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Abstract

The heterogeneous LTE-Advanced networks comprising a macrocell and femtocells can provide an
efficient solution not only to extend macrocell coverage but also to deal with packet traffics increasing
explosively within macrocells. Efficient resource management schemes are necessary to maintain the QoS
requirements of versatile multimedia applications in LTE-Advanced networks because their
service—continuity may be defected by some delay and information loss. In this paper, we propose a

resource allocation method for the heterogeneous LTE-Advancedl networks overlaid with femtocells.
Performances are analyzed by simulation.

» Keywords : resource management, overlaid cell, mobile multimedia service, Quality of Service

AIAAL - o] FZ WAIARL ¢ o] RE

FEud 2014. 9. 30, A Y 1 2014. 10. 15, AAMEHL : 2014. 11. 3.

oyt e AFH P EF 2 (Dept. of Computer Information Engineering, Kunsan National University)
*Aedgtn HEInto] g3} (Dept. of Multimedia Science, Chungwoon University)



82 Journal of The Korea Society of Computer and Information December 2014

LM E

LTE-Advanced® 3837} Zgdel wel 154 9%
3 HEn|to] Avlx 5 &3] to|EE AR M
0]"1"? Bhe AWl 29| o7t F35taL Qv 53] T 2w}

Z, B8 PC 5 2% ushde] 719 fdf &

ARl AMgo 2 SAS v Ee vt e g Brld
& FEvt]o] MH|AE o] 8ste AHEAPE S7hE 2 9l
omn o2 Q3| o] FEAl HIES A Hlo]E] EEH*—‘%"] 04
oz Zylsled YEYAY Kyt 7HEsa gtk (1), ol
wa} ij 224 (macrocell) 9572 FAH @ 0%01]/\1 713
AP dholiafe] BAl 8RS T2 ARl 7
9| Hole] AEES AFstn A &8 TUAT] 98k
3GPPoIM = 247 717711 FEA (femtocell) & EF7
29| 3z A g AE A2 HEstn ok Frisks dlo]
B AH]zo] tigh 975 via24 sigke] A FEvto =
FZA71717F ©177] wliell, LTE-Advanced 7]%ke] HE
AS o] gstod AH| 2 B S AT o AHEALR Blig A
Helo] AR JGoA Frteks HlolE AH|AE Auldo
2 ARE =S she Aolth1-3]). A% wjaR 7)A]
o] Mul A o] FEAS] F3E A4S w2z} =
EA Also 3oz Qldl 7H4, Al Me "ol dlzon &
el 7K 7le4Rl EAZL EAGTH4-6). ol A= Al
H| 2 #4 (Quality of Service : QoS)ell Athet JakE v
HBE AHA QoSE Ao AU E AdS 58
Aoz &8d £ 9= 2 g velo] g3 HT)

|22 A7} AE] TR Y dollA T ALS
83k e AR PEAe] Z7te] HE ~dEY
(dedlcated spectrum) S AHEZre 24 HEA AL 21
< ddals WRHT-10)2 v A2 A7) HEde] FY AHE
3k Het(shared spectrum) (11-13)°] A|HE3
. AHA ?loﬂ M= J"EHHP ”Hi:?—_”a] 7M] 7}”}3 | A

ok

ol

£ 5ol F7H4<l i?%E‘jé = ﬂio}oﬂolﬁ 0}* s
o] T & Slk. F HA e RE AS HE
A7} nf A2 Al AMEE 4 glo B R Ao F54 ARgo]
7Fssitt. aeiu o] Wikt = nja2 a7} H e $|x|g
o= %7] (Mobile Terminal; ©13F MT)<] Aglel we} 7t
Ao et AAE ok S vjaRA As7F EA 79
€ A (iazd3 el 23T A1) oA MTE 4
A57h Z ujAR A AFgo 2 HESH Hol MEAS AL

& F Qe 8ol ‘?—l*ﬂ?’}"/} 53] HEA AR SljA &
A ] (Slgnal to Noise Ratio)Z
HEA7|BR e B
AR AALD ek ol sAs] $isted]
FFR(Fractional Frequency Reuse) & ©]83F W2o]

IEEE 802.16m # 3GPP LTE-Advanced A& A7

3 9rH14-15). %3+ o]glat FFR WAL 27to 2 o
S FuehdA Fug AL A ged 5 e
QHgo] AFHAT16-17). (16)91xE AEAES] 1S

AR SANEET 75 A, T AEA Folst
o FAde ks Wk ARt (17)dAME 2=
Aoy gduglE(graph coloring algorithm)& ©]-8-3}]
HEAA FHsHA TS s, Mol &8st
GeollA] Q1Y HEAC] AHSIA] e AEE IR et
o=2x A A2 Sdisteld st ey T oae 4
7} A HEA] A AR Aok A F71EQL Al AL
Bof] W2 AEA Afolo] M F71E opr]gitt.

AUl Zde] 21 719k HE]n|t]o] AMH| 2% A7l wh}
AFEo] 2o 4 lon 74 A W Faprh AUA|A 57}
SILE 5188 A% dAl AdE ] e Aulze FAE

[‘F

ON

Fak o= gl). 2 AelM e $3A 7] LTE-Advanced
J2HElo A A U] Fal Zlol] ggHoz tAstn A A

el Wil -8R0z t-gE & Sl AT Wit
Abeict, Ak ke a2 o HEAY Y HF
Yejo] Wislel] whek —r'O‘PXﬂ 53t AARE
M| zolle A Ao SAAS Fo A S iy, b
”/‘]{PH [E=Cl —5}]1\1& W H& Bate] AE A 71EA]
gk | 2o H) A4S dAHor dsls wAS

>~

o2 o :10

= F3)3la o] =

o

B el PAE st 2o 23AE A 3
S oY) A% A28 RS S, 3P Agtet
= A4 G il dial 1%t Aol ABo i
59 4% Wbt ol Rollet, 5ol B el AR 3
U AT Bje] =k
Il 7|8k =
21 A 28 =

SR | E/‘é_lol zZ¥zre] A Q‘Z}ﬂ oke AbgEhe 1
dME 7zt Ao HAY AAukS Algdof slne &

-

ot
Hz >

i



a2 2-HEA =3 LTE-Advanced H< 3+ A & wiot 83
Z3o] W 2Ye) Fg FriHor Aol she gl
/1[(

WA 5 QA AEAT} A2 Tt AL ALE = kEI 21 . My (2)

& 79 Mshe S F9E 5 sl oldd 4He 1 .
gslo] 2 oM Ag A —cﬂﬁﬂﬂ% ezt E E . Frk” (3)

k=1In=1
" Femtocsall e Maerocall Zgh Alo] A] wl}, 7)Aoz A (4)9) o] mjAZ AT}
Aede] JleAde ol Y515 A58 RY9
Rfe Bma

RI 2 Agetn A v et 270 aedoz sy 9

T3 1. AR s diot
Fig. 1. Resource Allocation Strategy

ADE FeH oz 98317 9ete] AAZE A 2] XA
S A% WA 3]s HA] HJAR| 7 AH| 20| Ak &
Avte] BAL =2 AFES Frislelof gt} AlzE A Ao
“J%‘%W 82 Au] 2t Ma} iﬂlxu HEES %M

o] ARk Z]‘E &d ] 6HE]<>10]: zsh:‘r ]a{d A ;]oq,]
Aot 27 Au| 2 et Aof gl Fsh Ao} s} Wasle] o] F
ojzjof o, EHE lE A AdS 9 FIe
AH] 2 Aef7} éw}t‘r

21 (1)9] 27do] w5d A9 AMEAte] AU~ d4 oF
B gE o714 Ofe AR kol At 879 A5E

Ry e 7HFdR BE 45 7hed AEE9] Folth
Gl <R, (1)
22 MEE g

Mg kel tid BAd nel 89 AA] gew pl s A
g}, AR kA R nol EFENL v pf

olm, 18x] gow pl = olct, Mri") ¢ Fr(" 2}
Z} v 2 A} s EAo M ALgal koA dEE
2 8% 75 dAdEoln, Az e AgAld
oJsle] 5 bedr AEE] TS BRI R s
W 4 (2-3)3 2o}, 71N, Fe 2 iR Aus

ol ARt &, Me mjazAe] AR £, aEln N of
A ZAd (7, T4 2 ALgaelA e 2adel

ol

Ad ne

]E}%]— A-8-¢- vkl Q]

2 & H2 Aojghe.

A A ‘ﬂﬂ(ﬂ] —:—Eﬂog qwzﬂ & 9] wj#

ol A% A #7e] wLAlth o7)N, RIS REx 7t

7} uﬂ 2T} AR TFE QLo RRE 85 spse A
$89 & Folth.

Sof Al 8 WAE Hé 3
1]

R]l[a Rl[a RA[a, RFE’,:RgE_Rge (4)

AR=(Shannon) 2] H2S o] &30 v A2 Az} sl
A TRARL R, ol FAE na Fete] AF e
olelge Mr(sh)™3 Fr(sh)!" = Hejera 4

(5-6)3} 2ol P& 5 9ir}. o714, pq" < 5Ad ne

e AL oujeka A%
Po=(pW,p? .. pM)om gog nad nw

AL kAlolel Bz o= HiM = Ae] me e 2
a2xg9|o]d (lognormal fading) o2& FAET). AR
RAd now Ree) 4 e, WY e ket kel )
9 nol g9 G EL omath. MM & Q4 b=
AN Bse S e, [FF,C Je A A
AN G A A AEAoR FE WAYSHE 1
< @i,

() 4 (n)
H,W+p
M) = W (14— ) )
[MMkn + @krb
Hg’/l)_"_p(n)
FriM = W (14 ———— ) ©)

IFF™ + @\



84 Journal of The Korea Society of Computer and Information December 2014

o
2
o
L
ol
F{F
>
>,
=
B
=
[
o,
[
ofx
=2
o
%,
i

lo

>
>
=
R
=
[
2
=
:|°LL
X
rr
o o
N
=
1o
2
o
i
4
>~
%
5

HAAIZE A 20 diaiA = T 7FA] HEE, £ MaBR
(Maximum Bit Rate)Z MiBR(Minimum Bit Rate)<
aejgit), o] ARSALR T} AFFglo] HIAAIZE AH] A AA]
7b Bfrgk A EAol wel dEEo] AgHr). vzt
Au] o] A5 A ADE A $2] oW =M A
o AFE|A] Fste] Muof 4Rl B djZlo R Qlalo] 9

g = Adge] g7 EE Al2E] Foke 2t} o] 4
T B 7o) FIH R MulaE Qe
Hagol AL 2o TN 9 FAE HEE F Ut

HJAARE A 22 Si31] AN 2 1S dsie]
8412 sl n AR Aol AgE oplah) Hw
el 27)8 R WSl E4S A Bk sie
Q98] AP} meb Agle] BEG Azhe AP ¥
AR FelelE S 0% Asn, Ade] FRE o,
sisfo] el WALy Hlolele] diel e Alzie] we A

A< Felel AR PAS AT |2 Slek] A

71528 AHERIE, AFEA Ao 2ee) A Aol A 71EA

# =Re] 74 vz ARG 498G W)
% MEn PEo] duelEe Aol g

B33le] )&t o el Ry“s RiCs My

R,= (8)

4 (8)0] 4YB A5, AR gPE Age o7
$31 Yl

TREER AR
R, =G (10)

2 (10)0] 4R 790, AHeAel 249 A48 (7
<!

Ry < (P (11)

2 (1ol 432 25l Ry=2e AM2RleTdsEs

okt 4] (128 2AZ Aol SHEAAst PS5



| 223 EA

%3 LTE-Advanced ¥< 913 A & wiet 85

3] ofio] AL drgt) 7|4 0L AT
of, ZHY n+1 dx AES Sl W di7] F
H, on|x], ov]e EE vt o] dRES ouditt A=
0/] HALSHES nlsin] I AR Qlsle] 0,9

Foll WSz QoSel £AE ojgitt. |0, | & ZHY
n+1 st FAtsd 0,9 75 veRdth ¢, AA
09 224 87 (reliability requirement)C.ZA
(1-0,)%9] £4g 7&K AA 0, F A¥|2= ARAZE 7
eSOt

YaloF

:C‘k‘57}244’ 0<A <1—0. (12)

gat] AR

RT, — Fr wrge] 2
A}_Q_Ek_
AARE A2 QOSE %4‘]7] 14 PO% d
oA SO WA PeACIS Falel & B £

Ew Fata
Adel & e gsan

Rabo] B e Aefo] e uelFs A
ol %
1:]

o8 oz 4 (13)9 =

P = Z¢ + R, (13)
W}q Ml wEb, F et & shuE it

ph> gl (14)

A (14)°] AREE Ao, ALl 8T &3 ¢
< gy

ph< gl (15)

4 (15)7} 4@slE 72
fonm A} A% 29 Ae] FRel me}, thee
A AEE 3% 5 odeh S, A A AEA
of 4 ASoE fazdze] 4 A (AR )
andze Asow) & FAd A A B

S0l ARl eTEYE T

& AL Fualy) 3] 2] (16)7 o] (ool g
a7

My fo

o
o

R, = (s (16)

2 (16)9] 2%, Mgkl 249 A58 Vg gk,

RA < mlr\s (17)

AN A5l By 8745535 788 ¢ 8le
R=E-1) }\1\:1]/\-‘: Esh=ns e

T w2 HEA Aol vjazde] 14 FE 3
BEAdZo] o (azAddM HEAdR] J=oH) &
Fagt. et dmene deow $gact ¥ A7
N si9le] Rapalo] 20 Fge Aol sjaR Aol
ARAze) A= oME 84 ol 21 1011 ngeke o)

ARARTE 27 20 Feeke ARAR
ggoes, Alzgl W) ool 44 S BHoz .
Dz 1 wWazA] I}
(threshold) ©]3}
@ 24 2: AR Fhg Aol Azw 712 oY

o
T:Lﬂ

HEAdZo AT OWE Qsh= ARl ke (f\r\sg] et
Fe At AEde) 7Hg wade) el wet F R
gee 22 S ek

R, = ¢fI (18)

2 (18)°] AHBTI AR kelA (g ddsim
ARl dEQuE FeHnt

Ry < (i (19)

a4 (19)7F Agad, (e 298 4 glom
= ednel d=ove 5857 etk

3.2 HAAIRE AH|2g 9% A B el

A AH] 9] MaBR (™ sk MiBR (™S 5
Aol sefatefof Fet.
e a9

A GImg AL, o8 £8

dth, A9l S3e] F18wd] me)

=l okt
& ¢ Qe



86 Journal of The Korea Society of Computer and Information December 2014

Al 74 el E Rt
R, > Cz\max (20)

2] (20)9] A4 7}e BAdz BE] 8= 7153 A4S
o & Ryl 27ASERT} 29 AREANA Mg AP
.

Cz\min < RA <Cz\max 1)
4 (21)9] A5 ARl Gming SR
R, < CZ‘mm (22)

Foll 7He Faldo] BEsinR ] FellA
% g2 F 7|3k 4 (23)3 2o] 88 7k
& A A AA 7127 85%01 ] HE, AL HFel
EE FAHS 7R Ha weel] AR 7S AP

A ALIFE Am@h 7N df e A W A

AL M AHER ke AT ARPIEAE el g
My < dy (23)
4 (23)0] 4R B9l RAde) 7M8ol we} F 7}

7 kg mid & Ak
Ry =G (24)

2 (24)7h BB A5, AR ¢ g ggRin,
R, < (min (25)
4 (25)7} AHEE B9 AH8A T §BE $4F 5
o%or:ri MI 7]—5]]1:0 ’5 sgz:;l.q. o 1 Oﬂ
A Az R e omts =83t 4 (26)3} 2ol bf

Az ¢iming g}

R, > ¢ymin (26)

2] (26)9] Ao, mjaRAR] HEAS Sesta A
gl ¢Imin g g}

R, < (min (27)

21 (27)9] AL RAE—— | 22 Aol A Cn\mm% g
g gloma AMu|ae ddEt

V. ds "7}

41 M5 B} 2

=gl 4] ALkt A ]-1%% were] A5 Hrke| HOP
o AlEY ol A7 T
20 Nddta o]E A
ot a3 2+ AlEYelA §iEE T2E Holx itk I Al
2Bl 2w A Ao] Al g PR ZF A gis) AR
#2]AH(resource manager) = MTE] AlA A|ofol] gt}
RM-DBE 7t 23 Ao 21 9 X3} So] Ast Au S A%
shal, WAIA] F 2 AL dE RS gHs] flg Zen

EEE flsto] ARSEH, Ak ] A2

Macrocell.C
Femtocell-1
Femtocell-2

Femtocell-n

Conversion

Conversion

O& 2. Algaiofd 7=
Fig. 2. Simulation structure

B2 A% )8 AR T o] P ATHI8-19).

o AARE A0 G BlES] A4 ARKE 1.00s ©]t.

o ARE Alze] A ARE B Mol ol
shAe] BEFE el 2719 70% oIk,

. MTY AR AEEL Ao, A58 Fe FYadn),



A2 E

A 23 LTE-Advanced ¥ 913 A9 &9 W<

=
[os}
G|

MT 29} &rs B2 2o o8 Jgs o
H olejgh ek 9 o] Wskyt MT of& el Augict.
olF &%l wet ugolE MTe A& oF MTE vHrol
A& o]F MT & H3Ae AA9] 60%5 2R 28 5
50%7F AA Zdeiel da vA] 50%7F Bl el )
Ao BFsla 1 ol% MTe AA 40%9l 2ok
o= et Al Ase] AR 4 o o A As
e 29k Agle] 3.5 wlel Bl#sta shadowinge 6dB
EE HAE 24 lognormal £XE WETH 41 2l
A|717} -16dB olste]d 4l 2lse e F= wddsl] Ha
FA AT A71Y ALtelA ALt A AlEs A Y
A 2A B, AAe] B ol REE wWET
HEHo] Ml ae et ASE, A5 A, A& Azt
T 7P EZ ARFE wiete] HE|n|to] AfH| 2o gt J&F
< B3] st & 13 2ol AATE vlAAIRE A4
A 84 o U &% A5 FES 47 nHdt

(18).

1o

olF

o,

RN}

oy oW

Lo

E 1. ZEp|Clo] Md|A] 257
Table 1. Classification of Multimedia Services

SHEfo|Clof A~ e | ©5
High Quality Voice 32K 150ms
Realt!me Video Conference 64~384 K 150ms
service
VOD 10~20 M 150ms
WY (2M 20s
Nonreal | Ejectronic Commerce | 64~384 K 4s
time service
FTP (20 M 10s

42 "o Zot

£ AFolA A<kt Hjte] A5 HIHE 913 Zheng®] W
QH16), Uygungelen®] #<H17)3} vlmale] £43ic}, 1
d 32 My 2] Frto] W outage THES Hwdt
Azlolt}. o714 outage &L HAAEEC] MiBRo|sI!
Auze] HIER2A AT Zhengd]  WRH16)H
Uygungelen®] ®RH17)elA= A W) Fate] F7tol <
AL A el Wt v g iAo A Aol B
e JoA7t BAE outage BHEe] S71%HE ¢ th
ol Hlale] Aokd Hoke Eg¥] Ra} 0.6 o]ilA 71E

Woko] Blgle] outage FEo] FA3 TATS & 4 Uk

080
07s
ovo —o— Proposad
0ES —&— Thang

00
055
0so
045
040
03s
030
0:zs
0:zo
01s
010
0os
0oo

—B— Uyeungelen

Cutage Probability

az 03 04 05 06 07 08 09 1
Arrival rate(sec)

2l 3. outage EHEQ| H|u
Fig. 3. Comparison of outage probability

a8 4e AATE Aujzeh H]AARE A
outage &9 W3l= wwd 2
s e FsHAE Bl &

AT JeddE Belrh HlAARE Au 2

i)

o

I

i 29

> |

B

>

= &
ol

IS

FAo] =eg Apl2o] Aol A0S YNAoR G Y
4} A2A99] FYE Fatel Q9P A £ 2

P ASTORA, J1E YA fAR A5 AL 5
[e]

A1t

080
075 ——o— Proposad{r2a ltime) ‘_',,&-"': -
avo —o—- Propossd{ner-raaltime) T
063 —+— Thengrasltims) A

060
0ss
0,50
045
0,40
035
030
025
020
018
010
00s
000

Outage Probability{ Realtime/non-realtime)

01 0z 03 04 s 0g 07 08 09 1

Service arrival rate(sec)
& 4. AARE} HIAARZE AHIAC| outage EHES| H|W
Fig. 4. Comparison of outage probability of realtime and
non-realtime service

a7 bE BEAES vnd Aoz Ak

= g2l
5 o) ellA 712 it vlgte] Fad Bz A% =47
]_

o
X
iz
N,
T8
1o,
28
Ho
ox
puj
Lo,
e |
to,
k)
i
of
2
Q
=
2
e
4



88 Journal of The Korea Society of Computer and Information December 2014

&0l gage & & o

035

na0 —o— Proposad
[ —&— Fheng

—0— Uygungalen

nes [

Blocking Rate

03 04 05 06 o7 0s 09 1
Arrival rate(sec)

% 5. E52E°| v
Fig. 5. Comparison of blocking rate

B =Roxe HaE-sEde] $34" LTE-Advanced
SAINA o]F FERTtlo] Au| 2] AF FE] QoS B
= BAE] 93 AT etk ARSI ARt Het
< a2z B HEAY D A el WsE 484
2 ylelslod RalAo1S Fute 2 Az Au) 29 s A4
AA 8315 WA 2L, HIAARE AR| 2] disixe #Ad
FHE B0 R wdgro g A ASAdS WA

At Wetel Fes Hrrelrl skl outage &EF
= T8 4% AR st AeS Bk
1 WREE ] Hldle] o] 3
5 A el J=ors ne
A

e aefet] A9 &9, 1H

D >,
o
et =
oft o
o r_;:
w2 =
A=) 1o
oy ok
ol o T

N,
I
(o]

rob
o
S
re
-
N
=)
o
ol
vl

P25

il

(1) H. Claussen, D. Calin, “Macrocell Offloading
Benefits in  Joint
Deployments,” in Proc., IEEE 20th International.
Symp. On Pers. Indoor and Mobile Radio
Commun. (PIMRC), pp. 350-354, Sep. 2009.

Macro-and  Femtocell

(2)

N. Saquib, E. Hossain, L.B Le and D.I Kim,
"Interference Management in OFDMA Femtocell
Networks: Issues and Approaches,” IEEE
Commun. Mag., Vol. 19, No. 3, pp. 86-95, Jun.
2012.

V. Chandrasekhar and J. G. Andrews,
"Femtocell Networks: A Survey,” IEEE
Communications Magazine, Vol. 46, No. 9,

pp.59-67, Jan. 2008.

K. H. Cho, and D. H. Kim, "Load-balanced
Handover Based on Adaptive Hysteresis in a
Femto-Cell System,” Proc. Convergence and
Hybrid Information Technology Communications
in Computer and Information Science 6th
International Conference, Vol. 310, pp. 1-8, Aug.
2012.

R. Ellouze, and A. M. Alimi,
"Macrofemto Cell Handover with Enhanced QoS
in  Mobile  WiMAX,’
Telecommunications Symposium, pp. 1-6, Apr.
2011.

7. Becvar and P. Mach, "Adaptive Hysteresis
Margin for Handover in Femtocell Networks,”

M. Gueroui,

Proc. Wireless

Wireless and Mobile Communications
pp. 256-261, Sep.

Proc.
International Conference,
2010.

F. Zhong and S. Yong, "Access and Handover
Management for Femtocell Systems,” Proc.
IEEE Vehicular Technology Conference, pp.

1-5, May 2010.
M. Z. Chowdhury, Y. M. Jang, and Z. J. Haas,
‘Interference  Mitigation = Using Dynamic

Frequency Re-use for Dense Femtocell Network
Architectures,” IEEE Int. Conf. on Ubiquitous
and Future Networks (ICUFN), pp. 256-261,
Jun. 2010.

Nguyen Tien Dung, Chang Soon Kang, ‘A
Dynamic Downlink Load Control Scheme with
Virtual Coverage Adjustments for Two-tier LTE
Systems,” in Proc., IEEE 2011 International
Conference on ICT Convergence (ICTC), pp.
487-492, Sep. 2011.



a2-dEA 33 LTE-Advanced 4= 913 A &3 Wt 89

(10]

(16]

H. Claussen, “Performance of Macro- and
Cochannel Femtocells in a Hierarchical Cell
Structure,” IEEE 18th International Symposium
on Personal, and Mobile Radio
Communications (PIMRC 2007), pp. 1-.5, Sep.
2007.

M. Vondra, Z. Becvar, “Connection Cost Based

Indoor

Handover Decision for Offloading Macrocells by
Femtocells,” in Proc., Wired/Wireless Internet
Communication 10th International Conference,
WWIC 2012, pp. 208-219, Jun, 2012.

K. Cho, W. Lee, D. Yoon, K. Hyun, "Resource
Alloation for Orthogonal and Co-channel
Femtocells in a Hierarchical Cell Structure,” 13th
[EEE International Symposium on Consumer
Electronics (ISCE2009), pp. 655-656, 25-28 May
2009.

Thomas Novlan et al, “Comparison of Fractional
Frequency Reuse Approaches in the OFDMA
Cellular Downlink”, IEEE GLOBECOM 2010,
pp.1-5, 6-10 Dec. 2010.

F. Tariq, L. S. Dooley, A. S. Poulton, "Dynamic
Fractional Frequency Reuse based Hybrid
Resource Management for Femtocell Networks”,
Wireless Communications and Mobile Computing
Conference  (IWCMC), Tth
pp.272-277, Jul. 2011.

D. Xenakis, N. Passas, L. Merakos, and C.
Verikoukis, = "Mobility =~ Management  for
Femtocells in LTE-Advanced: Key Aspects and
Survey of Handover Decision Algorithms,” IEEE

International,

Communications Surveys & Tutorials, No. 99,
pp. 1-28, July 2013.

K. Zheng, F. Hu, L. Lei, and W. Wang,
“Interference Coordination between Femtocells
in LTE-Advanced Networks
Aggregation,” in Proc. Chinacom 2010, pp. 1-5,
Aug. 2010.

S. Uygungelen, G. Auer, and Z. Bharucha,

with  Carrier

‘Graph-based Dynamic Frequency Reuse in
Femtocell Networks,” in Proc. IEEE VTC
2011-Spring, pp. 1-6, May 2011.

(18) J. Lee and M. Lee, "A QoS Provisioning Based

on Load Balancing for Hand-over in OFDMA
System,” Journal of the Korea Society of

Computer and Information, Vol. 18 No. 2, pp.
59-68, Feb. 2013.

(19) J. Lee and M. Lee, ‘Interrelation Based

Mobile
Multimedia Networks,” Journal of the Korea

Resource  Allocation Scheme  for

Society of Computer and Information, Vol. 15
No. 8, pp. 79-87, Oct. 2010.

* xp 2 7
of & &

1996 : Hdigta
2000 : wddEta
2000-2005 : ETRI
2005-8A] © whaiketa
AFE PRt Fus
TRECF ¢ o] FEEm|t o,
AAUIES] S,
LA A o]
Email : chan2000@kunsan.ac.kr

=
2
ol
e
-
o,

ez
1977 : Algtheta Bet

1993 : $AEm AL
1996 : sdtigtn gL

1997-8A: ALk
ejrlciofels} 4

ek 1 FdEEm Y,
TS, ARIESR

Email : mhlee@chungwoon.ac.kr



