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Coverage Analysis of WCDMA-based Femto Cells for Data Offloading

Tae Won Ban* - Bang Chul Jung**

0| =22 20104= YRSV |EF)e Mo sH=oITRlTe| X Bot
Afeiel

o ok
3% 2rfEEe] B4 WEHHA Tud o Fletn gl volE B v or £45] A9 3
WSl that walo] oA 3 ek o] FEANGOR BT 5 Qi Fool AlFHo] 9] wjEol, H 2ol = T
55 AHEFEA FAH0E §3S F0d 5 s A g A7 L Ae] Bhs AYs T gk @
EEANE 7)1 AR 57} EAste BHA dolE 22 2PS etel RAL 7T 493 s,
AEdel WA S $oH o BAsl. £ A%, ] Seo] eSS 1o D g Ao B9
3k e o) ) go] ol s WEA L) A el A 7L ZABA R, WAR V1A% NEok e B 2R Aol
<)

A= PEAL AW A 7E - Al A e & 5 AT
ABSTRACT

Recently, solutions to accommodate explosively growing mobile data traffic have attracted intensive attentions since the emergence of
high-performance smartphones. Spectrum which can be exploited for mobile communications is very limited. Thus, femto cell is considered as
an alternative because it can efficiently offload mobile data traffic from macro cells without using additional spectrum. In this paper, we
mathematically analyzed the coverage of femto cell when it is deployed in an area where there exists signals from existing macro base stations.
Our numerical results indicate that the coverage of femto cell increases as the total power of femto cell increases or the ratio of power
allocated to pilot channel increases. However, it is also shown that the coverage of femto cell is very limited despite its high power when
interference signals from macro base stations are strong.

7IHE

WCDMA, HEA, 254 7An gl

Key word
WCDMA, Femto Cell, Small Cell, Coverage

» SUEY - dytien YESUSE n, st At - 2012, 10. 09
o SAER  datiotn HESMUS S u sfidATA (WAXMAY MARREZ YA} 2012, 11, 21

http://dx.doi.org/10.6109/jkiice.2013.17.3.556

€ This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/by-nc/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



dlo]E Qx2S 9] WCDMA 714k S E Al o] AW 7] =] £-4]

.M E2

22 gld Abolel], w5 AvtEES] 5402 Qls)
of vlolE] Edjgjo] Zubx o Frbskal 9lom [1,2],
20153 Aol Brked HlolE Edj o] f41 HlolE B
Y F4T Ao ot 3] W, o] FEA &
02 §47Hsd Fo5 AL S A @ E o) Ak gaA,
Age Fahe A0S G8ste] oA FHow 5
7habal gl Butel wlolE B L 93] 8517
Aaiie 2eds A4 0R w]jste] A A3t
EEHY g vt olop . oo ¥ o] dFto g,
F ol A=A (Femto Cel)ol t & o1+ % /o] &

3] 2= 3 i} 3] FEAL V)& mj AR V) A =3}
22] tA 8 # 2|3, RF (Radio Frequency) *] ] 3, Z1]
Aot Urt B B E ] A AP AFY VA
Trolth 3 2 u& AH Ul & Fote] Ao IEY A
S} AAFBRE, X7} &olg FH o] At ol
Aol EFataL, viaz 7| TN FEAR] =
ool A ko 2 Qg [4] WiARE ’diﬂ 9@kA] e
29 A A 3l A 3HH o7 e

F 2ol = o]y g A=W A7}
g o] “”‘E]h Aol A ] = EE

[ o]—

of >~

Hﬁr&%

=
ic)
R
e
(i
Sl
9,
ﬂ;
N
i
u
fru
>
fols
X
_0|L

L i

|
b2
o
=,
)
_LL4
0,
>,
T oo
o l-o
fo g
T
ro R ol
b B g
g o
b M 2 |o
Aor LR
o o 2,

A
o e ob o o

> M
>

Mo =2
o

=
oy M
=2

o off of ox o flo

He
1>
et

e &

i

Shl

tjo

=

r
&

ooox e o px

I AAE D o Fsalx] 24

B =Fo| A= 11 13} o] Wideband Code Division
Multiple Access (WCDMA) 7] 4} v L2 4 2 A 1] 2 5] 31

9l X Ao A HolE o EZRYS
4

7FR AR H = AUE 5 7
1

2 A5 EASE B4 Hold 0xzg e 9
o] AEAL 274 oz Axd 49 AEAR olsho]
D EERIEERE-A0 L SRR I E R
712 el eJate] HE A5 E J kS B flrt

J% 1, A|AEH ZE
Fig. 1 System Model

WA, S E o] A5 7] Mo whato] Aju] A uk
Qe vz s Ade B/ Tt 2ol

o)},

E,
TO macro

04 7] }\1 RSCPmamo “: %ZH
w2 A gl Ade] % A2 (Received Signal Chip
Power), RSSI,...,= AA wlazd £ A5 A7

(Received Signal Strength Indication), N,+ €& U

BT e Agta Ao wehd vz Aol

E /I, #= T2 A YA T, I E A 0] A 2] 2] 7} v

A7 thu] v 22 S aefste] FEA 7n A

S EREOE PR

S48 Aol AErE A4 73‘%, A2 7] A5
gESAE AE AT o R A

o

oZiH

RSCP,

macro

N + RSSI

macro

M

T} o] /\«]H]/\ Hl—"y olb

oo

557



A B8 =8 A AT A3E

Olr

R EEE EER EER ESEERE
@%«bwmawﬂﬂﬁvz vkt ol Axtd

<3}
oS

'E:f RSCPmuC? "0
— (r) = ()

: P
N + RSSLW(I‘O PL(T)

o7|M, P=AEAS AA A A 8-S HeEhv, r
& 2 A3} Te7ke] A olnl, PL(r) &
71¢] o)A A7t rd v o] A2 £4 g UEhith
ote] F-¢-5 wkgsty] flsto], FEAS 4 Hd A
dsle2 $e A4, el
o AAHEe e aelste], g 2
(International Telecommunication Union-Radlo)QI <l
(In-door)-§ 4 & &4 2d-S 117 ghrie).

Z o b o
%
}_-', O

PLy (1) =20log,f [MHz] + 10nlog,,r[m] 3)

—28

Ahdel], Fl o] Af = AA s el N S 5=
AeA v Ade E /1= kg3 o] Aatgch

Pepren
PL(r)

E,
( 7) (r) = P )
0/ femto

N +RSS1;nacru PL(T)

j:“_‘,
e
W
:>|4£
ifin
=
iL)
o

A7, Peprep= BEA]
YEtth Peoprope WEAC] 38l A g9
3 A9 HE oprogs o1&t AMEHER A

@)= va3 2ol v & = 9

Somen= P
5 PL
(7) (r)= ) P ©
0 femto
N +RSS[771(1(F() PL(T)

o
£
i
=)
o
N
rhl

/\113]}\ las] UH:LE*“ o] O]—L]
E3le] Aul =5 Y] 95|
[L7} T3} o] wamdnut

558

spofopitel.
E, £,
( TO )femto (r) - ( Tu)mauw (T) (6)

otd, U 22 wA A

£ ('PI('HP
~ RSCP,,.,

macro

0]

2 3)S A (7)ol Tigtatel e, SE A A
W3S ohE3t 2ol

A & 3= 9lt}
1 Ecpren
m((m)dﬁﬁ-QS—Qolog,Ofc
Tmax,l = (8)
aEm, NEAS B30 oA A AU As ;ﬂ]%v_a,ﬂ
A= HEAS E./I 7} oo} o] H4 a7
nt} ofopet gk,
E, E,
- =7 )
0 | femto 0 Ireq
2 (5E @)°l hgate] gejatd, HEAA 38
e Az £ 3 T o) fEHY
| 7
CPICH
< 10 req P
- (E) N, +RSSI
1
req
=PL

whe A, A A A Q7bs 8 A A v e A )
3 A(10)2 ol §3te] T3t 2ol

(e}
T

1
<(PL1114\)( + 28— 20log 0[()
=10 10n 1B 1 (an

7ﬂmax 2

N

HEAom AR A DL 5 9l 3
22 @) (1)= o 8-3ho] thi 2ol 44

Tmax :mln(rmax,hrmaxd) (12)



tlo]E $Z 218 93 WCDMA 7]+ HE Al o] 7r 2% 24

m Ms mot -10dB= Fd38}A| 9k, 2(a) tH] RSCPS} RSSIZ}F 2+2+
10dBH =& 7459 A5 HojFrth

2L DA FE8 52 B3] o)
@ & w4 5

I B A AR A Ave] A F LA, E 1 ME ®IIE Sl U
18 4% BAS o3 w2 7S ehdT Table. 1 Parameters for Performance Evaluation
a2+ AR A A4 nol 339 o AR A A W EeS
A4 ol= o A vbg & vERdth 29 2@ HE 3 & A E2 2 3495 (MHz) 2110
Ao] A7) H wj A= 4] RSCP9} RSSIZF 242} -70 AR A g o) S E(MHz) 5
7}-60dBm <! o] A5 HolErh AAH o2 JEA A2 E/I 273 (dB) -15
o) F90] 525F A Aol F71av, YT £l 41 Noise Fgure(dB) 9
A= gde] Ade ddste AH Y v go] E5E o 781 & (dBm/Hz) 174
AEAY AWelAE FAA 1Y 2b)E B/LE
25 12
—-dA=-—A
T 2 = o P a-=ok
T T g
15 + ]
% 20 == P=100mW % 57 == P=100MW
TH“ ——P=50mW E‘H“ 4 —8— P=50mW
Al s "o,
0 T T T T T T T T 1 0 T T T T T T T T
4% 6% 8% 10% 12% 14% 16% 18% 20% 4% 6% 8% 10% 12% 14% 16% 18% 20%
cricHEHZ g Hlg cricHE R ZE HIg
(@ (W]
a2l 2 #EMO 0 Mu|A HA (n=33)
(@ rSCP,..,=—70dBm, RSSI ... =—60dBm (b)RSCP,,,..,=—60dBm, RSSI,...=—50dBm
Fig. 2 Maximum Allowable Cell Radius For Femto Cell (n=3.3)
(@ RSCP,,..,=—70dBm, RSSL,...=—60dBm (b) RSCP,,,.,,=60dBm, RSSI ..,=—50dBm
12 7
Y
_ 10 e~k _6
£ I £
T s Pl _—-—"‘-_-—--_- S
k= ‘W T
R == P=100mW = 3 == P=100mW
E‘HTJ il —m—P=50mW E‘H“ ) —=— P=50mW
al &0
1
0 T T T T T T T T 1 0 T T T T T T T T
A% 6% 2% 10% 12% 14% 16% 18% 20% 4% 6% 8% 10% 12% 14% 16% 18% 20%
CPICH™ 2 TEH H| 2 CPICHTHH ZE HIZ
(@ ®

Jgl 3 "HeEMo| X AMu|A 84 ( _43)
(a) RSCP,,.,=-70dBm, RSSI,..,=-60dBm (b) RSCP,,.,=-60dBm, RSSI,..=-50dBm

macrs 0

Fig. 3 Maximum Allowable Cell Radius For Femto Cell (n=4.3)
(@ RSCP,,..,=—70dBm, RSSI, ... =—60dBm (b) RSCP,,.,=—60dBm, RSSI . =-50dBm

macro

559



A B8 =8 A AT A3E

AZ2REH FAHE AT AN 2L S
o= <lste] AEA ] A x| 7} A7)
AL golst 4= 9ty 18 3e AR 4 %
] 3 E A o] A X] °—]fﬂ'-’|‘— glt_,,]q.] A) 1;_751

[y
Mo

o
S
2
A
[99)

i
o
£
mo ds oo

ﬂaﬂ ool Avel A} Fobie

iy Bk 17 20 A o FHEA WA 4

70L3Hé1 76'—0r 74 0 72 013le] AE A ] v o] A
= 1

Pl oba e ST % qlek,

f=ai=t Ay

o

N }01.
Moo

¢

st

=
M
:

SN
N
ot

cﬂ AF

e 2
>
i
oot
[m ok
t
ik
)

fd
> ¥o &
oo |o
o
N
Ho o

5
B o [o
ofh L fU

o

>
T
O

o I e
2oy
vl &

B to
X
>
H
0

o
o oo W 8 ¢

w»orlr e
o
ftl
L (VSN

)

i
N
E

o

[0
—_

f

o2

2
Loy 10 gy
JB

22
_0|L
32
o
M o
1%
i
5
ofl
frt
FlF =

ok, o
:uN:,"
i
=
i)
ol
ol

o|\
N
) ont
I

(o]

i oM X o o
o

o
(e,

ro
ot o,
Y,

=2

H 2] 7} CdEk

AU
o,
o ¥ 4

o i
UL TS

o 2 oft m HU

-
x,

[0 > oy -
Ir

ro ol
_O,L’ N
32
i)

RTINS
N
=
A
N
N
m et
:‘é
o
0

¢

o

Ju)

-— O
o

2
fu
m
i)
)
o
i}
N,
)

s
N
[
fol
N
)
o
o
T
fu
i,
m
£
lo
o
[&l
u

™odo ol 1@ & 2 T O O ¥ o i
O g 2
)

J%‘i o rle
Wi 1% ko o

IU
0 o (m
o
>
X0
¥
s}
&

o
o)
T %
=
o,
v
>
==
{lin
=2

o o
T
M9,

2
EI-)
o

4
N

7 d a5t

[1] &8, “4G A d) Zefell 2 T3t 3n 2 e
W&k kt7d Al 7 94 1 -4 Digieco, 2011 12

[2] Cisco Visual Networking Index, Forecast and
Methodology, 2011-2016, May, 2012

[3] Small Cell Forum, http://smallcellforum.org

[4] 3GPP TS 25.367 Mobility procedures for Home Node B
(HNB)

[5] 3GPP TS 36.300 E-UTRA and E-UTRAN; Overall
description; Stage 2

560

[6] ITU-R Recommendation P.1238-7, Propagation data
and prediction methods for the planning of indoor
radiocommunication systems and radio local area
networks in the frequency range 900MHz to 100GHz

RN |

Hief 2l (Tae Won Ban)

19984 29 A B &tul A x}-F-5hz)

S

5]

20001 29 75 ook A 2hg 8t
A AL

20103 2€ KAIST A 7] A A} 8k} vka}

20001 29 ~ 20124 8 KT M EY A H-&
2012 9 ~ A A AAY S w AREAN TS 25
AR OF: o] T F A, Ad e, il ve, dE 3

FABA, QAFA, F5H T4, A ol FEA
A 22

X a+&(Bang Chul Jung)

2002 2 ofF o L A} 3
A}

2004\ 8¥ KAIST % = Ak} 2}
A A}

2008 29 KAIST A AL AL} a} vkt

20081 39 ~2009%1 8 KAISTIT o1 +4 &%
2009\ 99 ~201091 2 KAISTIT § &< 14

A ag
20108 3¢ ~ @A 7o o ﬂii Ag gt 2
ARk o] B F Al AT AE, FE D FAZAL,

Cognitive Radios, Compressed Sensmg, 2FA o o] &
A A 2~E



	데이터 오프로딩을 위한 WCDMA 기반 펨토셀의 커버리지 분석
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델 및 커버리지 분석
	Ⅲ. 성능 평가
	Ⅳ. 결론
	참고문헌


