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PONGNARIN SRIPLOY : PERFORMANCE ENHANCEMENT OF GPRS
SYSTEMS FOR THE MOBILE CLIENT USING SWITCHED BEAM
ANTENNAS. THESIS ADVISOR : ASST. PROF. MONTHIPPA

UTHANSAKUL, Ph.D., 110 PP.

SWITCHED BEAM ANTENNA / BUTLER MATRIX

As the Wireless Local Area Networks (WLANS) users recently demand plenty
of dynamic information, they require Internet connection for every where every time.
As a result, General Packet Radio Service (GPRS) systems have been well used. The
speed of data transmission of GPRS systems depend on the assigned Coding Scheme
(CS) in which each CS provides different system throughput. These CSs can be
assigned by Carrier-to-Interference ratio (C/l) of the systems. In other words, the
faster data rate transfer can be achieved by increasing C/I. So far, researchers have
paid attention on performance enhancement of GPRS systems using smart antenna
systems at base station. However, there are some drawbacks for implementing smart
antenna systems at base station as it is high of complexity and cost. Moreover, any
failure occurred at the systems will affect all users within the coverage area.
Therefore, this thesis proposes the idea of using switched beam antennas, as one
category of smart antenna systems, at mobile client instead in order to enhance the

performance of GPRS systems.
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o w=kdcos@+ B k AONUUAUAAY (wave number) = 2TA d D TLULHINTLHIN
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angUvesauns 14wl
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(=12l 2 (2.7)

(3]
sin| —
2V/
Y o

a 1 4 o v g’; ' ]
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o(3v)
sin| —w
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Y agqg Y a 1 9 g a0 Y 9
‘D1ﬁ‘JJ‘J;Ii‘?IGlWLL?JiJWﬁ@jWUﬂQﬁTﬂﬂWﬂWﬁlLﬂagﬂuﬂﬂiullﬂu x lag y Mﬂ'lﬁ/nﬂu%%llﬂ
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mn
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m=1 n=1
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O’Q/ { { % 1 %
nasgula laglsiendu lmiamiuaasduaumsi 2.10) wag 2.11) Faaz ldwiy
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M sin(%j N sin Yy
2 2

v, =kd _sin@cosg+ S (2.20)
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v, =kd, sinfcosg+f, (2.21)
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Yoy =4 (2.23)
Yy =4 (2.24)
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Ty 1000, you

o

517 2.8 szuueeo Mol dyanundesmsuaz dygIuunindeanIAnnNsZ N
V2= Yaa Yy =wy (4, + 4) (2.27)
=yt =w (4, + 4" (2.28)
Vi =Ng TV =m\A4.€ i€ :
' A = ¥
unumaNmsi 2.8 uaz 2.9 asluaumsi 2.3 azla

Vour =4 (w2 + wlej‘g' )+ A, (w2 + wlejg" ) (2.29)

s A v o

Y 7 ' v o 9 9 s
(31NDINTTNIUUBDN AiLTl'lﬂ‘]Jf,fUEJLW'fJﬂ'lfﬂﬂ ilJiLl'lil!LLVliﬂﬁ@@iﬂﬂﬂﬂllﬂuagﬁﬂﬂﬂ'li‘WﬂuGU’fN Ad

v
Y 9

1w A o o [ Ay Y o Y
mny Ad INBYIANTNHN ﬂJQ_I'IﬂWW]?J\?ﬂ'ISL’[’)Tll’J muumm‘nﬂﬂ
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wy +we% =1 (2.31)

iededaannsn (2.30) 5192 14

w, = —wleje" (2.32)
unuaumsh 2.32) adlu 2.31) 14

—wlejg" + wlejed =1 (2.33)

w (% o) =1 (2:34)
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Relative Amplitude (dB)
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w=R"p R, Rw= A, W w=Rc|c’Rc| g
AUMIAINN | 1ife R:E[uiuf[] e A, A9 e ¢ =a(p) o
Y
9 it * Y o o J o
HImun Hag p:[uidk,i ] anBUSIRNIEPTN | npesimm
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1o & 1w o I A o v o
syuubisuiludesnms | ldmdandyana | umatasinanaly
of AoyanINAINANI | Aodyanmusuniu
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A @ a KR 4 A o w 9 A [ a KR 1 A o w = a
ATNN 2.4 9ANDINNUAUNAYNTIANTIIUDINGA  DANDINUAUNAINIAITDINIYULINALUAL

v a 4
eaﬂeiﬁmmuyjmmuﬂ

[ Aa R 1 d' [ Aa KR 1 d' o w (% a R [ (%
ANdINUNURAY DANDINUAURAINIAON anesnulsuan

o w { a 4
masdeiosiga doalguna LUV AR
Wy =0
A ~ ~ T
ANTUAY Wy =0 ) w,=[1 0 .. 0]

C e
o ¢ Wumintlesun

i
Vn = Pn—lun
-1
s A =W,
"o a £ " e ! 1+A_IHHV
Mauszansms o —d s nVn e, =g(z,)-z,
v n— %" “n ~H
R SR Y ' a,=d, —-w,_u A A *
aumin I B = e n = Gn = Waglly W, =W, +uu,e’,

w,=w,, +k,a,

B =2"(I-ku!)E,

Do,

dusz@nsmagiin | ¥295203909A1 4, | Forgetting factor, 1,

0< <Trace(R) 0<a<l1

A A a o A Y ] I A W A A o Y
D o ADUBNNATAVINTYYIUNABINIG TIU p AL ¢ Wummmnu 1 vise 2 Lll’f)ﬂTViLlﬂglﬂ

g 9

p=1uaz ¢ =2wn3eiFenngluuy 1-2 nazimuald o -1

p (k)= (k)u (k) .59

e(k)=2 y(k)—gg—l;i (2.54)

w(k+1)=w(k)-puu(k)e (k) (2.55)
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<3 1 1o & 9 =\ 1w ~ 9 o g’/ 1
mﬂ’dmmifﬂzmum"lmuﬂu@]awmﬁﬂizmmmﬁtyﬂﬁmﬂﬁmmﬁ ANUUM

U K o [l 2 T 1 o v & o o o a Y
ﬂ'J\il!']ﬁ‘LlﬂﬁlWll Wi %zﬁuﬂgﬂ‘um YYIUDDNINTUY ﬁ”l'ﬂ3U§ﬂllﬂﬂmﬂﬂﬂﬁﬂﬂﬁﬁﬂﬂ@ﬂaﬁ

A o

4 &
FNNDU ) UANU

S e(k)z%sgnﬂy(kﬂ—l) 2.56)
217 e(k)=2y(k)sen(|y (k) -1) 2.57)
227 (k) =4p(k)(|y (k) -1) (2.58)

2522 wegAanINMaIaeINieanga

Q

(3

' { 1 o a o [~ {
Tuaiuiuda ldnandedanesiudsudwuuues lumiu vuiiugiu

T
KX o v [ =

1Y a KR [ d‘ 1 dy 1 a R d' o Y d'
UDIDANDINNNOAATAIN Mmumzﬂanmaaﬂaimuag} AAINNNTINUDYNGA (Least

9
an &

Squares Constant Modulus Algorithm : LS-CMA) aﬁmiﬁmazjuumqyﬁmmgmé (Gauss’s

Jd o 4 g
Method) TagWandugailszaenveadsmstiae

)= e O e ()l 259
Lf}@
g(w) = [g1 (w) 2, (w) N - 4% (w)]T (2.60)

9
[ Y

J o I J 1 4 4 . (%
amfulanyugaillszasanguuvaiugesueoun UV UMEIA03 (Taylor-series) AUHATIN

= o &
VAT INNTDIAIU

F(w+d)z||g(w)+ D” (w)d”z (2.61)
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A A s
e d ﬂ@t?ﬂlﬁﬂiﬂ@?\ll"’]ﬂﬁlmg

D(w)=[V(g,(w)) V(g (W) .. V(gx(w)] (2.62)
NAMBSANNTUDY F (w+ d) TidouToedy 4 Ao

oF(w+d)
od”
_ (s(n+0" (ma)" 40" ()a]
od”
_za{llg(w)lli +g" (w)D" (w)d +a""D(w)g(w)+d"D(w)D" (w)d}

V,(F(w+d))=2

*

od
=2{D(w)g(w)+D(w)DH (w)d} (2.63)

dosmuald v, (F(w+a))= 01519g Idaddugarseassd F(w+da) sy

d =-[D(w)D" (w)] ' D(w)g(w) (2.64)

Y
J v

1 a Q( 1 Bo} v ) { L%
unus 4 Tuaumsaudszansmsornhminlmii ldnamsaagiifedFugasyasd daiu

w2l dutszans msgraimin iy
w(1+1) = w(1)=[D(w(1)) D" (w(1)) ] D(w(1)) g(w(1)) (2.65)
die 1 nualiaesmaunsaluns e (iteration number)

v a @ Ao o ~ { o J
ganoiNuvegaaasiiasdesnosNgaaiuisognoywns laemsdszgnaaunis

(2.65) HulsnFunogdansi
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K 2 K u )
F() =2l (0)]-1 =kZ||w x (k)] -1] (2.66)
-1 =
ASeueauns (2.66) PUFUMST (2.59) 15192 UN
g (W) =[y (k)| -1=|wx (k)| -1 (2.67)

UNUTUNT (2.67) adluaums (2.65)

(1)1
g(w) |y(2:)|_1 (2.68)
(&) -1
ANUTUVBN g, (w) WAL
Ve (w) =2 B0 _ )2 () (2.69)
£ ow' |y(k)| .
UNUANMT (2.69) adluaums (2.67) vz la
D(w)=[V(g(w) V(g (w)) .. V(gg(w))]
v (1) V' (2) y*(K)}
{()| ol el 7 b
= XY, (2.70)

X:[x(l)x(2)...x(K)] 2.7D)

e
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o]
v (1)
0 y* (2) :
Y, = ly(2)| (2.72)
. . .
0 v (K)
v (K|

I aums (2.70) uaz (2.68) 3z 'la

D(w)D” (w)= XY, YZx" = xx*
(w)D" (w) = XY,,Y,,

(2.73)
LA
_ y*(l)—m |
(1) 'y{((lj')
D(w)g(w) = XY, |y(2g)|_l =X ) |y(2)| =X(y- r)* (2.74)
ly(K)[-1 E
ey 2 (K)
ar)
Lﬁ'ﬂ
y=[r()»2)..y(x)] (2.75)

tag
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ARIORETE) wo}:
[|y<1>| bl 7 bl T

(2.76)

o L(y) uUnuIainan1eed (hard-limit) VU y
J 1 4
RS y 1Az r (30N111INIABIVOYAUI09N (output data vector) HHAZUOYAV

aaﬂﬁgﬂﬁ]mﬂiﬂm%a%u (complex-limited output data vector) MINAIAY LNUTUMT (2.76)

uaz (2.77) axluaums (2.70) 15192 16

w(i+1)=w()=[xx" T x(y (1) -r (1))’

—w(1) =[x T sxx () [ xx" ] xr* (1)

=[x T xe (1) 2.77)

o
y(1)=[w" ()x] 2.78)

e
r(1)=L(x(1)) (2.79)

]
(% v IS

ganesnuuegaaniimatassNiiosNgauuni (static Least Squares CMA

U

Y Y
= o

I @ a ¥ J 1 o a { 1
algorithm) 1iludanes v laerusigadoyaninaes K ()} ualudanesnuniienii

(%

ganesiuuenaaninmasaesNilosgauuunaia (dynamic Least Squares CMA algorithm)

Y

S ax Ay 1a 2 1 99 ) aa A 9 4

Lﬂuaaﬂaimw'lmmmum LWIfﬂgﬁlﬁb"’llﬂll“aﬂWﬂ‘IjﬂﬂlﬂMﬁﬁﬂNﬁﬂ@]Llﬂuﬂ“]gﬂ‘ll’l’)lluﬁl’llﬂ!ﬁﬂﬁ K
9 1 [ a £ 1 %’ ] ] o Y 9 I v A
ﬂ’JEJLLaZLLﬁagﬂWﬁMﬂiZﬁWﬁﬂﬁﬂ’Nu"Muﬂﬂlﬂﬂ Lﬁmmuﬂﬂlwgmmgmﬂu [ ANU

X =[x(1+KK) x(2+IK) ... x(K+IK)] (2.80)



39

v 1
@NuuﬁiJﬂﬁ‘U’fN’f)aﬂﬂﬁﬂﬂﬂﬂﬂﬁﬁﬂx‘]“ﬂﬂ?ﬁﬁﬁ’ﬂﬂd aﬂﬁqmmuwamﬁa

D=[w () x(1)] =[y(1+KK) »(2+K) ... y(K+IK)] (2.81)
r(1)=L(»(1)) (2.82)
w(1+1) =[X()X* ()] x())r (1) (2.83)

Q

1 A v v a R @ A A a A g A @ !
VbJLWiJE]HﬂU’EJaﬂE]iTIiJiJ’E—J@,ﬁﬁﬂQVI ‘VIE]‘ﬁ‘]J'IEJGluG]’E]u‘VILLa'J ﬂﬂgﬂiﬂﬂiﬂﬂ'liﬂﬂ
Y o o v @ 1 X a R v Ao o Ay A
911 dnA10819-1A8-A19819 (sample-by-sample) HATANDI NUNOYATAINMAITDINUDENTA

4
a

% (% < < % 1 o a '
uuuwaialdvanuaen-Tas-uaen (block-by-block) Fagamaiitng lasiduilsz@ninisan

y 1T W 1 ¥
hminluudsaumsee lail

R (1) :ix(z)xf’ (1) (2.84)

b, ()= X()r (1) 089)

[

S 1 % a QO) 1 %‘ % 1 v a 3 .
AUUINTUNT (2.83) isvzmandsed@nsnisadaiividnlvives @aﬂﬂiﬁﬂuﬂﬂﬁﬁﬂﬂ‘ﬁ

masdesntosnganuunaialanaiila
w(l+1)=R_p.. (1) (2.86)
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A=" [ 4 0.23+ 3.1
o\ 2 &+l €
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w 8!
d 82(1.54) )
3732
19.76
w w , g
;:1.88 : (Zdj uaaan ¥ Idms 1z agiiy

w=d(1.88) =(1.7)(1.88) =3.4 4. LA

g =L — 4 (3.3)
e
2 2 12d
I+ —
w
Y 45+1 45-1 1
unuaegls g, = +
2 2 12(1)
1+—7
1.88
5.5 3.5( 1 )
=t —
22 7.38
£,=339

A=—Fr—— (3.4

. 3x10°
unuaezld A= .
\/3.39 (1800MHz )

2 =90.47 W
4 A 9047
N90 : 22262 Wi

4 4
; Z 50

e  2) L -2 0=353553 10

2 2
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377
B 4 (3.5)

e

unuaeegla  B= s
2(35.3553)(V/45)
B=%8
TGE w_2 B—l—ln(2B—1)+g’_1 1n(B—1)+0.39—m (3.6)
d « 2¢, g,
1 (5 = 8) Tdunuazla
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2 2 12(1
1+7()

e
3.22
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Ne=45, d=1.7vu.1az f=1800 MHz
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— Omnidirectional antenna

021 —9— Switched beam antennas (linear)

—H— Adaptive antennas
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Abstract-The success of a smart antenna system is indicated
by the accuracy of pointing its main beam to the desived
direction while directing its nulls’ locations to the interference
signals. Beside the effective algorithm chosen to be the
heamforming algorithm, the precision of phase shifters employed
1o adjust the phase of the receivedftransmitted signals is also
important. The phase shifters available on the market indicate
some phase shifting error as appeared in their data sheets
Therefore, this paper investigates into the efTect of imperfect
phase shifters on the beamforming performance and Signal-to-
Interference Ratio of the system. This information is considered
1o be useful for the smart antenna designers so that they can set
an addition margin te achieve the designated Signal-to-
Interference Ratio when utilizing impertect phase shifters.

I, INTRODUCTION

A smart antenna 1 a system consisting of antenna arrays
and smart signal processing algorithm that are used to identify
the Direction of Arrival (DoA) of the signal. The information
of DoA is used to calculate beamforming vectors in order to
track and locate the antenna beam to a desired user and the
nulls or sidelobes to undesired users. The origin of smart
antenna can be traced to the emergence of phased array
technology and signal processing in 1960°s [1]. Early smart
antenna was designed for use in Radio Detection and Ranging
(RADAR) application. Nowadays, the smart antenna is
notable used in wireless communications because 1t can
reduce overall network interferences leading to an increase in
total number of users [2]. The smart antenna has two main
functions which are DoA estimation and beamforming. It
estimates the DoA of the signal using any of the techniques
such as MUltiple Slgnal Classification (MUSIC), Estimation
of Signal Parameters via Rotational Invariant Techniques
(ESPRIT) algorithms, or ther derivatives, After having the
estimated DoA, the next step is to perform a beamforming,
Beamforming 1s the method used to create the radiation
pattern of the antenna array in order that its main beam 1s
directed to the desired direction and nulls or sidelobes are
steered to the undesired directions. This can be accomplished
by applying complex weights to shift phases and adjust
amplitudes of the recerved signal, named beamforming
algatithm.

1-4244-0749-4/07/520.00 (@2007 IEEE.

Also many of smart antenna prototypes have heen globally
launched nat only for the purpese in academic uses [3] but
also the commercial products [4] In practice, the smart
antenna system Is constifuted with an antenna array and
beamforming network mainly containing phase shifters. The
reason of using phase shiffers 15 that the phase of
received/transmitted signals needs to be adjusted according to
the caleulated weighting coefficients. It can be said that the
success of smarl antenna depends on the accuracy of
weighting coefficients, After having done the mnvestigation
into phase shifters commercially available on the market
nowadays, the error in phase shifting 15 noticeable. This may
cause an error in beam formation. As a result, the smart
antenna is unable to point its main beam to the desired user
and nulls to the diection of interference signals. This can
bring to a decrease in Signal-to-Interference Ratio (SIR)
resulting in low signal quality.

From literatures, the issue of imperfection of phase shifters
employed to be weights in the beam forming process has been
overlooked. Therefore, this paper investigates into the effect
of such an imperfection on the beamforming performance of
the smart antenna referring to the phase shifters currently
available on the market. The obtaining results provide relation
between the phase shifting error and SIR of the system, which
is considerably useful for the smart antenna designers. This
can be the guideline for giving a switable margin to achieve
the designated SIR when utilizing the imperfect phase shufters.

The remainder of this paper is organized as follows.
Following an introduction, a trief smart antenna algorithm is
discussed in Section II including the error factor of phase
shifters. Also, the examples of phase shifters commercially
available from some companies are shown in this section. In
Section IIL the computer simulation results are shown in term
of radiation pattems and SIR. In this section, the relation
between phase shifting error and SIR is revealed. Finally,
Section IV concludes the paper.

II. WEIGHTING ALGORITHM

The success of smart antenna can be considered as its
capability to steer the main beam to the desired direction and
its nulls or sidelobes to the direction of interference (undesired)
signals, This success can be achieved by the accurate
weighting coefficients which are applied to individual antenna

Aunorized licansad use ImRad fo: Suranaee Unersly of Technolkagy. Downloaded on August2d4, 2008 3t 04207 from IEEE Xphre. Resfrictions 3ppl.
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Figure 1. Smart antenna system cmploving MMSE algorithm when &, is
phase shifting error at #™ phase shifter,

elements. These weighting coefficients can be calculated using
an optimum beam forming algorithm,

From literatures, there are many algoritms available for
optimum heam formation such as Maximum Signal-to-Noise
Ratio (Max SNR) and Linearly Constrained Minimum
Variance (LCMY). The purpose of Max SNR is to maximize
the actual Signal-to-Noise Ratio (SNR) at the array output [3]
while LCMV requires knowledge of DoA of the desired signal
which is not typically known in mobile and portable wireless
systems [6]. Altematively, there is one typical beamforming
algorithm named Mimmum Mean Square Emor (MMSE),
which attempts to mimmize the difference between the array
output and the desired signal,

Ag its simplicity, the MMSE algorithm is chosen to be the
gptimum  beam forming algerithm in this paper. The weight
vector (W) caloulated using this algorithm is expressed in (1).

W=R"p (1)

where R is the correlation matrix of the sipnals received from
the array and p 1s the cross-comrelation vector between the
received and reference signal [8]. Hence, the output signal 1s
given by

y=Wx Q)

where x 1s the received signal vector.

Fig. 1 shows the configuration of a smart antenna consisting
N antenna elements which are usually spaced by half-
wavelength of the operational frequency. From this fipure, the
optimum  weighting coefficients are calculated by MMSE.
These coefficients are fed back to the phase shifters at
mndividual antenna elements in order to adjust amplitude and

TABLEI
APECTFICATION OF PHASE SHIFTERS
Maximum
Frequency
Company Maodel Range (GHz) an?
LPS-03100370- .
sipp | 313 2
DPS01200140-
MITEQ([7] OLEF 12-14 3
PS0618-360-5- 6.0- 180 430
56
[Esl]"md”m'“ DSP-28:4 20-80 150
HMCS96LP4 3.0-120 =
Hittite
Microwave HMC343 30-120 +5°
Corporation [9]
HMCH3ILC4R 3.0-120 =5
G T PHP38A-5 1.0-30 +]10*
Microwave Inc.
(10] PHP-49A-5 1.0-40 +15°
HERLEY[11] 7814 A0-120 =15

phase of the received signals. According to this, the output
signal containg only desired signal without interfering of
signals from ather directions. In some cases, this success can
not be met due to the imperfection of the phase shifters
causing the phase shifting error (£) a5 seen in Fig, 1, This error
also affects the output signal as shown m the following
EXpression.

y=Wx+&x 3)

Comparing (2} and (3) indicates that the phase shifting error
caused by the imperfect phase shifters affects the output signal,
hence degrading the signal quality of the system. In next
section, some phase shifters commercially available on the
market are examined,

I, IMPERFECTION OF PHASE SHIFTERS

As mentioned in the previous section, phase shifter is the
mest important part of a smart antenna system. There are
many phase shifters commercially available on the market.
Each product has different charactenistic which provides wide
range of selection. In this paper, we have mvestigated into the
phase shifters from companies [7] to [11] as shown in Table L.
As seen mn this table, the phase shifting error of the phase
shifters can be separated into two groups. First group contains
the phase shifters having lower phase shifting error, £2° to +5°.

Aumorzed licensed us2 ImRed - furanaee Universky of Technalogy. Downloaded on August 24, 2009 at 04207 from IEEE Xplare. Resiritions 3pp -
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TABLE Il
EFFECT OF PHASE SHIFTING ERROR 0N BEAMFORMING PERFORMANCE
No phase shilting error Phase shifting error = 24* Phase shifting error = +12°
Number
Mean main Mean main Mean main
of aient | beam Mol | MemSR | beam | N MenSIR | beam | SRS peangm
devlation {dB) deviation (dB) deviation (dB)
©) £ 0 0 ©) 0

4 ] ] 1769 4 45 1793 1 15 757
3 0 ] 4147 1 78 17.28 3 b1 37
10 0 ] 41.42 1 10 1845 3 n 4106
12 0 ] 40,62 0 76 1917 1] L) 436
16 0 1] 4349 0 57 2137 1 35 48

The second one includes the phase shifters having larger phase
shifting error of £10° to £15°,

In next section, we investigate into how such an ermror
caused by imperfect phase shifters affects the beamforming
performance of smart antenna, Also, the SIR is employed to
mndicate the quality of the cutput signal of the system.

IV. SIMULATION RESULTS

To see the phase shifter emor effect on beamformi
performance, we choose 12° being the average value of the 2°
group which has higher error from Table I InFig 2, 10 dipole
antermas are used being the antenna elements for linear array
spaced by half-wavelength at the operational frequency. In
this simulation the desired direction is piven at 45° off
boresight direction while the interference signal is coming
fram 07 off boresight direction, The Ratio between the desired
and interference sipnal is 0 dB. As we can see in Fig. 2, the
main beam 15 shifted by 3° when the phase shifter gives an

error up to 12°. Note that the weighting coefficients are
calculated using MMSE algorithm m (2). Also i Fig, 2, the
deviation of null's location in the direction of interference
signal (07} is more pronounced, up to 22°. As a result, the SIR
of the system is decreased by 39 dB, from 47 dB (error = 07)
to 8 dB (error = 12°).

Fig. 3 shows the contour plot of SIR when DoA of desired
direction is varied from 0F to 90° off boresight direction. In
this case, the amplitude of desired and interference signal is
given at the same level. The direction of interference signal 1s
set at -10° off boresight direction. The 10-element dipole
antenna 1s utilized in this simulation. The phase shifting error
iz varied from 07 to 16°. The obtained results in Fig. 3 indicate
that SIR decreases as the phase shifting error increases
However, the SIR values are similar i every DoA of desired
direction 1if the phase shifters providing low error as seen in
Fig. 3 from =1° to £5°. Contrarily, the SIR of the system
relatively varies with DoA of desired direction when
employing the phase shifters having high phase shifting error.

Auorized llznsed use ImBed bo: Suranaee Unbersly of Technology. Downloaded on Augus! 24, 2008 31 04:07 from IEEE Xplore. Restricions appl -
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Table II shows the effect of phase shifters on the accuracy
of main beam/ null steering and SIR when the number of
antenna elements are 4, 8, 10, 12 and 16 The mean values of
these three parameters are averaged over 1000 samples while
phase shifting error is randomly given within the designated
range. The phase shifting error is chosen to be +4° and +12°
which are the average values of the lower and hizher ones
available n Table I Having used perfect phase shifters (no
phase shifting error), the SIR of the system becomes 27.69,
41.47, 41.42, 40.62 and 43.49 when the number of antenna
element is 4, 8, 10, 12 and 16 respectively. This table indicates
that the deviation of main beam and mull direction ocours
when the imperfect phase shifters are utilized Consequently,
SIR 1s worse compared with the case of using perfect phase
shifters, This mmpaiment is more pronounced when
employing more antenna elements. Also, we investizate into
the case of having higher phase shifting error according to the
information available on the market. As we expected if such
an etror increases up to +12° the SIR drops to 7.57, 3.7, 4.06,
4,36, and 4.8 when array has the number of antenna elements
of 4, 8 10, 12 and 16 respectively. In some case, SIR is
decreased by 38.60 dB (from 43.49to 4.8 dB).

V. CONCLUSION

This paper has investipated into the effect of imperfect
phase shifters on the performance of smart antenna. The
performance undertaken in this paper is separated into two
parameters, capability of beamforming and Signal-to-
Interference Ratio. The obtained results have revealed that the
phase shifting error caused by imperfection of phase shifters
degrades the beamforming performance. The deviation of
main beam direction and nulls’ locations is more pronounced
as the phase shifting errar increases. As a result, the output

signal has lower quality when utilizing imperfect phase
shifters. The obtained results also have shown that the phase
shifters piving low error are preferable because Signal-to-
Interference Ratio of the system is relatively constant with
DoA of desired direction. Therefore, this information is
considered to be helpful for the smart antenna designers so
that they can set an appropriate margin of SIR according to the
specification of the chosen phase shifters.

ACKNOWLEDGMENT

The authors acknowledge the financial support from
Suranaree University of Technolegy, Thailand

REFERENCES

[1] A. C. Scheel, “Antenna developments of the 19508 to the 19305 in
JEEE dnt.and Prop. S, Juter Symp, vol. 1, 8-13 Jul. 2001, pp. 3033,

[2] A. I Goldsmirh, “Smart antennas” IEEE Fevson. Cow., vol. 5, pp. 9,
Feb. 1998,

[3] S.S. Jeon, Y. Wang, Y. Qian and T. Itoh, “A novel smart antenna
syslem implementation For broad-band wireless commumications” JEEE
Treans. on Ant, and Prop., vol. 50, no. 5, pp. 600-606, May 2002,

[] “ImelliCell Smart Antenna,” available: hitp:/fwwow arraycomm. com.

[5] R.Menzingo and T. Miller, fatroduction to Adaprive Aways. Wiley and
Sons, NY, 1980.

[6] ©.L. Frog, III, “An algorithm for linearly constrained adaptive amay
processing,” in Proe. of [EEE, vol, 60, no. 8, Aug, 1972,

[7]1 MITEQ, available; hittp:iwww miteq.com.

[8] ET Industries, available: hitp://www.eliworld.com,

[9] Hittie Microwave Corporation, available: hitp:/fwww hittis.oom.

[10] G. T Microwave Inc., available: hilp:/fwww gimicrowave.com.

[11] HERLEY, available: hitp:ffwwrweherley com,

Aunoried licensed use ImRed - Suranaee Unlersky of Technology. Downloaded on August 24, 2009 at04 07 from IEEE Xplare. Restrkdlons 3ppl .




99

The 3econd International Conference on Next Generation M obile Applications, Services, and T echnologies

Investigation into GPRS Transmission Employing Switched Beam Antenna
at Mobile Station

P Sriploy, M. Uthansakul and R. Wongsan
School of Telecommumication Engineering, Suranaree University of Technology,
Nakhonrarchasima, Thailand 30000 (phone: +66-850865588; fax +606-44224603;
e-mail: m50401 79@g.sut.ac.th, {mip and rangsan )@ sut.ac. th)

Abstract

In st few years, a smart antenna has been
envisaged fo enhaice the GPRS system implementing
at Base Station. This results in the problem of
complexity and expense. Alfernatively, this paper
considers employing switched beam antenna at Mobile
Station, such as Lapiop, instead. The simulation resulfs
reveal that utilizing switched beam antenna provides
higher performance in term of C/A and throughput
compared with using exSting antenna. As being spaced
by halfwavelength of the operational fequency, the
array size is too large to build in Laptop. On the other
hand, the reduction of array spacing affects the system
throughput because of mutual coupling effect Also, the
decoupling technigues proposed in literatures are not
practical  for implementing in Mobile Station
Therefore, this paper also presents the frade off
between throughput and array size. From the obtained
resulfs, we can reduce the array spacing according fo
the desired throughput This is considerably useful for
the GPRS designer.

1. Introduction

The GSM (Global Sysem for Mobile
commumnication) was first developed 1n 1990 for a 900
MHz band all of Europe based on Time Division
Multiple Access and Frequency Divison Duplex
(TDMA/FDD) scheme [1]. Asitsadvanfages, the GSM
system has been applied to 2.5G (2.5 Generation) using
TDMA standard, so called GPRS (General Pachet
Radio Service) [2]. The possible GPRS applications
are such as web browsing, FTP, e-mail, telnet and
video conference. The GPRS is “always on™ access
automatically instructed to fune to dedicated GPRS
radio channel and paricular Time Slo& (TS). For
power controlling, the GPRS system have four
different coding schemes for Packet Dam Traffic

978-0-7695-3333-9 /08 $25 00 © 2008 [EEE
DOI 101 109N GMAS T 2008 38

331

Channel (PDTCH) which refers to a logcal traffic
channel for packet switched data [3]. Those coding
schemes are C8-1, C82 (€S53 and CS4
corresponding to the datarate of 9.05, 134, 156 and
214 kbps per time slot, respectively. Because of the
mterruption of implementation for full 3G TDMA
standard and requirement of users to improve the
throughput of GPRS system, the smart antenna are
emploved in the GPRS module to increase the datarate
and signal quality.

A smart antenna can be classified info two types:
adaptive and switched beam antennas. Comparing
between these types, the swifched beam anfenna has
more advantages in tem of low complexity and
implementation cost The swiched beam system
requres only a beamforming network, an RF switch
and control logic to select a parhicular beam [4]. The
work presented in [3] has revealed that the adapfive
antenna performs similady fo switched beam antenna
when employing few anfenna elements Also, they
have indicated that switch beam antenna outperforms
adaptive antenna when the desired signal is not
adequately hgher than inferferences. As a result,
switched beam antenna has been emvisaged to be
emploved at Base Station (BS) to enhance the quality
of GPRS system [6]. However, this is not practical
because if results 1n high expense and complexfy.
Therefore, fhis paper considers implementing the
switched beam anfenna at Mobile Station (MS) instead.
As the amay antenna is usually spaced by half-
wavelength of the operational frequency resulting in
array spacing of 16.7-cm for GPRS transmission. This
1s not practical fo implement in MS such as Laptop.
The author of [7] has shown that the performance of
smart antenna can be enhanced by the amay having
mnter-element spacing smaller than halfwavelength.
From the work presented in [7], the superdirective
technique is utilized to reduce the array spadng.

. IEEE
Computer
Bcompu bty
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Fig. 1. Configuration of switched beam antenna.

However, this technque is relatively complex to
implement in Laptop. Utilizing the reduced army size
for smart anferna is also presented by the works
presented in [8] and [0]. Therefore, apart from
applying switched beam antenna, the effect of reducing
army size on the quality of GPRS transmussion is
investigated in this paper. From the obtained results,
the reduced armay spacing is achieved according to the
desired of system throughput.

The remainder of this paper is orgamzed as follows.
Following introducion, a bnef discussion of the
switched beam antennas is presented in section II. In
section ITT, the mutual coupling effect on beamforming
performance of smiched beam antenna is examined. In
section IV, the GPRS transmission including path loss
model, signal fading and coding schemes for GPRS
system 13 discussed. Afferwards, the sinmlabon
parameters used in this paper are detailed in section V.
In section VI, the simulation results which demonstrate
the performance of switched beam antenna employing
various amray spacing are shown. Finally, section VI
concludes the paper.

2. Switched Beam Antenna

A switched beam antenna is a typical type of smart
antenna_ It can be implemented using an anfenna amay
cooperating with beamforming network The analogue
beamforming network typically employs Butler matnx
or Rotman lens. Fig. 1 shows the configuration of
switched beam anfenna system constifuied by N
antenna elements, and a beamforming network
followed by a beam selector The M beams are
produced in beamforming network. The maxinmm
signal strengfh is selected according to the beam

Ralative Amplitude @ B)

1
=0 &0 40 -m Q et 44 2] )

Angle {degres)

Fig. 2. Radiation pattern of switched beam antenna
when the array spacing is 014, 0.2%, 0.3%, 044 and
0.50

pointed to fhe desired user, which can be done by beam
selector that must be made for each recetver.

The weight vector (I) for m® output in
beamfomming network can be expressed in (1).

Tm = [Wﬂ.m W

Lm

Weral O

where wy », 15 weighting coefficients at n™ element for
forming m™ beam. Then, the oufput =1gnal 15 given by

y=T"x ®
where x 1s the recerved signal vecfor.
3. Mutual Coupling Effect

The inferactions between the entire set of anfennas
and scatterers are inifially descnbed by the impedance
matnx Z. For dipoles, the mutual impedance can easily
be caleulated vsing classical Induced Electromagnetic
Force (EMF) method [10]. For the side-by-side
configuration, the wvalue of the mutual impedance
between the g and n™ dipoles (Z,,) [10] can be given
by

3000.572+In(250)-C (240 ]+
- JBO0S,(240], g=n (3)
= 130026 )~ C () ~C. ()1

BOR2S (w)-5,0m)-5,@)].  g=*n
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TABLEI
FouR CODING SCHEMES FOR GPRS TRANSMISSION
Coisame | Ol | T
s -1 less than 7 9.05
(35 7-12 134
83 12-17 156
s 4 mors than 17 14

where f§ stands for wave number, [ is the dipole length
and the constant uyis given by

=B u=AJd++); w=AE+T-D) @

where o 15 the honzontal distance between the two
dipole antenna. The C;(u) and S;fu) are the Cosine and
Sine integrals respectively, which are defined as

follows.
=] s sw-=]

- x L]

usin(x)

dx  (5)
From [10], the coupling matnx C of an anfenna amay
can be written using drcut theory as shown in (6).
C=(Z,+Z)Z+Lely)" ©
where Z; 1s the element’s impedance 1n 1solation. Also,
the Iy 1s the identify matrm, Z 1s the N<N mufual
impedance matnx calculated using (3) and Zr 1s the
impedance of receiver at each element chosen as the
complex conjugate of Z; fo obtain an impedance
matching for maxinum ransfer.
The signal vector of amay input affected by nmiual
coupling phenomena can be given by

x,=Cx 0
Therefore, companng with (2), the oufput signal
induding mutual coupling effect can be expressed by

ve=T'x ®

Fig 2 shows the simulated radiafion patterns of
swiched beam anfenna when amay spacing is given at
0.13, 02%, 0.3, 04X and 0.53. For this simulation, the
desired signal is coming from 30° off boresight
direction. Note that the nmiual coupling effect between

33

Iterference 1

\ —/\
\

/-

Interferanece X

7

Interfersnes 3

Fig. 3. Cellular model for GPRS transmission.

the anfenna elements was already taken info account.
As seen in Fig 2, the direction of main beam starts
deviating from the desired direction (30°) as the amay
spacing is smaller than 05A In addition this
degradation is worst when the army is spaced by 0.1
Also, the army spaced by 0.1A provides very high
sidelobe level. The simmlation results shown in Fig 2
confirm that the mutual coupling between antenna
elements degrades the beamforming capability of
switched beam antenna.

4. GPRS Transmission

The GPRS system was designed for GSM which
operates in the 900 MHz band, 890 — 915 MHz in
Uplink Channel (UL) and 935 — 960 MHz in Downlink
Channel (DL). The separation of carriers is 45 MHz or
3 TS. Each carrier is multiplexed in 8 TS which can be
used for a specific purpose such as carrying data traffic
or controlling user.

The GPRS system provides power controlling
according to four Coding Schemes defined for the
packet data traffic channels as shown in Table I For
GPRS radio resource management, Link Adaptfion
(LA) algorithm is used to select the opimum CS
according fo condition of radio link base on Carner-fo-
Interference ratio (C/T) [3]. This table also shows that
high datamate fransmission for GPRS system can be
achieved when the system has high C/T.

In cellular system, a signal transmitted by a madio
connection is attenuated along the propagation path.
This attenuation of received power is called path loss.
This loss has fo be mcduded when mvestigafing mnfo
GPRS fransmussion. The path loss in case of Line-Of-
Sight (LOS) 1s expressed as follow [1].
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Fig. 4. Cil probability distribution utilizing omnidirectional
and switched beam antennas. In case of switched beam
antenna, the array spacing is given by 0.1%, 0.2%, 0.3%,
0.4% and 054
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Fig. 5 Throughput probabilty distribution utilizing
omnidirectional and switched beam antennas. In case
of switched beam antenna, the array spacing is given
by 0.1%, 0.2%, 0.3%, 0.4% and 0.5

L(dB)=32+20log f +20logd @

where f'is the operational frequency in MHz and 4 is
the distance in km.

When the antenna positions lower than surrounding
building, the L.OS path loss can not be directly applied.
In this case, the radio signals arrives the user receiver
from different directions, the fading of the signal has fo
be concemed The fading can be dassified info two
types which are slow and fast fading. In this paper, we
consider only slow fading case because the users are
assumed to be static. The expression of the slow fading
path lossis shown in (8).

Switched Beam

Throug hput (%)

75 [ Omnidirectonal
BT 755}

73 L L L L L L L L L
g @ 01 045 02 025 03 035 04 Q45 05
Array Spacing (L)

Fig. 6 Throughput of GPRS system when switched
beam and omnidirectional antennas are utilized.

m(dB)={-20p(mW210* +I(dB) (9)

where L(dB) is the mean value of path loss, p(in) is

the randomly uniform distnbution value and ¢ 1s the
standard dewiafion valuein dB.

The received power C (dB) at the user can be
calculated using (10) for non-LOS case (fading case).

C=T,+G,+G,+m(dB) (10)

where T is the transmitfing power in dB, Gy is the
antenna gain in dB at BS and G, is the user antenna
gain, m{dB) is the slow fading path loss.

5. Simulation Parameters

The computer simulation for this paper begins with
the following assumpfions:
1} Ewvery cell isassumed to be hexagonal shape.

2) The 120° sectoning antenna employed in the
system 1s assumed to be perfect.

3) The frequencies reuse factoris 7.

4) Co-channel interferences are coming from 3
directions refemring from [1].

5) The GPRS transmission is modeled using the
same concept of cellular network shown inFig.
3. Note that the shade areais the cell of inferest.

6) The radius of cell is 1 kmbeing a macro cell.
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7) The 100 users are assumed to be umformly
distributed in each sector.

8) Antenna gain of the switched beam anfenna 1s
6.76 dB and 0 dB for omnidirectional case. The

antenna gain at BS is 14 dB [3]

The effect of signal fading is induded (non-
LOS case).

10) The standard deviation value of path loss model
1ssetat 6dB.

11) The system noise floor 15 -100 dBm.

Next section shows the performance of GPRS
system in term of C/I and throughput when employing
switched beam antenna at MS. The various length of
army spacing is assumed.

9

6. Simnlation Results

In this paper, the C/T and throughput are uhilized to
indicate the GPRS system performance. Also, the
performance comparison of employing existing
antenna (omnidirectional) and switched beam antenna
1s considered. For the case of switched beam antenna,
the array spacing is given by 0.13, 023, 0.3}, 04X and
0.5L

From Fig. 4, the GPRS system utilizing switched
beam anfenna provides higher probability of CI
compared  with  using  existing  antenna
(ommdirectional). This confinms that switched beam
antenna is able to enhance the GPRS transmission. For
switched beam case, the array spaced by 05X provides
highest C/T considering at highest probability. As the
array spacing decreases, C/1 at lughest probabilify 1s
also decreased. This is because the effect of mutual
coupling between the array elements. However, even1if
the spacing is only 01X, the system performance is
better than using omnidirectional anfenna.

To examine the data transfer capability of the
system, we also investigate nfo the probability of
throughput as shown in Fig. 5. Note that the obtained
datarate is given according to coding schemes shown
in Table I It shows fhat switched beam antenna
provides higher fhroughput compared with
omnidirectional case. As expected, the throughput is
lower for the army having short spacing due fo the
mutual coupling effect.

From the obtained results, ones can not argue that
GPRS transmission achieves highest performance
when the array is spaced by 054 (16.7 cm). However,
this is not practical to implement in MS such as Laptop
because it is too large. Therefore, we further
investigate into the trade off between array size and
system throughput as follows.

33

Fig 6 shows the behavior of the system throughput
with respect to amay spacing. Please note that the 4x1
array anenma 15 employed in simmlation. The
throughput at spacing of 05X is set to be 100%
throughput. As we can see, the throughput obtained
from switched beam antenna is slighily higher
compared with omnidirectional antenna when the amray
elements are spaced by 0.05% — 023 This gap is more
pronounced when array spacing is extended, up to
0.5k This is because the mumal coupling effect
between the antenna elements. To avoid the large army
size, the array spadng of 03X is worthwhile
considering. At this spacing, we obhin 87%
throughput compared with the 100% throughput at
spacing of 0.54. As a result, we can reduce the spacing
up to 40% while the system throughput is decreased
only 13%. According to this, the over all array size can
be reduced for implementing switched beam antenna
into MS. However, ofher spacing value can be chosen
in accordance with the requirement of system
throughput. This 1s considerably useful for the GPRS
smart antenna designer.

7. Conclusion

This paper has revealed the GPRS transmission
performance utilizing switched beam antenna over
existing anfenna. The antenna implementation is
considered at Mobile Station such as Laptop as it 1s
low of cost and complexity. The array antennas utilized
in switched beam system is usually spaced by half
wavelength of the operational frequency. This is not
practical to implement in Mobile Station for GPRS
system because the over all size of array is too large.
Therefore, further investigation in fhis paper has been
paid to the reduction of aray spacing without the
conzderation of complex decoupling techniques. The
obtained results provide the information of the resulted
throughput at various length of the array spaang, 0.13-
05k The smart anfenna designer can ufilize this
information as a key design fo enhance the
performance of GPRS system.
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Abstract- As the users call for the improvement of the
datarate in GPRS system, so far an adaptive antenna
implemented at Base Station is envisaged to be the solution.
However, this concept introduces the problems of high
expense and complexity. Alternatively, a switched beam
antenna avoiding those impairments is worthwhile
considering. Therefore, this paper investigatesinto the use of
switched beam antenna compared with adaptive antenna in
GPRS system. To achieve a fraction of expense, the
implementation is considered at the Mobile Station instead.
The simulation resulis reveal that employing the switched
beam system provides higher performance in term of
Carrier-to-Interference ratio and throughput, compared
with adaptive antenna. The obtained results also confirm the
advantages of switched beam antenna even though the
system is situated in non-Line-of-Sight environment.
Keywords: Amnterma arrays; Array signa processing; Beam
steering; Suited beam antermna

I. INTRODUCTION

The GSM (Global System for Mohile communication)
was frst developed 1n 1990 for a 900 MHz band all of
Europe based on Time Division Multiple Access and
Frequency Division Duplex (TDMA/FDDY) scheme [1]. As
its advantages, the GSM system has been applied to 2.5G
(2.5 Generation) using TDMA standard, so called GPRS
(General Packet Radio Service) [2]. The possible GPRS
applications are such as web browsing, FTP, e-mail, telnet
and video conference. The GPRS is “always on™ access
automatically instructed to fune to dedicated GPRS radio
channel and particular Time Slots (TS). The GPRS system
ufilizes four different coding schemes to confrol the
operating power. These coding schemes are CS-1, CS-2,
C5-3 and C5-4 corresponding tothe datarate of 9.05, 13.4,
156 and 21.4 kbps per TS respectively [3]. Because of the
delay of implementation for full 3G TDMA standard and
requirement of users to improve signal strength and
throughput of GPRS system, a smart antenna has been
envisaged to increase datarate and signal quality of the
Syster.

A smart antenna is a system consising of antenna
arrays and signal processing unit. The processing unif 1s
used to identi fy Direction of Arrival (DOA) of signal and
track the main beam to the direction of desired signal.
Also, it can steer nulls and sidelobes to interference
directions when operating in the environment having rich
interference signals [4]. The smart antenna system can be
categorized info fwo fypes which are adaptive and

{mtp and rangsan}{@sut.ac th

switched beam antennas. The adaptive antenna can steer
its main beam to desired direction. Additionally, side lobe
or nulls are generated in the direction of interferers by
adjusting or weighting received/transmitted signal. On the
other hand, the switched beam antenna selects the
maximum signal strength from the predefined beams ofan
antenna arrays. This system can also generate its main
beam to the desired user but the directions of nulls and
sidelobes cannot be adjusted according to the positions of
interference.

The performance and discussion of smart antenna
vtilized in GSM systems has been presented in [5] and [6].
They hawe shown that the smart antenna is able fo
improve the signal strength and capacity of the system.
However, those improvements are not promusing for
GPES system because the data transfer capability of
GPRS transmission can be indicated by Carner-to-
Interference ratio (C/T) and throughput. In recent years,
the capacity and throughput of GPRS and Enhanced
Datarates for GSM Ewolution (EDGE) systems can be
enhanced by implementing an adaptive antenna at Base
Station (BS), [7] and [8]. Nonetheless, thisis not practical
as its implementation is complex and costly [9]
According to that reason, this paper considers
implementing the antenna system at Mobile Station (MS)
instead. Also, the work presented in [10] has revealed that
adaptive anfenna performs similarly to switched beam
antenna when employing few anfenna elements.
Furthermore, they indicated that switch beam antenna
outperforms adaptive antenna when the desired signal i1s
not adequately higher than interferences. However, those
works have not demonstrated the system performance in
GPES transmission. At this light, this paper investigates
into the use of switched beam antenna compared with
adaptive anfenna on GPRS module at MS_

The remainder of this paper is organized as follows.
Following introduction, a brief discussion of the adaptive
and switched beam antennas is presented in section IT
Also, the performance comparison of adaptive and
switched beam antennas in term of beamforming
capability is shown in this section. In section ITI, path loss
model, fading and coding scheme of GPRS system are
discussed. Afterward, the smulation parameters used in
this paper are shown in section IV. In section V, the
simulation results which demonstrate the performance of
switched beam anfenna compared with adapfive antenna
are shown. To show the performance compared wiath
existing antenna at MS of GPRS system, the
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Fizure 1. Adaptive ant=nna employing MMSE algon thm.

omnidirectional antenna is also assumed in this section.
Finally, section VI concludes the paper.

II. SMART ANTENNA SYSTEM

Firstly, a smart antenna was introduced to use in Radio
Detection and Ranging (RADAR) application. Recently,
the smart antenna has gained more atfenfion in wireless
communications because if 1s able fto reduce overall
network interference leading fo an increase in system
quality. The smart antenna is constituted by antenna arrays
and signal processing. It can be classified into two types
which are adaptive and switched beam antennas.

The adaptive antenna has two major functions
beamforming and Direction-Of-Arrival (DOA) estimation.
In this paper we focus on the beamforming performance.
The beamforming is the process to direct the main beam
to the desired users while pointing nulls and sidelobes to
the interfering directions. This action 1s accomplished by
applying complex weights to individual anfenna elements
in order fo adjust amplitude and/or phase of the recerved
signal, namely beamforming algonthm. Fig.l shows the
configuration of an adaptive antenna consisting M antenna
elements which are usually spaced by half-wavelength of
the operational frequency. From this figure, the optimum
weighting coefficdents are calculated vsing Minimum
Mean Square Error (MMSE). The MMSE is one typical
beamforming algorithm which atfempts to mimmize the
difference between the array oufput and desired signal.
The weight vector (W) calculated using this algorithm is
expressed in (1).

W=R"p (D
where R is the correlation matrix of the signals received
from the array and p is the cross-correlation vector
between the received and reference signal. Hence, the
output signal can be given by (2)

y=Wx @
where X 15 the received signal vector.

For switched beam system, a number of beams are
amultanecusly produced. This can be done by multiplyving

2 M
. ¥ L Y
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Fizure 2. Confignmation of switched beam antenna.
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Figure 3. Radiation pattern of ada ptive and switched beam antennas
emploving 4% 1 ar@y antenna.

the weighting coefficents to the signal received by array
antennas. The typical beamforming network for this type
of smart antenna is Bufler matrix. Fig. 2 shows the
configuration of the switched beam antenna constituted by
M antenna elements. The beamformer is used to produce
N beams from M antenna elements, and beam selector
selects a parficular beam having the maximum signal
strength. Aswe can see, the switched beam antenna is not
complex resulting in low expense for implementation .

Fig. 3 shows radiafion patiems of adapiive and
switched beam antennas when desired signal 15 coming
from boresight direction and mferference directions are
30° and -30°. As we can see, the switch beam antenna
provides nulls depth deeper than adaptive antenna while
the sidelobe levels are similar. This is because interference
signal affects process of beamforming (weighting
algorithm) for adaptive antenna while switched beam
anfenna needs only desired direchon fo perform
beamformuing. Howewver, further investigafion indicates
that adaptive antenna needs more antenna elements to
provide deeper null depth in this situation.

IIT. GPRS TRANSMESION

Use The GPRS was designed for GSM system which
operates in the 900 MHz band, 890 — 915 MHz in Uplink
Channel and 935 — 960 MHz in Downlink Channel. The
separation of carriersis 45 MHz or 3 TS. Each carrier is
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TABLEI
CODING §CHEME FOR. POWER. CONTROL INGPRS TRAMSMESION [3].
Coding Scheme @Tﬂﬁ'ﬁ) Datarate (kbps)

cE less than 7 9.05

cs 2 7-12 134

Cs 3 12-17 156

cs 4 more than 17 214

multiplexed 1n 8 TS which can be used for a speafic
purpose such as carrying data traffic or controlling user.

The GPRS system provides power confrolling
according to four Coding Schemes (CS) defined for the
packet data traffic channels as shown in Table I For
GPRS radio resource management, Link Adaptation (LA)
algorithm is used to select the optimum CS according to
condition of radio link base on C/T [3].

In cellular system, a signal fransmitted by a radio
connection is attenvated along the propagation path. This
attenuation of received power is called path loss. The path
loss in case of Line-Of-Sight (L OS) is expressed as follow
[

L(dB)=32+20log f+20logd 3)
where f1s the operational frequency in MHz and 4 is the
distance inkm.

When fhe antenna positions lower than sumrounding
building, the LOS path loss can not be applied. In this case,
the radio signals arnves the user receiver from different
directions resulting in signal fading. The fading can be
classified into two types which are slow and fast fading. In
fhis paper. we consider only slow fading case because the
users are assumed to be static. The expression of path loss
for slow fading is shown in (4).

m(dB) = \—20p(m2mc” +L(dB) @

where L(dB) is the mean value of path loss, p(m) is the
mndomly vmform dsmbubion value and & 1s the
standard deviation valuein dB.

The received power C (dB) at the user can be calculated
using (3) and (6) in case of LOS and non LOS cases,
respectively.

C=T,+G,+G,+L(dB) (5)

C=T,+G,+G,+m(dB) (6)
where T is the transmitting power, G is the antenna gain
at BS and G, is the user antenna gain. Note that all
parameters appeared in (5) and (6) are in dB.

Interference 1

Interference 2

v

Interference 3

Fizure 4. Callvlar modzl for GPRE transmission

IV. SIMULATION PARAMETERS

The computer amulafion in this paper begins with the
following assumptions:

1} Ewery cell 1s assumed fo be a2 hexagonal shape.

2) The 120° sectoring antennas employed in the

system 1s assumed to be perfect.

3)
4)

Frequency reuse factoris 7.
Co-channel interferences are coming fom 3
directions with 3-km distance referring to [1].

The GPRS transmission is modeled using the same
concept of cellular network shown in Fig. 4. Note
that the shade area is the sector of interest.

%)

6)
D]

The radius of cell is 1kmbeing a macro cell.

The 100 users are assumed to be uniformly
distributed in each sector.

8) 4x1-dipole array antenna 1s assumed at individual
users when switched beam and adapfive antennas

are assumed.

Antenna gain of the switched beam antenna is 6.76
dB and 0 dB for omnidirectional case. The antenna
gain at BSis 14 dB [3].

107 The standard deviation value of path loss model is
6 dB [3].

11) The system noise floor 15 -100 dBm.

9)

In next section, we show the C/T at user receivers when
omnidirectional, switched beam and adaptive antennas are
assumed. Also, the system throughput is employed fo
indicate the quality of GPRS transmission.

V. SmuLATiON RESULTS

The Probability Density Function (PDF) of C/I and
throughput are used to show the performance of GPRS
system utilizing ommdirectional, adaptive and switched
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beam antennas. Note that the parameters for simulations
have been detailed in last section.

Fig. 5 shows the PDF of C/T when the fading of signal
is neglected. Note that the peak of PDF indicates
dominant C/T Aswe can see, the most frequent C/I value
in case of omnidirectional is lowest. This value increases
when utilizing adaptive antenna From the obtained
results, switched beam anfenna provides highest C/1
considering at maximum FPDF. This indicates that
switched beam anfenna provides highest performance for
GPRES  transmission compared  with  existing
(omnidirectional) and adapfive antennas.

Fig_ 6 presents the same results as shown in Fig 5 tut
the signal 1s assumed fo be fading (non-LOS case). We
obtain similar manner of the C/T distribution presented in
Fig. 5 in which we can achieve highest performance when
utilizing switched beam antenna.

In order to examine the data transfer capability of
GPES system, we also investigate into the probability of
throughput as shown in Fig. 7 and Fig. 8 when fading of
signal is excluded and included respectively.

As seen in Fig_ 7, the most frequent throughput 15 9.05,
156 and 21 4 kbps when ommdirechonal, adapive and
switched beam antennas are ufilized, respectively. This
confirms the performance of switched beam antenna over
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Figure 7. Throughput probability distibution when the Gding of
signal is not includad (LOS8 cas=).
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Figure 8. Throughput probability distibution when the Gdins of
signal is incledad (non-LOS cass).

214

omnidirectional and adaptive antennas when the signal is
coming LOS directions (no fading).

However, the fading of signal is included and the
obtained results are shown in Fig. 8§ As expected, the
switched beam antenna provides highest throughput (214
kbps) at maximum PDF, compared with other antenna
systems. This proves that switched beam antenna can be
considered to be an effective antenna for GPRS system as
1t well performs even in non-L OS environment.

VI. CONCLUSION

This paper has proposed the idea fo enhance the
performance of GPRS system by emploving switched
beam antenna at Mobile Station. This is because switched
beam antenna avoids impairment of complexity and
expense. In this paper, the performance of swmitched beam
antenna in GPRS fransmission has been evaluated wvia
computer simulation compared —with  existing
(ommnidirecfional) and adaptive antennas. The obfained
results show that switched beam antenna provides highest
C/I and throughput even though the system is situated in
non-LOS environment. This information is considerably
uvseful for the Laptop designer who pursues the
performance enhancement in GPRS system.
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