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ABSTRACT

Efficient bandwidth management is necessary in order to provide high quality service to users in a multimedia
wireless/mobile network. In this paper, I propose an on-line load balancing algorithm with preemption. This
technique is able to balance the traffic load among cells accommodating heterogeneous multimedia services while
ensuring efficient bandwidth utilization. The most important features of my algorithm are its adaptability,
flexibility and responsiveness to current network conditions. In addition, my online scheme to control bandwidth
adaptively is a cell-oriented approach. This approach has low complexity making it practical for real cellular

networks. Simulation resulis indicate the superior performance of my algorithm.

1.ME Hejoit]o] dloje] Afu|ze] g eyt FoHe
2 kst HlE ARSEe dEES dHE
2ol o)A, 2xje, Wt 5 ot Felel 7] el EeH H9E APt vE= A

¥ B A7E 2005E SR Sheodra)(gulad ) A4 oF A
* ol sl e F3I) (sw_kim@cauv.ac.kr)
=EHE KICS2005-06-248, Az} 12005\ 64 24



541848 =F-A] "05-12 Vol.30 No.12B

& Z7HAII7] S F83 84v) Ha g =
gL FAEA 7iee] FA% WEE Qe A=)
7t AEA ol EEA ARE Az AEd
HE e gt BA=rt SslaA 7188 A
HES I AT ookgt Pevui]e] A
ALE FA vEHaE )] S7 A7)
s APHz Y

tiefst efe] Hejuitle] doleles A2 ok
QoS(Quality of Service)E L8730, 273+ QoSel
iRt 84S /A giek ey, AEe] JIES
4] e o)5Aolels 5ASE Qs =
< QoSE AlFEplol olzde] uleH, MEYA &
%d Fol BA Al <ikA] 23 4% 2 Fot
2 AR st o] A 4 gl o]FA
s MESZ A Al A5 Axc A= E
B R} sk A AGAQl EFeR Qs
e Mdulx~e] Qosel AA HESA A%l 4
3] sl flck wEl, AEE vENZ 3
Al ARgAL] o)A wE ISl ks sAske
whHol dfgh F8Ao] oS ZEsm et 47

£ =Fre gt AEE VEHZE §
g RalEal daelEs Aljkslih o] HEE A
HHog WA I 5 gle EfY EAS o)
A3l HZ A (borrowing)S F3l FF3t L
A B4 Aol E=Y FIE ApAzlch wehA,
zt AEZE 7 W Fe] Bo] AAF FHE olF
A =l AA VEY= ALk FHdssle d
vlt)e] Auj2o] QoSE UEFAZI o]d W&
Age] VEZY A, FAoZ WA” 5 3]
= F43 =AY A3bisel] AAsAl J$3ln
tekgt Edy 3o dAE 74 di9E A4
2 2849 M-S 7eskA dick

Ag2 VEYIL d9E F=E AAAA
AEE vl A5k AR ARG G el
AAZEeE Jzidel gkl ulebr, Ed Aldle)
e sl 4 gl AEe VEY=Z A
oy, A AAFAE eyl s degt
EE 3 AHRE AY 33 F A4S Aol
= ¥l ore]E(offline algorithm) *Al& A
43p7]e AR Brhssich olof wvlE 22}l
<72 Z(online algorithm) W12 Ale] 2R A), &
A FRg AEERE vFeZ AXZeE FAS
Hgle A2 waleldfh A &, dwEE S
7k AN s ARelzta AdsEle 2AE &
Aoz el old olzdt AAe] AAAHeR

812

HAQx drE FAEA gx @l Ak 7}
F HAolely. ele AAe Wtk o) W
& -3 A 9g 5 gRAT AARE AIA
27} Fhsskn AXtel Fag dloly #Furp 4}
t Aol glth wleki o)lF AEe] wlES A
Henitle] An2g] QoS AIE Sl ANeR
fdze gejshs wlerts 28kl duEE )
Ho] Adslch

B =T AE RaEa guElEe gow
gtk MEYa Ael EdY Wgoh
AL ol Aol gt oW wele] AR
njg] 87t FPEEel 1&g six] 4w @A)
o WEYa Al 7|1Ese) Aoz Aeiad
=2 A ek o2 g8 4 AL FAe =
2 Wsle] W GE o g Aush Ao
Agte AAs) zeisle] U9 oL A% JE
o7 Aedi) =3 olelal ekl AlHEL
7t AL y|Few ik wez AsEs
g} Qe iRt RS siEew Ao AH
& el 712 BB HlE Aade] eHs]
=9} ghyalEe) BREE =4 24 4 ok

o] &R AR uklel g & B 7
gaE|zEo] griHem AgEe] glol Ao
WA Aol AAEe] Az oFEAez g}
£ Aolo). waA, el e wiekez Hds)
A VESZ Aol FRE )R A} ek

Aol 3 A Ed, 2 =
A Akl gelel GE Helo] s|Ed 24
sk e wiS wE RA UEY= Axde) A
o STl AL e & 5 itk B =E
o AL theFt 7} 2PdAE AkE s
Ve zake] 22lql RalEAl duegel wisie
AAE 7lesta, 3gellE ABHelde Flo
AR Fe) $5Ae AR, e TR 4%
e AR} FF AT wWkel thste] =eleh

0. 221 (9% Fsi2s gu2ig

Herir]e] dHolels AUk e E class I (AAIZH
dlolele} class I (HAAIZY dlo|gl2 725} =
3l aplae] FR6 mel Beex Au)add Alg
Aulag PRI Aulae] d44-8 w4l
5 Aularchke e o Mu|xd, BHATT E
A nchs AL Edge] & $ASHE T
Fhep 4,



=i AE VESR A Herit]e] Arla AFS AT BEHl 224 F3hEAL 7]l HhEE o

2.1 FapRet 71

Age] vEHIN oulske Rahiabe A
3p7h AR BA o] Esfe ysp) A2 ARy
B gjdZE 24 (borrowing)S 3] FHJ3k Hals
H3ATE AL rlgel od whale Age v
EFdA A, R AR F Qs FA%
EY Wl AEsA tgsle] AEAQ dg%
AHge] ZbsstEs A B =Rl Al
FeHA AP VE = B Rep) A
THE o|FEF A Feljaddl EAlshs 2 Ao)
THIE Mt Ee] Hugks HASElEE A
FH3ick webd AEe] viEanke] Edge] F%
A HEIA o Allx] #A ) RalRale] of
FoIA o] HEA R AMEFHEER sgir).

2.2 Hi¥Z2| olz7IY

g EaA o]F S e, 7 AL Al
ARES A 5 e 7HE i Ee] & Byl
w2t N HoiA]e %] ARg(borrow)e ]t
oJlend)”} BAH) ARl A Aol F3H-
AR s A9 A8 et sle 7L
MSCE Z@2Bl9] &gk 2t Ao B,S) Ak&d
A BEE T A FezEe A9E 9 b
F(B5)E A ()9} 2ol Ankait

Sum of degree of availability (B ) of cach cell in the cluster
Number of cells in the cluster

(6Y)

WY ZE X g 7|HollMe 2R3t Yo E ko] A
Aol vl-g- F28 olqrolr) B E=FAE Azl
VEYE B A3e wefeid 243 o3
AP 22T F JES stk ddE A
¢ Bae sk dyab) 29 A Feizw o
A hHE oo B3 he fejEe] 2pe B
74 #RIes Azl gebd, Bt IRst
A Al 7Hg e Fe olu} & wf, st A
ol o3 Pe e PAE Age) & o B
- BsSt Zt

B =Redis ddZ ojFe R dig93g
2 BBUs)E oA $3=l=d], she] BBUE
G o]Fe] Hi HYE B =Edxe 512
Kbps2 A=l Ak Faal duelss 7
FH2ElelM A= fdE o] AEZ e A
Q) W e2 BBUES *MsPr] wlfol, 734

Hed A (lender cell)ell
FoHE eHAEE 2d $ sich WHhike ¢
3 de3 BBUY /¢ Xv A Q2 AkkE 5
ik

X = (B{*- By BBU )

2.3 Meo| Mgx Mel7E

Ak dwe]FelA, 2+ AL Al ARIAE A
Asr] S8 9 HHFE ok g AAE
Qe o] HHF oA ofake ZHAZHMIN,)F 2 oiFk
(MAXy)ol olsl) =As Al Aoksl wlglA
= A JESZ AlNF ARl A3AERS b
S 2 MIN, MAX, 355 AAsA ZAs] 4
Edg AxHWraficos Al EdE d=$
= 7Zb Ao BSell s A=|En, Aelx] Al A¥]
2 8Ao] devfs AERE ARKELR 7]ES|H
A1) Bl 9599 2] [k - tun , L] &
ANAPHe)F At EdGE A A= Aol
2 Ao=ler, o] Ho] =3k 22kl Hejrye]
3 A Edlg Aol AgAoE zdch

Edfy =S 2] A A 58S
) A7 Hunit_time) 2.2 vrth WeiA7Re] =)=
L5 Al ARE a3l AAE e vk
F] A7k o Alx"le] A HASHE el
S sle] Al =Hu, eddel ews=r)
A w2 A7 AH R A AR
A = AxEle) ewdl=e Ed 4 9oy H
AsE FPelMe izl £ =Felds Edy
599 Z7]e DA A2 AAEY, |
A 2+ A9} Al Aulx AlE(Call Blocking Pro-
bability: CBP)ell 7|&sle] Z2AZc} &x AY
CBP7} vlg] AAR ¥ Parge Rrl 2 A%
23 9599 =) YA Zr)wE )
gt 2 ke Aol w9k =o|wE 7
A8kl

Aok daE|Zelre 4 A9l MIN,2} MAX,

2 Bl Je9e] wigl Eok Al Mulxae]
Arlge] osl ool 4 G)AH ¥d 4 Sk

2. (B,xN,)

2. (B;xN))
MAXy=iew,,,

» MING= jcH oy _ime

©)

N, B(N;,Bye 845 A5 Aulze] 7i4e)

isT 1

813



FZEA 83 =57 "05-12 Vol30 No.12B

7y el 2R didZe 3L on)siy
MAX, (MIN)E 7VR%Ith. MAX, (MIN;) 3L AA
3] A% B A% Z7)E (b - tuim ] ([t
unit_time, t])°|3, MIN, £ T F$|A70e) A
g Al Aula 849 goz 7b Aol Al A
v 9AS AYs] s fAslef sk Had
o] HAZ 25 ow|gic)

o] ootEl g FFog 7+ AL P(peak) AH,
PP(potential_peak) *}el, 22| S(safe) *}el, 37}
2 A FEEh Agk RaEAl daElSedA
© 7k Ag dA EdqE A HgAog Al
B AR i dA FeAEAA g9E
< s & oo AL AL o) 4l Aler)
71%e] €t P Al AL ojjokEl djgFe) gho)
MIN, #Ech 22 ZA$2, p 4L FAx3 =y
Falz s 718e dgZe] wje RE3E Alwo)
th =k Ao] p AHlE =4 o] AL F3lEALS
A8 HY9E 24-¢ ez gk pp A AL
dlofEl ojgZe] o] MIN, <} MAXb Atolel] Ea)
Kis=d ‘;]'/‘] %_‘%P?i, PPAC= d93S dids) &
A2 FEF 7H 93] +2H6]~— 2L ol
A%, :L%?Eb_ N Z 4o o A= I
3t AEE Aels ohvrk wlebA, PP AL tiy
o] e} A4 5 ougt dH9E o)FE &LH
A ¢ AElE EAEE o]z Alo] P Alele} S AF

S FrIACE 3l AL WAk 83}
t}. zikek Ao p Alelu} PP AbEl7} obd Agoll=
S Aeela AFedich s Aee] A FEF M
NHEL 7R 7] wiEel P AL S AzHe
W FE 283 5 ik

2.4 CHHZE ZIMEDle} dist

A2 UEHIFAAN F3HEARE 8] d9F o]
Fo] EAZ= AS, H9F 7 A (bandwidth in-
terference) & ¥|3}7] 913 o]5d djdZL o] A
ol B ohde} AAME- A <ol gl ohE A
EAlsle 9% dY9ZEX vl=A] Hlock) e F
°1 45 ZHEANE SElES 3“"?@"4. o]XF o]
b g ET FUE dYIE I o} bgE
A dE S ‘211°71L ol FE2E A
7Y A(interference cell)o]2ls A2J3lc} [2].
Ay dEL B Au|aE Hd) AN
%i 2u2 & ALg-Eo A UES= A
S }""/‘]7]71] 5‘4 azuR Adge] vEHA
Al “H°Ei£ o]Fo] Aoy A, ol9) L =)

o
offt r°‘

1

=

r
o

il

r-l> Jg

<o

14

LHFH =S Fole Ao] vi¢ F8F olwelck w
o} 7k Alo] HHE ol 23] p AR FHod,
o] AL RIS 98 FUHAQ HYF AL
T& A =HH, o] 87w =¥ o Frl2Eed
Qe M AEC A d9F 2 TR
A ek wElA, ole}b 2L 2] &3yt AA UE
A=az Fisle] vEHa A5 FA43] 37
© eghe op| AR

ole} 2k W] AEAQ AERE I3 YA,
Ak daE]EE M AE 7R e E)A
N ZF o] 5S¢ AAS|, AA VEHZY AFHE
Al FIARe B3 QoSe HA|R=
A% A% (trade-ofpHE 875 FA wFA)7)
£t Y& 2EEck £ =Fde A ﬂa—]/\E-]
oflA ‘:H—u—-a NAg = gl Ast o] 22 T4
AES Al borrow_ser) ©lEki Aejg} 4
Fel2elole FAAL ] Ao ANFIF bor-
row_set®| ZANZIT}. borrow_set i(1<i<Z o] A
o el E3he Ao HF BE A @A™
™ 2}a A e)gic.

Z (B,), / number of cells in borrow _set i

neborrow _set i

@

Aok HE A A &
AR sl Al EFmizEeld Hd T 3
Has}t 3] HaA d9F e Ae A=z,
A FE2EdA] AALE F& T e 7R
£ AL o] Az dugicl =3 £ =R
Fahake] AeA #Felg SIS borrow_set
™5 ke & d9E olgr |7 A 7HiA
ol AA3] of-g3l] 8 2 7 B AlEith
o] E5& UdF iP%°] sk A4 Z8Ho
2 ] ¥E=s sl o] FelzEE F
AH 5 Q)= "7V-‘]°‘ WESN=Z Assiehe R
gk AR, die] Az 2 Ao 7] AEE ZF S
Abelo] Aojolo} gk EA, HZe] oo} 2o
FPE F borrow_setol| &3l S Abej
5 fRlslok gkck AR, borrow_setdll 3= AE
2 o2 AdA AGF dei g a7sx] Fik)
AE A4-g o= o

A A % o15e A A




B/ AE WENZ Aol BErte] AUz AT 98 B&AQ Lokl Tl el e A7

Aol 7] AES 3, AA vEN= 43E 2
Hal AT ol5-E FAASEE w|ESAH =)
A3t vE = Auke g #ibEe] F1Hql gy
Z o]Fe] &7EE AL A3 WAFEE A
=ik

e F wEEhe E AR AT o] FA
2 $3PHct borrow_seroll T 1A P Atele] Alo]
EAA s W7 A4 A diei¥l BBUES
ey AdelA Higdsls] FA M AES uksh
AT A EE el sAgcl T, HdE w)
o] i p3PEl F 7jEe] 24 Aol A4 p
AEE FRIgR o] A2 Fe{AE Jd o2 A
A3 Ao g Adulsle] ik A g}

0.

gid

. &5 @t

of Aol £ =ield ARkt 2l w3t
A daElEe) A AH AEHeldE B3l
718l sk B ZIES) Bl EMEkch A
EHold =l 98 g HEWr]e] AEe
e =] X2d] 372 o5t 2.

-AEHOIA AEL 7740 FeiaElE A
o 7} Fe2EE 7)) dzFAs

MEAZ e 7 A 2 RS A
2 24 ¥lE(iecallsfs/cel) S 7)F0E 8o
Al olejat 7Je FEem e
7Y (unit_time)2 1&2 AA7H}

cAR]A 2A B]E )2 Eok: B (Poisson
distribution)S wZr} 7z} Ao wz} =
ok Aol 8 wlE ()= 004 39 9
=30l ek 7P, Hrert 2
2 Ale] 23 Blg(a)e 302 PRt

-7k Ao} ubP3& 1Kmeo|w 30Mbpse] e Z&
7R Qiet

M o)EEEE M AT WE ofF
(120kmyh), =% ©|F (40kmyh), Z3A13eH(Okmy
b & WA AR o)eEe FUY
sEyE A=)

-oheFRt Hefe] Hemio]e] dlolHEL & 871
o N ke el sz s 47
& U vEE A

7 Apple] A4AZRe 7 olEelAelni
A2 o2 FHaghe] x5EF(exponential dis-
tribution) & w2t}

7122 ¥ "MAlE Fol, Adaptive Bandwidth
Reservation (ABR) HF] [3] o4& class T dolE
o] geox Mulx LS $la) Al Adoix] o
AFg I ¥ ool BE Adxx o
AEL RleE gl 1 F, AREAR] olEAH
5 Azsie) 24 Ao doREke -3 A
Call Admission Control(CAC) provisioning ¥H]™
L AL o] AY@area)oE TEI F, AlGF A
2 83 A A AR 99 dlolH BelE
s MR e 7|EeRE AMula F4s) Y
E oefe AAZIc) =g Ao sl s
o] % Aollx dAF AL-E T3l FIHARE A=
gk}, Adaptive Load-Based Channel Allocation
(ALBCA VH/CR) WAPlelxiE 7hg- 93¢ F
N} skEz e Ablel WA g ele)
Al sk d9ES @ik 1 & ARAR
EAel wt W% Uuke s Azeled
A HELZAAN EY ¥} dHE olFEF
saick 7 PEEe F Agel WEsaaeld
QoS HAE $3F uidE Iejubds AgkEkch
Ty F2lgh ReAl Alke] o3t tjgE ALS-
£ slets) 0|2 Q3 A vEH A 589 A3,
a8z ZF AHAEY] AARE A H4
o}% Aste] TR B4 eMer} AL 5
of wo] giek

<39 peld <ad e vEga o
ub Ao} Al Ayl QAM]E(An) °] 09llA] 3744
W W 2 s s Hel ol BelE wel
Ee) AEAIA A%E vehdeh <a¥ 1>
A2wle) gdE AS-ES vepich bl Ao =
By B3Pt AL W (n<05), ¥ =Tl A
okl ddE Ag7|e] It AU Ade] E9

9 sk Hds) gadA e el vl B

Bandwidth Utilization
© o © o 2 ©°
2 & m N ® o =
i
i
|

o
@

—- Qur proposed Scheme
ABR Scheme

*  CAC provision Scheme

< ALBCA/CR Scheme
ALBCA/VH Scheme

o
[

o

o

[ 2 25 3
Offered Load (Call Arrival Rate)

3 1. 9 E AEE

0 0.5

815



FFEATE=FA] *05-12 Vol.30 No.12B

0.9 —-— Our proposed Scheme
i ABR Scheme H

0.8 -—+— CAC provision Scheme

: ~- ALBCAJ/CR Scheme

-~ ALBCA/VH Scheme

0.5 1 1.5 T2 25 3
Offered Load (Calt Anival Rate)

a8 2. Al A2 AFE(CBP)

— Our proposed Scheme |

ABR Scheme }
=~ CAC provision Schems
-~ ALBCA/CR Scheme |
> 07: L ALBCA/VH Scheme |

1 E ]
Offered Load (Call Ardival Rate)

13 3. =X AujA ASi$(CDP)

g vehdch zefd a9 3tel 3A Sk
FH3l AR ALERE A VENa Aes
A8 g HdFFo] whdsElA =] Ak v
Ale] o] AlAAl HER 7jEY o WAlE
I fARE AA5E vehdich <ad 2>9) <ay 3>
£ Al AMls A (CBP)F A= Aulx
A& (CDP)E Yehdich AxHe] d9E A5
3 AR Out A Edy Rl FS i
A wge] "% F AL RE AL ¢
T Stk o7 ddE g0z Qs ANl 4
d Aol FEE /M di9EE /HER svsE
EdY AHag 25 43 4 Qlckes AL 9v)
ok zEv, an 9] Fle]l A FURSE RS o)
gZo| o] A Zo|EA =] CBPS CDP7} &
7V "ok AlEHe)d Aelld & 4 glRel,
A" 221 HEF fA=)rge] ceuulgl He
ultle] AEe] VEYA Pl AgAHoz ogs}
o, tjfRt EdY EXx] FEHoE dogEe
Fsle AL & 4 gk

Aulzel] i3 oot FEHor FRIE 3l
welut]e] dlolelg Adshe Z2EZ 9 F&H
 Qos Aol UdmelEFE ML= Zo] F4He
2 27ER ek =3 FASA Jled] 4% ¢
ez osl, ARl AR olFE AUsh=
olF AEel viEHz FHoE wEA MR
USEZ, AMgALS] o5 wE vEH=e Y
& e FH3s Aol F2¥ olevt = Sirk
£ =R Hevlte] 2E vEsda ¥
A A2 i QoSE 8-738ke okt el 2H
mlcle] dlo]elE AUsle FAAQ s S
agAoR sk 2l W3R duElES
Alkstdet. Al WHHES AHAE F39 E 7
HEel wis A FAHeE AFEES AA=N
ol Al2g 2REHEE A Y 5 3 AA
vieda Al 851t folshek Aol
& B3l Aeg vim, BMEE 23, okl
E=a =9 Agellx, Ak wie] e ZiHell
Hjglel ofe] Ae HEHAK 2 A JHe
A& 3l & 4 5wk FF AT Az vE
A2 A E 25 BAPYS B olE £
EHow FEse Wl di@ d7vt elFeiFok
g Aot

gy

Fn

(1) Sungwook Kim and Pramod K. Varshney,
“An Adaptive Bandwidth Reservation Algo-
rithm for QoS Sensitive Multimedia Cellular
Network”, IEEE Vehicular Technology Con-
Serence, pp. 1475-1479, September, 2002.

(2] Sungwook Kim and Pramod K. Varshney,
“Adaptive Load Balancing with Preemption
for Multimedia Cellular Networks”, IEEE
Wireless Communications and Networking
Conference (WCNC), March, 2003.

(3] Carlos Oliveria, Jaime Bae Kim and
Tatsuya Suda, “An Adaptive Bandwidth
Reservation Scheme for High-Speed Multi-
media Wireless Networks,” IEEE Journal on
Selected Areas in Communications, vol. 16,
no.6, pp. 858-873, August 1998.

(4] R. Jayaram, S. K. Sen, N. K. Kakani, and
S. K. Das, “Call Admission and Control for
Quality-of-Service (QoS) Provisioning in Next



T/ AE vE

2 Aellx HEEitie] AUl Alge

& 93 TgA ek FeREAL sl e G

(5

(6]

(7

Generation Wireless Networks,” Wireless
Networks, vol. 6, pp.17-30, February, 2000.
Teresa A. Dahlberg and J. Jung, “Survivable
Load Sharing Protocols: A  Simulation
Study,” Wireless Networks 7, no. 3, pp. 283-
296, 2001.

A, Az, “olF HEvIte HFH 3
Aol T4 SAEHE 7SR § QoS #
2] 7|4,” KNOM Reveiw, Vol. 5, No. 1,
pp.38-49, June 2002.

Yongbing Zhang and Sajal K.Das, “An
efficient load-balancing algorithm based on a
two-threshold  cell scheme in
mobile cellular networks,” Computer Com-

pp.452-461, March

selection

munications, vol. 23,
2000.

(8] Allan Borodin and Ran El-Yaniv, Online
Computation and Competitive Analysis, Cam-
bridge University Press, 1998.

43 %(Sungwook Kim) Z2A154
o 199311 249 Aot A=} A

- Akt &b

1995\ 29 A7FeREtL AA} Al
Abek} AAL

2004%3 129 Syracuse Univer-
sity, Computer science BFA} /
Post-Doc.

2005\ 39~ Fdistw Faost ATy
Enies
<TARol> 2alal A ZE, HEH|t]e] B4l QoS,

AAZE Aot Ae], AEe] VMESHZ Zl—LJdT‘H.

817



