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2.4 SALSA

SALSA (Stable and Adaptive Link Selection Algorithm)+= 3G 2} Wi-Fig o] &3+
s FA4 dEF o] A" 7] olth [RPST10]. &, 3G Wi-Fig W ESZ Q1 E 7
O|ARE 712l & Eutd F Ao A 3GE F UEY A (Primary Network) 2 AF-&3}al
U2} HlolH AL 582 S7HA1717] Y8 Wi-Fis F U EY I (Alternative
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filo

SALSA+ Bz = HAst =4 Y3 (Lyapunov Optimization Framework)
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dubA o 7 3G} 2 F U ES I AdEsolat: v A W Aol gl 7R
= (Base Station) 7} t]o]H §AlZ 33l Wi-Fig} 22 F U EY I AHFHo|~e
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Mwi-ri | Wi-Fio] AFg E715 AEjol A AR 7 AEjz 9] Hol&
pwi-ri | Wi-Fie] AFg 7hs AEjol A ALg B A2 o) Aol &
esq 3G9 tlole AEA A A ~ReF (J/MB)
ewi—pi | Wi-Fi9] tlo]E] AEA] ol YA &2 (J/MB)
eNIS YESZ QdEdola &2 9 MEA] oA AR
(J/=3)
Tsglt] | tAR WEHI AFo]ZoA9] 3G EYT AFE A7 (%)
Twi—rilt] | tHA EYJZ ALo]FoA 9] Wi-Fi UES I AME AI7H

(=)

E[Tyg] | & WESA Aol 20A 3G A& Az 7T & (%)
Ellwi-ri] | & MEAZ Al ZolA WiFi Ag AT At (&)
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A 5o o & 3G9 WiFi
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Apo] Zol A AREE 3GS Wi-Fio] ARgol &3t F oy A ARZFS 5=4] 333}
Zro] AHojstar Aakg 4= Q).

TCTWmeeT = e3g X E[AR] X E[ng] +ewi—ri X E[AR] X E[Twl',pi]
= (63@ X E[ng] + ewi—rF; X E[TWi—Fi]) X E[AR] (33)
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WASHE F VA 2RF (TCx1s) & AT AL & V=93 Abo] 2o A
S =93 drdels B4 8 AY F49 S8 052 A sshelof stk
Zzke) e ABFelx g4 % A8 FAL W 2ol A (Bernoulli Trial)
0% BYY @ 4 Ytk 4 AR ABe Felq AR AT 2o] WiFie] @)
g4 met 433 A 44T 5 ek

HWi—Fi AWi—Fi

P{Wi-Fi7} t2 & A8 E715 JEH|AMS 716 AH =
_l’_
AMWieFi + MWi-Fi  AWi—Fi + WWi—Fi

w e~ Awi-ritpwi-ri)t

P{Wi-Fi7} t2 & Ag 715 FJE|AMS 716 AH )} =
AWi—Fi B AWi—Fi
AMWi-Fi + UWi-Fi  AWi—Fi + WWi—Fi

w e~ Awi-ritpwi-ri)t (3.4)

WiFi MES 2] A7 A8 7hs AES} ALe 27bs A

RY glons, 27 e S BoA5 AHolA (2 F, WiF e 27
A Ase AL FED AE Brbs 48 Y S8 27 5

npg sz 2 A2 (Continuous Markov Process) ] A A] A &-& (Transient State
Probability) o] &Jsl] AAFE <= AT} [Tri02].

Pnis Fait(ONTS) =
HWi—Fi AWi—Fi

« e~ Awi-ritpwi-ri)dnrs
AWi—Fi + BWi-Fi  AWi—Fi + UWi—Fi

Pnis Suce(On1S) =
AWi-Fi B AWi-Fi
AMWi-Fi + UWi-Fi  AWi—Fi + UWi—Fi

« e~ Awi-ritpwi-ri)dnrs (3.5)
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Ade) Aot ol AN FEL 54 348 o 54
o}
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_|_4
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(m
jg
[
ro
o
)
©

A W Adeo] Hx2 AFE uj7hA 5} Bl

g ] B2
9 gE B £ 249 ADES Mol AR BE @ 5 A

l

ANE 4 Jons B U= AN BF MENT A sols BA) B
AE Bare] 53 Aol AUk (B[Nyis]) & 54 363 2o] mlPstel A4
& 9ok

1
ElNvisOnrs)] = PN1s_Succ(ONTS) (3.6)

AAE E[Nnis] 2 onis € ©1-83te] s UEQ T Ato]Z0A] 3GE AHE3h+=
Ha 71U A7 (E[Ts¢)) 2 4] 3.73 o] Rl gsta AL 4= 9t}

E[T3¢] = E[Nn1s(dnrs)] X On1s (3.7)

=T Ao 2ol A WiFig ALgshs B3 78] A7 (ElTiwip) & A%
32 9] (Exponential Distribution) F7]¢ A2 (Memory-less Property) ol 2] 3l A

Bz
44 387} Zo] AT 5 Yk,

1
ETwi-ri] = (3.8)
HWi—F

upAlEte 2, Sk Y| EQ T Alo] oA A= HES I =2
ZF 3ol gt A AR (TCONrs) 2 SollA @R onis E BA 2
Fu o] E[Nnis(dnis)] €t enis & ©]-83Fe] =41 3.99F Zo] B
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(3.9)

enis X E[Nnrs(dnr1s)]

TCn1s(6n1S)
F U EL T AEH o

3

o
a

A~
A%

1=

1

gl o]

ofy

9] oﬂ L‘] Z] i-‘-lj—%]: (TCDevice)

HE 2 A ol

o
~

o

-

S
L

22 ool H

o]

12} tle]H

A

g

Q]
=
328 74

Q]
=2

3G 2} Wi-Fi 41 Qg H o]~ & 7[A] &= Eu}

1

s

H Ao A

AREDEREE QPSP
o} 3G9} WiFi 74 AE o] A8 A& =)

T

k)
il

A

A T 2o Al A MER S B el

AN
AqE

SH4) gk,

9

=t

%

o] el 74 A A A7 (Queueing Delay) 2 118

o ol

H,

% (Wi-Fi Only)

RO

o

0]

3G We ARE

=

us

(Both 3G and Wi-Fi)

Atk 54 3.1091 4 E[Dsg]
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3lo] HolEHE A4 u), 3G WEYI/) AQsE= HolH AL £5 2 onsy,
npAEte 7 BD = Bk FA 9 dloly HE ol M-=21 (Back-logged) H o
AAY A5 239 to F= 2 m gtk 3G T2 AHg-st] HlolHE dE stk
A5 dlolH A 22 AT 4 3.107 o] 3G vlolH A &= (E[Rsq))
o 2 FH dlole] A& (BD) ol whet gt

)
1o
(%]

E[Dsg] = (3.10)

3.1.4.2 Wi-Fi 9& 21831 459 dolg] A% 29 A7

WiFi 8 AHgto] HlolBl 8 A% ekt 4%, 3Gl WSl WiFizk ool A%
]

3.113} Zro] Alxkd 4= Qlt}
BD
EDwi-ri] = E[Awi-ri) x (NSwi—pi — 1) x E[Tsq] +
E[Rwi— ;]
+ (1= E[Awi—ri]) X (NSwi—ri x E[T3c] + 5D
Wi—F1q Wi—F1q 3G E[RWz—Fz]
BD
here, NS i—Fi = 3.11
v e {(E[RW,A_M] X E[Tm_mﬂ (3.11)
2] 116X, NSw;—pit Wi-Fi ©& AHg3ste] tolHE A5 v 283
HAaTe] HEYI Ato]F9 & Yu|gtth T3 toly dE 842 EYA
Abol oA 3GE AME-3FAL Q& Wi eF Wi-FigE AME-3tal & wf, 5o 7 F-ollA

ST 4 ATk 3, dlo)8 A o] WiFi 7oA A 2E W Y E9) 3 Alo] & Wi
Figl 3G w42 FAEA =3, dolg Abo] 3G FRA ASHE YEH 2
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2 3G9} Wi-Fio] A E A A At whebA diolE dAE &
A wjo = Wi-Fie] 7184 (Availability) 2 118]ste] & A9E 2%
AE 28 AtS 2P stojof gty Wi-Fio] 7FgAS Yvste EldAwi-ri] <

ElTwi_Fq
AT = AAE 5 gleh

w
)
1o
=
21
m
(o
_{
> =
Oko
T g,
rlr
o,
o
=2
rlr
[
i)
w
1o
N
S

24 31200 M, NSspi_pi = 3G Wi-Fig 25 AL&51o] Hlo]E & A48

25
228 H 4T Y EAD Ao 22 8 o v Bk WiFi v AH83to] vl o] 2
AEsHe Aok B R dold A% 232 3G WiFi & ) 2o
WAE 5 YOBE Wik g AgsHs A SAHA Wikie] 1842 1e)
sfof Holel A% £ A7-g 2 YSofof Fhe.

EDsciwi—ri] = ElAwi-ri] x (NSsgiwi—ri — 1) x (E[T36] + E[Twi-ri]) + £1)
+ (1-ElAwi-ri]) X (NSsgpwi—pi — 1)
X (E[Tsq] + E[Twi—ri]) + B2)
= ElAwiri] X (NSsqiwi—pi — 1) X E[Tns] + S1)
+ (1-ElAwiri]) X (NSsgwi—pi — 1) x E[Tns] + 52)

where, NS3cwi-ri =

BD
E[R3g] X E[T3¢] + E[Rwi-ri) X E[Tywi—pi] & 3 WEHZ Ato]ZolA 3G}
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=
4% 93, WiFinh AHgE 4

oM,

of meh 54} 3.133) 3149} 2o mE ko] AT £ Qltk f; S HEYS
2ol Wi-Fiel 3G A2 749 479 v v EY 2 Ate]Zll 49 dl ol
$ 28 AZS UER I, = HEYT Ao]Fo] 3G WiFi A 749
o] whA e Y ES D Ao 2ol Ae) HolE] Ag 48 AlZolth £4] 3133}
314014, RDE opA 2 Y E9 3 Apo] o)A A% ok ot el vlolele] &
o u) st} 4] 3.133} 3.149 A 9} o), npA| ek Y| E Y T Afo]| A ALl o=
tlole o] ¢ (RD)o] npAE YEYA Alo]ZoA AHEHE= AMA UEHIR
A% 5 9e vlolee Fuok 2 Aols A HelgE A%t 95 3G
2 Wi-Fi 2571 AHg 8 .

>
o Ho

o

. { RD J )
1
(E[Rwi-ri] X E[Twi-ri]) ] —
RD — (E[Rwi-ri] X E[Twi—Fi])
th = FElTwi—r;
en A1 Twiril + E[R3c]
RD
else = _—
b E[Rwi-Fi)
where,

(E[R3q] x E[T3¢] + E[Rwi-ri] X E[Tw;—ri)
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! LE[R?,G]RXD E[TchJ

then By = E[Ts¢]+ RD — (E[Rsc] X E[T3q])

E[Rw;i—Fi
RD
else =
B2 FRac]
where,

(E[R3g] x E[T3¢] + E[Rwi_ri] X E[Twi_r:))

3.2 B YEYF SEFH oA AE Fy)o ulE n)

ofo
M
by

q ]
WA 22 BAAE iR 28 B ol A A-&F BAR], A\wi_rs, i ri,
Snis 9 T e WMHAFMA o 2me] W3

AR A 2R
Ea

%9
277 2ABTHE AL HolF7] 95
= o]

12l
= b}
A= A Awiri & pwi-ri & AHE5H

St AA st=do] vtk A ' TE 3 2
N+ oA AL o] &3t} 3G9 Wi-Fis
o] &3] HolE & T4 u] HAZ = oA WY HES BT AFE
otk 2413t} [BBV09, WM10, Bal07]. & o L] #] AR B4 A+ [BBV09] ol A

D H 3Ge Wi-Fi Y EH A QB #0298 oA v]g Edg 7|HEe 2 o1 A]

2z
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4B BAFTL [BBVOY ol A At ol vl mdo] 7uksle] % 349}
Zo] o] %] ¥ &S AR}
T a7 3%k
€3G 28.5 J/MB
EWi—Fi 12.9 J/MB
ENIS 59J/%5%

% 3.4: YA Ans EAS 9 getu|Ee 2 AA F

3 348} o] egq= 285 J/MB, ew;—pi+= 129 J/MB=Z A3 3}At} i 3.4
o A1 AT 5 I ol, 3G7H Wi-Fiol v]5] oF 20 o] ] o] A & A m et £,

2 AE v]gof= Wi-Fi U EQ 3 €4 (Scanning) ¥]-§, Wi-Fi M EQ 3 A2

-

EQE CEH o] gA U A= v gL 59 J/52Z ot UEYT QAEH o]~
A] V|
7 (Connection Establishment) H]-8-& 3Z 33t}

AA VN2 EA B30 A 0] 3G9 WiiFi V=) 2 olE 5o 9] g9] o] 1] A
cR s HolE A4 SEE e 229 AFE wol Wach AA W=
o] A& 2] Al7] (RSSI, Received Signal Strength Indication), I EY I E & 73=
AHEAE =9 T2 g ae gFf AA YA ARFT §F dolH AL £EE= 2
g2t} F 3.5 802.11b &} 802.11g 2] RSSO wh& Wi-Fi Y EY 39 Htj dlolg
AE £59 o & HolEnh A5 A7+ Azl wet ZastiH o ZHj 9
IEE 9= = J= gds mdo] Exjdich g2 Z < A4z £4 29 (Path
Loss Model) 2+ F A2 A2 <4 (Long-distance Path Loss Model) 22, -3 o]
Jgte= g &394 29 (Two-ray Ground Reflection Model) o] 1t}

E
r°*'

X
_l

RSSI
-94 dBm 1 Mb/s (802. 11b)
-91 dBm 2 Mb/s (802.11b)
-89 dBm 5.5 Mb/s (802.11b), 6 Mb/s (802.11g)
-82 dBm 11 Mb/s (802.11b), 12 Mb/s (802.11g)

;;
1B

E<nly un
-

(
-77 dBm 24 Mb/s (802.11g)
-73 dBm 36 Mb/s (802.11g)
-71 dBm 54 Mb/s (802.11g)
# 3.5: 802.11b 2} 802.11g2] RSSIo| W2 t|o]E AL &5 9] o

gA ] dolE AEA 2855 @9 U £2%S CPU AL

5!
s}
-
ne
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2 2 ZF U EYA dHFH 0|29 £ AE AY 4R
A sittal A etd the g o] BRE YT 5 vk oluf Ryq(LQsq) 2F
Rwi—ri(LQwi—r;) = A JEHYZ P32 #4 (Link Quality) o] -2 3G 2} Wi-Fi
WEYIY §8 A4 &5 (D) : bit/%) S udtch TX3q 9 TXwiopm = 2+t
3Get Wi-Fi JJEQZ QAdEHo]2~2] £41 AE (Transmitter Power, 9] : mW) &
of v gk,

_ _ TX3¢
* G = Rya(LQsq)

' o TXwi—ri
* CWi-Fi = Ry mi(LOwi_ri)

# 3.62 AA| 3G} Wi-Fi VI EY A &*] (NIC, Network Interface Card) 2] %41
4 A AY Y o & HojEoh mEhs Wi-Fig o] §3to] HolHE A5 of, &
tole A& 271 3G Hoh Zohd AA ovA 22 F2 Wi-Fizt 3G Bt 2
9T}, 3HA Bk L ukA Q1 A3 A= Wi-Fid] of| 1 2] AR ko] 3G K.t} 2t} [BBV0I].

7} 3Gt Wi-Fi IEY I E Froto] AMEshe AFEARY] 5 L8shA] 9
oH, 3G9 Wi-Fio] 3 F4o m2 dolg AH £+ th33t 2o ¥
T Ak =3 ZF 3G Wik-Fio] Hloly A% £+ Ha #4373 F32 F2
AHE-E = HZ (Modulation) @ E 2 (Demodulation) W4]of] o] = &bzl

e R3g = R3q(LQ3q)

o Rwi—ri = Rwi—ri(LQwi—ri)

=% R ERRE EE

3G (HSPA) < 251.2 mW - HP hs3110/3114
HSPA+  Mobile
Module

Wi-Fi (802.11g) < 312.6 mW < 400 mW XG-622H mPCI
WLAN Module

#3.6: 3G9 WiFi (=92 A so] 29 AA £4 B 54 Ao o
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3.2.1 9y 22 EA
3.2.1.1 2 HH vlole] A& o] M ofuix] 2w B

a9 3.62 H7 A9 Holy Af 2 AL 7|tk (FAR, Expected Amount of the
Requested data transfer) ¥} Y EQ Z g so]x &2 L M8 7] (§yg) o W
Zubd A oA aREEE HojErh 27 3.69) oA 2R Awviopi 7F g,
pwi-ri 7t 45 2 W 2R EZFOITh Mwipi 7 g5, pwi-ri 7t g5 2WllE, S UIES A
Aol 2o A H &) A2 7= = 3G} Wi-Fie] B AHE Alzhe] b2k 60 9} 40
Z2te= AL o u|stt} webA ojue] Wi-Fig] 7184 (Availability) 2 0.4 o]t}

10

9 .

J/s)

w A
d SP-77

P

SR
(

0 50 100 150 200 250 300 350 400 450 500

6NIS

------- EAR=1KB/s ——EAR=50KB/s — --—EAR =100 KB/s
——-EAR = 150 KB/s — — — EAR = 200 KB/s - EAR = 250 KB/s

17 3.6 Hl 1 % AE SAZF(EAR) I &A B A= £7] (dnrs) ol THE ]
VR 2B A\wi-ri = 55 MWi-Fi = 15)

9% 36004 Hol # 5 A%l oA ane FF dole A% L3P
(EAR)°] 3748 upet AR A o2 F7bska YEHS Aejsol~ gx L 4
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]~1:l
off
filo
ﬂ',

71 (on1s) ol e} ol |J A AR o] W
3let= VES T QAEFH o)A &2 2D A8
S°l EAR°] 100 KB/s? 3%, WA 2R A3 st= U EHZ
A g gHA] F7)= ok 26 271 Atk &, o E UEH A AEFo]A Ad gl
/\}%'3} 2 HD} Wi-Fi EQ TS 373 W37 Awiopi 7F o5, Lwi—r

2 F712 FA HEYZ A H
A F A AL o]t} EARO] 250

t}h 28 36904 oA &
F7F 2ATE FAE 5

=

927
*
o 2

i)

o

)

=

.
NN o P

9 3.6904 F71E &9
HEYZ AEF o]~

5= dlole AE
o} o %] 4u] o] E
o ZASt] Wi-FigE gAT S&5S o Wi-Fi U EQZ AEH o
I dlel8 & AEst= 2ol B &% o]7] uj&Folth

& rlr Jl-ﬂl
fo <

ot N 3
N,
o

0

o

29 369 olvA 22 B4 d3E T8 FARC 29 AR &2 F7]
£ AHgste] VEH A AR o]&E A stal dEste Aol vpgtAstal EAR o
2o dAer I F71E AR sk Ao] A 2R SHAA a&4olets
dES S 7 Atk de4os FARCl 1 KB/sek 2], B¢ Holg AF 8%
Fol 3] A2 Aole YEAZ dE ol A8 9 A g0l tlolg AFAl
FAstE g Hu S o Aoz e 27 w2l EHI AE o]
A 8 A E £SHA] ¢kl 3G T o]&3to] HolHE AFstE 2] oA
av 88 SHAA v sitels 434 WES A & 5 Ao

wheba, dlel B AEA 2R 2akd A0 U] 2B 2458
A= YEYNT o upef o X AR

4 = A3 ¢ Jd= MEHZ QAH

ol A 9 &2 F7]E AREEl oF ghoh oju] Butd AR 9 oA RS

Ha3be 4 e dEa desola 4 @ Bx 7t 54 3158 ) 49
2 4 o

6Optimal7NIS = argmin(SN[STCDevice (315)
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3.2.1.2 Wi-Fi 7}- 24 (Availability) o] u}2 ofUx] Am e A

9
] A
7
o 5 |
ny >
4,1
- 8
S
T3 B e e
A i e
2 ==
1 -
0 T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500
Onis
"""" Awi.ri=1/90, ;. =1/10 — Awir=1/70, pry; i =1/30
= = A= 1/50, iy, 5 =1/50 = = A= 1/30, w5 =1/70

— = == 1/10, py; i =1/90
3% 3.7 Awi—ri, pwi—rFi, On1s O T2 Al 2] 2R = (EAR = 100K B/s)

19 3.72 EAR©] 100 KB/s Qul 2| Awi—pi, piwi—rpi, Ongs ol THE ERFL 4]
NUA 2RFE HolZT} o] AiE WirFig 7FgA ¢ we oy A

S gujgtth A5 S, Awipi 7} 55 O3 pwiepi 7F 15 Q Aol dUEYSA
o A Ao A 3G9 Wi-Fiel H7 A& 7|ul A 7o) Zh2h 90
& 9n|etar, kA Wi-Fio] 74874 0] 0.191 A& o v gtrt. o
Mieri 7F 5 013 pwiopi 7F 45 9 Aol E S UEN T Aol El A H A F5
3G Wi-Fio] 4 AHE 7]t A1 7ke] Z42E 10 %, 90 & 2l A& 9 v]ste =, Wi-Fi
o] 7tg Aol AthA g =09 9 Aot}

» 1o

o

oY >
9,
oy

2% 3.70M Awicpi 7F 35 ©13 pwieri 7F 55 9 A
ARE 43} 3= WEYA AEolx A8 9 &2 7]+
1

o]t} Wi-Fie] 7F&A el 2 Awiri 7t 15 ©13L pwieri 7F g5
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AE 8 B F7)e ok 9z AEolth Pofzl AHE B, WiFie] /8 A4e] 2
A9t e MEAD Aslols A8 R BA /18 A o] uigA s,
Wi-Fie] 7bgA o] e 4 Pol Bk 2 WEAZ ABjso] 2 Ae D g 272
AgSE Aol A&AoIT: AHE 22 4 Atk ok wlP ABAA Ao
Aoz JA4T 5 Atk WiFis] /-840l Be 49, e 24 Y=g
Aefslol 2z A W BA o) ATt A FEo] TmE U EAZ AEso] 2 BA
W AL o] §3he] WiFi EHIE 59 Hlo|HE A3 BE Aol "olA7)

J/s)
D

o
a

oy %]

0 T T T T T T T T T
0 50 100 150 200 250 300 350 400 450 500

JNIS

------- D= 1/10, i =1/10 —— i =1/30, ;5 =1/30
— = Ay =1/50, iy p=1/50 — = Ay =1/100, 5 =1/100
— — = Ay =1/150, iy p=1/150

3% 3.8 A\wi—ri, pwi—Fi, On1s Ol T A2 222 (EAR = 100K B/s)

¥ 3.8 AHEAMY] o] 5o W oYX AR S HoErh 17 3.89]

X
Mwieri @F pwimpi 30l A2 L] Wi-Fid] 71842 EF 052 R+ 54
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L
=
<

o} AT Awi—pi 7F 15 ©) 3 pwi—ri 7F 15 91 Aol

Al HA Ao A5 3G Wi-Fio] P AR Al 7ol

132 3 HEY A Aol 29 F717F gfoen g AR ALY o] F /g o]
Ak ol ek WM E Ay g 7F 15 OV 2L pwi—ri 7F 1 A 7

3 Atol 2ol A H A A5 3G} Wi-Fid] F4 AR&AIZFo] 22+ 1

omstr g ARGALY] o] FA o] AiA e ® A2 Akl & 4 Jlrh

o¥ o o ok >
2 r 2 Ho
o o MY
S5 2
K
e
=4
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do =
i ﬁ

)
[
ot
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s
)
ok
o
]
s
o
N
lo

oﬁuﬂﬂﬂériﬁ
o0

o o X m g
N
N

, 2 2 ES
AgAL) o5 A 0] 2 Awipi 7 1y O i i 7 k5 @ A%, H e MES 2
o

=
[S} -
AE o] AE) B 'R F7]= oF 38% ol

n {0
Y
o,
=
It
o
]
‘0,
o,
=,
©
[>
-
19
g,
el
N,
N
N
Ir
18
[a—
Ne}

a9 399 3102 HlolH AE S| W 4 UEYI AdHH o)A AE
7IHES Holg AE A8 AZHE HojEth 119 399 A, F
ETwi—pi] 7F40Z o] B2 S Y| EL T Alo]Z 0] 1002 v E
Afolth webA 19 3.99 A-folle Wi-Fie] 7487 o]
ol2} FUSHA L™ 3.109 A Wi-Fie] 7Fg4d¢] 0.2¢]
o] 7}gA o] F45 dlolE AEA A85H = dolE AE Azt

99} 2% 310004 7t7ke) YER A A o]~ AFE 7S M m et
O

3
g & 5 U0l 3G #E AHge] tlolHE AFE WA (3¢
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dlo]E A% A7t (s)

400 - o

200 /" ’ —

A

0 10 20 30 40 50 60 70 8 90 100
dlolE A% L3 % (MB)

------- 3GOnly ——Wi-FiOnly —--—Both 3G and Wi-Fi

a9 3.9: Hlojg AF 83 wE dloly AL &8 A (E[T5¢] = 60%,
E[Tyw_ i) =402, E[R3q] = 0.1MB/%, E[Rw;_ri] = 1.0MB/%)

N (W1 Fi Only) & A}ﬁ— =
dolH AEA Wi-Figks AMEstal Wi-Fi ES I+ 34 AHS
FEE 7t 2AS EQAF
F AFS 3= WY (Both 3G and Wi-Fi) o] 9ol 24 2] do]H
AE AE HolH H]O]H AE AA A SHAA 7P Z& A ot s1A| ¥ 3G
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1000 ,,
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dlolE AF Azt (s)

400 o

/ __JF, ///_-
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//,' /._—-
’;—-J.//

P
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9 3.10: dojg AF Q= W dloly AF 28 AT (E[T3¢] = 80%,
E[Twi_pi) = 202, E[R3q] = 0.1MB/%, E[Ryi_r;) = 1.0MB/ %)

3.3 oYz B&AHA FAH UEYI QA o)A A gae

HENZ 34 832 AR o543 22 e 240 s Wi
kA 2utd ZF29 oy AL FHA A AA iR EeFd 74
HEANZ Adgsflo|ag Fr15oz Agsy] A3 AHg7bsd MEHIE BAD
W 2 F715 AHgske A2 v vEEHoth HEHA T4 B4 WIS
aHt] £ H 2edor FA HEHI A )AE AT = Qe 7ol
Z a8ttt

74 UESI A o]~ A F A

8 2 gx 370 e oux 4%
2 4 3e F
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A9} o] Wi-Fig] 7184 o]
ERNEEINES Gl e
Rk

e 2

k3 2] v]
E[)\WZ—F’J Wi-Fi7} AHS E7Hs AdEjolA AS 71 AElZ2 Aol
el A o] & (State Transition Rate) 7]t gk
Elpwi-ri] | Wi-FiZ} A& 7Hs Ejol A AHE 8715 FElE ol
AFEl] H o] & (State Transition Rate) 7]t Zk

Sl | 27 MEAZ Ao = A 2 A 7] (%)

Svew | BN VEAD B4 1T Awe VEDD Aol
2 AE 9 gR 27 ()

Tioll | ¢8R A== Aol = A9 AA 3G A8 AR (5)

Twi-mll] | t A HEAZ Ao Fo A A Wi-Fi AT ()

AR[] |t WA MEAZ Ao ZNAY B Hele 4% 237

(MB/s)
ETsclt]] |t AR MEY T Aol 20149 3G AFE Al 71U 3 (£)
E[Twi—pi[t] | t (A W E T Ao] Fol| A 9] Wi-Fi AR AIZF 71X 3L (2)
E[AR[t] |t AR WES T Ato]Zol X o] B+ tlole AE 8= 7
ok (MB/s)

—)

a! HA HEY T Abo]Zoll A Aoz FH | vt v& (A
A), (0<a <)
37 AL WS 4L A AER /159 2 o
2 doAe YEHT TA 842 18lste] 54 F7)1E o] &5t VES A A
E 3 olAg EXe A8t &84 FA MEYA AHA oA~ A9 duegE
(AWNIS, Adaptive Wireless Network Interface Selection) & A|9+stc}. A QHsl=
duElE ZHEN T Aol 2o SAHAT 5 &= 3G Wi-Fio] AFEAIZHS 9]

Eds
&3to] 5 U ER A Aol ZollM e 7 3Gt Wi-Fi Y EH S AE o]~ AR
AIZE 71T 3k ARt 2ol o= WER A AbolEol A9 AHE AIZE 71Tl Rt<
o] g3t A ME AL T4 &7 MItee IS YEAH T dE oA
e gl g 1 F718 AR 243t ojuf YEH I AElo]x A 9 AdH

S Aol A AR oA axn] Bl Z]Mbste] o S8 W EH T 2ol A
Oﬂbﬂxl iE‘%F:% Aoz g e 3

© WiFi 9 AL28E= A2, 3G9 Wi-Fi



2 BT S 499 2 UEAD Aesol2 A 7Y AFdte] AT
% 9tk A M-S ohele} 2ol AZHA BA A S & o] FueFow
480

o FAUESNZ AEF o] A gl gx] A

e 3GoA WiFige] yES

(T
e
™~
oY
rit
i
2,

o Wi-FiolA 3G9 Y EY

E37E A AHS AWe7) 96 AgE 7159k 1 o uE UpEhdT,

3.3.1 FAVEHI JdeFH o)A A 9 gx] ©HA

=

I ZE 3.1 A QS AWNIS 7 74 Y EQ A Ao~ A8 2 g
Aol Ao F2 e HoEth A vEAZ Aol A8 B 7A F7]=
2718 it = ARF L, AR JESI G4 2 A9 F7ni =293
Aefsol s A8 R GgAE s A WM AWNISE @4 439 FA HER=
A o] e B &R 7] (Onis) VI FaE S 3.19) S5 ATk

A UEY T dEF o] ~E AE3t7] 9384 Wi-Fi &4] (Scanning)
= 53l 3GHTE F ¢ HolE AF £x9} of

Sk wel, WiFi 94 542 5 A
av] ZEAN BEA WiFiz ddo] /5e A9os ST WiFi dAx =
AEZ AZL £PITh Webd WiFizZ WESD Ado] MR8 L 9ol 30
SA WiE

WicFi g7 52 $94, 94 2% ol 4] AE A7E Xt WiFi a2
EAEE PAW Aol w U EADT BA7L AFoletn sty =YD A2L
AFAZE BES A8T 4+ Utk olH @ 2449 TS FH Wi-Fi A4
EAERRE ] A5 A7)7F okal WHE WiFi V=D Ado] oA EAE
29 4 92 HENZ Aol Zo] Ax AR o} WNH YENT 9A) D A 5
Aol WAFE FAE F3T 5 Ar)
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AdvEE 3.1 FA HEYT EHo]x A 2 & dA oA AWNIS 5%
1: Wi-Fi Y EY 3 A &9l (Checking)

IF (Wi-Fi7} A8 7153 A e 91 71?) {
3: H1 =229 Wi-Fi dA ZE
4. 3GolA Wi-Fi2 U EQE dZ4 JA& T+ 35

5:}

.

A7 ZE 325 A= AWNIS 7 3GolA Wi-Fi2d JEY3 d4 A o
Ao Ao T2 HAL Ho]Eth AWNISE 3Go|A Wi-Fig 232 u, A v
ELA FA BH A Wi-Fio] AHE B7Fs AElolA AMS 7Hs AEI 29 AE
Aol&Z ZAE sk e ® A7) fisiA @A YESN I Aol FollA 9] 3G
U EY I ARE AIZEE o] &5te] Wi-Fio] ALg E7Hs AEjolA AHE 7Hs el 29
Je] Aol&S ALSt}

ot E]Z 3.2 3GoA Wi-Fi2e EYa A2 A8 dA ALY AWNIS 52+
t= A UEYIT Aol E, t+ 1= U2 HEYT Aol ZFS 97

1 Taglt] 57

2: E[T3g[t +1]] BA : E[T3g[t +1]] = a x Tag[t] + (1 — o) x E[T3a|t]]

3: EAwi—ri) BA 1 EAwi—ri] = m

B F 329 2ol AA =T Aol o] ¢ WAL & ul, AA| 3G AL
AT Tyl & MEAT Ao A8 2 W) 34 7Hsshe, o 249 Tiell 2
0| 8310l T V=N T Ao) 2 ¢ +1 MEHZ Aol 2ol A 3G A& A7 7]
2k ElTaalt+1]] & a x Tholf] + (1 - a) x B[Tialt] o) Fel2 A ek meps
WiFie] ALg 27bs Aejel ) ALg 7bs AEle Aolshe 4 AolE /e
st B 24 8 4 9o,

P12 E 32004 at HAY UEAT Ao] 2ol Aol %
ulgoln, a7l 29 242 A4 UEND Aol 24 dofAl 2
B4 §7 JHE Wshe Aol AL

hud

rE
lm o
215

j_ mlm
j(\g
o

Ale

p

L O_u
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3.3.3 Wi-Fio]4 3G22 U EYT A2 A3 I

g E 3.3 At AWNIS7H Wi-Fioﬂ/q 3GEY HEYZ A2 A A o
Ao 2 AAH S HoAEth dld eSS @A AZ9 Wi-Figke] dlolg &4l
Aol ZolA uf £FHArh 3G Wi-Fig VEYZ A28 A= A9
v 3t 522 £33t AWNISE Wi-FiolA 3GE AgE o, A4 YEYa &
2l 7 A 8] Wi-Fio] AL§ 7hs AEjollA A8 E7Hs AEi29 A8 Hol&S
2AEs ko] A7) A EA HEYPZ Aol FolA Y Wi-Fi EY A AHE
12H& o] &3to] AHl Hol&S ALtgth

=

>
>

0

28FE 3.3 Wi-FiolX 3GES YEYI AZ A2 AN AWNIS 52
te A MEYI Aol E, t+ 1+ 3 U ES T Ao ES 9]
1: Twi—pilt] 57
2. AR[t] 54
3: E[Twi—pi[t+1]] BA : E[Twi_pilt+1]] = ax Twi—ri[t] + (1 — ) X E[Twi—rilt]
4: E[AR[t+1])] 734 : E[AR[t +1]] = a x AR[t] + (1 — a) x E[AR[t]]

5: Elpwi-ri] A Elpwi—ri] = m
6: ONew AINE 1 EQAwi-ril, Elpwi-ril, E[AR[t + 1]] = ©]1-838F dnew AT

7. Onrs AR Onrs = ONew

darE]E 3.3% Zo] AA WEHZ AtelFo] t Azt & ulf, AA Wi-Fi A&
’\] A TWifFi[t]% é’ﬁ ok S8 E Twirift] & 0183, ohx U ESZ Aol
AIZE 71 3 BT pilt + 1] &

a X TWFFZH (1 —a) x E[Tw;—ri[t] & fﬂEﬂi Akgtoh webs] Wi-Fio] ARg
7 AFEol A AHg B7bs AEE Aolste A HolE MR g
FElE 2 2 4 Atk B3 o2 U EH I Ate] 294 AT HEY A QAH
o] e 9 &z £71E ALeHr] fe 2o BRI F vloly AF 8%
=F 71 @<= ALst7l 916, ARt S S5, th3 HEN A Aol ZoA 9 H+
tolH A% 2430 7S a x AR[t]+ (1 — a) x B[AR[t]] ] Jel= ALt}
AR, EDwi-ril, Eluwi-ri], E[AR[t+1]] & ©]&3t9] 4] 3.158 7|Wro & Th&
HE T AbolF (t+ 1) ol A AHE Butd ZX9] A ARFS H43 & ¢
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Pt M2 EAZ AE]L A8 D FA F7) (Gye) T AFL 7718
REREE L2

Q57 o A4 HENT Aol ZoA o2 ARE Wl st v Lol H,
a7t AW 242 20 YED Aol ZolA Aol Aol YESD FA B

BEE Wkdste dFA ol AXTh

3.3.4 AWNIS 2 7] o

At AWNIS = 4
Hxol, a7t FF5 £
7H1g A3 E 4
o] §3sto] A= E Y

o] Aol H¢
1

A5 0ol gol wek 5ol BekAA Bk G4 <
REIEECER ¥ zwg% WS Aol AR
s A2

=R

1l

—{OLN_L/

0
e

ol AWNIS S A
ool Ahe5% BE A9
k7 o] Wslo] wEt v EY =
= —Erxﬂa} ‘QEE a ]E-‘n’%ﬂ a3 met FHLw
Alolth wEta] B =FoA=FgFAoz AWNIS
A= 2Rt AT o E A StE EAE

s,

AR NEHZ Ate]Fo] ¢ 3 g o], ool wet Al bst AWNIS 9 523
Bel ol g3t 2ok AA) ¢ WA B3 Aol 2ol A2l BAR[H)] 7} 0.1 MB/s,
E[T[t] 7} 100 2, E[Twi_m[t] 7 100 22430 8121 ghok ¢ Wa) =92 Alo] 2
AN ZAE Tyalt], Twi—rilt], AR[t) 7} 242} 50 %, 50 %, 0.05 MB/s o] 1 a7} 0.1
A B BTt +1]], E[Twi—rilt], E[AR[t +1]] = <ar2]Fol o8 242 95 %, 95
%,0.095 MB/s7} 9tk a7h 19 Ao, E[Tsq[t+1]], E[Twi_rilt], E[AR[t+1]]
7} 247k 50 %, 50 =, 0.05 MB/s 7} St}
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W2t Edwi—ri & Elpwi-ri] <, 047}01"] o, o, o= 2 AISHL, a7 1Y
550 55 22 242 e E Atk o] A5E E\wi-ri] 9 Elpwi-ri) 2 E[AR[t+1]]

71RO 2 ok F7]0 A AR W E lf’- AEF o] HE& B &3] 7] dyew +
2] 3.155 o] 83le] a7 0.1 ul, 30 22 AXEI, o7} 1Y€ W, 33 22 ALt
H o] o2 UEN T Aol Zol A AT Y EY T e o]lx & " A" Fr]=2
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48 AYstr) 93l 3G Wi-Fie] e T AA| AFE 7153 AJ7te] F
e AbolZE FUIZ RHEA O ' Wit U ES T A5 Y2 MR s &
So] “3G|Wi — Fi = 100]100” 2 3+ U EH T Alo]Foll A 3G+ Wi-Fig] AA| Lﬂ
E I AHE7FE AlZre] ZHZE100%, 100 4S5 9w gtoh weka] “3G|Wi - F
100]100” — “3G|Wi— Fi = 50|50” & “3G|Wi— Fi = 100/100” ¢] Y E = A}o] =3}
“3G|Wi — Fi = 5050”2l JIEH A Abo]Zo] 7 7He] HEYA Ato]FS F7=
Z47E g A A& Ao g HHEHE S on|gith o|e} T2 Y ES T A9 Wil
O9 3113 o] ¥ 4 gtk B3 27 M EY I AE o]~ A8 E g§X

A%k ol gt AR P V|Wre g oA AT
A (Emulation) 3Fo] o v 2] AR &3} dlo]g A5 A A

m>~

=

b
%
=
~
n
1o

Pﬂ
L)
o
=2
tjd
=

(o]

3.4.1 oy 28 =21 1A
I 3.12% o2 thokd el E W EY T Ao HIE ALY oy 2RSS
Hol&oh oju] F7 vlolg AL 2AFFHS 100 KB/so| 1, E[Ryg] = 0.1 MB/s,

5]
[RWz Fl]L 1.0 MB/so. & o]

AARFNS B+ Aotk 29 312004}
3G AFL-S= U EY T AL 7

z
e AT Aeolle vlnd 2 v £2EFS



A

o AAuEQLAelE s g uiEsa Aol 2
oo “3G| Wi-Fi=100] 100 ; 36| Wie 1=50150" ;
~ [€ | > ! >
! 1 | |
) [ | i |
I ! { |
o : | : :
2 | = | |
= i Wi—Fi i I Wi-Fi |
| | |
3G | | 3G | |

100 200 250 300 AIzF

a7 3.11: “3G|Wi — Fi = 100/100” — “3G|Wi — Fi = 50/50" 2] M EH = 37
Hgte] of

Holth W, 3G9} WiFig B ALS3a Al AWNIS & A8 3te] W=
A3 o] 28 AT Lol UA 222 29 5 I 3 T 5 A}

2 A4 H9e 0 ojix] 2w o
92 Aol 2o A Qo7 Ao AR E
3 Abo] 2o PolR ARE HEXE

g

P

W e

f SN

2 o
( 0.84
ok
rlr
S
o,
9
A
=
o
=)
O
v
ul
o

Fol AAAA MES T #7L 123t
=93 Aeslols BX R Ad 2718 285 fo] ML TS HelErh

3.4.2 tolE A% A A7 FW BA

3% 3138 oS B 22 YEYT S0 AT w9 HolE AE A2 AT
S HojZu} olu] F7 "ol A% 23S 100 KB/so| 1, E[Rsg] = 0.1 MB/s
E[Rwi-ri] £ 1.0 MB/s 02 HA = S 4 d7o|th

9 313049} o] 3G R AMgEkE lE%ﬂ AE 7S AT AfedlE
AARE ad Adglel AT ol AE 428 AIZFE Hole A& AT & drh
oj¢h= th2 A AWNIS E 7]9ke & 3G e} Wi-FiE B AMg3he A9l 4449
oo et AWNIS & M&E o2 A5S oAt AAF o= gl Ao 28
e AF AlZko] EojEo] HolH AE A AE ERFoE 2Y 5 US=



a=0.1 a=0.2 a=0.3 a=0.5 a=1.0
--<--- "3G|Wi-Fi=1001100" - "3G|Wi-Fi=50|50"

—&— "3G|Wi-Fi=100]100" - "3G|Wi-Fi=50|100"

— A&—"3G|Wi-Fi=100]100" - "3G|Wi-Fi=50|150"

— %= "3G|Wi-Fi=100]100" - "3G|Wi-Fi=50|200"

——3G RF AR

18 312 ao] W2 AWNISS oz 2RZF(EAR = 100KB/s, E[Rsg] =
0.1MB/%, E[Rw_r;) = 1L.OMB/%)

o}
9 3.129F fTAFSHA A E aoll et vl AE A A A7 Aol Abol&
Holzuh dntA o g o7 012 A4 HS o tlolE AEFA 285+
Zro]
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R O ommmmeenoooee S
2;: o= T;: c= ;.—_".—_'.;S':.'_'_-T'_' —_— = ;: o= Iﬁ

1 MB A$A19] Holg A% &2 A7F (s/1MB)
N

a=0.1 a=0.2 a=0.3 a=0.5 a=1.0

0= "3G|Wi-Fi=100|100" - "3G|Wi-Fi=50|50"
—a— "3G|Wi-Fi=100|100" - "3G|Wi-Fi=50|100"
— A— "3G|Wi-Fi=100|100" - "3G|Wi-Fi=50|150"
— %= "3G|Wi-Fi=100|100" - "3G|Wi-Fi=50|200"

—e—3G A

a9 3.13: a ol WE AWNISO| HlolH HE 28 A (EAR = 100K B/s, E[Rsg] =

0.1MB/%, E[Rw;_pi] = 1.0MB/%)
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ol Ae AWNIS ) A5 2457 918 AR a0l 8 BT AWNIS S A%

S EAGA AT DR NEAD ABS ol A A FAA A%
2 53l Aok AWNIS 9
A A7 ZH N B4 5T

I 412 A EH ) HNA AHEE VEYT &7 7489 A& Holeth 29 413
Zol EYA 99 (Network Field) 2 Wi-Fi AFE 715 A9 (Wi-Fi Service Area)
7} 3G AHE s A9 (3G Service Area) 0.2 T 3G AME 7 A 92 AA
LﬂEQ]ﬂ ool Wi-Fi AFR 715 A9 & AA HEYT o9 = d= gdowg
At ol dukA Q AR 3G9} Wi-Fi M EY 3 A~ oo AT} S}
o} 3G MEN T Au] 2 A Bbe 3G 742 (Base station) ol o5 Au] 2
2 4 e MEAND BFoE AU, 36 AR MENT B9 B2
g eThT AP o9 2E WEYT BANA 3G9 WiFi T4 Y=Y
Aejso] 22 A= Rt A E o] &3 SR VEHT GGG AFEA
ol SHEA tlolEl AL $ATTH AHEA o4 mAe 9l W (Random
Direction) 2 @S A}-&-3tri.

3G} Wi-Fie] =2 =2 W (Vertical Handover) += IEEE 802.21 |4 & <]
3G 2} Wi-Fi 7+e] MIH (Media Independent Handover) 7] 3 28} IP (Mobile
IP) 719 AgLor +3 A= w7t 7Hs3t A< 7HESo) old) 3G94 Wi-Fi
o A Moo £28FHE AUA £2RFFH A= It vojy AF A
A 7He 18 8FA] k=t Ao AWNISE= MIH AlSo 28 4.29 28 Je =

489 4 gk,

fl

<

ol et AlEH o] B0l Eutd FAo] B AR 4n ) B Tl olH
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802.21 AF-8-2} (Users)

3

A
1
v ¥
802.21 g3 &< (Convergence Function) Al 5 _
N -
ojMlE & I 25

Command Flow) H

| Hy 52 ? 'f AH 5=
(Event Flow) :

(Information Flow)

AEE ¥3)

198 4.2: A3 AWNISS] A& o
42 A% BX 9 6ol A48H viEga A 7)Y

3G M EYZ AdE o229 Wi-Fi VEH =
HEAZ AEF o] 25 AHEahe WL oo dFAxol 2A tha3 2ol Al
7HA] AE B o= b 4 Qlth

o Wi-Fi 2b& AR§3l= 3

mHebA 3G I ES A B s o] 28 F Y EHIE AHESEA WiFi VIES IS
G g A=) YA AWNISE dFstol AHstAY 14 F7]2 Wi-Fi vl =
A3E FA 2 AT 5 gk v oz dolH Ago] 23 d wuitt JESI
A 8 AdE FHE 2T = Yok A B s A s v
2o AWNIS7F 282 4 e HEYI A8 793 271289 YEYT QF

_1

30

50



EERER &

HEY 3 d& 37 1000 m x 1000 m

Aazc %5 10, 50, 100, 150,
200 KB/s, ECG,
Realistic Traffic

3G9 Holg AZA oUA A 285 J/MB

Wi-Fi9] t| o] & AEA] oA AR 12.9 J/MB

UIEHZ QAE]so] s B2 9 Hd v)-§ 59 J

Z7| Y EAA dHF o] A 2 HAe 271 30

A dEHZ AHso]x TA 2 H& 7] | 300 s

Wi-Fi 802.11¢g

3G HSPA

3G 7] A= (Basestation) &] <~ 1

3G 7] A= (Basestation) 2] A{¥]2 W74 1 Km

Wi-Fi A M2 ZAdE (AP) 9] & 10, 15, 20, 25

Wi-Fi A2~ ZAE] Au|A ¥tHF 100 m

NFEAf o= &5 1m/s-10m/s

A ol% 2 qe] FF nd

(Random  Direc-
tion Model)

E 4.1: A E# o)A stebal g (D)

9 3 g BAS SRR o HolHE Asse HAe Y=g
£ H

4.2.1 AWNISe] Ago] A58 ez 4 7y

3G9 WiFig o] §3te] Hlo|E| 2 A4 Wl E249 V=YD Je 0|28
Ashe] A58 98l BB 7718 AHE I A AWNISE o] §31o] V=S 2
272 Wsol We MEAT A 9 A8l 51 T8 A8 F9E e
Stk webd the T e F 57149 MEYD Ad Yo 2] AT 4
St AWNIS 9 A% thg 57149 V=g Ad g5 i 2z 2

Hole A% A9 AZke wm W BA%o R AL 5 gk,

rﬂl

o 3G ¥FE AF&3F= 719 (3G Only)
3G TS AFE-Sh= 712 dlolH AESA] 3G B2 AFS SR R H o] B A E g
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29 5 9lo] A B84 2N WS w3 517

ANAA 22 =

T Wi-Fi9] 7184 (Availability) o] 2H2 %o+ Wi-FiZ tlo|gH & A5
T A Aoy Fgo] Eoj50o] HolH HAE Ad Aol Wi AL 5
Atk T3k 1 F7E AHRSIEE A" 1 F7)o whet oy A 4anet

ARg 3} 7] (Wi-Fi w/ AWNIS)

AWNIS S 7Nk Folle 14 F718 7oz

Wi-Fi 2hg A8k 71 3 vl e o, Wi-Fie] 7H8-/d ol et vl e A=
E

H
o7 Z2AsEE UEYT AN 9 &2 ZZ o £2HE =
R

2 g4 3712 54
NUA £22Fe 29 & drke Fho) drh UA 5S4 1g £718

ZIMEO 2 WiFi B& MM S 71W 3 A,

N

a7y F71E 79 E 3G Wi-Fig E-F AR
AWNIS)

A F71E 7o 2 3G Wi-Fig 25 ARS8k 71 -2 dl ol B AEA] 3G
2} Wi-Fig BF AFS3tE R dolH AF A A SHAA Wi-Fi 72 0] &3}
dole & AFste 7IMEd v Hop &Aooty AT, AHE St
HENZ Ad 2 &2 27|71 23] glenzr 439 14 F7]d wet
oz 4w} ol AF A A 5ol 2ol & Helth

1% (3G|Wi-Fi w/o

AWNIS & 7]¥ke 2 3GS)} Wi-Fig B%E AF&3= 7]

AWNISE 7|90 2 3G9} Wi-Fig BF AR st= 7|9 14 =7)E 7]t

07 3G Wi-Fig AMg3tE 7|9 nlus o, JEYZ 374 H3lE 18

slod VES T A8 2 &2 £7E FHoz 2F3 2z EYI A &
9)\

Aol AEHE oA £RFe BEHOE 29U 5 glo] mutd FA 9

'

i

(3G|Wi-Fiw/ AWNIS)



ANHA 2HE SoldA HolH AL Ade 2840z =4 5 At

4.2.2 HAJ VEYZ A 7Y

AWNIS S A%< A A (Optimal) & VE I A 7|93} v wdt7] YA 3G}
Wi-FigE Ao AMEE o+ Q= 41494 UEY = A8 71 28 dic) 33 9
HEYZ A8 712 A oAe 8715 SHAIRE M EY 3 2739 W3lE asta
AEstA & o Atke 7HE skl Aot 5, v A e SHI dlolH AF
45 290 E849 Wi-Fig A8 o], Wi-Fi EY =9 718 A A (Available

Point, Available Time) 2 &34 & 4= o] Wi-Fi U EHF L] 71§ Al fo A
3] WiFi =928 A8t qol8e A4shs 7otk web 740
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Abstract

Mobile devices such as smart-phones and smart-pads are widely used not only in
our everyday lives but also in various industrial fields by the development of wire-
less network and mobile computing technologies. Energy efficiency is very important
for mobile devices because most of these mobile devices operate on limited battery
power. Wireless network technologies such as Wi-Fi, 3G, and LTE have fairly dif-
ferent characteristics in terms of its energy consumption, service area, data transfer
rate, and other factors. Efficiencies in terms of energy consumption and data transfer
can be improved by leveraging the characteristics of the wireless network technolo-

gies.

In this dissertation, we assume a mobile device that is equipped with 3G and Wi-
Fi network interfaces. We model an energy consumption and data transfer time of
the mobile device due to changes in network detection and selection interval. Based
on analysis results of the proposed models, we show the existence of the optimal
network detection and selection interval which minimizes the energy consumption.
The optimal network detection and selection interval changes according to the net-
work environment such as the amount of requested data or availability of Wi-Fi.
Based on the above observations, we propose an energy-efficient adaptive wireless
network interface-selection scheme, termed AWNIS that can adjust the detection
and selection interval dynamically. AWNIS uses a dynamic network selection and
detection interval in order to use Wi-Fi network that is more efficient than 3G net-
work in terms of energy consumption and data transfer. When selecting the interval,
AWNIS chooses the interval based on the proposed energy consumption model and
approximated availability of Wi-Fi network. In this manner, AWNIS improves the
energy and data transfer efficiencies of mobile devices. Based on the simulation re-
sults, we show that the proposed scheme effectively improves the energy efficiency

while guaranteeing a certain level of data transfer delay.
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Proposed AWNIS also can be applied to mobile devices equipped with future
short and long range network interfaces which have similar characteristics compared

to 3G and Wi-Fi network interfaces.

Keywords: Mobile Devices, Wireless Network Interfaces, Network Interface Se-

lection, Energy Efficiency
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