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$QDKWDU V|]F�NOHU�$NÕOOÕ $QWHQOHU� *�YHQLOLUOLN� +�FUHVHO 6LVWHP

ABSTRACT
Smart Antennas for cellular systems can significantly
increase system capacity and improve performance.
There are many studies on showing skill of smart
antennas how to increase system capacity and
improve performance especially on Signal-to
Inteference Ratio,Signal-to-Intereference and Noise
Ratio and Bit-Error Rqte.However there are few
studies on the effects of blocking probability. This
paper presents a new method for calculating an  effect
of smart antennas on the blocking probability of the
cellular systems. Blocking probability is an important
parameter for Service Quality of the cellular system.
The proposed algorithm shows that  if we use
narrower beamwidth (BW) and deeper Side Lobe
Level (SLL) antenna, we can obtain smaller blocking
probability.
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+�FUHVHO KDEHUOHúPH WDVDUÕPFÕODUÕ VRQ \ÕOODUGDNL WDOHS

DUWÕúÕ QHGHQL\OH K�FUHVHO VLVWHPLQ ND\QDNODUÕQÕ oRN

HWNLOL ELU úHNLOGH NXOODQPD\D ]RUODQPDNWDGÕUODU� %X

KÕ]OÕ WDOHS DUWÕúÕQÕ NDUúÕODPDQÕQ ELU \ROX� PHYFXW

hücreyi alt hücrelere bölmektir. Ancak hücre bölmek
\HQL K�FUH ROXúWXUPD DQODPÕQD JHOGL÷LQGHQ GDKD

SDKDOÕGÕU YH K�FUHVHO D÷ÕQ \HQLGHQ G�]HQOHQPHVLQL

gerektirir. Hücre E|O�WOHPH LOH NRPúX�K�FUH JLULúLP

J�F� DUWPDNWD� 6,5 D]DOPDNWD YH KDEHUOHúPH

NDOLWHVLQGH G�úPHOHU PH\GDQD JHOPHNWHGLU� +�FUHVHO

VLVWHPLQ GHVWHNOH\HFH÷L NXOODQÕFÕ VD\ÕVÕQÕ YH

KDEHUOHúPH NDOLWHVLQL ELUOLNWH DUWÕUPDQÕQ ELU \ROX GD

$NÕOOÕ $QWHQ �$$� NXOODQPDNWÕU�

$$¶ODU LVWHQHQ NXOODQÕFÕ \|Q�QGH K�]PH ROXúWXUDUDN�

LVWHQHQ LúDUHW \|Q�QGH \�NVHN ND]DQo� JLULúLP

\|Q�QGH LVH VÕIÕUODU �UHWHUHN RUWDPGDNL øúDUHW�*LULúLP

2UDQÕQÕ �6,5� DUWÕUPDNWD YH GDKD NDOLWHOL KDEHUOHúPH

JHUoHNOHúWLUHELOPHNWHGLU� $$¶ODUÕ NXOODQDQ K�FUHGH

øúDUHW *LULúLP�*�U�OW� 2UDQÕ �6,15� YH 6,5¶ÕQ DUWÕúÕ

LOH LOJLOL SHN oRN oDOÕúPD \DSÕOPÕúWÕU >���@� *HQHO

RODUDN� N HOHPDQOÕ ELU DNÕOOÕ DQWHQ NXOODQDQ K�FUHGH

PDNVLPXP N�� DGHW JLULúLP EDVWÕUÕODELOPHNWHGLU�

7ÕNDQPD RODVÕOÕ÷Õ K�FUHVHO VLVWHPLQ KDEHUOHúPH NDOLWH

|Oo�WOHULQGHQ ELULGLU� 7ÕNDQPD RODVÕOÕ÷ÕQÕQ D]DOWÕOPDVÕ

özellikle KDQGRII �GL÷HU K�FUHOHUGHQ� R K�FUH\H GDKLO

RODQ YH J|U�úPHVL GHYDP HGHQ� NXOODQÕFÕODU LoLQ oRN

daha fazla önem arz etmektedir.
%X oDOÕúPDGD� $$ NXOODQDQ K�FUHVHO VLVWHPOHUGHNL

WÕNDQPD RODVÕOÕ÷ÕQÕQ KHVDSODQPDVÕ LoLQ \HQL ELU

DOJRULWPD VXQXOPXúWXU� gQHULOHQ DOJRULWPD LOH GDKD

daha dar K�]PH JHQLúOL÷LQH YH GDKD G�ú�N VHYL\HOL

\DQ NXOD÷D �6//� VDKLS $$¶ODUÕQ� GDKD G�ú�N WÕNDQPD

RODVÕOÕ÷ÕQD VDKLS K�FUHVHO VLVWHP WDVDUODPDGD HWNLQ URO

R\QDGÕ÷Õ J|VWHULOPLúWLU�

�����������������������
    HESAPLANMASI
'H÷HUL GDKD |QFHGHQ EHOLUOHQHQ HúLN 6,5 GH÷HUL RODQ

SIR0 GDKD E�\�N ROPD RODVÕOÕNODUÕ
f
thP  ve r

thP
RODVÕOÕNODUÕQÕ KHVDSODPDN LoLQ

]SIRSIR[PP o
ff

th >=           (1a)

ve

 ]SIRSIR[PP o
rr

th >=                         (1b)

GHQNOHPOHUL NXOODQÕOÕU�

 Burada f- forward link , r-reverse link’i temsil
HWPHNWHGLU� 3>�@ LVH RODVÕOÕ÷Õ WHPVLO HWPHNWHGLU�%X

RODVÕOÕNODUD D\QÕ ]DPDQGD VÕUDVÕ LOH forward ve reverse
\|QGH KDW RODVÕOÕNODUÕ YH\D VLVWHP J�YHQLOLUOL÷L RODUDN

GD DGODQGÕUÕOPDNWDGÕU� $036 VLVWHPL LoLQ SIRo

GH÷HUL ��� �� dB olarak kabul edilmektedir.
dD÷UÕ \DSPDN LVWH\HQ ELU KDUHNHWOL NXOODQÕFÕ ERú ELU

kanal olsa bile Pth RODVÕOÕNOD K�FUHVHO VLVWHPH GDKLO

RODPD\DFDNWÕU� +�FUHVHO VLVWHPGH NX\UXN ROPDGÕ÷Õ YH

1 DGHW IL]LNVHO NDQDO EXOXQGX÷X NDEXO HGLOVLQ� $$

WHNQRORMLVLQLQ K�FUHVHO VLVWHPLQ EDúDUÕPÕQÕ

DUWÕUGÕ÷ÕQGDQ GROD\Õ� VLVWHPLQ J�YHQLOLUOLN GH÷HUL GH

DUWPDNWDGÕU� %DúND ELU GH\LúOH� VLVWHP N DGHW NDQDOÕ

GROXOX÷XQGDQ N�� DGHW NDQDO GROXOX÷XQD GDKD

güvenilir olarak geçebilecektir.
6LVWHPGH NXOODQÕODFDN $$ WHNQRORMLVLQLQ EHOLUOL \|QGH�

belirli bir K�]PH JHQLúOLNOL �%:� YH EHOLUOL ELU \DQ



NXODN VHYL\HOL �6//� \|QVHPHOL ÕúÕPD GL\DJUDPÕQD

VDKLS ROGX÷X NDEXO HGLOVLQ� %XQD LOLúNLQ WDEOR GH÷HUOHUL

DúD÷ÕGD YHULOPLúWLU�

Tablo 1. Monte &DUOR 6LP�ODV\RQX øOH (OGH (GLOPLú

dHúLWOL %: � 6// GH÷HUOHUL LoLQ *�YHQLOLUOLN 'H÷HUOHUL

[3]
øOHUL <|Q Geri Yön

-12 dB 0.920 0.920

-18 dB 0.966 0.966
BW=20o

SL
L

-30 dB 0.976 0.976

-12 dB 0.857 0.857

-18 dB 0.910 0.890BW=50o

SL
L

-30 dB 0.913 0.893

-12 dB 0.773 0.764

-18 dB 0.805 0.795

P
f 

ve
 P

r

BW=120o

SL
L

-30 dB 0.809 0.799

7DEOR �¶GHNL GH÷HUOHU NXOODQÕODUDN $$ WHNQRORMLVL

NXOODQDQ $036 VLVWHPL LoLQ WÕNDQPD RODVÕOÕ÷Õ HOGH

HGLOHFHNWLU� 6LVWHPLQ ELU GXUXPGDQ GL÷HU GXUXPD

JHoPH YH WÕNDQPD RODVÕOÕ÷ÕQÕ KHVDSODPDN LoLQ úHNLO

1’deki gibi PDUNRY ]LQFLUOHULQGHQ \DUDUODQÕOPDNWDGÕU�

ùHNLOGHNL K�FUHVHO VLVWHPLQ 1 DGHW ND\QD÷Õ

EXOXQPDNWDGÕU� +HUKDQJL ELU IL]LNVHO ND\QD÷D DWDPD

\DSÕODELOPHVL LoLQ KHP LOHUL \|QGH KHP GH JHUL \|QGH

ölçülen 6,5¶ÕQ HúLN 6,50 GH÷HULQGHQ GDKD E�\�N

ROPDVÕ JHUHNPHNWHGLU� øOHUL YH JHUL \|QOHUGH ELUOLNWH

ölçülen 6,5¶D VDKLS ELU NXOODQÕFÕQÕQ ELU IL]LNVHO

ND\QD÷D EDúDUÕOÕ RODUDN DWDPDPDVÕ RODVÕOÕ÷Õ�

3>%DúDUÕVÕ] 2OPDGDQ 'ROD\Õ $WDQDPDPD@ 

3>ø< %DúDUÕOÕ@
3>*< %DúDUÕVÕ]@� ���

3>ø< %DúDUÕVÕ]@
3>*< %DúDUÕOÕ@�

3>ø< %DúDUÕVÕ]@
3>*< %DúDUÕVÕ]@

RODVÕOÕ÷Õ LOH YHULOLU�

Burada
ø<� øOHUL <|QGH�

GY-Geri Yönde’ QLQ NÕVDOWPDVÕGÕU�
f
th0

f
f P1]SIRSIR[P1q −=>−=                            (3a)

 ve
r
th0

r
r P1]SIRSIR[P1q −=>−=                            (3b)

ROPDN �]HUH ��� ED÷ÕQWÕVÕ LOH YHULOHQ RODVÕOÕN

3>%DúDUÕVÕ] 2OPDGDQ 'ROD\Õ $WDQDPDPD@ 

q= )q)(q1( rf− + rfrf qq)q1(q +−                           (4)

GHQNOHPL LOH KHVDSODQPDNWDGÕU�

��� GHQNOHPLQGH J�YHQLOLUOLN GH÷HUOHUL RODUDN 7DEOR �¶

GH YHULOHQOHU NXOODQÕODFDNWÕU�

$036 VLVWHPLQL NXOODQDQ K�FUHVHO VLVWHPLQ WÕNDQPD

RODVÕOÕ÷ÕQÕ EXOPDN LoLQ Markov zincirinden
\DUDUODQÕODUDN K�FUHVHO VLVWHPLQ GXUXP JHoLú KÕ]Õ

GL\DJUDPODUÕ NXOODQÕOÕU� 0DUNRY ]LQFLUL NXOODQÕODUDN

hücresel sistemin  her hangi bir durumda bulunma
RODVÕOÕ÷Õ YH VLVWHPLQ WÕNDQPD RODVÕOÕ÷Õ KHVDSODQDELOLU�

6LVWHPLQ E�W�Q ND\QDNODUÕQÕQ KHP handoff hem de

VLVWHPLQ NHQGL LoLQGHNL NXOODQÕFÕODU LoLQ HúLW HULúLPH

VDKLS ROGX÷X NDEXO HGLOPLúWLU�

ùHNLO �� +�FUHVHO 6LVWHPLQ 'XUXP *HoLú +Õ]Õ

'L\DJUDPÕ

+�FUHVHO VLVWHPLQ GXUXP JHoLú GL\DJUDPODUÕ úHNLO

�¶GH J|VWHULOPLúWLU� %XUDGD�

λ - Birim zamanda hücresel sisteme dahil olan
KDUHNHWOL NXOODQÕFÕ VD\ÕVÕQÕ

µ � +DUHNHWOL NXOODQÕFÕQÕQ K�FUHVHO VLVWHPGH KL]PHW

görme süresini  temsil etmektedir.
+�FUHVHO VLVWHPGH KLoELU NXOODQÕFÕQÕQ ROPDGÕ÷Õ YDU

VD\ÕOVÕQ� %X GXUXPGD VLVWHPLQ ELU VRQUDNL GXUXP RODQ

� NXOODQÕFÕOÕ GXUXPD JHoPH KÕ]Õ λ RODFDNWÕU� $QFDN

VLVWHPLQ 1 DGHW ND\QD÷ÕQD J�YHQLOLUOLN GH÷HULQGHQ

GROD\Õ ED]Õ GXUXPODUGD DWDPD \DSÕODPDPDNWDGÕU� %X

RODVÕOÕN � GXUXPXQGDQ � GXUXPXQD JHoHUNHQ qN ’dir.
'ROD\ÕVÕ LOH EX GXUXPGD ���qN

� RODVÕOÕ÷Õ LOH VLVWHPH

GDKLO RODQ ELU NXOODQÕFÕ VLVWHPH NDEXO HGLOHFHNWLU�

.DUDUOÕOÕN GXUXPX NRúXOODUÕ DOWÕQGD� Q!� LoLQ Q

GXUXPXQGD DNÕúÕQ LoHUL YH GÕúDUÕ EHNOHQHQ DNÕúODUÕ

ELUELULQH HúLW ROPDOÕGÕU� %X JHUoH÷H GD\DQDUDN Q

GXUXPX \DOQÕ] �Q��� YH �Q��� GXUXPODUÕQD

GH÷LúWLULOHELOLU� 'ROD\ÕVÕ\OD Q GXUXPXQGD JHOLúLQ YH

JLGLúLQ EHNOHQHQ KÕ]ODUÕ GHQJH GHQNOHPLQH J|UH HúLW

ROPDOÕGÕU >�@� %X NDEXOOHUH GD\DQDUDN DúD÷ÕGDNL

denklemler elde edilir.
n=0 için

10
N pp)q1( µ=−λ  

n= 1 için

1
1N

2
2N

o
N p))q1((p)q1(p)q1( µ+−λ=−λ+−λ −−

n=N için

N1N
2 p]N)q1([p)q1( µ+−λ=−λ −

denklemleri elde edilir.

∑
=

=
N

0n
n 1p            (5)

denklemi ile  po, p1, ..., pN  (N+1) adet durum
RODVÕOÕNODUÕQÕ o|]PHN LoLQ 1�� GHQNOHPOL OLQHHU

denklem WDNÕPÕ HOGH HGLOLU YH
µ
λ=A  olmak üzere



0
N

1 p)q1(Ap −=                                                      (6)

2

p)q1)(q1(A
p 0

1NN2

2

−−−
=                                  (7)

!N

)q1(Ap

p

1N

0n

nNN
0

N

∏
−

=

−−

=                                     (8)

denklemleri elde edilir.
+HU ELU GXUXPGD EXOXQPD RODVÕOÕNODUÕ pi i=0,...,N
EXOXQDQ K�FUHVHO VLVWHPLQ WÕNDQPD RODVÕOÕ÷Õ LVH�

∑
=

−=
N

0n

nN
nB qpP            (9)

GHQNOHP LOH KHVDSODQÕU >�@� $$ WHNQRORMLVL NXOODQDQ

AMPS sisteminde $$¶OHULQ WÕNDQPD RODVÕOÕ÷ÕQD HWNLVL

LOH LOJLOL ELU |UQHN oDOÕúPD DúD÷ÕGD YHULOPLúWLU�

gUQHN dDOÕúPD�

A= 
µ
λ

=[1, 5.5]

N=2 adet fiziksel kaynak olsun

a) BW=200, SLL= -18 dB için
pf = 0.966, qf = 1-pf = 0.0340, pr = 0.966, qr = 0.0340

b) BW=200, SLL= -18 dB için
pf =0.91,  qf = 1-pf =0.09, pr = 0.89, qr = 0.11

c) BW=1200, SLL= -12 dB  (Sektorel Yönsemesiz)
pf = 0.773, qf = 1-pf =0.227, pr =0.7642 , qr =  0.2358

<XNDUÕGD D�� E� YH F� úÕNODUÕQGDNL JLEL AA’li
yönsemeli hücresel sistemin AA parametreleri hariç
E�W�Q SDUDPHWUHOHUL D\QÕGÕU� 6DGHFH $$ WHNQRORMLVLQLQ

WÕNDQPD RODVÕOÕ÷ÕQD RODQ HWNLVL �� E|O�PGHNL \|QWHPOH

KHVDSODQPÕú YH WÕNDQPD RODVÕOÕ÷ÕQÕQ WUDILNOH GH÷LúLPL

úHNLO �¶GH J|VWHULOPLúWLU�
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1  � .DQDO 6D\ÕVÕ LoLQ�

D� � ��! %:  ��� 6//  ��� G%

E� R ��! %:  ��� 6//  ��� G%

F� 
 ��! %:  ���� 6//  ��� G% �6HNW|UHO $QWHQ�

ùHNLO �� 1 � DGHW )L]LNVHO .D\QD÷Õ 2ODQ

+�FUHVHO 6LVWHPLQ 7ÕNDQPD 2ODVÕOÕ÷ÕQÕQ

$QWHQ 3DUDPHWUHOHULQH YH 7UDIL÷LQH

%D÷ÕPOÕ 2ODUDN 'H÷LúLPL

1 � IL]LNVHO ND\QDN VD\ÕVÕQÕ GDKD GD DUWÕUDOÕP� 1 ��

ROVXQ� 'L÷HU D�� E� YH F� úÕNODUÕQGDNL E�W�Q

SDUDPHWUHOHU D\QÕ ROVXQ� %X GXUXPGD WUDIL÷H ED÷ÕPOÕ

RODUDN HOGH HGLOHQ WÕNDQPD RODVÕOÕ÷ÕQÕQ WUDILNOH

GH÷LúLPL úHNLO �¶GH J|VWHULOPLúWLU�
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7UDILN�(UODQJ�
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1 �� NDQDO LoLQ�

D� � �� ! %:  ��� 6//  ��� G%

E� R ��! %:  ��� 6//  ��� G%

F� R ��! %:  ���� 6//  ��� G% �6HNW|UHO $QWHQ�

ùHNLO �� 1 �� DGHW )L]LNVHO .D\QD÷Õ 2ODQ

+�FUHVHO 6LVWHPLQ 7ÕNDQPD 2ODVÕOÕ÷ÕQÕQ

$QWHQ 3DUDPHWUHOHULQH YH 7UDIL÷LQH

%D÷ÕPOÕ 2ODUDN 'H÷LúLPL

ùHNLO � YH ùHNLO �¶GHQ GH J|U�OHELOHFH÷L JLEL GDKD GDU

K�]PH JHQLúOL÷LQH YH GDKD G�ú�N SLL’e sahip AA
NXOODQPDN VDGHFH 6,5¶ GD ND]DQoODU VD÷ODPDPDN GD

>���@� D\QÕ ]DPDQGD K�FUHVHO VLVWHPLQ WÕNDQPD

RODVÕOÕ÷ÕQÕ GD D]DOWPDNWDGÕU� %X ND]DQo RUDQÕ G�ú�N

IL]LNVHO ND\QDN VD\ÕVÕQGD YH G�ú�N WUDILNOHUGH GDKD

EHOLUJLQ ROPDNWDGÕU� ùHNLO � YH �¶GHQ GH J|U�OHELOHFH÷L

JLEL K�FUHVHO VLVWHPLQ WÕNDQPDVÕQGD �o SDUDPHWUH

EHOLUJLQ URO R\QDPDNWDGÕU�

1) K�FUHVHO VLVWHPLQ WUDIL÷L

2) K�FUHVHO VLVWHPLQ NDQDO VD\ÕVÕ

3) $NÕOOÕ DQWHQLQ K�]PH JHQLúOL÷L YH \DQ NXODN

seviyesi.
%X oDOÕúPDGDNL DPDoODUGDQ ELULVL GH �� |]HOOL÷L RUWD\D

oÕNDUWDELOPHNWLU� ùHNLO � YH �¶GHQ GH J|U�OHELOHFH÷L

JLEL G�ú�N WUDILN \R÷XQOXNODUÕQGD $$ WHNQRORMLVL

WÕNDQPD RODVÕOÕ÷ÕQGD EHOLUJLQ ELU D]DOPD PH\GDQD

JHWLUHELOPHNWHGLU� 'L÷HU \DQGDQ� \�NVHN WUDILN

\R÷XQOXNODUÕQGD $$ WHNQRORMLVLQL NXOODQPDQÕQ

K�FUHVHO VLVWHPLQ WÕNDQPDVÕQD EHOLUJLQ ELU NDWNÕVÕQÕQ

ROPDGÕ÷Õ J|U�OPHNWHGLU�

Hücresel sistemlerde yüklenme faktörü de önemli bir
NULWHUGLU� +�FUHGHNL NDQDO VD\ÕVÕ� WÕNDQPD RODVÕOÕ÷Õ YH

WUDILN \R÷XQOX÷XQD ED÷ÕPOÕ ELU SDUDPHWUHGLU YH

N

)P1(A
p B

ch
−

=                                                      (10)

formülü ile ifade edilmektedir. Burada,
A- Erlang cinsinden trafik,

BP � 7ÕNDQPD 2ODVÕOÕ÷Õ

1� +�FUHGHNL NDQDO VD\ÕVÕGÕU�



$$¶OHULQ \�NOHQPH NDWVD\ÕVÕQD RODQ HWNLVL úHNLO �¶GH

J|VWHULOPLúWLU�
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1 �ND\QDN VD\ÕVÕ LoLQ�

D � � �� ! %: ��� 6// ���G%

E� R ���! %: ��� 6// ���G%

F� 
 ���! %: ���� 6// ���G% �6HNW|UHO $QWHQ�

ùHNLO �� AA’li Hücresel Sistemin Yüklenme
                Faktörünün  Trafik ve Anten Parametreleri

øOH 'H÷LúLPL

ùHNLO �¶GHQ GH J|U�OHELOHFH÷L JLEL D� H÷ULVL LoLQ HQ

fazla yüklenme faktörü elde edilmektedir. Bu durumda
AA sistemi en dar K�]PH JHQLúOL÷LQH YH SLL’ye
VDKLSWLU� F� H÷ULVLQGHQ GH J|U�OHFH÷L JLEL HQ D]

yüklenme faktörü ise sektörel antenlerle elde
HGLOPHNWHGLU� D� YH E� H÷ULOHUL ELUELULQH ROGXNoD \DNÕQ

yüklenme faktörü üretmektedir.

3. SONUÇ
%|O�P �¶GHNL JLEL KHVDSODQDQ WÕNDQPD RODVÕOÕ÷ÕQD

$$¶OÕ DQWHQOHULQ HWNLVL DoÕNoD J|U�OPHNWHGLU� 'DKD GDU

K�]PH JHQLúOLNOL YH GDKD G�ú�N \DQ NXODN VHYL\HOL

$$¶ODUOD K�FUHVHO VLVWHPLQ WÕNDQPD RODVÕOÕ÷Õ

G�úPHNWHGLU� %X LVH GDKD NDOLWHOL YH J�YHQLOLU

KDEHUOHúPH GHPHNWLU� .D\QDN VD\ÕVÕ 1 YH WUDILN KÕ]ÕQD

GD ED÷OÕ RODUDN $$¶OÕ K�FUHVHO VLVWHPOHU sektörel
DQWHQOHUH J|UH GDKD \�NVHN J�YHQLOLUOL÷H YH GROD\ÕVÕ

LOH GDKD D] WÕNDQPD RODVÕOÕ÷ÕQD VDKLSWLUOHU� g]HOOLNOH

G�ú�N WUDILN \R÷XQOXNODUÕQGD RUWDPÕQ N|W�O�÷�QGHQ

PH\GDQD JHOHQ WÕNDQPDODUÕ $$¶ODU \RN HGHELOPHNWH

YH WÕNDQPD RODVÕOÕ÷ÕQGD EHOLUJLQ ELU D]DOPD PH\GDQD

getirebilmektedirler. Bununla birlikte, yüksek trafik
\R÷XQOXNODUÕQGD $$ NXOODQPDQÕQ K�FUHVHO VLVWHPLQ

WÕNDQPD RODVÕOÕ÷ÕQD EHOLUJLQ ELU NDWNÕVÕ \RNWXU� %X

durumda hücresel sisteme yeni kanallar veya yeni
K�FUHOHU HNOHPHN GDKD L\L o|]�P RODFDNWÕU�
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