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Abstract—We investigate in this paper the use of dual po-
larized antennas in Multiple Input Multiple Output (MIMO)
systems[1][2]. Among the existing channel models for MIMO
systems, we perform the geometric NLOS (Non Line of Sight)
propagation channel model. Our analysis evaluates the gain
in capacity of a MIMO system with two transmit antennas
and two receive antennas when comparing the capacity of
the dual polarized MIMO system to the capacity of MIMO
system with single polarized antennas. The effect of the antenna
depolarization as well as the spatial correlation of antennas are
considered when evaluating the capacity gain.

I. INTRODUCTION

Antenna polarization has been proposed as an attractive
strategy for MIMO systems. Advanced polarization techniques
such as dual antennas polarization have been shown to improve
the channel spectral efficiency of multiple antennas systems
when comparing to the classical MIMO systems. Rigorous
channel modeling for MIMO systems should be considered
for propagation channel with rich scatterers where mismatch
in antenna polarization could occur. The presence of scatterers
results in the angular spreading phenomena which impacts the
spatial correlation of antennas. In this paper, we investigate the
use of dual polarized MIMO systems over NLOS propagation
with polarization discrimination and spatial correlation effects.
The remainder of this paper proceeds as follows. Section
IT presents the geometric channel model for the performed

MIMO system with polarized antennas. Section III is at-
tempted to address the problem of antenna depolarization in
rich scattering environment. Channel modeling involving the
depolarization effect is then introduced. Section IV is devoted
to evaluate the spatial correlation between antennas over the
wide band channel propagation. Besides spatial correlation is
derived, section V provides the simulation results of the spatial
correlation for both the single and the dual polarized MIMO
systems. The gain in capacity that could be achieved via dual
polarization strategy is evaluated as a function of the spatial
correlation and the cross polarization discrimination. Finally,
we present our concluding remarks in section VI

II. COMMUNICATION SYSTEM MODEL

The communication system model is presented in Fig.l.
The performed model falls into the class of the Geometric-
Based Stochastic Channel Models (GSCMs). Two antennas
are implemented at both the transmit side and the receive side
of the communication link. Transmit antennas are denoted by
A(Tl)z and A(TQX. The receive antennas are denoted by Agﬁ
and Ag)z. We assume that scatterers are distributed in the
propagation environment. Clusters of scatterers are considered
around both the transmitter and the receiver. Clusters of index
£; ¢=1,...,L around the transmitter and the receiver are
respectively denoted by C’%Z and CI(DQ where L denotes the
number of clusters.



C(T contains M scatterers S( ’m), m=1,...,M and N
scatterers S (& =1,...,
cluster CRX. In the following, we only consider one cluster of
scatterers at each end of the communication link. The index ¢
will be omitted.

N are assumed to be within the
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Fig. 1. MIMO channel model

We take for notations:

e Rry: Transmit cluster radius

e Dr,: Distance between the reference transmit antenna
and the transmit cluster center

o dry: Transmit antennas spacing

o drx: Receive antennas spacing

e Dty osrx: Distance between the transmitter and the re-
ceiver

e RRy: Cluster radius at the receiver

e Dg,: Distance between the reference antenna Ag)z and
the center of the cluster at the receiver.

e Upy: Velocity of the transmitter.

e Urx: Velocity of the receiver.

o The transmitter and the receiver have motions above the
plan (z,y) with relative directions ary and apy.

III. ANTENNA DEPOLARIZATION

The polarization of the electric field is defined by its
direction and its magnitude. In rich scattering environment,
the electric field components are reflected. In matrix notations,
the reflected electric field represented by FE, is expressed as
the product of the scattering matrix S and the radiation pattern
E; as given by equation (1).

E, =SxE; (D

where: 5
0,0
E; = [ Eig } 2
E; is expressed as a function of the azimuth and the ele-
vation amplitudes of polarization vectors in both the elevation
and the azimuth directions 6 and qAb The azimuth and the
elevation amplitudes are respectively denoted by Fj;, and
Ei s
o The matrix notation for the reflected electric field is

expressed as:
_ ET,O
E, = { Evg ] 3)

E, ¢ and E, 4 are respectively the reflected elevation and
azimuth components of the incident electric field E;.
S is the scattering matrix given by:

S = { vas ”"4’] @
Ugo Voo

where:

— wpy is the co-polarization gain of the elevation trans-
mission.
— Vg 18 the co-polarization gain of the azimuth trans-
mission.
— gy is the depolarization gain of the elevation polar-
ization relative to the azimuth polarization.
— vgp 1s the depolarization gain of the azimuth polar-
ization relative to the elevation polarization.
Scattering phenomena results in the depolarization effect
which could be evaluated by the cross polarization dis-
crimination (XPD)[3][4][5].
We distinguish the cross polarization discrimination for
the elevation transmission and cross polarization discrim-
ination for the azimuth transmission which are respec-
tively given by equation (5) and equation (6).

XPDy M (5)
~ Elugg|?
_ Elugg|?
XPDy = bt (©)
In the following we denote:
1
X' = XPD,
and n
X¢ = XPD,

The scattering matrix relative to the mth scatterer at the
the transmit side and the nth scatterer at the receive side
when considering the depolarization effect is denoted by

S(me ") and is expressed as:

jg(rn ,m) (m n) (nL n)
<m T € (m D
S(m’n) _ I+x
Tx,Rx [ (m n) S(mm) jelmm
e €p0 e’ oo
(m n) ('m,n)
14+x 1+X¢

where:

oo s Epy s Egy  and 5(m n)

are the phase offsets.

We finally express the wide band GSCM channel coeffi-
cients hYLO%; g e {1,...,Ng},p € {1,...,Np} in
terms of time and frequency [7] by equation (7).

The number of receive antennas and the number of

transmit antennas are respectively denoted by Npr and
Nr.



In this paper, the number of antennas at both the ends of
the communication link are set to 2.

M N
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— PDP denotes the power delay profile.

- an? is the transmitting steering vector expressed as:

a?) = exp{j2m(p — 1) (drx/ N [cos(057) cos(Bry)
+sin(037) sin(frx) cos(¢1r) — )]}

bS{” is the receiving steering vector expressed as:

b = exp{j2m(q — 1)(drx/N)[cos(6) cos(frsx)
+sin(05Y) sin(Bry) cos(6) — ry)]}

— The frequency for the transmitter relative to scatterer
of index m is:

= (0l /) snf) eos(0f) = o)

A denotes the wavelength.
— The frequency for the transmitter relative to scatterer
of index m is:

£ = (1Frl /0 sin(65) cos (652 — any)

— The dephasing terms g and ¢,, , are given by:

-po = —27T(DTx + Drxesrx + Dry) /A
“Pm,n ™~ U[

- Gy (91({;), RX ; BRX, “Rx) 18 the gain of the elevation
component for antenna ¢ with associated oriented di-
rection (BRX, ~vrx) and a wave propagation direction

(n) n)
(9 a¢R )

- G, (91({17 ). Brie, Yy i the gain of the azimuth
component for antenna ¢ with associated oriented di-
rection (Brx, Yrx) and a wave propagation direction

9(") (n)
( 9 ¢Rx )

- Gy ( T ,c/)Tx ; Brx,yTx) is the gain of the el-
evatlon component for antenna p with associated
oriented direction (S, yTx) and a wave propagation

. . (m) ,(m)
direction (0., o ).

- Gy (O(m), ¢Tx), Brx,YTx) is the gain of the az-
1muth component for antenna p with associated ori-
ented direction (frx,7yTx) and a wave propagation

direction (G(TT:) P )-

IV. CHANNEL CORRELATION

We evaluate in this section the correlation coefficients
when considering the channel coefficients hN LOS(t T)

and hN LOS(¢, 7). The correlation coefﬁc:lent Ryp.g5 1S
given by

Rap.p(&;7 = 7') = Blhgp (£, 7)h5 (1 =&, 7)] (8)
where:

— E() is the expectation operator.
— (+)* is the conjugate operator.

We assume that:
X0 =X¢ =X ©)
The correlation coefficients R, 55(£) are obtained as a
function of the product of three terms listed as follows:
1) Transmit spatial correlation: R.,, .5(§)

p,0 " GP7 }x
//[ p¢ Gp¢
X exp {]27T (p — p)drx Sin O1 cos Py /A }

X €Xp {7;7 27Tfo€ sin aTx COS(QSTX - ’YTX)}
Xp (VTX) p (QTX) drYTdeTx (10)

2) Receive spatial correlation: Ry. 4.(&)

a0 Gap ]x
//[ q¢ qu)

X exp {327r G — q)dgry sin Ory cos grx/ A}
X exp { —727 frx& sin Orx cos(drx — Vrx) }
Xp (fYRx) p (QRX) drYRdeRx (1 1)

The probability distribution of the scatterers around
the transmitter and the probability distribution of
scatterers around the receiver are respectively de-
noted by p(Qrs) and p(Qrx). We assume that
the probability density of the azimuthal and the
elevation components are independent.

-p (QTX) =p (aTxv ¢Tx)

- p (QRX) =p (eRxa (bRx)

We consider that the azimuth angle follows the Von
Mises distribution where the distribution function is
expressed as:

exp {k'[‘x COS (QbTx - ¢'rnean)}

p(¢TX) = 27_(_10 (ka)

12)

where:

- ¢r1x € [—m, 7).

— Omean 18 the mean azimuth angle.

— Ip(+) is the modified Bessel function of zeroth
order.

- krx evaluates the azimuth angle dispersion.

- O1x € [eTx — AGT)UQTX + AQTX] 9Tx is the
mean elevation angle and A#fr, is the standard
deviation of the angle spread [1].



The elevation angle is assumed to follow the uni-
form distribution where:

1
)= s 1
p(b1x) SAGr (13)
3) Polarization correlation T:
_ |1 ox
T= [ X 1 } (14)

V. SIMULATION RESULTS AND COMMENTS

Once the channel model is introduced and spatial corre-
lation is evaluated, we firstly present in this section the
simulation results for the spatial correlation of both the
single and the dual polarized MIMO systems. Then, we
evaluate the gain in capacity that could be achieved by
the use of the dual polarized antennas.

A. Simulation for the spatial correlation

The concept of dual polarized MIMO system is depicted
in Fig. 2. Unlike single polarized MIMO systems, dual
polarized MIMO system deploys at both the ends of the
communication link orthogonal antennas with different
polarizations.
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Single polarized
MIMO(2 x 2)

Dual polarized
MIMO(2 x 2)

Fig. 2. Single polarized versus dual polarized MIMO (2 x 2)

The transmit spatial correlation R ; 5(&) between trans-

mit antennas A(Tlm) and A% is presented in Fig.3. The
variation of the spatial correlation for single polarized
MIMO system with z dipole antennas is evaluated in
function of the normalized antenna spacing at the trans-
mitter dr,/X and different values of the product fry - £
in the range of [0, 3]. For simulations, kry is set to 50,
Gmean and Oy equal 90° and the standard deviation of
the angle spread Afry is of 90°.

According to the simulation results plotted in Fig.3,
the spatial correlation is shown to decay in function of
the distance separation between antennas as well as in
function of the product fry - £.

In Fig.4, spatial correlation is presented for dual polarized
MIMO system where z dipole antenna and x dipole
antenna are deployed at the transmitter. The variation of
the spatial correlation is presented in function of the mean
elevation angle @;,cqn, and is shown to decrease as the
mean elevation angle approaches 90° and orthogonality
between antennas is conserved.
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Fig. 3. Spatial correlation for single polarized MIMO system, R~1,~5
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Fig. 4. Spatial correlation at transmit side for dual polarized antennas, R ; 5

B. Simulation of the capacity gain

We evaluate the gain in the ergodic capacity obtained as
the difference between the dual polarized MIMO system
capacity and the capacity of the single polarized MIMO
system. The gain in capacity is presented in Fig.5 as a
function of the inverse cross polarization discrimination
and the spatial correlation between antennas. According
to the simulation results, we conclude that the gain in
capacity is affected by the mismatch in antenna po-
larization which is evaluated by the cross polarization
discrimination X PD. In addition, the gain in capacity
with polarized antennas is shown to be more important
when antennas at the MIMO system with single polarized
antennas have higher correlation. Finally, it is important
to notice that the gain in capacity thanks to the use of
dual polarized antennas could be only achieved when the
cross polarization discrimination could not exceed certain
limits. Otherwise, single polarization strategy performs
better.



[6] E. Telatar, “Capacity of Multi-antenna Gaussian Channels,”
European transactions on telecommunications, vol. 10, 1999, pp.
585-595.

[71 N. Prayongpun, Modélisation et étude de la capacité du canal
pour un systéme multi-antennes avancé exploitant la diversité
de polarisation, Thesis dissertation, 2009.
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Fig. 5. Gain in capacity of MIMO (2 x 2) as a function of spatial correlation
and the inverse XPD

VI. CONCLUSION

Throughout this paper, we have presented the wide band
channel model for the MIMO system with polarized
antennas. We have addressed the phenomena of an-
tenna depolarization in rich scattering environment and
evaluated the spatial correlation of antennas. Simulation
results for the spatial correlation have been presented
for both the single polarized MIMO systems and the
dual polarized ones. We have shown in this paper that
the gain in the MIMO system capacity achieved with
dual polarization technique when comparing to the single
polarization strategy depends on the cross polarization
discrimination level. In fact, with high levels of the
cross polarization discrimination, single polarized MIMO
system could perform better. The variation of the gain
in capacity as a function of the inverse value of the
cross polarization discrimination has been presented for
different levels of the spatial correlation. According to the
simulation results, we conclude that the gain in capacity
becomes more important when higher spatial correlation
is measured.
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