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Proposal of Seamless Handover between Wi-Fi and 3G
in Android Terminals and Its Implementation
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NAITO KATSUHIRO? WATANABE AKIRA!

Abstract: With the development of wireless technology, there is an increasing desire to switch the network
on the move. However, it is necessary to solve the NAT traversal problems and realize mobility at the same
time. We have been proposing the technology called NTMobile (Network Traversal with Mobility) that can
deal with the subjects. NTMobile is implemented in Linux-based PC and we have finished porting and
verified in Android systems. However, there is a problem that there is a certain break time when network
switches. In this paper,we propose a way to switch the network seamlessly between 3G and Wi-Fi eliminating
communication break time in Android terminals.
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726, HIEIZ 3G IZUID X BT T 3 Luo.

LnL, 7T—X@BEICHONRS IP *y U —7 T,
MADEEA LV F—T7 2 —RAZE VY TONTNWDIPT
RLAZHAWTEELZEHEL TV, SEROBEIC LW,
WEA VI —T 2 —RAEYVEZTZGAEIZIP T RLAR
BAbT 5. 20z, 77V r—a 565D BE LRk
L, TNETITo TV EBEEZMET 5 Z LT,
D K O IR A FRIR T D B A B ENE IR B & FEOY, B
TEE CTITER A B ENZBEM A RR SN TE 2 [1-4)].

£, BEE KR LTS IPve v U —27 T, IPv4
Ta—r L7 KU AORBRK & LT NAT (Network Ad-
dress Translation) ZEALTCTI7A X—hrRy hU—7
ERERTDHZEN—RITHD. LarL, NAT OE A
X, re—rULxy NI RIOSENS T T A X— |
v b U — 7 BRI LTI % Bt T & 720 NAT
Wz R L RS B Y, IPv4 OPLRMEZ R 5 ERIC
o TWS, Zh ORI, IPv6 BEE~OBATIC X v fif
WNFRECTH D E Vbl TV 528, IPv6 13 IPv4 & Ak
N2, IPVvB XS KITIEE-> TRV, koT, 4%
b IPvA BRENRFIHEHA STV ZEnEZ BN, NAT
Bz MEOMRIIEE TH 5.

ZZTEELL, BENEIE S NAT B % FRFICERY
% NTMobile (Network Traversal with Mobility) [5,6] %
22 L C&E 7. NTMobile Tix, NTM #ik (NTMobile ™
FEREA A3 L7200 R) IR IP 7 RL A2 B2 A5 Z LT
kv, WROBENIHEIFEIP 7 LR (EERICWHA
=Tz —AZED Y THNTNDT RLR) OFLER
ML, 77V r—a CRIOBE RS S5Z ENTE S,
F72, NAT OFE IPv4e v b U —7 [, TPv6 % v K
T—27 [ (7], IPvd x> kT —27 L IPv6 % v hU—Z [ED
IRAEEREE (8] 72 L, & B W HIBEEREICHE L TWD. FFE
ORMERNTIE, = FY—x2 o RTHEERITZ 5720,
RN TTRIZRVIZK W EWI RKER H 5D, EFEOHEE
Ez D&, FERTRAR L LT Android g Rk7e ED A~ — |
TN TV, NTMobile T% Android ¥ K TOF|
HEEEL, Bl L BERGEL 2 TWD [9]. Android %
KOEA, 3G & Wi-Fi2WI0 x5 Lickbd.
Android 5ROV F X EEEZFR~T-& 25, Wi-Fi
5 3G 1Ty RA— 3T B BRIZ K & 72385 Wil i A3 36 46
TAEZERNyhodz. ZOM, Ry hrARFEALTL
% 972, NTMobile DFEMUIZBWTRERFEL 2 5.
WERHES AT HEB E LT, B 36 0EIFNTE
TRV STHS. Android SiRIE, Wi-Fi #5H2I1T
3G OB AU L, BEA v A —T 2—REF T EET
Wb, 0=, Wi-Fi U4 3G 0815 #efis 217 5 22
MWD, WHATE T D E TOMBIEWTHRHEAET L.

% ZC, AR TIE Android K ® Wi-Fi #5012 3G %
U S E28EL REL, WA 2 —7 = — X & RIRHIHE
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NTMobile #ZFEITL, FrxAZ#HL TB Z T, »
Y RA=NEEDO Ry hr R EFAEISE W RE
T5. FOR, 77U r—3a0i@(E & NTMobile D]
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HbH. FTZT, BEAVHE—Tz—ATLIIN—T 4T
F—TNVEREL, ELo0N—F 4 T TF—T N E B
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7 — A0 B2 EEL FOMEAE R D, 3 ETRES
KERL, 4 ETEREFECOVWTERS. 5 ETEHER
FEOFERAERL, 6ETEL DB,

2. EREIM

ARETCIE, BEHZR T haL e LCAIFIEECRIAT S
NTMobile (ZDOWTEHT 5. £/, EEXY¥—F v N TH
% Android B KEA DN KA —ROFRBEIZ OV T H HEH
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2.1 NTMobile

NTMobile THEET S K> bV —27 %K 11237, NT-
Mobile /X DC (Diretion Coordinator), NTM ik, RS
(Relay Server) (2> CTHER SN D.

DC AR IP 7 R L AOHF ) B CTEFFEC, NTM Skl
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WRICEI D Y THNDIAEIP 7 KL AL, —ERT KLA
25 X9 DC AT RLAZFI LTS [10]. NTM
WARIIBEIEO Ry hU—INBED B TENDEIP T
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DT RVAZEEFLTCWAD., NTM RAERT27 7Y
=g 0%, RAIP 7 FLAICHESWEZlE%21T5 =
LTk, NIMERKOEIP 7 KLU ANEL L THHEE
BT 52 LN TED. AR IP 7 RLRIZESL T
Vor—a 2y M, NTM skl S5 UDP
R RMZ Lo TSNS, K 1IZRITS NTM %k A
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ra—s xRy FT— 7B L TV A HAEICIE, =R
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X, M NTM Sk NAT Bl FIZfriEd 2561, @EF0
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NTMobile TiElA#kOf A% VT IPv6 <2, IPv4/IPv6
DIRIEREEICOST 5 Z LN TE DN, AR T IPv4
v b U — 2718 L= NTM 8K A+ 208(E 217 5 B o
BED B % Fiilk 5.

2.1.1 EMEL—47 VR

NTMobile DE{EL —47 > ZAZLLFD 3 2D T = — X%
RCEEEHGT 5.
(1) SRRIEHRDOR
(2) A HifFR LR
(3) kiR LML

(1) 1%, NTM iR BhrERs L O KB BRI E TP 7
KL AR EDimRIEHRE DCITBEL, IWABIP 7 FL &
ERETL 72— ThHD. ZOE, NAT OFEDEH
LAEREINS. WIT (2) IZBWT, MN (Mobile Node)
1L/ F CN (Correspondent Node) DFEIP 7 KL A
R IP 7 R LA ZH 5 1202 DC IS4 iRk 2 (K Ed
%. MN & CN (I NTMobile % %% L T\ % NTM ¥R T
&7%. NTMobile TliZ, 2O 7 =—X% MU H—L LTH
212759 NTMobile fFFORr A =—2 3 Thd (3) %
DC 2 bELNEFERE L LI2FEITTSE. ) 7=—X5E
T, WEEHGT 5.

(3) IZBWT, DC OfE/RIZIEVEEMRT L /I b
VFINVERERET DO A v — U TS, X2
IR FUERETORA v =V RBOTNERT. 22
TIEMN RS T A X— Ry NU—TIZFEL, CN RS
0=V Ry N —ZITFET DA O b U R AREE
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2.1.3 Ry FT—UYYEZEFOEIE

MN OBERER A 7 —T7 = — ZADE W 2T LY E
IP 7 KL ARZEAL LIZBRICIE, CN & ORBIC b R F
T 5. ZOE, MNIZCN DHEIP 7 KL R LDl
BITBEE A TH D20, LARIRRLEZEK LT, F
FVAEENIRZ BT 5. MNOT7 7Y r— g 0%, ]
HIP 7 RLVARSIZNNT y NEERT D120, EIP T KL
ADEACDREEZT D Z Lid7u.

2.2 Android i RKDBEAN 23— —RYYBZENME
LRE

NTMobile {Z £V, BEFZEIZFEHRTE 575, Android
WMRIZBWCEREA V¥ —7 =— A &Y 0 B2 D, Lk
DY K2 BIETIE, WEFTERRAKEL, TOEET
EERBTIE RN Z &3, ERICUID R OZFE 2 A L
HHA L7, A ICFNFNOE R 2BEE FNITEE D @
1T RE I O BIfR &2 R .

Pl R ZEEE LTiE, 3G 26 Wi-Fiicolvw &z (X
40 (A) Z4THBICiE, Wi-Fifilo IP 7 K L 2D BIG3
SETT % & 3G COERBMRIN, A F—Tx—AR
Ao 50, BEEHEIT2 . 7243, NTMobile @ k
VFIEFE R SN D DX, 3G A v H—T = — R
NE T LIt THDHID, M RAEENTETTHET
OM, Xy huARREETS.

—%, Wi-Fin6 3G~ h xR (K4 o (B)) I
1%, Wi-Fi #5300 S - = & % Android OS Di{E%
AT AT D L, 3G A X — T = — ARIHEEUE
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L7gu.
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Tz APBEEINTLEI LD THD. BETDHNAVUE
F—NFEETH 12D, RCHFRT 7Y r—vay
D 3 ViEE L NTMobile @ b o R /URESEALEL 2 5] 2 D
A B =T 2 — 2 MWTRIFICETTISLERS S, £
ZC, iproute2*! dfLF A E ANy hDOIL—T 4 v
TEATH Z T, FRoOMBEEMREL, FrroumEes b
U RARFEIER & [FIRFIZAT 5 2 & 2 A[BEIZ 3 5. iproute2
X, Linux DVv—TF 4 T T =T NVEBETE Ry r—
T, V=T A I TN EEEAERT O EnTE, L
DF—TNEBREELINPORY) O —ERET D &N
ETHD.

$-oT, Wi-FiA v =T =2 —RAEXEAN H—T = —
2L Wi-Fiov—7 4 7 5—71k, 3G A v 2 —
T2 —AEEEA A —T 2 —ALT53CHOLV—T 4
VITF—=TNEAKRL, WA E -T2 —AD)L—
el 5. Ny hZEiZ, Wi-Fi & 3G oL 50—
T4 TT=TEERTI0ERY) —E LTRET D
IR, FIFEEEZFTRBIZT D,
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3.2 3G H 5 Wi-Fi ~D/\> KA —/\E{E

512 3G »HBEEFIB LT, Wi-Fi~ny RA—A
T HEEOEEEZ R, MN X, 3G ¢34 T2 NTMobile
D RN EEERBLTHALDET S, MN L, 3G
o~ rrABEFRIZ, Wi-FiA ¥ —7 2 — 2 THE
T I EARA L b (LLF AP) Z28%ET 572012, EH
FIETF ¥ RV AT ¥ U &2ITV, ABO AP 2T 5. %
LT, WEHICR OB RE AP U A M EF ¥ XL A% v
SNZED SN E AP ik L, BT 5 AP 2k
EL, aXT7va a2y T 5. B AP U R &
I%, WEP (Wired Equivalent Privacy) [11] & WPA (Wi-Fi
Protected Access) [12] 72 E THB(LA I TS AP I
Bkt T D12 DICHFRINC AP OARTE SAT— Fa&E L=
V2 RTHD. b L, #EiaTe AP NEHA S - 72856
%, EIRE OV AP 28I 5. £7o, BEAIEE/R AP
DNRODLIRWEEAICIE Wi-Fi % OFF (2 L, —ERM#%
IZFHE Wi-Fi % ON IZ L C/EED AP #85RE LT
MN i AP (28#it%, DHCP O —/47 2 A&V IP 7
FLZAZBREL, Wi-FilZIP 7 FLANED B THNE D
LIZky, Wi-Fi 0BE#FHELZETT5. 0%, Wi-Fi
BIDND B FAFHBELIEEZIT, 3G IO R FaAnD
Wi-Fi I R R Ty ROl ETI D R 5 Z &1T
LV, N RF—ANEETT 5.

3.3 Wi-Fih5 3G ~D/\> KA —/\Eh1E
X 6 12 Wi-Fi 2253@E 285 L C, 3G ~ > KA—
TAHEOEEA <Y, MN L, Wi-Fi I  NTMobile ® k

*1 Linux Advanced Routing & Traffic Control HOWTO,
http://linuxjf.sourceforge.jp/JFdocs/
Adv-Routing-HOWTO/index.html
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RIIIRET ORI —&2KELL, R —OREFA
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bR EEVKEZDETOBELRL, Ko stk
D BRI 3G D Wi-Fi 2y RA— 3 5o E{ET
TS Wi-Fi 265 3G 12y RA— R4 5BOEETH 5.
3G 2B Wi-Fi ~D > RA—RIFIZIE, Ny RA—
PRETHE Wi-Fi HON—TF 4 T — TN Z T
5. 3G HoN—T 4 > 7T —T L, @IERSAETC AR
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2725, Zh b 0T —7 % Table 3G & Table Wi-Fi &
#Fo9 5. Table Wi-Fi 24K 0%, (A) ORY —& i
ET D, (A) T, FTOBEEFRETIEDIC, 17k
WAL 3% v b % Table 3G %, NTMobile ® k> /LA
£ Wi-Fi TIT 9729, 7B FLISL % Table
Wi-Fi #2B &8 5. LT, NTMobile ® b > /L H#
SULPR ATV, 52 T7#% (B) ORY —EREL, 2TON
7o b Wi-FIi D HEET L2175, (B) OFRY >—
&0, 3G IS Wi-Fifilic b2 ol Bz %179 .
Wi-Fi 205 3G ~D /> RA— BT, WG BIAART
(B) OFBEICELVTXTWI-FinbEEFEENTWVDS. B
WIRE DR TIZL Y, 3G ~DAY RAE—NEPRE LT
%, (C) OFRY —%FE LA 7B/ v M Table
Wi-Fi 228 Lil{g 2 Wi-Fi T#tlF, NTMobile ® k> %
NSRS 3G TITH 129, B 7' b v NS
Table 3G #Z BT 5 L 52T 5. FDOREKR, NTMobile
D b FAFEENI AT, ETH (D) OR) v—%
BWEL, 2TCORT Y b&3CLERETDEIICTS.
(D) RV —i2kv, Wi-Fi x5 3G /I b 1o
IV EZEITH. brxrodlnEz%, Wi-Fi Oz
U425 &, Table Wi-Fi 23 E#T 5.

4. EEHE

4.1 PRTLER

AW, Android WA L CEMESEAZ L2 HAIE L
TW5b. koT, Android DY AT AT —%T 7 F ¥ NEH
Tl >TL< B, £71E, Android DV AT AT —FT 7
FXERNL, WREVAT LET—FTI7FXxDEZ
WIS XD a5, 8 {Z Android ® ¥ AT A
T—XT 7T v LIREVAT AOFEEF OMEERT.

Android DY AT L7 —% 7T 7 FxiX, LTFTOaKR—
RV MRS TN D.

o H—X)LJE

Linux Kernel 2.6 LI % ~— R |ZHEI TN D.
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