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Abstract-In this paper, we investigate the polarization charac­
teristics of the multiple-input multiple-output (MIMO) channels.
The cross polarization discrimination (XPD) is found to change
over time, while its variation in frequency domain is relatively
small. The probability density function (PDF) of the XPD follows
a Gaussian distribution. Analysis and measurement results show
that the polarization preserves better in the line of sight (LOS)
scenario. In the case of non line of sight (NLOS) scenario, the
polarization of the signals is destroyed due to multiple reflections,
diffractions or scattering. The difference between the XPDs of
the vertically polarized and horizontally transmission highly
depends on the specific propagation environment between the
transmitter and the receiver. Comparison of the capacity in
different scenarios further shows that the polarization diversity
gain is less in NLOS scenarios compared with that in LOS
scenarios.

I. INTRODUCTION

The multiple-input multiple-output (MIMO) system has
been shown to dramatically increase the capacity of the wire­
less system and it draws increasing attentions in recent years
[1], [2]. An important condition for MIMO channels to achieve
high capacity is that the environment provides sufficient mul­
tipath components. By exploiting the multipath components,
the MIMO link results in a high rank channel with improved
capacity. Recently, cross-polarized antennas have been used
in the MIMO communication system to obtain polarization
diversity gain in addition to the spatial diversity gain compared
with MIMO channel using co-polarized antennas. Thus it is
of great interest to investigate the polarization characteristics
of the MIMO channels.

[3]-[6] performed the measurement for indoor propagation
environments and studied the polarization effects in such sce­
nario. [7], [8] investigated the channel properties for outdoor
environment. [7] developed simple models to estimate the
dependence of the cross polarization discrimination (XPD)
as a function of excess loss and distance. [8] studied the
polarization characteristics of the ultra wideband propagation
channels. In this paper, we aim at analyzing the characteristics
of the MIMO channel based on outdoor measurements. Simple
propagation model for MIMO channel with cross-polarized
antennas will be given, and the factors that affect the XPDs
will be analyzed. Based on the measurement at 2.53GHz for
outdoor propagation environments, the XPD of propagation
channels will be investigated for different propagation scenar-
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ios. In addition, the channel capacity is also compared for
co-polarized and cross-polarized MIMO channels in LOS and
NLOS scenarios.

II. MEASUREMENT SETUP

Fig. 1. Transmit and receive antennas.

Measurements were made on the campus of Technical
University Berlin (TUB) at 2.53 GHz with the RUSK HyEff
channel sounder in a 20 MHz band. The base station is a
uniform linear array (ULA) with cross-polarized patch antenna
elements on it as shown in the top of Fig. 1. The four patches
in each column are coupled to narrow the vertical beam width
and hence obtain higher antenna gain. The left-most and right­
most columns of antennas are grounded via 50 n resistor to
minimize the edge effects. Therefore, altogether 8 columns
of cross-polarized antennas at >.../2 spacing, Le., 16 transmit
antennas are used as active elements. A +44 dBm power
amplifier with a 1 x 16 high power switch is used for the
multiple antennas. The effective transmit power is +37 dBm
per antenna, due to the 4 dB insertion loss of the switch and
-3 dB antenna efficiency.
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Fig. 3. XPD v and XPDH in different propagation environments.
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However, different from [11], we observe difference be­
tween the XPDv and XPDH in other propagation scenar­
ios. As the K factor decreases, the multipath components
contribute more to the total received signal. The effect of
depolarization due to the multiple reflections, diffractions and
scattering becomes more obvious. The depolarization effect
depends on the propagation environments, e.g. the orientation
and geometrical shape of the scatterers, the relative permit­
tivity and conductivity of the scatterers' surface etc. [12].
This usually results in an uncertain degree of depolarization
of the vertically and horizontally polarized signal. From the
second and third subplots of Fig. 3 we can observe that,
XPD v is usually larger than XPDH, which is in agreement
with the well-known statement that vertically polarized signal
is preferable during the propagation [3]. In the pure NLOS
scenario, it may also happen that XPDv and XPDH remain
the same. Scenario 1 in the third plot of Fig. 3 is the
normal NLOS propagation environment with rich scatterers,
while scenario 2 is analogous to a canyon-like propagation
environment. From (8) and (10) we know that, the degree
of depolarization highly depends on the specific propagation
environment between the transmitter and receiver. In a certain
scenario, the XPDH is even higher than XPDv .

In Fig. 3 we can also see that the XPD is very high in the
LOS scenario, which means that less power is coupled. As the
contribution of the LOS components becomes less, the XPD
decreases. In the NLOS scenario, the XPD is the lowest, thus
more power is coupled. Generally, the XPD decreases with
decreasing K factor. The relationship between them will be
investigated in our future work.

B. Gaussian Distribution Fit

It is reported in [8] that the Gaussian distribution fits
best for the empirical distribution of the XPD with vertical
transmission for indoor LOS scenario. In our measurement,
similar results have been discovered for outdoor environments.
Measured data and the fitted Gaussian distribution are shown
in Fig. 4. It can be seen that, no matter in the LOS or
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Similar results can be obtained for horizontally polarized
signal as below

XPDiiOS = IGji('ljJAOA) I: cot2 0
p
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From the equations above we can see that the XPDs in
LOS scenario depend on the receive antenna patterns and the
polarization mismatch angle between the transmit antenna and
the receive antenna. In the NLOS case, they highly depend on
the propagation environment. In the following parts, we will
validate our statements by measurement results.

enough, the channel may be approximated by the Rayleigh
channel. p!'LOS is the total received power, hvv , hhh, hvh
and hhv are identical independent distribution (ij.d) complex
Gaussian random variables. Therefore, the XPD for the 2 x 2
MIMO channel yields
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where Pr is the total received power at the receiver. It can be
approximated that in strong LOS scenario where the Ricean
K factor K » 1

XPDtOS = IG~Cl/)AOA)I: cot2 0
p

(7)
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While in NLOS scenario where K approaches 0,

A. The Distribution of the XPD

The cumulative distribution function (CDF) of the XPD in
dB is plotted in Fig. 3 for three different environments as
indicated in the figures. We average over all antenna elements.
It can be observed that the XPDv and XPDH are almost
the same in strong LOS scenario. This can be explained
from (7) and (9), as long as the antenna pattern of the
vertically and horizontally polarized antennas are the same, the
XPD v and XPDH are equal. This has also been reported in
[11], with the omni-directional antenna pattern, the vertically
and horizontally polarized microwave signals yield the same
performance. In our measurement, although the antennas are
not omni-directional, the vertically and horizontally polarized
antenna patterns are similar, and hence they have the same
XPD in LOS scenario. In some cases when the single reflected
or diffracted rays also contribute an innegligible part to the
total received signal, the XPDv and XPDH may be different.
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Fig. 5. The XPDs vs channel bandwidth.
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Fig. 4. The Gaussian distribution fit for the XPDs for strong LOS and NLOS
scenarios.

found to vary considerably from 3.1 GHz to 10.6 GHz in
indoor LOS scenario.

NLOS scenario, both XPDv and XPDH fit the the Gaussian
distribution very well. Hence we can model the distribution of
the XPD as XPD rv N(f-t, a). The best fit mean values and
standard deviations of the XPDs using least squares fitting are
given in Table I.

TABLE I
J-L AND a FOR XPD
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It is shown in [13] that the measured mean XPD in the
literature ranges from 0 dB to 18 dB depending on the
propagation environment. Our measurement results fall in this
range. The mean XPD in strong LOS scenario is about 15 dB,
and in pure NLOS scenario, the value is around 3 dB. The
typical value of the standard deviation is reported to be 3-8
dB. In our measurement, the standard deviations are smaller
compared with the reported value. Furthermore, we find that
the standard deviation for the selected LOS scenario is larger
than that for the selected NLOS scenario.

C. Time and Frequency Dependency

In order to study the frequency dependency of the XPD, we
averaged the XPD over time and antenna elements. The XPDs
versus the channel bandwidth is given in Fig. 5. It can be seen
that the XPDs vary slightly over the whole band, with a very
small variation range. This indicates that the mean XPD is not
highly frequency dependent in a 20 MHz bandwidth despite
the propagation environments, while in [8] the mean XPD is

Fig. 6. The XPDs vs snapshots.

The averaged XPD over frequency and antenna elements
against the time is plotted in Fig. 6. From the figure we observe
that the XPD changes with time, like the fast fading channel.
In this figure, the results are given from a short measurement
track of 10 m, hence the value of XPD shows only small
changes caused by the similar propagation conditions. For
the long track measurement, the XPDs will vary over time
in a much larger range, according to the scenario where the
measurements were made. Further effort will be put to that in
our future work.

IV. CHANNEL CAPACITY

The channel capacity is calculated by



where Nt and Nr are the numbers of transmit and receive
antennas, respectively. Po is the total transmit power and a2

is the noise power at the receiver.
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NLOS scenario, the polarization of the signals is destroyed
due to multiple reflections, diffractions or scattering. The
difference between the XPDv and XPDH highly depends on
the specific propagation environment between the transmitter
and the receiver. Comparison of the capacity further shows
that the performance gain of VV and HH channel over VH
and HV channel is less in NLOS scenario compared with that
in LOS scenario.
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