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Abstract

One of the promising techniques in communication systems is the Multiple Input —
Multiple Output (MIMO) systems. The aim of these systems is increasing channel capacity,
and the main problem in these systems is the required separation distance between antennas
which must be greater than or equal to half wavelength. Satisfying this separation distance is
difficult especialy at low frequencies. In this paper we study the ability to reduce the total
separation distance by using polarization diversity. Each two adjacent antenna are replaced by
one dual polarized antenna. The obtained results show that the use of polarization diversity
will reduce the required separation distance and the performance of the system will be better
than that of classical system (without polarization diversity). Thisimprovement is more useful
a the system with greater number of antennas. Increasing the correlation between antennas
due to the separation angle will reduce the channel capacity. The results also show that
increasing the cross polarization discrimination XPD will increase channel capacity at low
level of signal to noise ratio (SNR) and decrease it at high level of it if the attenuation for
horizontally polarized signal is the same as that for vertically polarized signal (CPF=0), but if
(CPF+ 0) then low values of XPD will improve channel capacity especially at high level of
SNR. The results also prove that channel capacity inversely proportional with CPF at rural
area (XPD # 0), and when XPD=0 (urban ared) the channel capacity linearly proportion with
CPF at high level of SNR, and inversely proportional with CPF at low level of it.
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1. Introduction

The use of antenna array at both ends of a wireless link(MIMO technology) has
recently been shown to have the potential to drastically increase spectral efficiency through a
technique known as spatial multiplexing [1-5].This leverage often referred to as multiplexing
gain permits the opening of multiple spatial pipes between transmitter and receiver within the
frequency band of operation for no additional power expenditure leading to a linear(in the
number of antennas) increase in capacity [6-9].But these antennas are required a separation
distance greater than haf wavelength. The cost of increasing spatial dimensions at the base
station and the mobile terminal especially at low frequencies has been an impediment to the
deployment of spatial diversity in practical systems|[9].

Polarization diversity provides an aternative means of increasing the diversity order
with little increase in spatia dimensions [10, 11].Recent researchs in multiple antennas
systems aims to reduce the spatial dimensions without degrade system performance. One of
these solutions is the use of multiple polarized antennas, so this paper aimed to study the
effect of many polarization factors on systems performance. These factors include: cross-
polarization discrimination (XPD), co-polarized factor (CPF), and polarization separation
angles at transmitter and receiver side. The rest of this paper organized as follows. section 2
introduces the channel model and states our assumptions, section 3 provides the simulation
results at different conditions, section 4 states the discussion and conclusion, and finally

section 5 list the references.
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2. Channd mode

In linear antenna system shown in Figure(1a), the relation between transmitter and
receiver is govern by the following equation[12]:

Y =HX +n (1)
WhereY isNgrx 1 received vector, X is Ntx 1 transmitted vector, H is Ngx Nt channel matrix,
n is Nrx1 vector of additive white Gaussian noise, Nt is the number of antennas at
transmitter side, and N is the number of antennas at receiver side.

The channel capacity in multiple antennas system is given by the following equation
[13]:

NR .
C: L092 INR +N—X HH

T

b/s’THz  (bit/second/hertz) 2

Where I, is NrxNridentity matrix, SNR is the signal to noiseratio at the receiver side, and

H" is the complex conjugate transpose of the channel matrix H. As we see from the above
equation the channel capacity depend on many factors, the most important factor is the
channel matrix. The channel matrix also depends on many factors. The most important one is

the separation distance, if we refer to the separation distance at the transmitter side by d;, and

refer to the separation distance at the receiver side by d,, then we need (N; —1)d,

separation distance at the transmitter side, and (N —1)d, separation distance at the
receiver side If we assume that di=d,=dss, and Nt=Ng=N, then the separation distance will be

(N —1)d%p at both side (without polarization diversity). We study two cases: 2x2 case

and 4x 4 case in the present and absent of polarization diversity.

2.1 Case 2x2 :consider the system shown in Figure(1). In the presence of polarization
diversity the channel matrix can be separated into three components:

H=H HgH, 3
Where Hr is the transmitter component for the channel matrix, Hg is the recelver component

for the channel matrix, and Hcy is the channel component for the channel matrix,

H, {1_0” “ } @

a;  l-o;
Where ot is the cosine of the minimum angle between the vertically polarized and the

horizontally polarized antenna at the transmitter side.
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H. {HR “ } ©)

oy  l-ag
where ag is the cosine of the minimum angle between the vertically polarized and the
horizontally polarized antenna at the receiver side.
Hop = L:‘W H ©
hv hh
where h,, is the relation between the vertically polarized recelver antenna with the vertically
polarized transmitter antenna, hy, is the relation between the horizontally polarized receiver
antenna with the horizontally polarized transmitter antenna, hy, is the relation between the
vertically polarized receiver antenna with the horizontally polarized transmitter antenna, and
hn is the relation between the horizontally polarized receiver antenna with the vertically
polarized transmitter antenna
The polarization of the transmitted signal will change due to the scattering, diffraction,
and reflection .The cross polarization discrimination (XPD) is define as the average cross-
coupled (vh,hv) power relative to the co-polarized(vv,hh)power[14]. XPD is produced due to
the depolarization of the transmitted signal by scattering , diffraction , and reflection in the
channel [11].The horizontally polarized signal will attenuated more than the verticaly
polarized signal and the ratio between these attenuation is co-power factor (CPF),the value of
CPF between 0-15dB[15]. For these assumption the Hcy matrix will be as follow

1 xpd
Y .
b Dhn xpd  cpf
— XPD
where xpd = Log™
p g 10
and
—CPF
cpf = Log™
p o] 10
hence
H - l1-a;, o “h, 1 xpd| |1-ar ag ®
a;  l-o; xpd  cpf ar l-og

if weassumea,; =ay = o then

|1-a a |, 1 xpd| |l-a «
H_{ a 1—0{} h'{Xpd Cpf} { a l—a} ®)
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This equation represents the channel matrix for 2x2 antenna system in the present of
polarization. There isn’t any need to the separation distance for 2x 2 system in the present of
polarization [ds»=0]. While the separation distance for 2x2 system in the absent of
polarization is dsp Which must be greater than or equal to half wavelength. The channel
matrix for 2x 2 system in the absent of polarization is:

My hlz:|
Ny

where hj; represent the relation between the i" receiver antennaand j™ transmitter antenna.

H =Hg, :[ (10

2.2 Case4x4: Inthe same way that illustrated in section 2.1, we get:

1-a;, o 0 0
1- 0 0

Ho=| @ % (11)
0 0 l-a o
0 0 a;  l-o;
[1-a, ag 0 0
1- 0 0

Ho=| “R IR (12)
0 0 1l-ay, oag
| 0 0 oy l-og

hy, hy, * xpd hy, h, * xpd
h, *xpd hy, *cpf  h,* xpd hy,

He, = (13)
" h21 h21 * Xpd h22 h22 * Xpd
h21 * Xpd h21 h22 * Xpd h22 * Cpf
Substitute Egs.(11-13) in (3)to get:
-4 o 0 O h, h*xpd h, h*xpd][l-ax @ O O
Ho| l-o¢ O 0 | |h*xpd hy*cpf h*xpd  h, || o 1-o O 0 (14
- 0 0 1- Or O hﬂ rbl* Xpd I’b rbz * Xpd 0 0 1- R OR
0 0 & l-of|[*pd h, hy*xpd hy*cpf| | O 0 o 1o
If a7 =ag =a then
o oo O O|[ hh h*xpd h, hxpdta « O O
el & Yo O O |[h*xpdh*cpfh*xpd h, a a 0O O
0O O01a all h, hxpd h, h>pd 0 0 ta o
| O O o To||hxpd h, hxpdhcpf| O O o o

This matrix represent the channel matrix for 4x4 MIMO system where each two adjacent

antenna are replaced by one dual polarized antenna and the total separation distance will be
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N _1)q

o = d - instead of 3dsep(without polarization diversity). The channel matrix
2

for 4x 4 system in the absent of polarization is:

hy hy, hy hy

P L S "

Ny hy g by
h41 h42 h43 h44

where hj; represent the relation between the i receiver antenna and j™ transmitter antenna.

3. Simulation and results

After we derive a useful expressions for the channel matrix for 2x2 and 4x 4 cases as
a function of polarization factors (XPD,CPF,a).We substitute these expressions in the channel
capacity equation (eg.2) for the two cases .We use |[EEEB02.11F program to generate
Rayleigh fading channel matrix coefficients hy,, hi1, hip, hx, hyy and substitute these
coefficients in channel capacity equation. After that we draw the channel capacity at different
conditions. The obtained results show that the use of polarization diversity will reduce the
separation distance between antennas, and at the same conditions the performance of the
systems with polarization better than the systems without polarization as shown in
Figure(2)for 4x4 case. If the separation angle ¢ between antennas become less than 90° (not
right angle)the separation correlation coefficient a (a=cose)will increase and the channel
capacity decrease as o increase in transmitter and /or receiver side as shown in Figures(3-4).1f
we increase the cross polarization discrimination (XPD) ,the channel capacity will improve at
low level of signal to noise ratio (SNR)and disprove at high level of SNR if the attenuation
for horizontally polarized signal is the same as for vertically polarized signal(CPF=0).But if
the (CPF= 0) then reduce the value of XPD will improve the channel capacity for all values
of SNR specialy at high level of it as shown in Figures(5-10).To study the effect of co-
polarization factor (CPF) we make correlation angle 6 constant at right angle so that
a=0,XPD constant, and vary the CPF. The obtained results show that the channel capacity
inversely proportional with CPF at rural area (XPD = 0) for al values of SNR. While in urban
areas (XPD=0)the channel capacity increase as CPF increase at high level of SNR and
decrease as CPF increase at low level of SNR for all systems as shown in Figures(11-14).
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Figure(2).Channd capacity vs SNR for 4x4 system in the present and absent of

polarization.
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Figure(3).Channel capacity vs SNR for 2x2 system when XPD=6dB,CPF=10dB.
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Figure(4).Channel capacity vs SNR for 4x4 system when XPD=6dB,CPF=10dB.
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Figure(5).Channel capacity vs SNR for 2x2 system when CPF=0dB,a=0.
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Figure(6).Channel capacity vs SNR for 2x2 system when CPF=5dB,a=0.
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Figure(7).Channed capacity vs SNR for 2%2 system when CPF=10dB,0=0.
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Figure(8).Channel capacity vs SNR for 4%4 system when CPF=0dB,0=0.

24



Thi_Qar University Journal for Engineering Sciences, Vol. 2, No. 4 2011

1 .
—+ AD=LdB
—+ PN-FAIR
© #PU-1Ud
B 5 wPn-1sdR
= M}
I
3
=
=5
E
5
<
EORRIE
st _
P :
| i i i i
o 5 13 5 aC 25 30

SxRid0n

Figure(9).Channel capacity vs SNR for 4x4 system when CPF=5dB,a=0.
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Figure(10).Channel capacity vs SNR for 4%4 system when CPF=10dB,a=0.
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Figure(11).Channel capacity vs SNR for 2%2 system when XPD=0dB,a=0.
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Figure(12).Channel capacity vs SNR for 2x2 system when XPD=10dB,a=0.

[}
(w1

.
— P-=UdB
—+ TPI_AdR : : :
H @ ZP-=10dB bbb Rl N

"PE_15dR :

[
[y

)
i

2w Coapint i vit fsrH)
- [
n o

[}

ul

SxRid0n

Figure(13).Channel capacity vs SNR for 4x 4 system when XPD=0dB,o=0.
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Figure(14).Channd capacity vs SNR for 4x 4 system when XPD=10dB,a=0.
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4. Discussion and conclusion

One of the main problems in multiple antenna system is the separation distance between
antennas. By using dual polarized antenna we can make the total separation distance as
(% -1)d . instead of (N -1)d - in non polarized state(without using polarization
diversity). Without using dual polarized antenna we cannot decrease the separation distance to
less than half wavelength because of the correlation between the antennas. If we can reduce
the correlation between antennas, we can reduce the separation distance to small value (lower
than half wavelength). We suggest that each antennain MIMO system replaced by an endfire
array of antennai.e. the MIMO system trandlate from linear to planar antenna array, but each
row of antenna represent one antenna with certain radiation pattern. In this case we may be

able to reduce the correl ation between the antennas and then reduce the separation distance.
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