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Abstract In this paper, we propose a game theoretic channel sharing model that allocates
resources of a hase station between MNOQ{Mobile Network Operator) and MVNO(Mobile Virtual
Network Operator) in a fair and efficient manner. Considering the input traffic loads of MNO and
MVNO, the proposed model uses the bargaining game theory to allocate channel resources between
MNO and MNVO. When the input loads of the carriers are asymmetric, the proposed model increases
the resource utilization by allocating more channel resources to the operator with high input load. In
addition, the proposed model prevents the quality of service of an operator from degrading even if the
input load of the other operators increases excessively.

Key words : Bargaining Game, Pareto Optimality, Fairness, Resource Sharing

1.ME

42 5o} oA Pol Al ¥ 28v 7

T AREAtY =leg g A ujg 7+

A =i
vize] F&& Y8l T FhHe WG dHe] FriEin

=

r> b
.
23

t 3 ddE deUFRI R 2
jaesungpark@suwon.ac.kr
oG8l AR At ma
bkim@kmu,ac.kr
(Corresponding author®})
=EHS 20108 3¢ 3¢
Axgg 20108 59 7Y

Copyright©2010 58 1aeta) : 71 Bajo|v} g B6¢) B¢, o A%
2o A we gy oiE BARE £ OAd AR %S #rih
o) o, AHRL BdH FULZ AHEE 4 glon A sielAlef & 7 EA
€ wteA] wAjgol St o] ofe] EHo 2 S HE, 2% HF F ELE
FEel A9 E She Aol distels Aol 87HE A vl8-S Al gl
e},

BH RS =g FREA A3TE A45(2010.8)

Utk FRelMz H #wEy ARE B MVNO
(Mobile Virtual Network Operator) =99} 7]Eo°] o}
A A MVNOE o554 AMulx AFE 93l I+
A Fo5 ALE BEastn A @& AIATT
Fob /IAZF B FEE E4vkEm Qe 71 MNO
(Mobile Network Operator)2] W< 53] o]554A A
H2E AT AIYGAE geigth o]AY AME HA
Al AMGAE Ateje) & Alg FAskE MRS 87
dlMe glaAe] B3 & Tl Y HEHA A
71g9] sdte] a3 FAZ dFHN itk

AFAZE AR FRE ST B9 HMe By
MNO$F MVNO7 Al ai4-€ B3 MVNO7F MNO
o A9 F 94 F& FHoz g we oo} 1y
U A Al 2 Ardate] 99 K313 Aol
2o olx3 MNOS MVNO Atelo] A A48 3
H(static) 2.2 &2¥= CP(Complete Partitioning) ¥



MNOSt MVNO Atolo] 24 sid FFE % AYgel2d = 313

He 8 2yt ZL2 ARl A 29E AES 9
237k & AFA7E o848 4 g7l wEol Ad ol &
&9 FLAL A gty JA=FE FRIE
Z AlgAe fE §3kg 1E e AU A 3
Ho] g7H0 o] A & AR HA=F Y K3
2 Q3 A EHozZ A3 g AlFAe] Aula 2
A&7} ob7E e AL WAoo} gt

£ =RdAE 7IAFY 74 A4S MNOS MVNO
7b FRdte #73olA Nashel HASI(NBS: Nash
Bargaining Solution)& ©]&3% 4 Ad 3/ Zd&
Argch At ML Z AR Y R3je] el
4 A4s gt 43 AdY 5848 AT
o ANRJAE Ale]le FAHE AY HuiE BHAE
=2 02 o] FAHEY 23 M= £ AY

g AT AY & HE AHHE &A% 3%FelA
NBSE ©]&3% MNOS MVNO Alo]e] 4 =91 Ff
gk 4elAME £RF BAE T3 AL
4S& AS3n 57X HAEHR FF AF

P

of

-

—

fr e rfe

A o8& KT WA uiA A, EF Ao, A
Y Ao 5 BL FoloA o]&Ho| giril]. ol AT
£ vlg¥¥(non-cooperative) AY oL o]Ldly
Nash H¥3& e AL EFHoz dx Yok a8y
Nash H¥8Z-& Pareto OptimaldlA| £t Zo] ud
A emz2] vgy ALE 5% 74 A BEe
T4 Age] dulE 288 = ok

o]Z Q] HZole AY FAAE(player) Alole] A
FHcoalition) & 53 Y AY <182 74 ¢ 29 #
g S HEstee At @usA AgEH: Q) o)
E2 25 48 AY9 3(solution)”} HHA7Hpareto
optimal) 83 FAA(axiomatic fairness) 4L 7}
AGE3] AL o83t EE AdE sy AR
A EWidte ZTHES At Aok MlME o
o] FA dH& FE Alele dFE T3 AREACIA
FS NY9ES ATl A4 Y kel ALHAD
[BlME B8 AYS T8 74 o) k=9 Hio
gE #@e] dele] A¢EATE [6]e CR(Cognitive
Radio) Ato]9) 2HE7 &3-2 93 gy AY =de&
A3t ok

3. F4 g 3w ¢

3.1 NBS 714
Nasht 1n'®9 {4 Fdxse] 7153 e g4
ARERT X2 7)) S 2T @ 29= A

e FAE d7sAc 34 43 Foz i 8%
= A%E xg & 9 Nashe #HE 471 A8 o
I 22 AL 4 A& v xd e As
3H(preference function)E $3) ¥4 Ao @& =
Ao FE48 Uetd ¢ glon Z+ Foxlgo] Aol

el gn BHoE 9¢ 4 At FEHERANGD)

o EAY & Atk Feldt ie) AE Y5E v T @
I Aol FestA] @ @& & e A A F
2t 19 F44< o g W Nashe v 2& 0
Hoz FARE Aol AT J4 AAE & F
Ath=s A& FHHU L o] NBS&HL FH3L
)?'=(x;,---,x;)=ar%gaxl;[(ui—d,.) W

e w
o s
iy
2
>
fr
N

1259 Ad Age] MNOst MNO
23 9lE i) MVNO Ateldl Ffrs=le
B4 Mplze 4, 94, 24

5 gAY s B AR 9] gREe &
A MBlaE B doA7] wEe £ =FeME
3

MNO$g MVNO7F &4 Mulx ATL 93] 24 &

)

o7k gle 4 glem YENZ FuelNE WEsZe)
o @} oE F8d7] A GAE ¥F Yol
= e A7 ol

Ae 148 g9 B4 Ad A0S &4 5 42 99
slo] £4 Al FAS BAIL Yok B =EY =
e NBSE o8¢ 71T A9 34 muE A
Relmz Qyrgel Slige] glol &4 Zol ¥PHE
deEe APsichn s AT A P 4

Zz ALE A% A d9EFL 7IELE vt F,
AT &4 Ad Ade] Ce AL O 24 &
g A9 & gloe A& gndn.

(8114 s} vl E MNO 7HdAte] &4 & wAge
B Mo FolE BYXE w231 5 A& Ak 3T
Wl AF EEE gy 7pFgch 13 MVNO i9]
BAE T AT 3T 3 A& A7 94 &7
Fol& BEX} A BEE w2 7pYEh MNOo|
A 38 AYY & ap, MVNO idlA &3d =4
FS aFta 3 FoF Yo} wE ZH Alhdare A
% ¥ 3 a9 FEEZ Yl F Qo &,
u; zl_pi(ai) 2)
pla)s EFE ALYF aol o3 AlgA i9 CBP



314 AEAGE =T A

(call blocking probability)S Jehl® &4 Zolmg
Erlang-B Formulaol ¢j3] Zt A}j#te] CBP= t2%
#o] FojHict.
E}/a
2 El 3)
9714 Erlang E=Ape AHAAE 19 98 ¥3k8
EpdT, =3 21AF B4 Aid F4 834 AYeIM ¥
gl F3tA] ghe AlgzlY & 48 388 (olE=
(di=0, i=0,1,~n) 4 (Lo} &) 2} AFdAe] Y %3}
off we}l zt ARjiAtel A RHE NAF ALY O
I} zho] PRI},

LR ) | R

pi(ai) =

4. NF Ao 2 24

£ doMe 2o dFL 53 B =EA AUdd
7NAF 74 Ad 34 299 A4 g6 HF
gk A9 Ay dWe goldkA &) $8l MNOZY
Z1AF Ad A4E shie] MNVOSH F#3ke 3¢
°lE9] {1Y R3ld e A4 3 FAE =AY
A= &4 g A C=200e.2 AAQsPen
AQIxte] A Zo MFE A& AR 3Ror HAs
AL A & 2SS WA Z ARiAY 9y B
ste zAstgrt

¥ 17 29 2¢] MNO AHdate] Y 337t &4
U 2 A9 MVNO AHate] F Rt F71gd
mel Zh ARdRA ggEHe 4 Ady 4 o=
A Z+ AhAe] Aula EFAE 3 FEE FHA
EAETE 2PlA B blgk gol 588 B4 A

£=200, Traffic Load of MNO=10 (Erangs}

200
180 | b SLLBOCLD

A
1ee e
140

°
g
z 120 MNO: Analysis
2 100 MNO: Simulation =
g MVNO: Analysis
5 8 MVYNO: Simulation =
* 8o )
T T x»«’sx;\‘
40 a2 e
Srxna L S
20 R I em g K

Q
0 20 40 60 80 100 120 140 180 180 200

Traffic Load of MVNO (Edang)

(a) MNOg ®3l7} @& 3¢

BEREA A 37 A A 4 320108

E 2o 4y A} Rgses e B 4 At a9
Ha)9t 28 2(a)dlM B ule} o] MNOY oY #
7F W A e %49 A9e MNOYA s
MNO9 & #&&£ 100%7} 57| wfEol A 7ye
E-29 AdE& MVNOYA &3tz MVNOS o4
¥/l Z71E4E MVNOOA ddsle A9 Ade
F7 Nk debd Ad 29E MNOSE MVNO Al
Aoz gFahe Aol ula) At 1ES MNOZL At
£344] gE A9 AYS MVNOZF ALRE 4 A &
o2X AYS Hi} FLFoE o]fIY. HE =
MNOS$} MVNOSIAl NA% g A0e ddby A3
g3 A9 MVNOS 948 R37t 7|AF A4 2
%2l 90%7F HW MVNOY & #8428 546%E o}
ARt A7 A MNOY I 5482 995%=
HASHAE MVNOY & 8§& MUS%E A
2%},

Atsk A FF 7IMe MNOY 948 Ra}go] =
< Sz wgg FAxE veldd. 328 1A
MNO9} 998 23}7} 100 Exlang?! 79 MVNOS ¢
g F3}7} 100Erlang ©l&te]d A7 MNO B
o B2 xYg 93 a3y MVNOY Rat
100Erlang ©]%eld 7)1A=Ze A 9E st 7IRF
Ad &F CE 298 ok o] A$ At He §
ARt Al FASA J1XF g L3L n1eE g9
3tk &, MNO9 948 ¥-5hgo] C/2 ©J8ll 73$- MVNO
o] 948 Rt g F/sideEls A e )
AZ A& YAl Abole] FHEA Hulsld £ A
e H=g 4F 28 F7F OE ARk el
F3& AZle S wAgd F ¥ 20)] 2
ol ups} o] MVNO AlgiAte] e Rapy) 2 4%

£=200, Traffic Load of MNO=108 (Erlangs}

200
MNC: Analysis -+
160 \t MNO; Siruation
160 \x MVNO: Analysis
Ry MVNO: Simulation =&~
b 140 "\_‘
8 20 x\"x
< X,
£ 100 EABEABRABBARSIEEABRABE
§ o i
g * ,‘AAA’A
* 50 s
2
40 ,2(17‘
s

] 20 40 60 80 100 120 140 180 180 200
Traffic Load of MWNO (Erang)

(b) MNOY 237} e A%

oY 1 A g9



MNO$F MVNO A}el9) 84 A 378 98 Agel&s 24 315
C=200, Traffic Load of MNO=10 (Edangs) C=200, Traffic Load of MNO=100 (Edangs)
| RESSEAS 2% & fgj{\%“ T 1 -5&&5&5&&5&&&5‘%%
B .95 Y .
0.98 \ ° ,W P N Sweeay 4
. . 981 MNO: Analysis k\& <
£ 086 £ (.5} MNO: Simudation < 2\
5 g U ..
i g MVNO: Analysis ¢ &'
g S (. :MVNO: Simdation ™% R
0.94 2 \.
g \ g 075 AA\)Q
e 092 a %
3 07
= \ 3 o »
g o9 MNO: Analysis - i g oo im&
MNO: Simudation ¥ \ 06 B
0.88 - MVNO: Analysis ~ *° A \;5
MVNO: Simuation ™% 0.55 Bag
A
0.86 0s ) 5
6 20 40 60 80 00 120 140 160 180 200 O 20 40 60 80 100 120 140 160 180 200
Traffic Load of MVNO (Eriang} Traffic Load of MVNO (Erang}
(a) MNOS9] B3p7t @2 A¢ (b) MNO9] #3871 & 2+
a3 2 & Fge
C=200, Traffic Load of MNO=10 (Erlangs) C=200, Traffic Load of MNO=100 {Erangs)
180 ” D 100 S ppovyes B
- o ol oot AR L b b et
- 160 Proposed: MVNO < i 2 g/‘y
3 Statio: MNO ¢ P & e #
2 MO gratic: MvNO —o o g #
) . =
g s 3 "
S el 2 60
% 100 lngAéfxémaﬁaAle-&&A{\A(\ g ©
E 80 5 Propased: MNO
5 s 40 # Proposed; MYNO
P g 4 Static: MNO
.g 60 e o 30 /‘( Static: MVNO 5
z 2 #
g 40 Eu 20 /«
L 10 1‘
0 - o
0 20 40 60 80 100 120 140 160 180 200 G 20 40 60 B0 100 120 140 160 180 200
Traffic Load of MVNG (Erangs) Traffic Load of MVNO (Ertangs}
(a} MNO9] #3l7} @e 39 (b) MNO$] ¥-3t71 &2 7%
a9 3 8 75 AR #
T AR 2R 100%0] 7 B 4EEE Bl 3 At 100EdangZbAg ££3e 9 Al yle
MVNO AlgAte] 2317} 100Erlang ©]4¢) 7<% MNO MNO7Z} AHESIA] @& Ad A9 MVNOA ?—_}‘%
Az 5 8-S AR fRAEE UE MV 3] MVNOS 948 2318 2% 8%tk 22 of
ARk & el A= 99 yaE d8 g4 6} £ MNO9Y #38} 100Erlang 2.2 ¥& 4% MVNO!?«]
A Bk Ral7} ztow A sgel wa) AL ez s

AR Ad FF 71 E&AE A J1Ea bl
8171 181 MNO$F MVNO Alolel] 7l1xj= xpgle 1:1
2 AY 849% 399 A 71Ee H8H BE AL
Az FEEE oY FESs vimsly 29E 29
3o TAIEHALE MNO9 98 23yt e 3% 33
97 AL 7P MNO9 RE 98 B2 43}
T 98 %37} YErlang °131] MVNOS 2E 93
€ FEIHIF 3(a). 2 MVNO 43 2sirt
90Erlang & Z33td 43 71Me& MVNOS H¥ y&

F£85E MNOY ¥31g 2L 4 3ed § A

Al Qe watel ol
3 wat grel A5 A% FMe
29 A 7UT F9T 45e

5. 42 9 8% 4F

ST

x

£ =8dMe 89 AY <8s

NAZ A ALE

Zishe
7175 A4 L2

erdie,

o] &3te] MNOSH

MVNO Aloje] 71A=e] &4 Ad A¢e A3z
EgHor 93y 9% e 2dg Agsided



316 RN =g

T8 EAz 2o d¥s B3 o dEE 2SR
o AL 2hde 7AF ZH_E Ffroke ArdRbe 94y
F31E sl Fairh e AlgRte] AYE REph
ES AR o1& & A FoEA Ad ziede
&8 /AT FF 972 A% 24 54 %
T oohdet £, HolE, 94 & § 54l te d
ole] %L 913 MNOSH MYNOZL 7145 298 &
f3b7] g =mdz G Foln s1AF A4g MNO
9+ MVNO 7t E""i oo} WtiRHor Yg3ts] 9
& wde ggate A5 Wy Foith

-

o

2 H

o2
g

2o 28
[1] E.Altman, T.Boulogne, REl-Azouzi, T Jimenez,
L.Wynter, "A survey on networking games in
telecommunications,” Computers & Operations Re-

search, vol.33, pp.286-311, 2006.

[2] P. Dubey, "Inefficiency of Nash equilibria,” Mathe~
matics of operational research, vol.ll, no.l, pp.1-8,
1986.

[3] Martin J. Osborne, Ariel Rubinstein, A course in
game theory, The MIT Press, pp.117-132, 1994.

[4] Josephina Antoniou, Ioannis Kourkoutsidis, Eva
Jaho, Andreas Pitsillides, loannis Stavrakakis, "Acc—
ess network synthesis game in next generation
networks,” Computer Networks, vol53, pp.2716-
2726, 2009.

[5] Zhaoyang Zhang, Jing Shi, Hsiao-Hwa Chen,
Mohsen Guizani, Peiliang Qiu, "A cooperation
strategy based on nash bargaining solution in
cooperative relay networks,” IEEE Trans. on vehi-
cular technology, vol57, no.d, pp.2570-2577, 2008,

[6] Alireza Attar, Mohammad Reza Nakhai, A. Hamid
Aghvami, "Cognitive Radio Games for Secondary
Spectrum Access Problem,” IEEE Trans. on wire-
less communications, vol.8, no.d, pp.2121-2131, 2009.

[7] Enrique Stevens Navarro, A. Hamed Mohsenian—
Rad, Vincent W.S. Wong, “Connection admission
control for multi-service integrated cellular/WLAN
system,” IEEE Trans, on vehicular technology,
vol.57, no.6, pp.3789-3800, 2008.

[8) Y. Zhang, Y. Xiao, and H. H. Chen, "Queuing
analysis for OFDM subcarrier allocation in broad-
band wireless multiservice networks,” IEEE Trans.
wireless communications, vol7, no.10, pp.3951-
3961, 2008.

HEE A 377 B A 4 Z20108

i I
199543 29 IAUgw HAZEH(Ah
1997d 29 IAdEgw AAFEH(HAY
2001d 29 IAdEn H7) ARFE}
(2Ah. 2001d 3¥~20029 49 U of
M. PostDoc. 2002\ 64~20051d 29
‘ LGAAL Add+4d. 20009 39~FA
Fddgtn AeUAEST 2Rs B4 EoRE olFA #
2, A9 @2, Cross-Layer A7

1996 2€¢ ddoigta dapEstel(EAh
1998 2¢ AMdEtn HAFsE(AAD
20033 8¢ Mg 7], HAFst
(B2, 20033 69 ~20049 19 A
8t ITAHAY Post Doc. 20049 19~
2006 249 LGHEA Mdd+4. 20061a
39~84 AQdign AAFEn 2ag #A4Boke [EEE
802.16 Wireless MAN, IEEE 80221 Media Independent
Handover, TCP Enhancement



