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Autonomous Load Balancing Method in a Wireless Network
Inspired by Synchronization Phenomena in the Nature
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ABSTRACT

Inspired by the synchronization phenomena observed in the Nature, we propose an autonomous load balancing
method for a wireless network. We model the load balancing problem of cells providing wireless access services
as a synchronization problem in the Nature and design an algorithm for each cell to distribute loads in a
self-determining way based on the load differences among its neighbor cells. Through simulations, we verify the
feasibility of the proposed method in that cell loads can be balanced efficiently eve if cells make decision

autonomously using their local information.
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Fig. 1. Autonomous load balancing method.

2233

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

o] 33} BalE A=K} (line 1). p;7F WA 014
ol iz o] AES Wl W Tt A, JEN)
of wieh WAk R AEet § A 2] Z7]el ule}
A5 Hlg) (line 2-4). ¥} ol o] FNstE

83k S Qi o] % Aol AT o] Foixfof sl A,

o ®ul e Ayt EF O Rl =AY
E{JE/VAA >0}A" W AE ol AdellAl
wj7}A] HHE-Ee} (line 5).

2 Aellxs 2ol F3l A’k 7] Aee

=

Gk, 7 o] Aulzsahs A1) mek F47Y
o2 ARSI 7 A9 ol% AL 47} ek HE
=

g7

% 36700) Ae EAdslel WAl wope] EERAE
galsieh 4 Ale] MsE S A ng2e A=

Nqy1, M3, N5, n17% Il A2 xA ko] o] 59
27] 81= [py,, 1] elA 4 (uniform) el w}
2} AAslglon o] o)e) AEe] Hah= [0,p,, ) A
Aol wet AAsioleh. A AlEF o] F At 7]
ol o8k 212 sl Hulloll ofs) 27| st Ao
F371 polsit =9 bl [y, 1] elA F HE
of e} qle| & FalE AdAste] sl AR WA
A7IHA AEe] et WslERe akslel
-2 K=1 a=0.1, T=1s¢ 3%
Z2)9] Fokoll A8 ny~ngol ¥t HES Jehd
o} Z7] Zstel ngl py=0.95% Ak 71 el 23]
o] Aol A HulElch Z7lolld Bz nie} o] 27]
ol ng2t ns el F37} ke Aol vls)] A o=
7] Wiell nyel F3hs olF AlellA wwiEm t =15
oAl p, < p = o3t Hlek ¢ =614 py7F 0.78
2 sl Aps ol AEAl Ajcy, gl
uje} Ao BalEck n o] A$ ngel ok o]
% Al vlg) ¥3p7} 7] wiiell A7) olEHe A

2234

09

08 r / / / 1
/ / / /
0.7 + \/\’ =V, / J

0.6 |

Load level(p;)

Time(t)

O 2. Ae] FalE Wil

Fig. 2. Dynamics of load level of cells

o2 Ak weby nye] sk 1, oA A
S enz p & ek A9k

a3 32 a7} ARkl wE ng o] §8) Wl vl
43e wolEth art ek A 2okl
= 7} Ale) s} AP adl gt 2R
ngis 7] BEk Aol g7} G 1A
AL ek Az aol wet Zrkee ol2e] At
Aol Agg 783 5 Qo bl w ok %
s42 olEAS Hek weld art BHER B
sjal As] b w7 4 Ak ool @
2 s} S 2 A7k vlwsly] o 23 40 A b
Wb 79 ldag BARn s Tk
Ao AFHe N Al (9] o] TSl Wi Wil
pE HE A weh @y Qldsee

— p)? o2 Helgink, alelA] waE ks

e

IN

Load level(p;)

Time(t)

T8 3. ad] W B} A HaE M
Fig. 3. Dynamics of load level of an overloaded cell
according to «

www.dbpia.co.kr



=3

HESZelA 2 5715 d4e

g Aed ) 79 )

o

H
5

22

o=1.0 -8

16 1 Y 1

1af & ,

Load Balance Index

08| ]

0.6 9

04 f g

02 — =
20 25 30

0 5 10 15
Time(t)

SRR A9 el Mk

of load level of an overloaded

O 4. o W&
Fig. 4. Dynamics
according to «

cell

ol a7t T7VEGE A 7k K
A gl
71& aATellA] Tal A 7} FhHe| A w
3312 o] % Aol o1 AT AS AJole] 3}
}AER shgo] AR 2, A7 (oA T}l A
PZRE A, W] pehE A e 9] ol A
= Spreprl = shgo] AX] Az £+ 1A xw
o] o] AellAl A vk ¥abs wuaie sfar o}
7Ee & A}o| H]—_‘E.E,]J:; 79 AE2] A= s AF
st = ghgo] Axlck 17

ET b T 78T
v Al 72 o] o] 8 T’ FelkE 1

s} #4) Aei) we

NN
.

N

s} A} kg A

efae] sHyslal Ae) F51E el o] % ASel
okl olsh 4 s} A de) whae

=tk o]} 2 BAS 1017] $8l 23 504 1™
8o K=1, T—lsd < ool E BEZax|9
Fodoll HA8 ng~ngel H3h WES =AEICL

g.
°
H
k- ]
S
g
. ll] *
0.3 #-5-m-] n, a |
e 23 -
02 »r—;o “2 e 1
; Ny oeeaee
OI I L 1 1 |6
0 5 10 15 20 25 30
Time(t)
J% 5. A FaeE HIlE (0=0.3)

Fig. 5. Dynamics of load level of cells (a=0.3)

Ho A Fst Ae] st o] 3 AellA
o] A-st Abelrt =Wl opA] AR} A3l met
A Ake] Ardel] whet Alwlel b= A -
shs S71RIeh 23lellA] Bz wlel 2ol art Zokst
T IRl ng o] Fehs olx=elA wEA

\_’Z\..;
S ]
B
e ] -
2
Q
-
% ]
l‘ll oee
n ]
f ny -
rd ng --e--
2 ¢ie 4 1
02 ng .
01 1L L L 1 |6
0 5 10 15 20 25 30
Time(t)
a3 6. A Y3lF W3kE (a=0.5)

Fig. 6. Dynamics of load level of cells (a=0.5)

\_’Z\..;
= 1
&
= 4
E
=}
= G-l
P 1
pofé ny oo
0.3 #in4 ny @ 4
G ny --w-
; N, --eme
2 $i-e 4 ]
0. ng e
i P
0.1 L L L L |6
0 5 10 15 20 25 30
Time(t)
J8 7. Ao Felrd WEE (a=0.7)

Fig. 7. Dynamics of load level of cells (a=0.7)

g.
]
B
=
g
3
0.1 L L 1 1 |6
0 5 10 15 20 25 30
Time(t)
Jgl 8. Ae Falr WIE (0=09)

Fig. 8. Dynamics of load level of cells (a=0.9)

2235

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences ’15-11 Vol.40 No.11

ok web] ng7t obA] e AR 2]t =He
A7t ZVAE a7} S71EERE 2holAw o] A7k §4t
ZA3E Al ngel ol AE2 nyd ¥IE F
slo] Wt Srkekck uletd ny7) obAl 2sl A
B2 27]3lE]|o] A2Hle]] HalEi= Halefe] Srlet
TZ nyet o3 AL Ale]e] ¥3} Aol= oA a
o W} Ayt AAHEE nyo o3 krFe] 74
&5 kE wskek (E{jEAAZ,A A1>0}Aj) ZpebA]
7] el nyw FHd E{jéﬁ/\A]>0}AJ < Aguk
Fol ek et &= oA =lek 29 sellA] o 8
oA B ol AAH AlxEe] Fep) FolEE
2E Ao Rale p,,2 sy A 7k Bt 2%
2] o= A& 2 5 9tk
V.2 B

E =rollie AdAl 5718k A4S ol8sle] F
A HES A A Ae]e] RaltdE $1k A-EA
Aol vkE Akt mojAlEE 58l At 71
& Ale] A|FH AHRE o]ggt g HAAE Sl 7
slel AL #Rslel AelAl Hajdre w2 vley=
§3kE 5713} Sk A Bl 5 dgEe 2
sefelel 5] Wspr} 3 il el vxE o
g Bz} 99 3ol wlE Tl dee AA H
o] o7l wal Aok de]ES LTE A|2H
MLB®} 22 54 ZH|l¢] =30l 283171 $1k wt
wlde] a7

L

o+~

Lo

References

[1] H. Lee, “Optimal cell selection scheme for
load balancing in heterogeneous radio access
networks,” J. KICS, vol. 37, no. 12, pp. 1102-
1112, Dec. 2012.

[21 M. Hong and S. Park, “Load balancing
scheme for heterogeneous cellular networks
using e-ICIC,” J. KICS, vol. 39, no. 5, pp.
280-292, May 2014.

[31 W. Kim, J. Lee, and Y. Suh, “Adaptive
periodic MLB algorithm for LTE femtocell
networks,” J. KICS, vol. 38, no. 9, pp. 764-
774, Sept. 2013.

2236

[4]

[5]

[6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

“Telecommunication
Networks
(SON); Concepts and Requirements (Release
11),” V11.1.0, Dec. 2011.

Y. Xiao, Bio-Inspired Computing and
Networking, CRC Press, 2011.

Y. Kuramoto, Chemical Oscillations, Waves

3GPP, TS
Management;

32.500,
Self-Organizing

and Turbulence, Dover Publications, 2003.
3GPP, TS 36.300, “Evolved

terrestrial radio access (E-UTRA) and evolved

universal

universal terrestrial radio access (E-UTRAN);
Overall description; Stage 2,” V8.3.0, Dec.
2007.

3GPP, TR 36.816, Evolved
management of evolved universal terrestrial
radio access network (E-UTRAN) and evolved
packet core (EPC), V11.2.0, Dec. 2011.

R. Nasri and Z. Altman, “Handover adaptation

study on

for dynamic load balancing in 3GPP long term
evolution systems,” in Proc. IEEE MoMM’07,
pp. 145-153, Dec. 2007.

A. El-Halaby and M. Awad,
theoretic scenario for LTE load balancing,” in
Proc. IEEE Africon 2011, pp. 1-6, Sept. 2011.
H. Wang, L. Ding, P. Wu, Z. Pan, N. Liu, and
X. You, “Dynamic load balancing in 3GPP

“A  game

LTE multi-cell networks with heterogeneous
services,” in Proc. IEEE CHINACOM 2010,
pp. 1-5, Aug. 2010.

S. S and A. Mitschele-Thiel,

“Minimizing handover performance degradation

Mwanje

due to LTE self organized mobility load
balancing,” in Proc. IEEE VIC Spring 2013,
pp- 1-5, Jun. 2013.

A. Lobinger, S. Stefanski, T. Jansen, and I.
Balan, “Load balancing in downlink LTE
self-optimizing network,” in Proc. IEEE VTC
Spring 2010, pp. 1-5, May 2010.

R. Kwan, R. Armott, R. Ratersion, R.
Trivisonno, and M. Kubota, “On mobility load
balancing for LTE systems,” in Proc. IEEE
VIC Fall 2010, pp. 1-5, Sept. 2010.
R. E. Mirollo and S. H.

“Synchronization of pulse coupled biological

Strogatz,

oscillators,” SIAM J. Appl. Mathematics, vol.

www.dbpia.co.kr



i A EZeA AldA T3 AAE 2R AR vet 38 71

[16]

[17]

[18]

[19]

50, no. 6, pp. 1645-1662, Dec. 1990.

Y. Hong and A. Scaglione, “A scalable
synchronization protocol for large scale sensor
networks and its applications,” IEEE J. Sel.
Area in Commun., vol. 23, no. 5, pp. 1085-
1099, May 2005.

J. Degesys, 1. Rose, A. Patel, and R. Nagpal,
“DESYNC: self Organizing desynchronization
and TDMA on wireless sensor networks,” in
Proc. 6th Int. Symp. Inf. Process. in Sensor
Netw., pp. 11-20, Apr. 2007.

A. Arenas, A. Diaz-Guilera, and C. J. Pérez-
Vicente, “Synchronization reveals topological
scales in complex networks,” Physical Rev.
Lett., vol. 96, no. 11, pp. 114102-114106,
Mar. 2006.

S. Boccaletti, M. Ivanchenko, V. Latora, A.
Pluchino, and A. Rapisarda, “Detecting
complex network modularity by dynamical
clustering,” Physical Rev. E, vol. 75, no. 4,
pp. 045102-045106, Apr. 2007.

dt T M (Jaesung Park)

2001 294 AAHEtR #7]
AR 3E} uha

20013~2002'4 : University of
Minnesota (PostDoc.)

2002d~2005 : LGA} 419
A7

2015%d~3A) : st g n
s}

TRl U= AR B, A, L 2

2231

www.dbpia.co.kr



	무선 네트워크에서 자연계 동기화 현상을 모방한 자율적 부하 균형 기법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 관련연구
	Ⅲ. 제안 기법
	Ⅳ. 성능 평가
	Ⅴ. 결론
	References


