environments are dependent on the environ-
ment characteristics such as number of channel path, dis-
tribution and properties of scatterers, angle spread and
cross-polarization discrimination. Thus, the antenna ar-

rays at transmitter and receiver should be properly de-
signed to reduce the spatial correlation effects and im-
prove the communication performances.

However, it is possible to reduce this effect
traditionally by increasing antenna array spacing [7] but it
is not often suitable to apply in some wireless applications
which limit the array size. Therefore, for eliminating the
spatial correlation effects and remaining high transmis-
sion performances, there are essentially two diversity
techniques such as pattern or angular and polarization
diversity techniques [6],[8]. For pattern diversity tech-
nique, the radiation of antennas should be generated in
manner to isolate the radiation pattern. For polarization
diversity technique [6], the antennas are designed to ra-
diate with orthogonal radiation polarizations to create
uncorrelated channels across different array elements. In
general, there are three diversity techniques employed on
MIMO wireless system. However, there are also alterna-
tive techniques such as multimode diversity that exploits
the difference of high order modes to obtain low corre-
lated channel across the modes and a combination of pat-
tern and polarization diversity techniques that take to-
gether the advantages of orthogonal radiation patterns and
polarizations.

In this paper, we define a geometric scattering model
based on a three-dimensional double bouncing model that
takes into account the antenna configuration. All antennas
are provided as a uniform linear array with isotropic
antennas at transmitters and receivers. In the meantime,
all scatterers are uniformly distributed on scattering areas
while taking into account a cross-polar discrimincation
(XPD). XPD indicates the ratio of the co-polarized aver-
age received power to the cross-polarized average re-
ceived power. Therefore scattering matrix is used to de-
scribe the depolarization of incident wave from each scat-
terer. Afterward, to simplify the simulated environment
configuration, we assume that the angle of arrival and that
of departure are the uniform distribution for indoor
situation.

We also present a simulation study of the spatial cor-
relation and the channel capacity for single- and dual-
polarized antenna arrays applied to 4x4 MIMO system
while all of antenna elements are separated a half wave-
length even in the case of the dual polarization configura-
tion. In addition, we examine the cross-polar discrimina-
tion effects on MIMO polarized channel capacity for dif-
ferent antenna configuration.


mailto:kosai.raoof@gipsa-lab.fr
mailto:prayongp@gipsa-lab.fr

2. ANTENNA ARRAY DESIGN

For determining the multiple antenna transmission per-
formances, not only the propagation environment has an
important role but the proper implementation of the an-
tennas plays also another dominant role in practice. For
expample, some classic antenna array geometries are uni-
form linear arrays, uniform circular arrays or uniform
rectangular arrays. Consequently, due to the different
array configurations, their correlation effect is produced
in a different way.

The goal of pattern and polarization diversities is to
decrease the correlation effect between antenna elements.
In this paper, using multiple polarization technique is a
reasonable alternative in indoor room and some environ-
ments for which the depolarization is high. Therefore our
current interest is focused on azimuth and elevation iso-
tropic antennas applied to a uniform linear array wireless
system.

G, G,
Gy (0.9) . 0
G¢(g’¢) 0 1

Table 1: Patterns for different electric dipoles

We consider that different radiating patterns of the an-
tennas are in the far field case simplified by neglecting
pathloss and distance phase. These radiating patterns are
simply dependent on the azimuth and elevation angle di-
rection as shown in table 1, where a general expression of
radiation patterns are given by [1]

G=G,(0.4)0+G,(6.4)¢ (1)
where G, (6,¢) and G,(¢,¢) are the amplitudes of
polarization vector at elevation and azimuth direction.

3. GEOMETRIC SCATTERING MODELLING

We focus on a useful model, geometric scattering model-
ling which is based on an assumption that scatterers
around the transmitter and receiver organize the AOD and
AOA respectively within transmit and receive scattering
areas. The scatterers are randomly located with according
to a certain probability distribution. In particular, the scat-
terers are additionally used to represent the depolarization
and attenuation mechanism of incident wave. To reduce
the computational time, one propagation path channel
occur when one of transmit and one of receive scatterers
are randomly linked. Then the actual channel impulse
response is then established by a simplified ray-tracing
route.

By using our simulated double bounce geometric scat-
tering model as seen in Fig.1, we employ a uniform linear
array at both transmitter and receiver. The height of
transmitter and receiver has the same level. Moreover,
transmit and receive scatterers are uniformly distributed
within  an  angular  region characterized by

¢+ z/2| < ag/2 in elevation area and |0+ /2|< A6)/2

in azimuth area at transmitter and |¢ - z/2|< ag/2in

elevation area and |0 - z/2|< A@/2 in azimuth area at
receiver.

Rx

Fig. 1: Geometries of MIMO channel

Subsequently transmit and receive scatterers are ran-
domly paired as previously mentioned. From one transmit
scatterer to one receive scatterer for determining one
propagation path, there is a double depolarization me-
chanism which is replaced by one scattering matrix. We
also assume that the channel coherence bandwidth is larg-
er than the transmitted bandwidth of the signal. This
channel is usually called frequency non-selective or flat
fading channel.

In case of far field transmission, the narrowband (flat
fading) transmission channel between the antenna p at the
transmitter and the antenna m at the receiver can be ex-
pressed as

N
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where N is the number of scatterers at the receiver and
the transmitter; v., and v, are the velocity vector of the
transmitter and the receiver; k' and k¥ are the vectors
of wave number in the direction of the i th transmit scat-
terer and the ith receive scatterer  where

‘W”‘:‘K*”‘;M/ﬂ; G} (6,.4,) and GP (6,.4,) are the
gain in the direction of ¢ and ¢ of the pth transmit an-
tenna in the direction of the i th transmit scatterer.
Gy (6,,¢4,) and G;' (6;,¢;) are the gain in the direction
¢ and ¢ of the mth receive antenna in the direction of

the i th receive scatterer; t is time;a! is the mth element

of the local vector of the receive antenna, so that the local
receive vector can be expressed as

= |:]_ e_jlzm'Fl
of the local vector of the transmit antenna, where a local
transmit vector is expressed as
afl) = [1 o Ik
matrix for the i th transmit scatterer and the i th receive
scatterer. We consider that s{ is a 2x2 matrix contain-

mp

(i)
aRx

e—ik“’-FM,l} ,al” s the pth element

mp
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o K rw}; s are the scattering



ing the random coefficients of the i = 1,.., N wave com-

ponents given by
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where the S terms are defined as independent identically
distributed (i.i.d) complex Gaussian and xpd denote the
ratio of the co-polarized average received power to the
cross-polarized average received power.
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4. MIMO CAPACITIES

The advantages of antenna polarization diversity are very
helpful on MIMO systems for reducing the antenna array
size and the spatial correlation in order to obtain better
capacity. With these advantages, the multi-polarized an-
tennas become more and more interesting in MIMO
transmission. Thus, in this paper, azimuth and elevation
isotropic antennas are employed to investigate the poten-
tial of using the multi-polarized antennas as explained in
previous section. Mean or ergodic capacity is employed
to demonstrate the MIMO channel performances with N
transmit and M receive antennas. The channel is perfectly
known to the receiver but unknown to the transmitter. At
each transmit antenna, the transmitted signals have the
same power. The ergodic channel capacity, taken over the
probability distribution of transmission channel matrix H,
can be exactly calculated via Monte Carlo simulations, is
given by [3]

CErngH[Iogzdet[lM+ﬁHHHH 4)
where M and N denotes the number of antennas at receiv-
ers and transmitters. H is the transmission channel matrix
and p is signal-to-noise ratio. The transmission channel

matrix H is naturally correlated by transmit and receive
antenna arrays.

5. SIMULATIONS AND RESULTS

5.1.  Capacity Versus Angle Spread

The antenna correlation effect is actually one important
indicator of transmission performances since lower corre-
lation will tend to produce higher mean channel capacity
for single polarization system as seen in Fig.2. Thus em-
ploying the polarization and angular diversity techniques
are attractive way to improve MIMO systems. The 4x4
MIMO systems employ isotropic antennas for A/2 antenna
spacing as shown in Fig.1. In orders to estimate the chan-
nel capacity of different antenna configuration, the simu-
lated environments must be identical. Then the channel
capacities are studied in terms of different antenna confi-
gurations. The radiation patterns of each antenna are

normalized by the radiation pattern of an isotropic anten-
na.

As mentioned in previous section, the distribution of
angles of departure is assumed to have a uniform

elevation distribution |¢+z/2|<ag/2 and a uniform
arrival azimuth distribution |0 +7/2|<A¢/2 and the
distribution of angles of arrival is assumed to have a
uniform elevation distribution |4 -z/2|<Ag/2 and a
uniform arrival azimuth distribution |0 -7/2|<a6/2
where Ag=A0=AS and xpd, =xpd,=00B with 20

scatterers at both transmitter and receiver and 15 dB
SNR. The aim of this section is to study the effects of
angle spreads and antenna radiation patterns in terms of
ergodic capacity.

AS at the Tx

50
00 AS at the Rx

AS at the Tx 0

0 AS at the Rx
(b)

Fig. 2: 4x4 MIMO channel capacity of isotropic antennas: (a)
single-polarization system and (b) dual-polarization system

Fig.2 demontrates the 4x4 MIMO channel capacity of
isotropic antennas with single-polarization in Fig.2a and
with dual-polarization in Fig.2b. For single-polarization
case, only azimuth isotropic antennas are employed and
for dual-polarization case, we put successively azimuth
and elevation isotropic antennas in order with A/2 antenna
spacing. From Fig.2a, the MIMO channel capacity
increases as the angle spread increases at transmitter and
receiver for the same polarization antennas. In contrast,
the dual polarization achieves better channel capacity due
to the lower antenna correlation. It found that the MIMO
channel capacity is significantly dependent on the antenna
correlation. The polarization diversity technique can
diminish the spatial correlation effect and improve the
system performances as shown in Fig.2b.



5.2 Capacity versus Depolarization Effects

While the multi-polarized antenna array is employed, the
spatial correlation effect can be reduced or eliminated due
to low radiation pattern interference. Nevertheless, the
cross-polarization discrimination (XPD) becomes the
most important parameter because XPD represents the
ratio of the co-polarized average received power to the
cross-polarized average received power. Then, with high
XPD value, the less energy is coupled between the cross-
polarized channels. Even if the capacity of multi-
polarized antenna arrays can remain high particularly at
lower XPD and the higher K-factor values [9], single-
polarized antenna array performance can effectively pro-
vide better than that of multi-polarized antenna array at
higher XPD and lower spatial correlation value.

20 >

o

XPD (dB)

20 50 100 150
AS ()
Fig. 3: Difference between the triple-polarized and the
single-polarized channel capacity of 4x4 MIMO systems

in the functions of XPD and AS

Fig. 3 explains difference between the triple-polarized
and the single-polarized channel capacity of 4x4 MIMO

systems (AC =C n the functions of

single-polar Cdual-polar )
XPD and AS. We also consider that they have the same
angle spreads (AS) at transmitter and receiver. For a high
XPD and a sufficiently large angle spread, we note that
the MIMO channel capacity of the single-polarized an-
tenna is superior to that of the dual-polarized antenna
because a product of the subchannel power is higher. By
utilizing the Frobenius norm, it confirms that for higher
XPD, the average transmission power of single-polarized
isotropic antenna arrays is |H||. = MN . While lower

XPD, the average transmission power of single-polarized
isotropic antenna arrays tends to zero, [H||. = 0, because

of the mismatch of polarization. In contrast, the average
transmission power of dual-polarized isotropic antenna

arrays is always equal to[H|_ ~M‘N’+M’N? for

higher XPD and [H|. ~ M *N“ + M “ N for lowers XPD.
6. CONCLUSION

The performance of MIMO communication systems is

essentially affected by the spatial correlation and channel
environments. The spatial correlation depends on the ar-

ray configurations and the channel characteristics. There-
fore to achieve the optimum performances on MIMO sys-
tems, the proper selection of array configuration is re-
quired. In this paper, we studied the MIMO wireless
channel capacity of single- and multi-polarized antenna
arrays applied to a uniform linear array with two isotropic
antenna configurations.

The simulation results demonstrate that for the non-
line-of-sight (NLOS) case, the use of multi-polarization
antennas can provide capacity improvement over conven-
tional single-polarization antennas for narrow angle
spread. However, when the cross-polarization discrimina-
tion is superior than 0dB corresponding to high co-
polarized channel power and low cross-polarized channel
power, the subchannel power of single-polarization sys-
tem can be higher by employing the same polarization as
that of the co-polarized channel. Thus, with high XPD
and low spatial correlation values, single-polarized anten-
na array performance can effectively provide better ca-
pacity than that of multi-polarized antenna array. Finally,
the cross-polarization discrimination should be also inves-
tigated before employing the polarization diversity tech-
nique.
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