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Uplink Interference Avoidance Scheme to Improve Femtocell
Performance in Heterogeneous Cellular Networks
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ABSTRACT

This paper proposes a cross-tier interference avoidance scheme to improve femtocell performance in single
frequency heterogeneous cellular networks (SFHCN). The scheduled macrocell users located close femtocell base
stations cause serious interference to those femtocells so that the performance of femtocell is dramatically
deteriorated. To solve this problem, this paper proposes an interference avoidance scheme by reversing the uplink
and downlink frames of such femtocells. After reversing the uplink and downlink frames, femtocell base station
relays the macrocell user data as well as transmitting its own data. In the 1st relaying link, femtocell and
macrocell users transmit their data respectively divided uplink frames and in the 2nd relaying link, femtocell base
station transmit macrocell and femtocell data using a simultaneously superposition coding scheme. Computer

simulation results confirm performance improvement of proposed scheme.
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S5 epe, |- |
norm), N,/2% P e
e A7k Aol 4]
&7 4 s 24 2 A

= —ﬁ‘%ﬂl:_ A3t (Euclidean

Ef] WxE e
51 471 24l
H] ’sz(t)9jr g

<

\:1[0

24 75 AEE, R, okl 4 ), 3)9t
7ro] ehdch
N (2(t)
’sz(t)— I+ Z sz(t) , )
xC ¥\ Ay}
Ry,(t)=1og,(1+7,(t)), A3)

o714 W (t) = A7) y7b Adshe AR (A1
olxe] HAl7] ke vepdich

o]7]% Age U= Jiow o] ARgAt y7t
s Ao 7A= 22 A f FA AHS
okl 52} (4)9} o] A g%v}.

. Pt
P, = mm(Pmax,in)
ly—zl

AN P 41 75 M A= e veh

B, Pri 71XFe] ek Al AHE vk
. N,

F,=min| P, -

( lz—f1

i

aEA A be] $4 A Py AT A
o= FAleh, WEA A 2 HEA AT
2E] jele] Ael] A% AEA AHgAe] 5
A A 4 E AR s SRS o
4] 55k Re] AHEAE sl Heh o1, o
MR AHAE S7ske A AlEd R4 2
AeH1E Lhehick

o U

Hieksk= ZHY =lm| 71

el Fak o7]|F e B ZelA aE
Aol o3t 7 ek Aol wEt ] S
ARAZ 7RG 5k vj=22A AP} AE
A AR Aol EAlsle] AR e
AFgAte] skelm ] v WAz} v
24 ARz o7k 7o) T 24 ke A=
Ag g 5 ik
& Emellds olel 2ol wiamAl AFRE e
ofgle] e A3t ol WEA oS Y
A7171 SliA slazAdsse e e AR
o) =Ag) F2E WA e] vl AgAle]
oJElE HMEA S|AF] FATeRA viand 4
Felzo] olgt 241 ks S Aokt v
FzAe] e e AR A5 A=)
size) melole AR Az WAk, 3
WA FAR= AR Aggadls 4 =
A A7He A ARgAlel A ARl
Fpsl A7k 8, g, (1) ol wet el WEA 7]
A|Zo g ALt F HA =AH=zel JAEA 5}
s FH I3 e el A o)
a4 JAZ e ARgAblA A%k o]

W WEA AT vla AgAle] AFES B
25t 2= Qv E mjmaAdl sxFEo e &4 A
Pps Axtste] $a1slws gt a8 2% B o
To|A] Agker 71¥e] ExF uAla)l =ZHe] FERE

vehd Aolch

B omRolA] Alekgt rHew Eabst AHS a8
204 B 73 o] wlmRAl Algabe] 7FA o]
:‘EIL/}:!?_\;} 7(:)]‘?‘ 'ﬂE}"E] 7]1]‘3‘0] /K]—?ﬂ:a]i _Lgﬂo] ]_

o

sz(t)) el )

xC U, (t)\{z}

453

www.dbpia.co.kr



‘m c €Y (t)

2% 2. AL B A A 2 mA P

Fig. 2. Operation and Frame Structure of Proposed Scheme
slefda Ze|e] &AE WAl e, o] A
Al 2=dlefl 2] AJA pel] FAlsR= FAl719] Alje] W
7AElek 7180 Alzdlelld $A17] A2 okl
Al (6)F Zo] FREH, £ =iollA Akl Ft
Aoz 8= A AR = el 3edst
= AR A A CU el AR 1A

o] AR AR, Cl()3h s A=A 71215
Hler Qe viAe vias AR A,
Cu(e)ell 2fsted izt waje] $417] Ak of
A (DI o] WAl

ad 20Ae} Zo] A FAS 2= vaRA
7IA= bR FE AR Z)A =] ARE A
Al ERA ARSAE mo] Al EH
W, AstakRae) ARk = wAsal SR
53} 7S ol8slel 4 (8)°] AHom AF3)
Al et

s

P, =min(P,,.,Pp+P,). (8)

A H53 S o]EF ), e 7|x]Fo]
Mzzd AHFeR Adshs AHe 24 @)F
o]g3le] 2] (9)3 o] AAEH, 2] (9)olA]
w3224 7AFe g FAIELES sl =S A

x| oo | w | oo | w |

O i O ﬂp,;

macra macro Macro
userl user2 user2

LOIHET G
v & 08 Lees
user user userl user user

el oo |ow | oo | ow |

O iy < 0

femto femto femto femto
user user user user

o vn] A, p-p v AEA seEa0)
dlolel & AFahztl ARt

P, =min PmaX,P—Tf . ©)
lz—bll @

AEA 7127 2= 912 2 ®)ollA 73 Y
o2 FAAL] HEA A=) wim2A 7|
Atole] AFES WSSt WEA A= AT
=z 23 wv], 4,05 LBl vmzd AR}
ANA HEA 7|AFoze] A4S QA% o] uf,
z2Ad Aol FEA ASAPL ZEYs
ol AHEsh= AR Wl okl 4 (10)9F 2] T
Ela=t

B 1og2(1+'yzb(t)>

*—*, 10
og (17 (®)

mz

A7VA, (1) AlFEE F2t Walel A wla2
A AR mok MEA AT 22 A5 we)
A Alse) 7] 2 AR depe, 40 A
bk At wpalela] AEA SRS g0] vl A
1A% boR Axd wje] 41 Alae) 24 2 A
0% vhehick o]sh o] Alekal b wpAE $)

(<3

N

L XmuUX/, yC X"uXx/
)= {Umm LU(1), yC UM VU (1)’ ©
L [XmUXIUCL) UCT()NCL() ye X"UXIUCL(E) UCT(6)\CL(1)
v ()= )

454

U uU () UCLONCEBNCI ()

yC U™() UU/ () UCL(N\CL(N\Cr(t)’

www.dbpia.co.kr



i o)71% g ES TN AR e

_?,]

<t

1. iﬂi /\A] /\]EEH 7]%—] \:11 ;g_o}ﬂ
Table 1_ Signal to Noise plus Interference Ratio of Each link
link Equation
. (7= Pp) - G0) an
Yas(t) P+ E P, ((t)
xC GO\ {2}
()
N sz (12)
V1, (t) 1+ ) G,
xC WO (1}
. Pz*b * Czb(t> (13)
Tl ) P+ (P =Py) - Gaft)+ D0 By Guft)
xC U0 {2}
()
* “ms (14)
Yz () 1+ Y ¢,
XC W (N {m}
(t)
. Cm (15)
() 1+ Y G
xC B0 b}
E 2. 45 b5e A 448
Table 2. Achievable Rate of Each link
link Equation
R (1) logy(1+7,4(t)) (16)
Ry, (1) (1= 6mal1)) - logy(1+75,(1)) (17)
R (1) min(Ry, (1), Ry(1)) (18)
R (1) logy(1+im(t)) (19)
& Az =gl wd ovjek T rest rjyes o} ale BA| ghowl B =Rl AR uale
AEst7] 18 A A vz} AAo] =W, Algket 2 EAle® git) o] B =R Aokl v
A wAelA e nE Ha Al Alsd A A1) Akgt 747l (upper bound) A5 2Jnlgich
2 zheHlE $le] & 13} o] & 4 gl o7
A 7D, (1), () B B =Tl AR 5 V. Al 23}
zp wpalof| o] w24 Z|A]5 b, viEEA AREAL
m, AEA 2|3 5 AEA AL8A] ol o3le] el ARk EEF WA o] Aee gt
AR gae] 24 Aed 4 W geulE ek 7] SIS EE B 3eh 2 wedd el A
ok 91e] 4 (103 4] (AD-(15)F o]8sle] & o Adsklet AEAS =2 el A5
wRol|a] Aloket B walelxe] 7 g e E2 WA Bxsle] glon, 2} vzl )
* % Alo]| = ﬂ-& o] A aﬂt% 2~
S ool AEE R, Ry(), Boplt), R =RCIE 9 1005 59 ARgA7} s
- o Azs ok 7Rget Ade] Az 3 A5 o
e ® 29 el FF F gl
. \ = 42 wAsle] 283k
A7V, Ry, ()= 05, (1) + logy(1 47, () 017, 20 3, 4,5, 69 W wFold Aok Zee]

7k AEA T AEES S1e] & 204 7’ A
FollAl WEA AP A R, (1)7h 718
T Aelxe] AEA ARE ASE R, (D

gl

=1

2 A 7]¥(Prop. Scheme)3} F AlZo| 5
gk H9S Ag3ske] FaRbelE AR AlARS 71
(RR Scheme), AZ7F 738 alZ23st7] $siA A
2 gY9Ss o] e AR Ao 28 7d

E

14

Rus

gl
O

455

www.dbpia.co.kr



gEAI8E] =77 *13-05 Vol.38A No.05

F 3. A28 AlEEeld ety
Tab

le 3. System Simulation Parameter

Parameters values
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station
Maximum transmission power 23dBm

Femto Uplink Rate

oof oo A8
08F — - - —1— - —1- —

0.7
06 — -1 _ & y -1 _‘1__1__1
0.5 —f-1— — —— — —— —

0.4
0.3 ,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,, —O—RR Scheme
—+H&— RO Scheme

[
|
0.1 — - = == = == — |— — -4 — — + — {——FS Scheme |{
|
I

|

|

|

|

|
| | | | | —&O— Prop. Scheme
I | I T T T
1 2 3 4 5 6 7 8 9 10
Femto Uplink Achievable Rate

Cumulative Distribution Function

0.2 R

T2l 3. AxAd Akl go] HEge A B
Fig. 3. Femtocell Uplink Throughput Distribution

Femto Downlink Rate

Cumulative Distribution Function

|
0.2 ,‘,,,:,,,‘,,,,,,‘,,,‘,,—e—RRScheme H
| | | | | —&8— RO Scheme
0.1 === === === — — — + — | —»—FS Scheme |
| | —O— Prop.Scheme
T T

| | |

I | I T

1 2 3 4 5 6 7 8 9 10
Femto Downlink Achievable Rate

Jgl 4, AxA sk me] HEEe A B
Fig. 4. Femtocell Downlink Throughput Dlstnbution

(RO Scheme), 28|31 %3 <4 ¥4](Round

Robin) &% 271 Z4 8 vh=zd AFgtel wepy
Az o) Vg e AEA AAE Y

456

Macro Uplink Rate

Cumulative Distribution Function

|
02 ,‘,,,‘,,,‘,,,:,,,‘,,T,,—O—RRScheme
| | | | | | —8— RO Scheme
01— -—-—-1—-—————————— +— {—¥—FS Scheme |1
| | | | | | —&— Prop. Scheme
! | | | T T T
1 2 3 4 5 6 7 8 9 10

Macro Uplink Achievable Rate

J8 5. vjazA ARk al) A5Ee] 74 EE
Fig. 5. Macrocell Uplink Throughput Distribution

Macro Downlink Rate

Cumulative Distribution Function

|
02k — ” - - ,:, PR —6— RR Scheme
| | | | | —8— RO Scheme
0.1 i E e T —-— — + — {—%—FS Scheme -
| | —&— Prop. Scheme
T T T

4 5 6 7 8 9 10

T2l 6. Wz EA slEkE3e] ALEY 4 B
Fig. 6_ Macrocell Downlink Throughput Dlstribution

sl TRkl AEE 7Y (FS Scheme)°l] o3}
o] wiz=Ad ZHi é‘% S Hbe HEA Al me)
sl a, aa wijaEAl A fﬂ:‘% o} 3}ake =9
] s AFEe o v 2x I
(Cumulative Distribution Function)& £3}e] A&
< vlasch AR A 28 7l A &
vl vjz=Ad AsS o 71 Bl 1k
SR AlE IEta ] 2Rl I EA
a.ﬂ.d,mi HU]'B‘],OﬂE}_

N

e A=A

]| E_xﬂ‘s]—— ] ﬂixﬂ /\}Jg_x]_ _/] 73S A A}
A FeE AEE B8] 10% AR St A

www.dbpia.co.kr



R 071 AR MENZAN AEA AERHS AT A% 44 3 7)Y

Average Throughput of bottom 10 percentile users

I RR Scheme
[ RO Scheme

[IFs Scheme ||
[ "1Prop. Scheme

Average Throughput

8 32 64
Average Number of Femtocells in one Macrocell

a8 7. vjEEA % AR Sel 2l BE 59l 10%
e B AR

Fig. 7. Average Throughput of bottom 10 percentile
users according to increase the density of femtocell

AR B A AR TP AR A
& nalrh 2 Ereld Aok ZA WA 2 %
A e SAa vz AHaAe] e 5]
SE AEE 391 AL 4L A
gl wlste] A% el Qe HAT 4 gl
W, A AR A5 SN BE A9S
Agasem A8l A5 B o]l s & 4
5 ol Z1e AT 4 givk

a7 78 v o] A REs A=
A 7R 2 8, 32, 6402 ZIUIAHS AL,

o wajel o1 0% 189 HE AEFE 1
8= A AREAFe] H AEES vwslc)h dE
o] WEr}t Zolgke] web] B w=Eela Algket
Wajo] the ]Sl mlated sk9l 10% AHgR}
A At BE 943 S HelE RS
s, B4l A9 0% A8 5, A
A ol EAE MAATE AR A5 5
AR 4 ales Bl 4 ok

}_6[: olE HIXJ_Q(VOIP)Q} 71—0] xum /\Eavlo]
o}ZelAlo| izt o] Al Algle] & &
b e AHeA e R AEd T
Je] MAE AMgAte] obSElx] S maA
=9 g e, & =gelA Ak 7

A3k 7o w 38 7psE Zlolgl sk

o

i

i

£ o to e
2
nt

=

o}

U
ot
o

Q )
r?L' ’
N

)
[o
m

d
d

© lo
=

¢

£

v.d E

rfe
i
Md
K3
>
al

el Fuke o71F g M

Average Throughput of total users

I RR Scheme
I RO Scheme
] ~___ |[JFs scheme |
[ "Prop. Scheme

Average Throughput

8 32 64
Average Number of Femtocells in one Macrocell

a8l 8 vzed B AR 59 e B A A
A9l A A58

Fig. 8. Average Throughput of total users according to
increase the density of femtocell

E9lz Alzleld] WAl Fe) vjmzAle] i
& e =R ggEa e sl s
PP A Atk 1E =z
gz 7 Bls) g ARle] wlEEA A
ok 2AE el uhe AAlake] Baiwsl wiEe)
A e whde] FAlBAR, B RlA Algh
HOL Ao de Ao Alske]l 3¢} slske]lze] WS
== AbgAle] dlele} SIS o143
4 uﬂii%‘ A BTk o] Ag vl
P=AE AR B Sl nE e e
shvl, S8 2% 71l
ol AIel e 2 4 ek & - pelA
Al Al H4e me) Al

O o o wet

fo

il

Hﬂr;'ﬂj‘i

= =
gl wlste] WEAle] A% o] 7
Qg 4 glek ol ko A T A5 )
e o]_Q_sl— ,ﬂ]E/ﬂl /\41;11 7]3‘3 n Ex) 01—731_7;94

References

[1] J. H. Kwon, Y. J. Sang, and K. S. Kim, “A
Study on the capacity enhancement scheme of
femtocell uplink in the heterogeneous cellular
network,” in Proc. Korea Commun. Conf., vol.
46, pp. 1-2. Seoul, Korea, Nov. 2011.

[2] Cisco, “Cisco Visual Networking Index:
Global Mobile Data Traffic Forecast Update,
2009-2014,” White Paper, Feb. 2010.

[3] V. Chandrasekhar, J. G. Andrews, and A.

457

www.dbpia.co.kr



ZLEAIE} 3] =54 *13-05 Vol.38A No.05

[4]

[5]

(6]

[7]

[8]

(9]

[10]

458

Gatherer, “Femtocell networks: A survey,”
IEEE Commun. Mag., vol. 46, no. 9, pp. 59—
67, Sep. 2008.

P. Xia, V. Chandrasekhar, and J. G. Andrews,
“Open vs. Closed Access Femtocells in the
Uplink,” IEEE Trans. Wireless Commun., vol.
9, no. 11, pp. 3798 —3809, Dec. 2010.

P. Lin, J. Zhang, Y. Chen, and Q. Zhang,
“Macro-femto heterogeneous network
deployment and management: from business
models to technical solutions,” IEEE Wireless
Commun., vol. 18, no. 3, pp. 64-70, June
2011.

V. Chandrasekhar and J. Andrews, “Spectrum
allocation in tiered cellular networks,” IEEE
Commun. Mag., vol. 57, no. 10, pp.
3059-3068, Oct. 2009.

D. Lopez-Perez, A. Valcarce, and G. de la
Roche, “OFDMA femtocells: a roadmap on
interference avoidance,” IEEE Commun. Mag.,
vol. 47, no. 9, pp. 41-48, Oct. 2009.

S. Y. Pyun and D. H. Cho,

scheme for

“Resource
allocation minimizing uplink
interference in Hierarchical Cellular
Networks,” in Proc. IEEE Veh. Tech. Conf.,
pp. 1-5, Taipei, Taiwan, May 2010.

S. M. Cheng, S. Y. Lien, F. S. Chu, and K.
C. Chen, “On exploiting cognitive radio to
macro/femto
networks,” IEEE Wireless

18, no. 3, pp. 40-47, June

mitigate interference in
heterogeneous
Commun., vol.
2011.

V. Chandrasekhar and J. G. Andrews, “Uplink
interference  avoidance for

IEEE Trans.
7, pp

capacity and
two-tier femtocell networks,*
Wireless Commun., vol. 8, no.
3498-3509, July 2009.

i : A N

rH
O

& (Jung Hyoung Kwon)

2004 294 QA A7)
Azgsht 4

200611 294 SAAEtw A7)
AAlgEht AL

20090 7Y RE=2} Fzlo}
Al

2000 99 ~&A] olA|Eka
bl P e R A e e

<Iildel o7|F AEY

e, sjolBe|=

At A El (Young Jin Sang)

{ 20059 29 AAHEw A7)
AAgstat 4

20074 29 A #7]
HAgsta) At

2007 39 ~&A] AAdEta
AAgstat whalatg

<Iltel  ol7]E HESZ,

Z & & (Kwang Soon Kim)
1994 29 gdlr|edd
A7) 2 At 24
199611 24 gEEElby|es]
21-17] =i ZJ;(].—-:O‘]-_,Jr /K—l/\}
1999 29 F=EREd
A7) 4 HARgEr vl
1999+ 39~2000%1 3YDept.
ECE, UC San Diego, BIAFF&I7<d

20001 49~20041d 24 F= AHzxF BAl A4
Agled-d

2004 3€-~2009 249

SEE. Z s

At A7k

ST AT
2009 39 ~3A] AAEaL A7 PAAbsehy el
2~
s

<37{1—/§DIT,‘=_‘_0]:> E/k]o]i A]i 74i
7 U|ES=, D2D/EHIY o= YE
2 7Hd e

°]i o71E AE

9=, A9

www.dbpia.co.kr



	이기종 셀룰러 네트워크에서 펨토셀 성능향상을 위한 상향링크 간섭 회피 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모형
	Ⅲ. 제안하는 간섭 회피 기법
	Ⅳ. 실험 결과
	Ⅴ. 결론
	References


