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Abstract

Interference occurs by signals received from directions that were different from the
signals of the wusers in a mobile communication system. Varous studies have been
undertaken, including diversity, equalizer, etc, in order to reduce interference. In  this
study, the weighted value of the array antenna was obtained to improve signal—to—noise ratio.
The weighted value was obtained as an eigen value and an eigen vector by using the correlation
coefficient of the signal. The weighted value obtained was then applied to the CDMA system to
increase system performance and capacity. Both QPSK and OQPSK modulation systems were
applied to analyze performance.
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I . Introduction

With  the

mobile

in the

communications, new

recent  increase demand  for
technologies is
high quality and
high capacity services for all users, operators, and
considered  that OFDM/CDMA
is the most appropriate wireless access
transmission  technology  of
systems in the future. The beam
forming technique of the array antenma is  steadily
proposed as one of the technologies to realize this
futire  communication antenna  that
applied the beam forming technique of the array
antenna  is  known as  smart antenna.  Smart
antenna  is  the intelligent antenna system that can
react to the given signal environment and change
its radial beam patterns automatically. It is hased
beam forming technique that combines

received from  antenna

anticipated to appear to provide

manufacturers. It is
system for
the  wireless mobile

communication

system.  The

on the
arrayed
(1)z]. By
pattern  is

combines

signals elements
circular, and planar  antennas
antenna

signal  processing  that

linear,

beam forming, a complex
created  through
and controls the sizes and phases of the signals
received from the array antenna elements. Also, it
is like a base station system that provides spatial
filtering to increase or remove signals based on the
direction of the
element (3. In order to apply the array antenna
in the CDMA system, spatial filtering must be
performed to predict the direction of the signals of
each path of the rake receiver and receive signals
from direction. The complex weighted
vector should be predicted for the direction of the

signal of the corresponding path, and multiplied by

arrival of the signals of each

a certain

perform  spatial
path of the
A study on beam forming

received in order to
each direction of the
receiving  signals  [4][5].
techniques
conducted

interference.

the signal
filtering ~ for
being

by wusing the array antenna is

in order to reduce such multiple access

CDMA
beam forming

the  mohile
of the

In this study, the
system  was analyzed by using the
technique of the
channel. The

performance of the

array  antenna  in
communication interval array
antenna was assumed as M2 to avoid grating lobes.
Section II describes the array antenna, while the weighted
value of the array antenna for the signal model is
obtained in Section Il The weighted value obtained in
Section [l was applied to the CDMA system in Section
IV, and, finally, system performance was simulated and
analyzed, as well as conclusions were discussed in Section

V.

IIl. Array Antenna
The beam foming technique of the array
antenna, which is applicable for the CDMA system
under the influence of multi-path channels,
in this study. Fach signal component is affected by
different
antenna,

is used

delay, phase, incidence angle of the
variations ~ before  users
it. At this time, the desired signal of the
results into interference if it appears
different in the receipt delay of more than one chip
from the synchronized signal. In case of the CDMA
system, the distribution of the delay of each signal
paths is much wider than

array antenna  functions  to

and  amplitude
receive

user also

component by multiple
chip distribution. The
array complex antenna  elements and to control the
condition of each anterna element in
obtain the desired directivity of the

In case of using array antenna as a

excitation
order to
antenna  [6].
base
antenna forms a radio zone of the hase station and
Thus, it is
used to gains by  sharpening  the
directivity of the mobile station [7]. The structure
multiple half-wave
generally
intervals, as

station far mobile communication, the array

depresses  interferences between  zones.

increase
that arranges radiating

elements  linearly  is used.  They are

usually arranged in  equal shown in

Fig. 1 [8].
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Fig. 1 Aray antenna
22 1. Hi QL

There is no general advantage when the intervals
of the array anterma are not equal. In this case
the arranged antenna is known as the
antenma or element, and the interval d is called the
element interval. Since the array anterma is arranged

symmetrically to the z-axis, the total of all the elements
can be expressed as the following [8]:

element

N-1
AF(9) = A(0) Y Lexp(jo, + jnkdcost) - i)
0

n=

Where, A(8) is the directivity of one element, I,

is amplitude, and @ , is phase. AF(8) is an array
factor. Assuming that [ ,=1 and ¢ =0 , the amray

factor is as follows.

N-1

AF(B) = A(B) ZO exp (jnkdcos®) - oem ©
_ (jNo)

= 1 (Go) s 3

_|_sin(\o2) | | Giw
~ T Nam(e2) 1€ W

where¢ = kdcosf is Y =(N—1)¢/2. When
expressing the radiation characteristics of the antenna, the

normalized maximum is used as the aggregate maximum.

Since the aggregate maximum of AF(0) isN |, eq. () is
normalized, and as shown below.

_| _sin (Np/2)
AF®) = Nsin(¢/2)

Fig. 2 Beam pattern when N=6
22! 2 N6 B mjE

270

Fig 3. Radial pattern when
T2 3 N-6mf 2} i

rm i

Fig. 4 Beam pattern when N-9
2! 4 N-9uj 2 i
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Fig 5. Radial pattem when N=9
T2 2. N9l A T

Fig. 6 Beam pattern when N=12
J2l6 N=122dl 2 o

Fig 7. Beam pattern when N=12
T2 7. N-122m) 2hAL T

ll. SIGNAL MODEL

It is appropriate to use linear array anterma for
the base station to search users in a single cell
environment. Assuming that N users are
distributed  randomly, bandwidth can be spread
through  different pseudo codes in  the CDMA
system. It was assumed that the number of linear
array antennas in the base station is M

In this study, a simple plane wave model was
used and the over-all structure was analyzed in
two-directional  systems. Assuming that the power
control is ideal, and the receiving power of the
array element is at the same level for each user,
the output of the array antenna is as follows [9]:

()= Z:\:o\/_Pb A(Oh ;(Da ; + NCE) v ®

where, P is the receiving power of the users, and
b (t) is the data symbol. hj-(l‘) is the spreading
code of the user, and its value, 1. @ ; , is the MXL
array tesponse of the rteceiving signal of the Ith user,

and M 1) is Gaussian noise. Here, the process gain of

the code is as follows.

T p is the beat cycle, and T . is the chip cycle.

The array response vector of the Ith user is as
follows[10](11].

_ 1
a;= (2md (sin® )|~ (10
e

(R2nd ,sin® ;)

(2md y_ysnb ;)
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The interval of the array antenna element is
N 2, and © ; is the phase involving the receiving
signal and array element. The antenna array output from
the 1fth user is combined with the weighted vector

(w i ). Here, the beam formation output is as follows.
ARG L] 87 ¢ ) R I— (1

‘Where, (o) s the complex conjugate transpose

matrix. In order to combine the receiving signal of the
array anterma, the Ith signal and the weighted vector
W ; are combined, and for this, W shall be obtained
The maximum signal-tonoise ratio is used for the
optimum limitation of the #th user. The weighted signal
is the correlation function of the Ith user in the signal of

the Ith user and the spreading code, and can be

expressed as follows.

0= [""h OO VPO Wa + Nl -

T, i=0

where, wave delay is ignored. Assuming that the
data bit D ; £ is independent of each other, the mean is
zero. N(t) is the function of the complex Gaussian

random vector and the covariance of the zero mean, and
is expressed as follows.

En()n "(£) =0 21 i (13

Where, [=MXM and © 2is noise variance. In
terms of data bit and noise, the interference—plus—noise of
the desired signal is expressed as follows.

IS=Pr % w iR W e (1)
IL=w R W i (15)

R =@ ;2 ) (16)

R =P>Xr’,R, +o°r,;

aa

Where, I' ;;is the cross—correlation between the Ith

and Jth spreading codes (i ¢j'), and is expressed as

follows.
LT,
Ch LD (O e (18

1, p
! T,

o

here, the eigen value is expressed as follows.

EV=R PR R (% i, (19
Assuming that the aray response vector  is
estimated perfectly, the weighted value of the
beam formation is expressed as follows.
W = AR R gy s 0

Where

signal-to-noise ratio is expressed as follows.

Q is an arbitrary constant. Therefore, the

h
IS 2 w 1'R aaW i
SINR=—7 = Pr & . ———F—— ... 91
IL Y Wh1R Jd(W 7 ( )
:Pr 21]R agR_klg} """""""""""""""""""""""""""""" (22)
In this case, evor probability is expressed as
follows.
P,(v=0 TPt R R ld
2\ Y JO r LJj azR J e @3
Therefore, mean emror probability is expressed as
follows[12].
P,= Jro P (0P ()Y i )

where P ,(v) is probability density function —of
QPSK and OQPSK modulation.
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IV. SIMULATION

For a mobile, wireless channel environment, the
Nagakami fading distribution was applied in the
multi-path ~ fading  environment.  Simulation — was
conducted by obtaining the weighted value of the
array antenna to compare and analyze the hit
error  probahility for  hoth QPSK and OQPSK
modulation  systems in a  multi-path  fading

environment. Fig. 8 shows the bit error probability

(BER) that used MN-69and 12 array anternas in a

reverse direction channel. According to the comparison of
bit error probability for QPSK and OQPSK modulation

systems at 15 dB, QPSK was 10 “ and OQPSK was
107°. In this study, it was proven that the OQPSK
modulation system was better than the QPSK modulation

system by about 10 dB. Bit emror probability will be
enhanced if more than 12 elements are arrayed.

EER

Fig 8 BER of QPSK
T2l 8 PSKe| HIEd2HE

Fg 9 BER of OQPSK
221 9. OGPSKe| HIEdiIE

IV. CONCLUSIONS

In this study, hit error probability was compared
and analyzed by obtaning weighted value, which is
an important factor in the beam forming technique
of  the antenna, in order to  reduce
interferences  in  the fading environment of the
CDMA system. Both QPSK and OQPSK  modulation
systems were applied for comparison. According  to
the study result that applied the weighted value
calculated in this study to the CDMA system, it is
considered more appropriate  for the OQPSK  system
than the QPSK system Also, spatial diversity could
be obtained, and interferences of MAI were reduced

darray

through the array antenna system The  beam
forming  technique of the array antenna  system
performs  spatial  filtering  that  received  desired

signals for the wuser by tracking phase differences
between array antenma  elements by the direction of
the path of the signal,
reduction of the complexity of the system. Therefore,

resulting in  significant

this array anterna
contribute

the beam forming technique of

system is  considered to significantly  to
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the development of mohile communications in the
future.
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