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Table 2-1: Simulation parameters (Inter-WN multi-hop scenario)

Parameter Value
Transmission range (m) 160
Channel rate (Mbit/s) 11
Max retry times 7
Space between nodes (m) 100
Packet size (Byte) 1000
Queue size (packet) 140 (Normal scheme)
140 (OTQ:20, FTQ:120) (Existing scheme)
140 (OTQ:20, UTQ:60, DTQ:60) (Proposed scheme)
Simulation time (sec.) 180

9, K2-111IERT IO, WNEHMICEBEL T, EEORFMEIT 2. &
WN D@15 F TH % Correspondent Node (CN)IE, 20Mbit/s @ Hril & 50ms D & it %
T2y 7R =Ry NV =2 %M LTHBRY 7 TBS &KL TWND. Lo
DY Ialb—va XTI A—=FER2-1IZRT.

(1) 7v7VJ 7 CBR b7k v 7 ZHAWi il

R W2, % WN A CN ~~ Constant Bit Rate (CBR)7 ¥ U 7 — 3 3 » % W T, UDP
Ny 7 %R ETLHHEDO, AVv—7y b, BERR, X WNHOZLLOEERF
. (Coefficient of Variation: CoV)Z Ml E L7z. EFE LV — MEFXR2-21ZR-T X912, 50
~1,500Kbit/s DEIH TELSE . FEWNICBITLZ Ny y MEREL A IV ZICE LT,
WNMTEGRIA IV DRI TEFRIERAHENIZIRLOR LY, NT vy b A XK
NEFELV— B HEINRDI ANy NERXY A I 712, [-0.5,+0.5]10 — kL% %
RLIEMELTFEEONNry VARSI T & L.

T, A=y hElE, WbWAHr Ty Ry bERHL, BT 7Y F—
IV RILVDANLN =T D ETHD. £, CoVIiL, L TFTD X 91T, fEUFE
Vo2 L xTE ST b DA EDERTELELDOTH 5.
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Table 2-2: CBR transmission rate

Parameter Value

UL offered load (Kbit/s) | 50, 100,200, 300, 400, 500, 600, 700, 800, 900, 1000, 1200, 1500

CoV = E 100 [%] (2-1)

DFVY, CoVIER/NEWIFEFETFT—ZDIEL XN /NNENWZ L2 EHRL, 4 WN O X
IV —T > FEIDOCoVIER/NEWITE, WNEDOAL—T >y hOEBRRNNNEZNWENZ .

Fo, BEfF FIEICE L, OTQ & FTQ [ T Round-robin A7 ¥ =2 — U 7 %47 9 B D
HA%E, OTQFTQ=12 ¢t L7=. ZhiE, £ WNIZKB TS M7k v 27 AfM (CBRE(E
L' — F)% 1000 Kbit/s & L7ZRW FIZTBWT,0TQIZAT 25 FTQ DEAL %2 1~10 O #i
FHCT1 3T o8BbxEsh, BEAR2OEANKLANL—T v FH O CoV B/ X
<ITpole, DFV, WNREIOAL—Ty hAFYHUERNELS ol Thd., ZOKED
fRAEK2-121I25737. LoT, UBROBEFEFEICEITL CCBREZHVWEY I 2 b —
v 3 »TIlE, Round-robin A7 vV a—J U T 2T H5BO&EHIT2 L L.
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IA-

50 —o o

== & ,Q—

-, 50 . K

S 40 o
20 o
20
10

Weight

X 2-12 BEfFFIEICEBIT D Round-tobin A7 V2 — U UV JHEOEKLE AL —T v b
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Figure 2-12: Relation between ‘weight’ of weighted round-robin scheduling and CoV in throughput in the
existing scheme. (CBR traffic case)
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Figure 2-13: Relation between uplink offered load and throughput in the normal scheme
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Figure 2-14: Relation between uplink offered load and throughput in the existing scheme
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Figure 2-15: Relation between uplink offered load and throughput in the proposed scheme
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Figure 2-17: Aggregate throughput
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Table 2-3: Average delay of each WN

(msec)
Scheme WNI WN2 WN3 WN4
Normal 902.8 17139 2623.5 3793.6
Existing 400.7 1473.8 2545.1 3473.2
Proposed 4554 872.2 1326.1 1977.2

WTRLEbLDOTHD., R2-16006h, EFELEHWWLZET, PTJ by 7 Af
DNHEMLTH WNBOAEMELN R, B FiE, BHFEFELEKL T, WNEOA
TR RKELLKBELTWVWD I ENSNS.

F, M2-171F, T ENOFEHEIZBTA NIy 7HAMESE WND AL —T v
NEe&FLEN—221ANV =Ty P OB ERLELDODTHD. K2-17 L0, &
EFEEZHAOCTLEF Y ANV T A BETFTLTOV AN ERNSNDE. ZhiE, #EFIET
X, MAC 7B Fhal~DOEHRITIT-oTELT, EEHSOBESITEE FIE L FH—
b Thd. ok, W2-1712kniE, bT vy ZAmN 500 [Kbit/s]ffi T h—#
WAL =T v bDOE—=272BZTWVWEN, ZOb7-0RELERY YV —2E25K L
FHTETWDEZZEZERL, 22XV Ty 7A8MB/NINVEEIIERY v — 2
MRS>TWDH—FK, 2ZEV NIy ZAMPBPREVWESIEI ATy MEFERIZ K D FHE
W Z, BHRY Y - Z20FBAHERNERTITL2b0LEZLOND.

@ _BIERM AN —7 v AR R & B

N7 by 7 BAMD 1,000Kbit/s DK O K FIEIZBIT 5% WNO K EIERH] 23K 2-3
WWART. WTFRDOFIETS, Ry 7EHAENTH2FEEERMAOERLTND. 22
T, BH PFEORBIERMAE2EMICKEI RoTWER, FIEMIZBT2xF2—FEo
EWARESEELTCWDLIARBERIEZZONDLLED, 7Ty 7V 7 F 7y 7 HOX
2—REZS I LTCHEYIa2Vv—YarvaEEHLE., Z0BOXx2—FEiX, @8% F
1% T 40 packets, BEAF T{E T OTQ, FTQ % #L ¥ 4L 20 packets 7o, % Tk T OTQ,
UTQ £ L Z 4L 20 packets T2 THDH.CBR h T b v 7 2HWEARFFM TIET v 7V >~
J hT eI ORENEEL, XU I NIy ZEBAELRNWI ENL, ETF
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EODIQIRAIHENRW., By Ial—yaryOoBRTchsr, EWNOT v 7TV
7 o by AR E WNRBOERBIERRE O CoV OB EZK 2-18 IZ/R7 .

X 2-18 LV, @HE FHEIIWNLY —2OFa—LRELRAVIENLL, FTE v
JAMBHEMT DI, BIEE N T vy 7 RERERXLDO WNOAR NI Y 7 OFEBET
Blanzlw, o2 FELEBRL TRy 7HICEIZ2BEOEENHKI H TR,
CoVhAm<<oTWWsd., —F, EFFEIZBVWTIE, BE N7 vy 7 PNEEHLDO WN
DEENZEyZ EEHOFa—IZFa—Ar73nTHEIND D, XL WN
DAEENTE Yy 7 ORBTRIEZIND I ENRL, BF FIELEET DL CoV K
<ML THBY, WNMOBERHEOZERZLZBDL L WL LB NnD. 22T,
M 2-18 ODBEHF FIEIZE W T, M7t v 7 A2 500Kbit/s DA D CoV BZEH L T
REL o> TWABMN, bJ by s AM%E 500Kbit/s DFEMTERLZEZ A, Tt
v 7 A faf 23 400Kbit/s X° 600Kbit/s DA D CoV L WE & 72 - 72 2 & 25, 500Kbit/s
DAERITBEARFRERREEZ L oL WA D.

BEFHECELTE, Ty 7V 7 by 7AMBICKDL T, o2 FikL
LTCoVRELSMADBNTEBY, WNHOBERMEZE N K L/NHNI W, 2, LT
BB WTIEEE N T vy 7 REELO WNOARE NI E v 7 I F 2 —A
ﬁénf%LéMTwé CWCMZz, Fa—0ORENT Yy NOREGBICHEN T EZ K
AMERLLADLDE, AVBEICBWVWTEHINTWRWEF LW T2 F o7 v
FEEEMICEH L TAEPEZED KR WS, DEXY, #EFEEZH WD
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Figure 2-18: Relation between uplink offered load and CoV of average delay among WNs
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Table 2-4: TCP throughput and CoV

(kbps, %)
Scheme WNI WN2 | WN3 WN4 CoV
Normal 512.3 3066 | 2989 | 2932 26.1
Existing 3212 3268 | 321.0 | 3157 12
Proposed 397.8 3235 | 3120 | 3040 11.1

LT, BIERHEICEL TOLRYEENM ET 52 & BHETE .

(Q)FTP 7 & v 7 Z R i M

FT, % WNZB, CBR TR FTP27 7V r—va Y ICHWESES O %
fTo7. &% WNB, +ORKR&ER77ANV%E FTPIZEYD CN~EETIEDO, 21—
vy P ROE WNODRL—T >y FE D CoV ZW|E L. TCP D/N— T 3 21X TCP
Tahoe # i\, FTP (X ns-2 TSN 27 7V r—va a2l £72, & WN X
CCND, FTPIZE W+ RERT 7 AV EZILEIN CN EOTE WN ~ B A IZE(E
THEOANL—T > MIZOWTHHEL .

BEfE FIEICHB W T,0TQ & FTQ 1 @ Round-robin A7 ¥ =2 — U v 7 CTHW 5D &E AL,
OTQ:FTP=1:6 £ L7-. ZHhiX, 2.5.2.1 (1) CBR b7 t v 7 3Fffi & FEE, OTQ IZ %/
THFTQOEA %2 I~100HFHFHA T 1T HOLIERTLEIA, BEL6OBEENKDL WN
MONEERELS Rolcled ThHD., —FH, BEFEICBWTIE, OTQ & UTQ % —
ODF a—LHBRTHMEX 2 — & DTQ I T Round-robin A7 ¥ = — U > 7 %479 BED
EAE, KBS 2 —DTQ=1:5& L7, ZRbLEKIC, EA28{bsEEZBOKEE
ZFEbLbOTHDL. ZNHLORREEXK2-1927-T. UBROBEGFEFELOCRETFED
FIPZH WY I 2b—v a3 T, b0 &EALAEZEHWDLZE LT H.

O AN—T7 v Pl R RO E

A WNIZCEACN~DFTP 7 v 7ua— RO, RUFEFNOFHEICE T A4 WNOD R
N—T w FEER 24277 T, @EFETIE, WNIL & WN2~4 Rl TRAL—T v FDK
XRERENELONEDN, —FHTCWN2~4 OB TITEEREDOAL—TFT v K& ol
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Table 2-5: Throughput CoV under bi-directional FTP flows

0
Scheme CoV (Uplink) | CoV (Downgjﬁl)()
Normal 18.5 28.6
Existing 393 252
Proposed 34 20.9

THIE, WNI AR MLRry 7 70, WN2~4 B CRIOEBERENEB -2 L E
A5 BFEFEICELTE, WHOATEHERIEFIZEHWERE R -7, 2,
OTQ & FTQ ] @ Round-robin A7 V=2 — U V7 OHEKIZELD, WNI D KTt v 7R
WNI WICHEY R 7SN D2 T, WNIRRMLVLRy ZZhblhhollzdll
EEZLND. WNOAL—T > D CoVHLIEFIZEKNZ E1T£2-4 KK 2-19
Mmoo bbnsd., —F, K2-19056, BEFFEIX Round-robin A7 YV a2—1Y 7 DOE
HIZHETHY, REE»PSOND & AMICATEERLILT DI ERNSND. K
FHRIZBWNTE, BF PFEIVEFELAEERMEL TSR, BEFEIEFER LT LR
Mmolo. ZThik, CBR N7 by 7 DA &R, &% WNDHBESBWICEEKRS 25
TkV, TOME, WNI DB WN2~4IZXF L THETFRMILRYy IR TWALHTZDTE
EEZLND.

WWT, £2-512, FWNECNBTHEMO®O FIP hJ v 7 &2 LEED,

100
90 S —f— Existing scheme H
20 Y —+—Proposed scheme [
- 70 N
60 iy
= 50 ~
0
O 40 N
20 <
?g +""‘+—-+=:—f“=.ih_+=+ +.=--’_|':"==E
[:l 1 1 *"#"‘ 1 ]
0 2 4 i) 8 10
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2 - 19 Round-robin A7 V= — U V' TEEODEHZLE AL —T v F CoV
Figure 2-19: Relation between weight in the round-robin scheduling and CoV of throughput
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KEFHECBTIDZ Ty TV 7 , X )72 nEN0ANL—T v k@O CoV &R T.
WEMBEERETH, BETFEZHVWDLZ LT, BI27 v 7V 7O FHENRKEL
WELTWVWDIZERGND. 2T, 241 THERZO0TQ & UTQM DA XY 2 —1U v
TIMNENCHEL TCWD I EEEWT S, —F, BETFETIE, £2-40 K 518 FTP
FI By ZREORKRICHET WNRBOAFMERNRESEFTLE., 20, BBEFEFIET
x, Ty 7V v Iy I RO T 7 Ty NE BIZ FTQ ~F =2 — A
YIERN, KRR Ay Ta—) v ransevlEeiEzonb.

2522 F UK AEBEIC L DR

FEVNT, 1,000mX300m D7 4 —/L ROMIC BSZEEL, 74 4121050 WN
ZECE L CREMM 2 LM L7z, 2.5.2.1 TiX, M2-111IEART X957, WNOFHDAE®EIC
LD RBOHRTFMEIT >N, EEO~ LT Ry 7EBE Ry NU—27 TIX, L0 EM
mhARBv YRR EBEZLNDZ LD, KiFliE EhE L 7.

B, b LIIMO WNREHTBS EHEMETEARN WNIT, BET V¥ AICKHES
M, EWNZBBSETOBERKAMYL CELETWNOHEEEN MY IEIND. BS
74— LV ROBICEBT 20O EHR~LF Ry THELZRELLTLTEH2DT
5. £, BSETORKIZ, TRAYy I X2y N =27 BT L27 —7VEEEHD
REH2NV—T 47 71 b2 )L TH 5 Destination Sequenced Distance Vector
(DSDV) [23]Z% HH W THEZE L 7=

FWNMRCBRT7TZ7 U —varaZHnT, £2-2125R-F X952 50~1,500Kbit/s D

2-20 JUOXLBEERFOX Y MU — 7 KD —

Figure 2-20: An example of network topology under random placement of WNs
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MTEFLV—F2Z{EETUDP F 7 v 7% CN~NEEFETLHIED, ~VF KRy T
V=T, DANL—=T > F®D CoVEZRD, bV U —T48CD CoVDEBEELI LI
Ko7, 22T, EhAEn 100 T Yy Iab—vara2EmLE. K2-20127
VHELABE LRy VT — ROl ERT. 2L, K 2-20 T CNIZAERKL
Thd. kb, FEOVIalb—valilB0T, TAENDO FELCKHT IRy FY
— 7 hARBYEFRLTHDL (A—rFrevox, &FExs#EMALR).

O AN —T7 v b PSR RO R

M 2-2112, B~V F KRy 7Y U —0OFY CoVDEHE FIEICHTIRRETIED LR
Ao, M2-210 xdix, I a2b—a o GE100EHEZFRL TWD. yill
ThHho CoVIEEN 1DESE, BEFIELREFIEOYEY COVELFR —-—THLZ &2 R
WL, CoVHD I RIEOLGEIL, EFIEDOYY CoVIENRBEHF FIEXLV /NS W (D
FV WNRBIOZRIL—F > hORAFEERE W) &, CoVHEENT LD REWEASIL,
EFEOFVY CoVERNBER FIELIVREWY (DFD WNREBOAL—T > FORF
PERNRV)Z 2 FRT 5. £/, K2-2218, £~V FRy YU =0 CoV D
BEfEFIEICKH T 2REFEORELZRT.

B 2-21 £V, 100 HOATETICENT, BEFEHEFTEFE FIECKEIT WN RBEO
ANEENELBEBSINTND I ERNGND. 100 B ORKITICE T D CoV LD ¥ EIT 0.58
Thote. —FH, M2-2250, BEFHEITEF FHELEKRLTH WN MO A FHER
WEINTNWDZERND. 100 B ORITICEIT D CoV LD FEHEIX 0.90 TH -
. L LeRns, 100 MoRITO 9B 210X, BMEFENEZFELD S WNH
DAL FEES R E 2T, 2LV, EFEITETE FIEICH L TIEKRIER
WN B AEHEOLENRIAD LN, BHFEFELCHLTOHROESVIZ, Xy MU —
JHERICIKAET 2D EWVWZ 5.
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Figure 2-21: CoV ratio of proposed scheme to normal scheme
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Figure 2-22: CoV ratio of proposed scheme to existing scheme
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BUDHRSICEET VIV AL EZHEHALELAGEZE 2 5. 22T, 251 ICit# L7z &
I, ARFFM CIXESR LANAP 2 BS & L, 7/, AHBREIHREZAE I 2 0ER LAN AP
Z RS & L72. RS, 2.5.2 D WN & [AEIZ, OTQ, UTQ, DTQ ® 3 M D F = — %
REFL, BHICHEHEEHFL VWD WNLALD MTE Y7 %2 O0TQ ~Fa—A 7L,
Bz RS2 L OHEEXE NI Y 7 %2, TORMNTE Y7 DOHFMICHE> T UTQ KT DTQ ~
Xa—A 735, Xy baEETLHERIE, 2THRXEAF V2= 7T 0
URXKIZWESTNRTy NAT TV a—U 7 %47 9.

A RSICHE, WM2-23 2 R"FT XKo5IC2BFT > WNRIERLAL. £72, RSH & RS-WN
M CIHARERIERF v 2 AL ZH N, £26I2FDOMDL I 2L — a5 XA —X
T . £ WN A CN~, £2-2(Z-"7F 50~1,500Kbit/s DEFL— FTCBR M7 E
v EEETAEOA LT FERIE L.

i 9 W
WS &\ WA % WNI&
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Figure 2-23: Network topology in the scenario of inter-RS multi-hop network

32



F2E AT Ry TERERY =2 ICBT 2= FRIONEEBERE LAY a—

£2-6 ¥Ial—a18F A4 RS v FRyF LTV )
Table 6: Simulation parameters (Inter-RS multi-hop scenario)

Parameter Value

Transmission range of AP (m) 160

Transmission range of WN (m) 22.5

Channel rate (Mbps) 11

Max retry times 7

Space between RSs (im) 100

Space between RS and WN (m) 15

Packet size (Byte) 1000

Queue size of AP (packets) 140 (Normal scheme)
140 (OTQ:20, FTQ:120) (Existing scheme)
140 (OTQ:20, UTQ:60, DTQ:60) (Proposed scheme)

Simulation time (sec) 180

BHETE, BFEFPFELAOCRETFELZHVEEREO, £ WNOEHAL—-T v &2, £
nNENK2-24, K2-25 K2-2627-7F. 2520 WNEIwLVFHRy XU D
fEREFREE, BH FIETIE, BSPLOAR Yy 7HORE W RS ICHEFET 5 WNIZE R L
— 7y FWMIETFLE. —F, BEFFETIE, RS3ICHERFT H WN (WNS, 6)D AL —F
vy R bELS o, T, RS3TIHEENIE vy 7 BNAFEEET, HICAHFITHE
T HWNDORNITEY 7 EEFETETTNLREDTHL. M2-260n6, ETFILEEH
WBHZET, REMENRKRELUEBTDENDND. ZHNIZEY, BETHAF V=
— U 7Y XLE, RSETIALF Ry 7YV —2RTI2EACHLPEND
L EDB TG oT.
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Figure 2-24: Relation between uplink offered load and throughput in normal scheme (Inter-RS multi-hop
scenario)
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Figure 2-25: Relation between uplink offered load and throughput in existing scheme (Inter-RS multi-hop
scenario)
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Figure 2-26: Relation between uplink offered load and throughput in proposed scheme (Inter-RS multi-hop
scenario)
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LERBELEZ. BET VIV AL, GHY 7TV 7 A v —Y0#E ASLERF MAC
Ta haLOEBERARETHY, Yo ARt ATHET IO THSL. a0 =
— v Ialb—varrHuiEEREFMoBER, ET7ALITY XALICEY) 2 —FHO
AN —Ty NEANRELSPFALDT L2 2HERT LB, Ry VT =T hAFARrY
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B3Em BEERRy N — 7B A R—F DNy RE—
EIE REEBRXY NI —ZICBFB3XX—=FI v FEF—N

AETITET, BREERXYy NV -V ORBEHRNATH. TOK, BREEHLER Y B
U= IZBWTHERE AT LAZUO B LDNNX—F I RA— NI HLER
ZODAT y F TREBEMRE Ry N -7 8K, TBEERKRy PV —27 38R, TH
BB Ry U= U0 B o0V THhRDE, FAT v T DI 6, FICERKAT v
TEUVREZAT vy I onT, BMEMRESCREFIELZED TR LK, REER
Xy T =270V EZ AT v 7L LT, TVEBFRELEON GV T VEAL LT T 7
— Y a BRI, TV r—2 a3 v LRV TY—A LRI AR—=F Ny FF—NR
RS DN P —ANFEZTRET L. REIC, BET D2V FAE—NFIEITH L,
TANXy FREHWEMERFEMERZRNTT 5.

31 REERXYy PT—7

ESDENALANVEEORBICHY, FRxRBEHOBERRX Yy N =7 BHEBE L TW5S.
INOL®EmERy U =27 F, IRV Yy VORI AT, A Wide Area Network
(WAN), #E# Metropolitan Area Network (MAN), M Local Area Network (LAN), %
#* Personal Area Network (PAN), fE#t Body Area Network (BAN) & i H /iy if s b Z &
MEZW., —h, MmERBEREZRELET L2y N —7, BHRIGERKO NNy TV HFm
SEf AR ROBWET D22y N —2%, ANy VUANDOREEbEALY THD. 5
2, E#AZ# (Circuit switching: CS) FRIC K A2 BEEZRET 2Ry VT —7, XF vy
N2 #: (Packet switching: PS) FRIC L A2 X v bR E2RMET LIy U —F %, &
BRI L 22BN H D

H—DFXy NI =7 TETOER - H@RZ2IN—FT2720DICITHEKLET A NP HME
ERDBIEDDL, BEOERE Y N AHEMESELIREEMR LY FT -7 R
ERINZ6]. 20X ARBEOEB Xy VY- ZHEICHHTRELEREO HE 2
HTRELT, A—OWMAETEEOERR Y NI =7 ~T 7 AAfER~ /LT E— K
K (E3-DREICHEZTHICHTEY, 2o HBICIE U TRl 2 B x>
N — 2 ZFHT DI ERAREER S TS,

COXDRREREERR Y PV =27 TIE, AT 28Ry PV =27 280 F 225N
— F BN KA —/N (Vertical handover) E FES LB N EHEH L 70 5. N—F v v
KA —=NE, ZOFEITNITORRICE>TLUTO2@BYICHETE S,
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3 LR > T — 7 2B A R—F Ny R —

O BA v B4 —,% (Urgent handover): FIAHF OEHE R v b =T DB N L v ¥
WM ET A2 LI LY, MR OmE Xy N U — 2 OERE Y 27 OIS TS
nNo, bLEERCYWSNAEA (H3-20)358)

@ FEL N~ K4 —/% (Non-urgent handover): FIHHF OMEHE R~ N T — 7 © H X
Ly VATHY, TOEFFHEEMETEL2b00, 77V r—3a ra—Ho
BHRICLY, IV IVWERXy bV -7 ~0@ 0 Ex2ERINHE (X3 -
2(b)Z )

ANV A —=NIZEALTIE, TELORTRSERDIERX Y N =27~ —F P
NN RE=—REZFE T LRk, ZnUAORRETRY. —JF, FRL
N RF—=NIZELTHE, UFTO=Z2D0D7 2 —XERTR_R—=F )Ly RAE— "5
i S A% .

(1) BR?28BB Xy NI -7 OFRT7 =2 — R
Q) EHmEEREX Y NPT -7 OERT7 =2 —X
(3) e EHRRr Yy T =20 27 2—X

B 3-31%, X"—=F AN RE—ABIToNL2582Z0 LD THY, Bi)in
X(M%MnMeMmi%@%ﬂ4wWWMXK%%LTW5%@&¢6.E34@
ADHNETMNEIZEBENRTSEICIV ) 782 PH L, BACHOER L v K
U—7(ﬁmfiﬁw7wmﬂ—%wwAyPﬁ~ﬂ%£mﬁé i LR O
ANV RF—NcY s, — 0, BB LANZ U TICASK3-3OBOMBEIZELT
TV TATHY, T owrT V7B 0Biasn2R T2y, LarLl, flx Xk

W Fi) oo <2OX

@ @ ZigBee”

lte ‘“m WTngqx [

o 5 /
@ Multi-mode terminal

3-1 w/VFE— FNigR

Figure 3-1: Multi-mode terminal that supports several wireless networks
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LAN ICHI D B2 2 0 Z2HW+ 25 (72— X(2)). I LAN ~H 0 B2 5 & L L
e f, EBEIZHER LAN v bv»—ﬁf\@/\~%w/w\‘/bi—/\%%ﬁ@ﬁ“éwi
—2X(3)). KETIIQOHBAN—FHIANLY FA—NTESEZY T, Hlc7x—X

(DEGITOPWTEBAFFIEORE MRS D2RELIT .

32 REERXY PV —TBRE

— AT, MNIZARNy T VBB O, HEEHIBIE R S EEE OGS WERFIH
Tohb. R /G (Base station: BS)X° 7 7 & A AR A » b (Access p01nt' AP)IZ Rt D
RETIE, RI3I-1TERTIOCHBEBRERRETL THLEZFERIZI WV L DI
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3 -1 MR LAN &7 OFRIEE GPS O T1[24][25]
Table 3-1: Power consumption in each state of Wireless LAN and cellular systems and GPS [24][25]

(mW)
Power consumption

Wireless LAN: Idle (PSM ON) 4144
Wireless LAN: Send/Receive 1086.4
Wireless LAN: Not connected 1015.1
Cellular: Idle 274
Cellular: Send/Receive (voice) 1063.8

GPS: Acquisition mode (fully active) 69

L OBNDNVHEE SN TLE I [24][25]72 0, &u¢f@m ALV HE T x— R %
&1A7~ﬁ7%b<ixj~7%~habf%% WX A4 I 7 CclEEL TX
v T —27 BSRAP)ZHERT L ENEELERD. 2B, BT VAT ARLER
LAN @ Power Saving Mode (PSM)IZ B 1T 5 IR ZEHiF72 L, % THOHEEEN
ZIHE T AMEMAEH LN, ZHOHEBSRAPICHBKL THO THETILOTH
D, BSRAP I REHROKETIEIHMELEAE WX TELNL W, 22 TlE, B
TITRFE SN D EH WAN | &m¢u,mﬁNMN%ﬁﬁLAN%iUﬁNVyV®ﬁ
W Ry N - ERBRT DL L EEZD.

3.2.1 fEkFik

HLEARMZ FEE, EME CER MAN CER LANO#EfE A V¥ 72— A& L
LAYy NIV BRETHHL0OTHLN, AOEEBMBIZIHEE D OB KICER
v, —FKF T, EWEBHBERTIEIXYy NIV —ZRBENRENDZ LI DEWVS L —F
T T NHFEIETDH. T T, Lee HITER WAN (BLI)H)E E|B LAN ODEEA V¥ 7 =
— A% H T 5 MN % %t 412, Power-efficient Communication Protocol (PCP)%Z £ L 7=
[26]. PCP Tl&, M LAN A VX 7 = — R T @EIET 7T 4 7 L%, MN % DO RKE
BEOT—F (ETFFE)VREBEALTOEBF Ry MU — 7 {2 E (Radio network
controller: RNO)IZEIZE §T 5 &, RNCHABSRETEALTOX—Y T F vy Xz H0
T MN DOHEMR LAN A ¥ 7 = — A& EE L, MN I LANAP O % — F % Fjii S &
EL@mﬂ%&ﬁﬁmewmﬁxmquNwﬁﬁme%y%U~&_ﬁmﬁé&,
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WET —HIERNC L EHR LAN VAT A~EDHIL, E\H LANKEH T MN ~F 7~
m~bén6.umLﬁﬁﬁuw4/&7I~x%%77747kbfméﬁf
HEBEHICENRD. LL, EEH LANAP — F OFE R, Bife 7 HE /2 HE 4 LAN AP 28
FBHICRON SR WEAE, BHRLANA V¥ 72— A 2HERT 7T 471275 C
LB, MM LANAP VY —FICE LB AN ERKIC/ARD., S5, BT v R
TAEmEBE LAN VAT AEZEICHEEIELILERNOL E BT, EALVT VAT AN
#EE (RNC,BS YD 7V mn /7 I 02 EHLARTIE RV, BT HEHR L EH LAN
%%%ﬁﬁ@éﬁA COXOREREHLOET NN — NV ITEL, £, LT TR
TLADODEBEBOERICIIRE2HELZMLEI LD, EBHITHE LV WVWE D,

F72, MIRAI 7 — %7 7 F ¥ [27]Clix, VY—RY—=NEMEENDIXY NT—F KN
DY —NPHEEHRR Y NV —=27 DA NV y Ve MNOEFHRZREL, Y%FRE
JEIZ MIRAT H— N EREE N D0 O H — 328 MN ~® )L T HE TNV RA—NfER%Z
HT Z&T, RERELEZTERLANOBEBREA VX 7 —RAZE&8HT 52 &N AHE
5. [AEEIZ, Ylianttila 1%, EEHR LAN I AL v DE#HR E MNONMEFEHREZ v b
TJ—27 L0V —A"ABNREL, TOALERICESWVER—=F DAY R — "% LT
%5, GPS R—Z DN BRNN—F B> RAE—RNFIEELE L L 72[28]. MN 1T 1E
TN TAUE T2 —ADOHEREH L TWDHEN, h— 3 MNIZ LD HEHR LAN= Y 7
~DHEANERA LD, BEALVT VAT ARBCTER LANA VX 7 = — A% EHT 5
LD ThHDH. & HIZ, Kutscher b ik, FHEOFEHRICI z, FIHATEY — X% #
MW, 7r—FRXx ¥y A RZEoT, LI MNMLDOEXRIZE > T MNIZEAE I,
VHBERICESODTMNRBARN—=F AN RE—NEEETH2HEEAEZREL TS
[29]. EHWEMAFHEIZEWTS, AT 4 7 IEMFED HO ¥ A — h 3 %5 IEEES02.21 IZ 8
v T, Information Service (IS) & WO R D 7 7' v — F K E S L7 [30]. & 512, 3GPP
2B W TS, Evolved Packet System (EPS)~ @ [A] £k @ B3R 23 %K & & 172 [31].

Lo L7ans, B — NS 58 LAN 1N Ly DIFHRIT, §l 2 XA LAN
AP@%%%W@WE¥ﬁUW%ﬁAVyV&T5ﬁE BB b DO TH DN, FEE
RBIZBT2EBEOROVFIX, EWEOHFORKEIZL s TRKEL RRLD., Lo T, #
%mwAVyViU7fmﬁw®L,#—Ak£éﬁﬁ&ﬁﬁum4/&7x—x
EENBEYVEINIENLND D, o, BHE LANAP OXE, MIERIRS THDHZ &
MmH, =N EOB AN Ly VHEROEFHENERNE, Ao ER XY NT =280
BZHEAENL, BRI RELIATAH VAT o—AREB NI TR ERY, A
VET 2 —AEE NV TR o RERER Y N =T BEONL RN, R 0OR
ALYy NT— I HRBEORBMPE X2 0 ELH D .
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* BS-1D, Signal quality (RSSI, etc.)
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3-4 =2V T vy P — N SAMS)Z HWTe X —=F b RF—
Figure 3-4: Vertical handover using Service Area Map Server (SAMS)

322 IRV UIERBIER U BEER Ry bU— 7R

32 k0, BFEERR Y VY- RBICHEDIEREFHEFILULTFTO —oTHDH EWVZ
D

(R1) BHEEIEROBEA L X T =2 —AEFABICT 75 ¢« 7412 LAV

(R2) fo7mlfGA v 2 7 =— XA BB MY HICTED2REERR Y PV — 27 REEK
Bw Pl b9

FIT, EFIL, WMEREFHEMECTRERBER X Y PV - VBB FEZREL T
%[32][33]. METFEEF 2O FENPLRD. —D2BE IV y VEROEBNIER TH
D, COHIFIMNOIEMR LANA > ¥ 72— A2 RETDH Y TICETDLTFIETHD.
AKFEETIE, XYy PV =27 BT —A_"Y—b 22U 7T~ v 7FH% —,3 (Service Area Map
Server: SAMS)Z i A L, SAMS Z I W2 R RN —=F ANV RE =N RET 5
(4 3 -4).

3.2.2.1 ALy PR OBAERL

TR G R2)Z N 2T R, RARFETE, MNQLL, [HEKRS 27 AFER], BS/AP
ik Bl -, FE IS W (R W 78 (Received signal strength Indicator: RSSI)%%), i & {F # |
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M5 —bE 2 7iE#H A SAMS ~%E1ET 252 & T, SAMSIC TEIWRICEILES
Ny UEREEET D, =2 U T7HERIEIE, #lZETUTTHD (0T, &
AT LfER], MAC 7 KL A, SSID, RSSI, JAMEE N> K, A, BE, &)

Wi-Fi, 12:34:56:ab:cd, WasedaUni, -91, 2442, 35.706, 139.707, 15.2

IHhALY—E 2 U TIHERIZENHICMN LN ET S LARETH DA, — o
DRENR&H D . — DT EHD SAMS ~EHF L, SAMSOLHAMMPEmEDL & ThD.
L) ODHEIIMNOWEENTHL., -2 Y TIHEHREZINET SI121X, GPS
Ly — N2 EBHT L2 L THNEFRERGTLILERD 508, EHMRRAILZED
NENDEWMET LI LD,

70, M3-5(3M4DIZrTLoe, =PI —FITEMBYIC—FKIZHEELTVD
RTIE RN, F—IFUVREEEHTITIHLLITER ) 2 —FEN RS, —F
AT YU THEROTHINEHELZK T &, 2—FEPHIHITDL RV U T OFHM
EFEOLRLRY, HICEHNEHEZ LF2 L ERLEZFEHOEENRKE s TL
EJ

T, MEFPETHE, YAV THEREZNESTDI NI TELTUTO 250D
a7,

ZMHO: SAMS PINEXN RV T H2BEL, YU THD MNOAHENHT —E R

[55381 {250m) Myl 1 )

43 -5 HAH KI5 1T 5 B A [ o H B 43 A [34]
Figure 3-5: Geographical distribution of population in the daytime [34]
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H3E ORMEELRRY NT—ZIZBIFANR—F DN RE—
T U TIHERENET D

Q@ B LR DIER AT LAOERERNFTECHREOLAEDOALY —E AT
U7 IEHENEST D

FMHEOIE, SAMS TR Ly VIEREBEEST L0+ 0 -2 ) TIFEREZIL
HETETCWVWARWVWT Y T & SAMS 2AHiH L, émi)7T®&MNﬁﬁ%t2IU7%
WENESEDZ O THD., Z22C, T2V 7] THEE - - REFHR R T, f
2ﬁﬂ%i97%wNVyVK€&;5ﬁk»7BS@ﬁ%%»mmmf%;w.

FMH@1F, MR LANZOREER Ay N — 27 OFHRITEGELE O BRSO
HOERE, BT HEOIRIEER R Yy P — 7 OFERITEREHE DL LB FTO &

DIFHEZ, TNEFRNET DL, FEHR Y VU =7 OFRMEZ A2 LG HRIEIC
IOV Y TIHBRIERODFEILZR D LD THD. FHOIZTER S I DGR ULLE & P
ORI &K 3-6I12x7F. ¥ 3-6TiL, M LAN & E /31 /L WiMAX (2B L Tk, RSSI
DM Th2 L LB EOHRY — 2 ) TIFHREZNEL, AT IO Tk, RSSI
DM Th1 LT OGEDOH, Y—E 2 U TIHEREZNET LS EL TS,

4 3-712, KFEIZBT S5 MN OBEZE 2 7r9 . MN (X, SAMS 7 b HIE 1§ #
(Measurement information)Z = T 5. Z O EFE HRIZIE, SHOICHE T D IEXT R
T THEHRE, FUEQIZHETLOINEFRERE®RLP LI N TWD . KHEIFHRIE
7 v — K%y A (Multimedia broadcast/multicast service: MBMS) THE.f§ &1L 5 Z &
WAFE LW, MNIE#EGi%E BSID itk L, £AEOICKYTHIE, ROLE~E D

Y] é @
Cellular
WLAN

These areas are requ1red to be reported. mobile WiMAX

Signal strength

b == - o
LS R I

WLAN Cellular mobile WiMAX

B 3-6 MR AT LT L OERIESME
Figure 3-6: Reporting trigger that differs according to target systems
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Figure 3-7: Operation in MN
FHEOQIZEY LW AE, BRSICLVERLE BSID NEDLDLETHE Lan. &
HOILEYTH5BSICERLTWDLIGA, EFME RSSIE)Z2HRT 5. F50HE
MEHFQIZHEYE L TWVWDIELAIE, GPSEZEHTLHHEL THAMLEZITY, —ERXZ Y
7 &2 SAMS ~%X{ET 5.

3222 IRV o VHEREAVWEX Yy PU— TR

eV T, ATEI THE LZ SAMS TO I ALy ViFHREZHWEX Yy MUY — 7 REFIE
IZOW Tl _D., KRFEEE, 3.2 TRRXZEELF FERBEOQVE LS. BFHIT—
DBEEA 2 72— (FZIZTEALI)VOLBE LT, oA %7 =2—RFIET
TATICTHI LT, 3220 EOBEREHERDZMAZT EIOICT D, KRFIEOWLHE
ONEXK3-8IZ-d. =2—HFICLHrEERELVIAS U F 72— XA %FHL T
EhbHE, MNIZMEFEHREEALEFANHA LTI IBEEI AT L (W3-80 HEAEEILT)
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%HMLt&iU%&mmm 5. 8 ) B E LT SAMS L, N Ly UIEH
TR L, CHAFRERBEE AT ANENLTF =y 73T 5. 10K H A HE R @
15‘/?<7*A75>E§>5i}§'7/a\, FIHAHEET 72 A A7 AU A K (Available access system
listye, L CMN ~@M3%5.XK3-8 T, FIARMEY AT A LL TERLAN®D D,
=W ELIEFAT 7V BNER LAN ~OU VB2 2LE08 A6 1F, BHR LANA VX 7
== A&ENDL B CER LAN AP ~#fit L, *v F U — 7@@ X EERET 5.

3223 IRV v VIEREFAVWERX Yy P —FIBRV AT L2OEMESLE 7 4 — v FEkf

RFEL Windows XP 2 OS &5 PCICHEMEL, fHE2FFMA2 EMm L /-, AFEiE
EOFEMTIZ, BIE AT LELTEALT LEBILANZFMBLEZ. RIELEZ AT
LHEREZX 3 -9 277,

MN O #REIX / — h PC RlcE®ELS~-. /—hPCIZIX, PCH— K& A 7D GPS %
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Figure 3-8: Interface activation trigger using coverage area information
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Power consumption

Windows XP SP.2
PentiumM 1.6GHz

IEEE802.11b/g (Built into the PC)

IEEE802.11a/b/g/n (AirPcap; PCMCIA)

CDMA2000 1xEV-DO compliant

3 AR > T — 2B A3 —F By RE—
# 3 -2 AELIZMN DT
Table 3-2: Specification of prototyped MN
Laptop PC OS:
CPU:
Mem: 1.0GB
WLANI1
WLAN2
(WLAN signal measurement)
GPS receiver Compact Flash GPS Receiver
Cellular system
fEH, USBRHEB CHEREINTLELTHWAE, B LAN ORF %

AirPcap[35] & AirPcap 23 E1 < PC 7 — K ¥ A4 7 O L LAN,
ot & R 3

LAN 23> > TW 5.
L 7.

HIEC AT 22 HWT, M 3-10()IC R T BREIC TR AR EREZIT - 72,
AEFECOgBGa Ly 7 ) — O 7 0 A LD | BEOEBICER

FHEETH Y,

LANAP N 1 AXELTH DH.

2R,

mk,

XY 7 F T 5
WEHOE L N R
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LRSS THEEERRLILEZA,5050Y — 2 U T IHF#wN SAMS ITILE S L7z . SAMS
TN ESINTZT —F %K 3-100)IC7-7. X 3-10b)Tix, HH LAN OIFH %2 = A4
BT, LI OEHREZOLETRLTNS., 322110 LAEXHC, BETFEICE
WCIE, B LAN O #IE RSSI AT EMME L o6, ®v 7 O @I T & B8 2L
TOHBAEDOH, TNETNNENR LD, K3-100)TIEELT DEFEHRN 150
HEigolc. DFEVD, TOMOHZHTIE+RMEOELV T HENEBTE DI &%
BEHRLTWD., ik, =2 U 7HEHRONERK LITBIT D FEEOER LAN 7
Ny P U7, M3-10b)> lArea-Al & LT3 U7 ThHDH, GPS HALA
ZOEBTHUMEREBIBESET>TVWDLZ ERDND.

FWT, MMLANA VX 72— A%H T 77 47 LERETHRKEZ 51T L,
SAMS Z W/l y N = REBEOFERLZFEM L. 2 T7ERAITL, 2055 6H,
[ 3-10(b)?D lArea-A] ICTHEMLAN A VX 7= — 22 EHTLH LK LE. 6
Bl 5 6o 1 [EEL, Windows XP O LANRER T 7V r—va VI2T, x4
FLANAP ZH AL CTE o lolc®, HEH LAN AP TR LZb DD, D 5
B ML LAN AP ~OEH bR L. 7O S5 1 EIX, X 3-100b)D [Area-B]
DT CTHEHR LANA VX 72— A2 B LT LE-7. ZORKEIE, [lArea-BJ (&
TR L7ZBEORALREZIZ LV, TArea-A] fFiTICW 5D X 9 @M A SAMS 272 S L
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i / / >~ AGood
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Figure 3-10: Experimental environment and result
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b Tho .

3.2.2.4 8% & J)EAm

AKETIE, I, BETFEZHWVWES @MNODZ\/I\U JRBEICIRDHEE
HIZOWTHWMEITS. £, ks, BEFTOLTEWMHICELS LAN A > X% 7 <
—ZA&EMNbBL RS, Axyx T 5 F VAT OoONTHEONT 5.

£, WAV UHEROBAIMEMRICHR D THEE T PWerop rerld,

P WPROP_RPT =P WREG_RPT * Rics (3'1)

ERT LN TEDL. 22T, PWrgrer WEMMWICT —E A= U TIEHE SAMS ~i%
BI2550HMFMY7-0OHEEENTHY, BT H5XB-2)TERES. £, R
X A LAN ZHORIBER Xy VY- OMEPBRERGFTOEMMORGFERETH
L. ZAiE, 32201°C MEM LANEORBER X v N T — 27 OFHRITEE HE OB LT

REHMOAPET L] L LENERXMFQIIETLILOTHDL. B IHRZINET D
B, ResD RO VI Rges WS

PWeie rer = (PWeps * Tops w + PWacr™ Tu) * 1/Crer (3-2)

T, ENRNTA—HXDOERE, AHTHET LI ANTA—XEER3I-3IZRT.
PWeps *Tops wld — B2 U THERINE 1B K720 O GPSHMICET L2HEE I THY,
PWier*Tyld, WE LY — RV THEROT v 7r— R 1EBE-0DOHEEITH
5. Crerld, WHEMWEZRT.

WIZ, BEFOX Yy NIV RBICETIHEHEENEZFET DI, BEFOARTEHYM
Lf%AN4/&7I%X%L%LT A¥x vy T BT U AT B T D HEAL R Y
7L: D @ {% E’ %jj PWBSC_DIS i, MT@J: 9 Lé%‘?—; EZ))—C% }Z)

PWBSC_D[S = NCH * Twait * PWWLAN * Z/CWLAN (3_3)

2T, Ny * T *PWyanlZ, 2F ¥ XV EAX Yy U T H5DICHE LM EE N THY,
CowlZI A F v VIR Z R . A% v SICET HRMIT, 21X 0.105 [s]Tod 5 [36].
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Table 3-3: Definition and value of parameters in use

Parameter Definition Value

PWgps [mW] Consumed Power in GPS acquisition mode 69 [25]

Tops w [sec] Duration for which a GPS receiver keeps scanning GPS | 34 [25]
signals from satellites in the warm start mode

Teps 1 [sec] Duration for which a GPS receiver keeps scanning GPS | 5[25]
signals from satellites in the hot start mode

PWycr [mW] Consumed power for the network I/F during Tx/Rx 1063.75 (Cellular) [24]

1086.43 (Wireless LAN) [24]

Tur [sec] Duration for transmitting the information to the SAMS 0.002"

Tpy [sec] Duration for receiving the available access system list 0.0024
from the SAMS

Crer [sec] Periodic reporting cycle 1800

Rics [%] Ratio of the area, where a limited coverage system is 107
provided and the radio quality is good, to the whole area

Rpes  [%0] Ratio of the area, where a broad coverage system is 10
provided and the radio quality is bad, to the whole area

Ncy number of WLAN channels to be scanned 28™

Toair[seC] passive scan wait time 0.105 [36]

PWyray [mW] Power consumption during the WLAN AP discovery 1015.06[24]
phase

Cyrav|[sec] WLAN passive scanning cycle 30 [36]

Civo [sec] The cycle of the inquiry to the SAMS 30

*1: On sending a 122 Byte packet, which was used as one report message in the prototype system, over 500

Kbit/s wireless link
*2: On sending a 153 [Byte] packet, which is used as one list message in the prototype system, over 500
Kbit/s wireless link

*3: The value is calculated from the following assumption: the initial plan of the WiMAX service in Japan
was to cover about 20.5 % of the population by the end of 2009, and the area in which the radio quality is

good is assumed to be 49 % (area inside 70 % of radius from the center of a cell is good) of the total

coverage.

*4: In the case of IEEE802.11a/b/g combo NIC [36]
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—J, MEFECLBITL2Ry NV -7 BRICET HHMKEM SN2 OHEE
PWprop pis 1%,

PWerop pis = (PWaps * Taps 1 + PWacr™ (Tpr + Tur)) * 1/Civg (3-4)

ERTILENTES. BEFIETIT, 32221 BDO X HIC, MNIINEIE R & AL
FIALTWSBEY AT A EMM LY =V % SAMS ~%1 L, SAMS » & F| A A 4E
T BAVAT AT A NEZET DD, PWers*Topsu DU BT ZHEE %2, PWacer
F T+ Ty)N 7 TV EELRBARTY 7 ERAL AT LAY R NSEICETLIEEEN %
RLTWD. £, Cpld 7 =V EHHEBETHY, RFEMTIE Couw & W THEZ v 5
LDOETDH.

EFRAETIZ, MNO Ry N —JRRIZHEDI 1 HOHEENDEZHET 5.

WHEFOFAER KB ENIE, BAROGKREPEREFZH TS X — v b
~NT 7B AT HKMIE 108.22 43/ (B FF4HE:91.7 &3, K F5HE:124453)ThH 5.
Z T, ARFMTIE, =2—F X1 H 10822 7 MN THELZITH> Z L2 MBET 5.
B, WE—FIIEROICMNZRHHAT 22 ERnZ0N, fHEOLD, T2 TlEHE
L T108.22 W MNZHWL LD LT 5.

BESTOLEMHICER LANA VX 72— A5 VHh5 EFFTCAXYy L3352 F U 4
BT HEEE PWBSC Toal VX

PWasc 1o = PWasc pis * (108.22 * 60) | 3600
= 179.42[mWh] (3-5)
Eb. —h, REFEZHVESEOWHEET PWeor roal

PWerop torar = PWerop rer * (1440 - 108.22) * 60) | 3600 + PWprop pis * (108.22 * 60) / 3600

= 23.92 [mWh] (3-6)

72V, PWpsc raatZ FEN T 85% LA E D BB HHIBIC OB LD LB D,

323 IR WAN OZEEZHREOEEN ZIEH L REER L v U — 7 R

322 CHELEFIEFI, MN E YT <y 77— X SAMS B L TR 72 N —
FHNNY RE—REEETDE2HLD0THLE. Z<DOMNNPLHESNDI DAL v PIF
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WMOEEGMEMN VDL Z LT, TRV EETDEFILLERLANANV FA - 2RHOED LI
mAHEMMPBEINDGDN, Y—R"EZHEELRTHLERLRNEWVWIT AU v ERHD.

ARETIE, BT 06 EHE LAN ~O N R — N EZFiEI2, MN N TER T 5 %
VFUH7%$$@%%??5 AIERERTIEE, BRLANDODZLIBNENEZ Y —E R
TYTELTWDZEICERL, BT OBEREOEH NX - 28T 252 LT
MN@EW“\@&J\%?E(EUL WH LANODHEEA V¥ 77— A2 REHT 2D ThH D
[38]. EfAMyICiX, B/ T & O Received Signal Strength (RSS)fE D A&y 2 Bl L, —

Qutdoor Indoor

I‘l1.3dBm i
W @i

0
2007/02/26 173327

0
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-30
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X 3-11 &7 4 A A~HEALEZEO R /LT ERERE DL

Figure 3-11: Fluctuation in RSS of cellular system when movement into an office building
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Figure 3-12: Fluctuation in RSS of cellular system when movement into an apartment
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ERER T, NI~ EBRSS B BIAKR, TO®HKM T,OM RSS NEDLIALKIT D &,
BN~OMEANE B L TER LANRRZHET 2. —RHHRELIARLZIT TR,
ZOBROEBMEBUT HDE, 72—V 7 HICLD —HHREBERBEOE LIAARIC
LB EEZIET 27D THL. BANDL, A7 4 ALV EKEOELSEEOH ~HE A
L7ZBED RSS DE#BH DO+ %, ZhEnK3-11, M3-12Zx7. £7, K3-13
WCRTREAZ 19 DRBRESITLEZEZ A, T, NIC—TE & RSS BN HIAATLRKIL 33
Bl THoD, TO%, T,OM RSS REDLALKITLOEF2HET THo7T. 0D
ENL, RFHEE, 72—V HICLD KRR BEBEREICE AR NTHDL L
Wy nD., REEFIET, E#RLTVWLIER AT LAOWBBEREOLH 2B+ 2 &
WO THDHIED, 2y hT—27 ~OBMEMHD MN ~OF /T N4 AL MELE
LW D R LT, $EHERT AL ALK LI2EBNLARETH DM, #HEH OR
ERENA NV WIMAX GRS TR VT LT BB Ery N -7 OBRBNINYETH
L7 EORMBERIE > T WD,

33 EEERX Yy VU — 78R

BEEMSR Ry NV BRT7 2 — X 2T, BIfEERTPO XYy U — 7 AT H 21
1 DU EOEHR Ry N =2 2R A LEELGAEIE, Oy N = 2T XE 0%
RETIHVLENDD. RLEARANLZLOIEIRSSEZHWEZELOTHY, [39]TIix, #lx
X7 CEEPRIC, MEH LAN © RSSEA — ERER 720 @MU L8 Sz b i

4 3 -13 BATHERE
Figure 3-13: Walking path with 3D buildings (from “Google earth”)
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W3E RBFEEERY NT— 228 ANN—F BN RF—N
BLAN ~OU 0 Bz 2ET T 5L LTS,

L LR, BRsBRxy N —7MOME%Z RSSOATHET HOFT#HL W
72 %, Quality of Service (QoS)Z B EIZWVWN T HEZ DEER SN TWVD
[40][41][42][43][44]. [40)1 T FETHF O T 7V r— a3 Vi U THxiE 7L QoS (AN —7
v NROBIEREM, N7y brZXF)2HONLI2EHELX Y N =7 ~08 0 B2 %K
T 5. EH 51X, IEEE802.21 O A ZFMH L TEZMAHIEHZ T 52 & T, QoS /T
DHEDHNY RE—RNEHFAT 2RELITo[41]. £7-, HEE L T QoS &, ¥
iEAEL L TAL—T y PROBIERM 2 EOE AR AN v 7 24 THEO THEREY
Mri£ (Analytic Hierarchy Process: AHP) Cig il 72 M x v N U — 7 & 3 5 F15[42]
bIMEINTWVD. EHIL, = FNRAT U 2EZZELLEREM43]°, QoS #H LN
by P =N AEZRKRIELTD2EDICEI~ a7 kEi@miE (SMDP)TE T L1k
L, Q-learning 7 VTV XA ZHWTARY YERET D HIELRE I N TV S [44].

Xy PV =7 BR7 2= A TERIEKZ<OMEI2INTEY ERITIFTAD—
HMTHLHN, QSRR L, Xy NI —=ZFHHIE, XTIV TV NIEDHRNDL
MaRgbBELE LIV EL XA L —FEKFETHY, —BIZRDODLNDLH DO TIE
Ry, BEAROE, BT OVER (Y NV OBEEHNRLONZ W, WIS
y R 7y PRBIEY v 2 FHORBERITHFCIDHZHNT, EZ2FETHEHHGIT, @@L
Xy P = BRBIRTEDINEVHIZ L THDLLEEZLND.

3.4 REBEBRRXY PT—J7HI0EZ

AT, BEEH R Y NV — VR T 2 — X, BEEH R Y FU — 7 BIR 7 = —
R T, EFBRICERRX Y VT =27 280 BEX5BICHWSHEFFICOWTRRS.,

341 PEkRFIE

HREER Ry NI BT 2BHERE XY N =27 LA VY CHEBATLIHEHIFD
N—R LD DI, 3-1412/~x 79 IETF THE %1k & 417 Mobile IP[45] T & D, MN 23
IP7 RLAEFEDOERZX Yy NI NOBEEHRY —NICEMNT HHELZHET
. BMAMIZIEMNSEDO T — X TR — Nl —F 4 v 7 &, Yy —"nYzx%s
— X & IPH7EAILLTMN~EXTDHZET, MNABEH L THL T — & B &#EM 4R
k42D THDH. —F, Proxy MIP [46][47] (X 3 - 15)iF, MN TiE< xy b U —
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3w RAEERR Y NU—ZICBIT L= F ANy R =

7 DRHIDO T T 47 4 (Mobile Access Gateway: MAG) & B @) & B 4 — /N (Local
Mobility Anchor: LMA)M T IP h > XV %285 2 & T, MN AP EBEEHEREL A L
TWARALSTHRMERX Yy N =27 TORyva vk aAREICTS2 %2y hT—27 X
—A2O7 v harThbd. MNABH L THRELCIPT FL A% LMA 2B [F MN ~# 0
MCTHZH, MNOB&ENT EML A YIRS Z Eichb.

HA: Home Agent

Internet

Home
domain

Mobile WiMAX
!
Mobile WiMAX BS

~I~ Cellular BS

3-14 E/3A )L IP (Co-located X7 F L A DHHE)

Figure 3-14: Mobile IP (in the case of co-located care-of-address)

LMA: Local Mobility Anchor
IP connectivity MAG: Mobile Access Gateway

Internet

PMIP
domain

(trusted)
Mobile WiMAX

T (e
Mobile WIMAX BS ﬁ

Cellular BS

Cellular zone

B 3-15 FuF T E/NA )L IP
Figure 3-15: Proxy Mobile IP
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New = i Previous

primary path - primary path

i
1

)
mobile WIMAX BSﬁ "l' Cellular BS

| Mobile WIMAX zone | X

X 3-16 /31 /L SCTP
Figure 3-16: mobile SCTP

AU IETFICB T, FTF UV AKR—FL A Y TOFMbBbINTEY, #lx1XHE
BoOT FLvRAZ2T Y vro—3 g VICEHEMNITLZETBEEMZEB T 25 Mobile
Stream Control Transmission Protocol (mSCTP) [48]F NIER I N TV D (K 3-16). =
nNix, vV F2RMNY) —LAELZETHSCTPOYLVFA—I v 7HELZFHHALE-BE)
EHFETH S.

Ebi, 77V 5=y a vy bAYTORRELT, “AVFAT 4Ty a ol
I FFH S 4L %5 Session Initiation Protocol (SIP) [49]ZFIH L TARX—F B v K4 —
NERT 2R LT TE Y [50], E£HF b IETF IZ TRZE % 1T » 12 [51][52].

Flh, ZLOMREBILT, "N RA—RNRFONRTFy brRXAEFELLEY, NV A
—NIZEKRT LI —E2MEZES LEY T 2R IToA TS, #flxiX, ~v N
— NETHITIMNEDORT y hEANVYRT—=NFGIOT7T 7 8ALV—FIZEREL, N R
F—NETHICMN AR ET L2 TRy br A2 ETHMSBRETHDL. F
7, EEL, RN A FAE—RNRBHMEZEEFEMRFICEDL LT, " RE—21"HD
Ny bR AT ED TCP AN —"7y METZME T2 FiEEZBRF L 72 [54].

T, BEERRy DU BRETIE, EBRXy MY =7 BB EEESHEE
BERMNARKRESELRD ] 20, A—EERy NU—T LDOREREWERD.

BBy NI — I o RER Yy NT— T ~DRX—F )by KA — N fil 2 (3%

FMMLANMNNS BV T ADNN—=F )Ny RE—=NIZBWTIX, 58 xrxy hU—27 TOD
ElL—bFh 7o —0NHEKERYy bU — 7 ~FEIVIA F, ‘:f:‘ff&%?\/}‘?b— 72 It &
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H3E BB Y NU— 2B A N=F AN RE—

LTWhEa—FVoEEREZRELI LI ETELZLIRIBNANDDL. TOROEHR
X, TCPEDI VTNV EA LT —ZX LT, R=F Ay FAE—=NEZEET D

MNDF — X 2B %2 CTHEELBEERL— MNCHBE T2 FiEezERLE[55]. K3-17

EZOMEZHFHLEZLDOTHY, X—=F AN FE—R"EZEf+ 25 MNIZx® v b
U—7 NOWE Ty hEERRRITHZ NX—F DN RE =D BS ~@H L,
BS A7y hELEHHFNOARNy 77 K& EDPDLHUE MNSE D /N7 v FEERE

HEL, R=F AN T —=ARNBICELNTL DN Yy NEREET LI LEOTH H.
T, V7 Vv¥ A4 A7 v —%%X%RIZ TCP-Friendly Rate Control (TFRC)% #/ L, BS

DMNIZRbD>sT 74— Ay I REZEEHICENT S22 L THERL V— b &l
T2 FIEDOKRF B AT o 72 [56].

o FE B3I, N RA—RNEEOXry bo A EEESLEZY, NV
RA =Nk 2BEWHZ2ELS LEV T2 ENRNTEDD, 22—V RN Web 7 7 7 Y
VIRT s ANEBEES—ERXREZF AP TENIEL, N RE—RNROEBITITEALERL
mhHEExDLH. LrL, 2—¥RNET AL Voice over IP (VolIP), B 7 A &E i % O
UTNVE AL L BREEPERLTCVWDE, 772 L—F ICEBEN, TR EEN
THEET L2y NITEWRELS b7, 22— 27 ARz U2 FKTFT 5.

—J, HHTLZFX Yy VU= VY —2BEIEIL5LOD, VT LA LEEFON
Y RA=NRICHEI IR ONRANAL Ty AN (YT by RAE—=20OFETH D [57][58][59]
[60]. MN (X N> RA— " RIS PEFE—O P N7 v h&, N2 KA — \qFitk O

Notification of amount of
flying data and max RTT

_

EN: Existing Node

) Cellular z¢ne

X 3-17 BERERiu K2 BB LTI/ N—F b~ R A — Nl

Figure 3-17: Vertical handover management considering existing nodes
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H3E BB Y NU— 2B A NN—F AN RE—

Xy MU= b ZENRENZET LS. Xy hoERIT, BEHFHRALALS— MU x
A, T2 ANV—FETEEEND. MNIEZ, "o RA—RDOE, —FHFDOFxvy hU —
IMHLDONRTy BB ALTYH, MMFOXy NI =060 Ty Fa%g TEiE
MN EToOXRYT y FEREIEAEET, LML TEHELEAAZ Yy FTiEZ2W0WEYD,
VT NVEALELHERETEDL. N RET—R"BRETTHE, Xy hOEBNRKT L,
HWHEOBEICRS

TOEIT, RAF X ARNFEE, VIAVEAS 2EBERFTHoTH, Ny MEK
BRSO N RA— NBIREFFMEMHICEHS. LrL2BnL, AC@ o IP X7
y PREABIRBO N P A= NBRFRENEE ol y U =27 LV TORE
Thsn. ZZT, 30IC#HL, KHOHFLEL L TWLIHEBENY RET—RNDERY
BT 5.

“O© #man> pg—n (Non-urgent handover): FI/HH DR F >~ p 7 —
DN TN THo T, 77— gx—F0EmMICLE Y, L
DLWBERE >y NI =2 ~DG Y EFxFERSIISHE

AEHICITRBEER R Yy N -2 2%F L L TEY, EBRIANV A=, 2 F
=R ENLT BIAEIGTETAHELTWDLIE, LovEmdETHs VI BT
AR LAN ~OU W B2 220 A5 CEEND. 2, BHRLANIZU Y EX LD
tTﬁﬁﬁ%Eé&é_k%%ﬁbf®_&ﬁ%b

— 5, EBROARAL Fx A FFETHLNLIOE R Y PT =7 LRLTOY— AL A
BB xTcbhbsrizd, Bl —% 2 3G T 200 Kbit/s, 5 frame/s ® 5 4 % fHE L
TW2H T, MK LAN ~8) 0 & %2 CT%H, 200Kbit/s, 5 frame/s ® BT 4 Nk S L b
i ThDH., Wiz, 22—V NEE LAN T 600 Kbit/s, 15 frame/s D E 5 4 # Bt L T
L, 2a—FOBHTIGCAEBHRRrYy VT =27 200 FE22L, XFy e AREFKL
TR Y —ECAEZNRHRRS RDAREELH D .

ZOXEIE, 2 —F MRS oG a, N—F By KA — NEEIZ 087 3
(R1) MA@ TAEAL LY —CLZAFMAETH-TH, 7 7V r—v a3 LT

W EAE L N

7207 T <,
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H3E BREELERY N — 2 ICBITANR—F H N RF—N

(R2) M Ry T =8I0V BR2E2ITH 7200, WoBEIZHLORy T — 725
Lz —bE 2 Mg~ d 5

AWM I EbBETHL I ENDND.

Z 2T, LFTIE, EHRD,RYOMFE2m-TFELRET D, BEFIEIL,
TODFENOERENS. BHE AN —LADNN AL F ¥ XA NFiEE, BEREREER
NFETHD. 342 THREEA N —20ONR A4 X% X NF{EE, 3.4.3|12 CRIEH
M ERNFEZHRAT 5.

342 SIPRX—ZDOENERA N —LD/A F v X NFE

AE T, SIPR—Z2DRLEARNY =2, F XA NFECOVWTHHATS.
BHBEARN) —2DO_ L F XA ML, —ODATFT AT AR =206, Ny RAE—N
At O Ry T —JIWZIE LT 2D AT 4 7 AN —AZERLTERT L
EThD. MET L2y P27 EK3-18ICR3F. Xy PU =7 [T mEERT
7 8 A X > MU —72 (High speed wireless access network: HSWA), 1+ 7 & v MU —
7, arxy NI = hbfERKINd. £, BEERTY 7 ARy NT =T DN
Ly PEEALVIRYy NI OO ANRN Ly VICHEIRLTWDLI D ETH., Xy MU —
7 NI, »~Nv RA— Y — 3 (Handover assisted server: HOAS) 23 3 A X 41 T\

Mobile Node

HEWA: Hizh-Speed Wireless Access

3-18 MET D RMER L v b U — 7 FEK

Figure 3-18: Assumed heterogeneous access networks
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W3E RBFEEERY NT— 228 ANN—F BN RF—N

5. HOAS I, AMETHELICEALEXY NV =2 2T 474 THD. ok, K
3-18 B iE, MEFEICHEHEMEBOE - VT 7« (H] 2 1E SIP Registrar) (X B 4+
LThD. MNIIALFE—FRImRKTHY, REEHRY 7 XL TOEEBA X
Jrx—AxBHETLE LD LT 5.

2T, MNBZETEHEERT 7 ARy P —2 2 L CHEIEMEFRR
(Correspondent node: CN)E W E M D~V F AT 4 7Ty raralihL, MNOBE
RV EHERT 72XV T E2HTEALITI VAT AN EZLS, LW U F U F
ZHETSH. UETIE, REEAN) =204 X% A FFIEIZHOWT, LFDO 2#E
VoOFEBGmMERTT D.

(i) Back-to-Back User Agent (B2BUA)Z W72 /N1 F ¥ X |
(ii) Third Party Call Control (3pcc)Z W72 /N4 F ¥ X |

kB, KEFCTHWAEKIPT FLAFU TFTo@EY ET LD LT 5.

MNDOENLVT A F T 2— A : IP _ce
MN O EHBERT 7 A AV H 72— R : IP_hs
HOAS : IP_ho
CN : IP_cn

3.4.2.1 Back-to-back user agent (B2BUA)YZ W7/ 34 F ¥ X b

ARFETIE, "N FA—=RNEZES —/SHOAS N SIP 7 7V r—3v 3 ¥ — N
(SIP-AS) L 72V, B2BUA & L CTHERET 5. B2BUA IZ#PIM R SIP= VT 47 4 Th
D ,MN & CNMIZ I #£9 5 Useragent (UA)TH 5. LK > T, ¥ A4 7 1 2L, MN—B2BUA
W, B2BUA—CNRI Tty b7 v 7aENn 5.

B 3-191%, B2BUAZH WL AOREFEDOEBE Y- A TH5S. LFT, K
3-19FZHVWTARBEY T 2A0EHAZIT >N, M3-19D4HMD A,B,C TXEH
N#H=o>o0A7 v 7% —oF oA T ZEE45. &k, M3-1920510F, 100
Trying A# v & — V%, EFHEICEHERFROENA v E—VFRALTH S.
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H3E RFERRY NT—TIZBIFANRN—=F DN A=

STEP A: & v v a “HeSEL

M3-19DAFT v 7 AL, Ave—VI~4nbRbyya  HEXICETIIHLO
ThbdH. AvE—V1I~4DSIP~y FRAT 4T 5=V T4 hExTBRLLE
Session Description Protocol (SDP) [61]-X A4 17— N ¥ & X 3 -20 2/~ 7T .

HOAS [ B2BUA & L CIRD2EHD 72O, MNBR CN DO v v a v 2T D720
XfE L7 SIPINVITE X v —Y ()& %{ET 5 &, sip:MNAIP_hs & 72> T35
Contact ~v X D7 KL A%, sip:MNRIP_ho &£ WIH K IH2ICHHEDT KL A (IP_ho)
TEXH X7 SIPINVITE A v & —Y(2) LT, CN~%5. Z® SIPINVITE £ v &
— ()X, #l %X IP Multimedia Subsystem (IMS) [62]® Call Session Control Function
(CSCR)IZ X > THOAS ~Vv—T 4 7 &h5bd. T2 T, HOAS X B2BUA #+— 172 D
T, MN-HOASHI® ¥ A4 7 8 7| HOAS-CNBlOX A 7 a7 LB pZ LICEHERENM
FECThHDH. 5 SIPINVITEIZK 325 2000K & ACK DiEXZ XY, v VvF 2T 4
T7ARY—=LMNMN-—CNO=ZY R—x FTCTHLIND. 22T, 3-2004 vtk
— Y 1 KER2DOSDPH DO ax7 a7 —#% (Connection Data: “c="7 4 — /L K)E O
A3kRN4Daxrvra T —XOHEHKT KLARN, TRENIP hs & IP cn T2 -
TWdld, S VFAT 4 T7ARN) —ALF=r -2 FNTELND. ZT0OZ &I,
HOAS N TH5A vt =V 2K P4I2BWT, ax7va s —X0O#HEBET FL A
EFAHEOT RLUAAP ho)lcE 2 D52 LT, < VF AT 4T A KU —LA%FIZ HOAS
HRHEETDHDZIEHARRTHLIZLEEZERT D, ZOLIL, Hlx 1T/ — FE THRHHA
BBAha—FT v I N~y FLARVEARIC, A MY —2L% HOASEHICLTHFT v R a—
Ny R—b22d8608CERERD. £, Xy N —7FHHOME D, ~
NFAT AT AN —AZHIZHOASRHB LT HHALLLEEZE L LND. #Hl 21T,
TITANRY—IREELZTHONETHIHETHY, Z ik, Contact ~vy X DT KL &,
SDP D ax 27 g v F—XDHET NLA% HOASDO IP7 RL |2+ 52 ¢ T, =
VERBRA~ABHEWOIPT RLAZRBTZENAREL RS,

STEP B: X—F )b N> KA — N

N=F NN RE—=RE2EET 5, HUETMN-CNOZY R—=x > FTH
VMENTWESLVTF AT 7 ARNY —A1Z, HOASBRHE &7/ %. Z OF, HOAS I CN
MHLDNRTy hEERL, ZRUZEhOo "7y MK LTAT 4T M7 v Aa—Kie 3k
M35, O Aa—FREX, TNENNEERER7 78 A Xy NU— 72 L7V
— MRV T Xy FU—ZZ@#E LI —FTCTEIND. TOME, HOAS X, MN
DHIEDOHEFETHLIEHEREBE Y 7 ARy NV —ZIZHLIZHEDA MY — A&,
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MNDONY RAE—NRNRETHDIENLT Xy T —JICH LT EDODA N —LA D 2 FFEHE
DARY —LEAERTLHZ LIRS, HOASIZEN O o0 R LR ED A Y — A
AFENENDOX Y U= %4 L TMNET TR,y XA MNERET S,

LRI, SFMaN—F NN FAE—NR"TatvAIZoWTHHTS. M3-19 DA
T v 7T BlX, A=V S5~8MOLRBEN—FT DN RE—NLBHIZET AL DT
HDH. AvE—T5~8DSIP~y XL SDP XA o0 — KR EEZK 3-20I12R-7.

32 EDO Ry P =T HREK L, 33CRHBEOR Yy P =7 ERZHKET, MN DB H
WHBRT 72 A3y NI—I b8V TTI7®AFXYy N =7 ~OH Y B2 21D
% L, MN X SIP UPDATE A v & — U (5)% HOAS ~%E+ 5. Z DA vt — I,
X 3-20 @ Message 5 _/Tﬁ”ct \Z, "Translator”~ v X RN F-ICEBEMENS. Z D~
v HITMBEFEREBOLZDIZEZLREMLEZL O ThH SH. Z O Translator”~ v ¥ |
otof,HOAsciA‘/rﬂw«x FERNMNLHLHZ LT 5. 72, SIP UPDATE
Avt—YB)EHWT, MNEHWRry NI = A FZ T =2—ADIPT KL A, K—
FNEBEKMRAT 47—/ YT % HOAS ~BH T 5. X 3 -20 ® Message 5 |25
i} % SDPICIE, S BT 7 L A M OIPT LA, K— FES L LTENLHIP hs
E10000%, BT Xy U= MITFOIPT RLA, KA — FEFELTENLENIP ce
E 10002 WD Z AT INT WD, o, BHEERY 7 AWITO AT 17 &
B L L T, “a=framerate:15”, “b=AS:600” & & 5. mi& ILE M (Attribute: “a="7 4 — b
Ky, #%FITH I (Bandwidth: “b="7 1 — LV K)TH YV, Th¥h, 7L —AhLL— KM
15 frame/s, k2% 600 Kbit/s THH T L Z /R L TWD (KT + — /v RDOAS” L Ik
% A 7 (bandwidth type)?> Application Specific TH oD Z & Z xR L, AKfld L H 7 RTP
R—=2OT7 SV r—var0ofs, ¥y va o #0E (Session bandwidth) [63]% /< 3).
SFV, KFHITIE, MNIIEHEERT 78 A@ITOAT 07 ME & LT 15 frame/s,
600 Kbit/s &, BNV TZWMIT DO AT 4 7dE & LTS5 frame/s, 200 Kbit/s Z R L T\ 5.
TOAT 4 T EREE, RIS C TR TAEAL ACHHREINDIZEBLEE L
2%, IEEE802.21 ® Media Independent Information Service (MIIS) [30]Z W72V, * v
Y= RN EICTOEDDH I L TES.

HOAS 73 ”Translator”~ > % ® >\ 7= SIP UPDATE X vt — Y (52 %ET 5 &,
HOAS—CN Ml ®» % 4 7 v 7|2 T, SIP UPDATE A v & —Y(6)% CN ~%1{E3 5. SIP
UPDATE A v & —(6)D SDP XA v — K2, ax7 va T —H(“c="7 14 —I/LF)
DT FL AL LTHOASDIP T RL A (IPho)ity &b, 2D Ay E—
XYV, CN?»B MN~O = R A MY — A7 HOAS B H 27 5. MN 2> 5 CN ~D
T R A FMYU —2XA0F, MN 2 2000K 2 v &=V )2 %fET 52 & T, HOAS #& H ~
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YD ED D, 2000K A v & —(8)I%, SIPUPDATE A v — V5T 25 1L AR
VATHY, SDPXAua—FRpOaxsvyars—H(“e="7 44—V R)DEHT KL A
ELT,HOAS D IPT RV A (IP_ho)BEy hafnnTWbh. Z O H T HOAS IE, CN
MOEZTEA N —L0HER, T Aa—FK, XA Fxx A MEHHBET DL (K3 -20
®a). EdROWEY, MN 2>5H D SIP UPDATE A v & —(5)® SDP XA B — K|{Z CHE
KENEZREICADLDETAIN ) =D T vy Aa—RRRERENDE. 2070k AN,
341 TCHIFT LU TO Z>0FEK

“R1) AL/ U 7P ALY — CXFHE T o> Th, FFY g LN
TR B U e

“(R2) BH %> PO —2 D EZ BTN, GO FEZEDR Y p T — 2
WL —E X E NS TS

AT O &xK > LD,

MN 5 CN ~DO#EE HFMIZHO>WTSH, HOAS T TEREED —S>D AN — A& XL
NEHLORYy FUT =27 %2 L TCHREEICERFL, HOASIZ THXHEIZIR L THT v A a—
Kuz2EEH, 1 DDA MY —LELTCN~NERETS.

STEP C: N—F B )Ny KA — 52T

NWN—F JJ )Ny RA— N F, 3.4.3 Tt 9 28R W IL (Delay Difference
Absorption; DDA)FiEEZ &R T, T35 (M3-2000b). 3-19D AT v 7 CIEA
—F AN RE—NETERIZET D — T AZRLTEY, AvkE—Y 9~
12D SIP ~y ¥R SDP A v — N{REIIK3-20C 7T HD THDH.

NR—=FHDIN RE—=RNPETTDHE, MNEIANAY RAE—=R"BICHAL TV D@EE
A BT x2—RA (K#HITITENVI A F T =2—A)) 5, “Translator”” 4 — /L K& &
F RV F O SIP UPDATE A v — Y (9)% HOAS ~(fZ T 5. ZDOA vt —V %%
L7 HOAS L, a7 va v —H(“c="7 44—V R)DO#EHT KL 2L LT, MN
DENTA L ETz—RAZHODEToNLLIPT RV X (IP ce)xE > b L7 SDP %
& ¢p SIP UPDATE A v £ —(10)Z CN~X({ET 5. 2LV, CN/2H MN ~D X
MU —ALX HOAS #RHAE T F—= v FEA 5. FAHIC, 2000K A vt —I(12)
XV, MNMAS CN~DA MV =L - NICUlED2S.
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~ 2000K
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2000K
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UPDATE
9 > UPDATE

10 -
~ 2000K v C
200K [* 1

Multimedia
stream -7,

< = >

3-19B2BUA ZHWIEFEA RN =2 NN F ¥ A MDY RE—=NRU—F A

Figure 3-19: Handover sequence of the proposed difference quality stream bicasting using B2BUA
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Message 1: MN(hs) — HOAS

INVITE sip:CN@example.com SIP/2.0
To: sip:CN@exmaple.com

From: sip:MN@example.com; tag=af2c35
Call-ID: bi32clexample.com

Contact: sip:MNQIP hs

m=video 10000 RTE/AVP %6 97
c=IN IP4 IP hs

a=rtpmap: %6 MP4AV_ES/90000
a=framerate:5

b=AS5:200

a=rtpmap: 97 MP4V_ES/90000
a=framerate:15

b=AS:600

Message 2: HOAS - CN

INVITE sip:CN@example.com SIP/2.0
To: sip:CN@exmaple.com

From: sip:MN@example.com; tag=dfadl2
Call-ID: 3ecSclexample.com

Contact: sip:MNE@IP ho

m=video 10000 RTP/AVP %6 97
c=IN IFP4 IP hs

a=rtpmap:96 MP4V ES/90000
a=framerate:5

b=AS:200

a=rtpmap:97 MP4V ES/90000
a=framerate:15

b=AS:600

Message 3: CN . HOAS

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=fa52b
From: sip:MN@example.com; tag=dfadl2
Call-ID: 3ecSclexample.com

Contact: sip:CNQ@IP cn

m=video 20000 RTP/AVP 97
c=IN IP4 IP_cn
a=rtpmap:97 MP4V ES/90000
a=framerate:15

b=AS:600

Message 4: HOAS - MN (hs)

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=ccfdl2
From: sip:MN@example.com; tag=af2c35
Call-ID: bi32clexample.com

Contact: sip:CNQIP ho

m=video 20000 RTP/AVP 97
c=IN IP4 IP_cn
a=rtpmap:97 MP4V ES/90000
a=framerate:15

b=AS:600

BFRER R Y N T — 7128 B X—=F D)y A=

Message 5: MN(hs) - HOAS

UPDATE sip:CN@example.com SIP/2.0
To: sip:CN@exmaple.com; tag=ccfdl2
From: sip:MN@example.com; tag=af2c35
Call-ID: bi32c@example.com

Contact: sip:MN@IP hs

Translator: sip:example.com;bicast

m=videc 10000 RTP/AVP 97
c=IN IP4 IP hs

a=rtpmap:97 MP4V_ES/9000 For HSWA
a=framerate:15
b=A3:600
m=videc 10002 RTP/AVP 96
c=IN IpP4 IP_ce
Eor cellular

a=rtpmap:96 MP4V_ES/90000
a=framerate:5
b=RAS:200

Message 6: HOAS - CN

UPDATE sip:CN@example.com SIP/2.0
To: sip:CN@exmaple.com; tag=fa52b
From: sip:MN@example.com; tag=dfadl2
Call-ID: 3ecSclexample.com

Contact: sip:MN@IP ho

m=video 30000 RTP/AVP 97
c=IN IP4 IP ho
a=rtpmap: 97 MP4V_ES/9000
a=framerate:15

b=AS:600

Message 7: CN — HOAS

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=fa52b
From: sip:MN@example.com; tag=dfadl2
Call-ID: 3ecSclexample.com

Contact: sip:CN@IP cn

m=videc 20000 RTP/AVP 97
c=IN IP4 IP_cn
a=rtpmap:97 MP4V_ES/9000
a=framerate:15

b=AS:600

Message 8: HOAS - MN(hs)

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=ccfdl2
From: sip:MN@example.com; tag=af2c35
Call-ID: bi32clexample.com

Contact: sip:CN@IP ho

Translator: sip:example.com;bicast

©=IN IP4 IP ho

m=video 30002 RTP/AVP 97
a=rtpmap:9%7 MP4V ES/9000
a=framerate:15

b=AS:600

m=video 30004 RTP/AVP 96
a=rtpmap:96 MP4V_ES/90000
a=framerate:5

b=A5:200

Message 9: MN(ce) - HOAS

UPDATE sip:CN@example.com SIP/2.0
To: sip:CN@exmaple.com; tag=ccfdl2
From: sip:MN@example.com; tag=af2c35
Call-ID: bi3Zclexample.com

Contact: sip:MNERIP ce

m=video 10002 RTE/AVP 96
c=IN IP4 TP ce
a=rtpmap: 96 MP4V_ES/30000
a=framerate:5

b=AS:200

Message 10: HOAS - CN

UPDATE sip:CN@example.com SIP/2.0
To: sip:CN@exmaple.com; tag=fa5Zb
From: sip:MN@example.com; tag=af2c35
Call-ID: 3ecbclexample.com

Contact: sip:MNEIP ho

m=video 10002 RTP/AVP 96
c=IN IP4 TP ce
a=rtpmap: 96 MP4V_ES/30000
a=framerate:5

b=AS:200

Message 11: CN - HOAS

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=fa5Zb
From: sip:MN@example.com; tag=af2c35
Call-ID: 3ecbclexample.com

Contact: sip:CNEIP_cn

m=video 20000 RTP/AVP 96
c=IN IP4 TIP_cn
a=rtpmap: 96 MP4AV_ES/30000
a=framerate:5

b=AS:200

Message 12: HOAS — MN(ce)

8IP/2.0 200 OK

To: sip:CN@exmaple.com; tag=ccfdl2
From: sip:MN@example.com; tag=afZc35
Call-ID: bi3Z2c@example.com

Contact: sip:CNE@IP ho

m=video 20000 RTP/AVP 96
c=IN IP4 IP cn
a=rtpmap:96 MP4V ES/90000
a=framerate:5

b=AS5:200

3-20B2BUA ZH\W/o 3 A F ¥ A b FEICEIT D A v — U
Figure 3-20: Message detail in the bicast using B2BUA
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3.4.2.2 Third party call control (3pcc)Z H W72 XA F ¥ X b

A HiTlE, Third party call control (3pcc) [64]Z{EH L7 SIP X— A D /N A F ¥ X |
DEBIZOWVWTHHAT L. 20 3pcc WAL F v X NFIEIE, 3pcc 0T b
FJoAa— R —b X EH HES]EZZEICL TWD.

STEP A: & v ¥ a VST

3pcc m FHWTo N A F v 2 b FIEFATHEH T L7z B2BUAZ W/ N A F ¥ X |k F
EEBRLD, K3-210AT v 7 AIZGE#E-D MN & CN DO ¥ v a NI, HOAS
Wb ORW, MN & CNERNE#EE Yy a VHESLTHAHDOTHY, M3-210RF
T AREBEOA yE—TY()~B)CLV ey a rRELINDS. 22T, SIP
INVITEA v =Y (1)DOSDP XA B — RIZIFEEBBRT 7 B RIS LT AT 4T 75—
SNE YT 4R, 2000K A vy E—T(2) ®SDP XA B —KRIZIETCNDAT 47 7 —/"F
VT4, ThEhagEFhnd. Z2nb A vytE—T0O SIP ~v X< SDP XA 1 — N2
ExEKX 3-2212mR7.

STEP B: X—F )Ny KA — N

B2BUA Z WA F v A MEFEEE, XN—=F WA RE—N"ZFE T LB, £
NEFETMN-CNOZY R—= K THYLEINTWVWE~SILF AT 47 AN — AT,
HOAS #& A & 72 5. Z OB ® HOAS ®», A U —20@EH, FTJ7 L Ra—FK, N4 F
YA R, WO —EHOWLH S B2BUA Z W N A F v X METREEE 2D . B2BUA &
AW ARA XY A NFELOEWIT, MN-CNHB DO AT 47 A FVU —2A% HOAS & i
T HFETHD. TOHEEZU T CTHHAT .

32 EORry N — 7KL, 3JICEHBORY P =7 B RZZHET, MN 1 H
WM T V2 ARy NI =IO MbEBALTT VAR U= ~DH Y EZ 2D
5L ,MNIZCNIZSIPRe-INVITEXA vt —VDEELEET D (K3-21D AT v 7 B).
22T, ZT® SIPRe-INVITEIZIZ SDP 272w, ¥5&, 2ORXvE—VZ2%fEL
72 CN X, Offer £ L T?D SDP(CN D AT 4 77— "BV T )& &T 2000K £ vt&—
Y(5)% MN ~EfET 5. HWTMNIE, HOASIZTA MY —2 @R, T RAa—
K, XA Fx A K%&EITH X, HOAS ~ SIP INVITE A v & — 3 (6)% i%{§ L T, HOAS
Dty va v ERNT S, ZDOAyE—UICiE, MNOESEERT 7 2 HO AT
4T =NV T 4, BAVTHOAT 4T —N"EVTAIZMAZ, CNORAT 4T /5
—REVT 4 E2EDDH. 22T, AvkE—(6)D SDP XA 1 — K|Z, "a=group:BC 12~
EWOH BN DD, ZHIEL, SDPHDOAT 4 TRHRBO TNV —¥ L T HEHKT D SDP
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TN —E L TER6IEBNT, "M F Y AP~ T A v I DEODAT 4T I
— 7% 7 7BC”(BiCast)Z H 72 ICEALZH D THSH. HOAS 1L SIP INVITE A v & —
OZK L, BHEDAT 477 —_"E YT LITOWVWTO SDP XA 17— K% &t 2000K
A v =T (% MN~%EETSH. THICx L, MN X ACK A v & — Y (8)IZ T HOAS
~NBEETH. ZHNICEY, MNDBLD AT 47 AU —AIXHOAS KRB LS. 20
B,CNDBZ T T, 0ffer & L T?D SDP % & £ 2000K A v & — ¥ (5)I2 % L, Answer
L LTDOSDP(HOASD r —RE VU T )2 EZ L ACKA Yy =TV (9)% CN~EET 5.
NI, CNDHLDOA MY —AXTHOASRKH 725, Lo IZ LV, B2BUA
ZRWE ALy 2 MERBEIC, K3-21 D all/Rd HOAS TDO /XA F v A~ NEAA
b,

STEP C: NX"—F BN RF— N5 T

WN—F NN RE—="BRETT 5HE (K 3-21 D b), MN I Replaces ™~ v ¥ [67]
% & 10 SIP INVITE A v & — Y (10)% CN ~6f5 3 5. Replaces ~ > ¥ X, BEfF® SIP
BAT T =R SIPAA T 7 ICHBHICEBRTIBICANDILOTH DN, K
BRETIE, BATX Y N =V 2 BHATHIRNZE T T4~ VDAT 4 T RRZT BT
WIZH WS, ©9F VY, SIPINVITE A v —2(10)IC XV, AF 4 78205 HOAS %
o+ 2 & bic, MNOEBEREERT 7 A A X7 x2—RAL CNBTHENYE STV
mSIPXATul %, MNOELT A FZTx—AL CNMOF AT 0/ TEXHZ
L. ZTORRE, HOASIZE T2V Y —2ARV U —2E3hbEEble, SIPXATa s
EIMNOELT A v H T 2—ALCNBMETERD.

3.423B2BUA Z W /e XA F ¥ X b & 3pcc ZHWT S A F ¥ X b DK

AT, B2BUA ZH Wi "L F ¥ XA ME 3pecc 207N F ¥ XA MIZOWTH
W35,

B2BUA XR— A DN A F v A ORI, ZDOXMMEICH D, B2BUA L SIP £ v &
— UM B FRFOEZBRINVARETHDL Z L6, Hl 21X HOAS X K A A4 M IZ4L
BLTWDEA, NAT traversal Bl HLICEB T& 2. 261, W3-19&M3-21%
T &, S=F AN RE=NIRD Y — 7 2 AN, 3pecc X — A L O & B2BUA
R—=ZADHFNY v TN THDIENSND.
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MN HOAS CN
IP_hs IP_ce IP_ho IP_cn

INVITE (w/ hs jparams.) \
200 OK (w/|cn params.)
ACK LA

Multimedia
stream .~ -,

INVITE (w/o SDP)
200 OK (w/|cn params.)

INVITE| (w/ hs, ce and ch params)
200 OK (w/ hoas parar{u.]z
ACK

ACK (w/ hoas| params.) ) B
Multimedia

‘\.f === Transcoding

AN

r )
]

a

L]
b Different service|qualities

200 OK (w/|cn params.)
BYE

. 200 OK
BYE i v

14 ,

2000K

ACK

16— ultimedia ’
> J

stream .- -
3-213pcc THWIERFEA MY —ANRXRALF XY A NDOANY RE—NRNU—F R

o H |
Figure 3-21: Handover sequence of the proposed difference quality stream bicasting using 3pcc
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Message 1: MN(hs) — CN

INVITE sip:CNE@example.com SIP/2.0
To: sip:CN@exmaple.com

From: sip:MN@example.com; tag=dc2cl3
Call-ID: 858eclexample.com

Contact: sip:MN@IP hs

Message 5: CN — MN(hs)

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=l2aae
From: sip:MN@example.com; tag=dc2cl3
Call-ID: 858eclexample.com

Contact: sip:CN@IP_cn

Message 10: MN(ce) - CN

INVITE sip:CN@example.com SIP/2.0

To: sip:CNGexmaple.com

From: sip:MN@example.com; tag=f32ed
Replaces: 858ecfRexample.com
;to—tag=l2aae;from-tag=dc2cl3
18425@example. com

Sip:MNGIP ce

Call-ID:

m=video 10000 RTP/AVP 96 97 Contact:

c=IN IP4 IP hs
a=rtpmap: 96 MP4V_ES/90000
a=framerate:5

b=AS:200

a=rtpmap: 97 MP4V_ES/90000

m=video 20000 RTP/AVP 96 97
c=IN TIP4 IP_cn

a=rtpmap: 96 MP4V_ES/90000
a=framerate:5

b=AS:200

a=rtpmap: 97 MP4V_ES/90000

m=video 10000 RTP/AVP 97
c=IN IP4 IP ce
a=rtpmap: 97 MP4AV_ES/90000
a=framerate:15

a=framerate:15
b=AS:600

Message 2: CN - MN(hs)

SIP/2.0 200 OK

To: sip:CN@exmaple.com; tag=lZ2Zaae
From: sip:MN@example.com; tag=dc2cl3
Call-ID: 858ec@example.com

Contact: sip:CNQIP cn

m=video 20000 RTP/AVP 97
c=IN IP4 IP cn
a=rtpmap: 97 MP4V_ES/90000
a=framerate:15

b=AS:600

a=framerate:15 b=A5:600

b=A5:600

Message 6: MN(hs) - HOAS

INVITE sip:HOAS@IP ho SIP/2.0

To: sip:HOAS@exmaple.com

From: sip:MN@example.com; tag=l43ea
Call-ID: Scaad@example.com

Contact: sip:MNQIP hs

a=group:BC 1 2

m=video 30002 RTP/AVP 96
c=IN TP4 TIP_ce
a=rtpmap: 96 MP4V_ES/90000
a=framerate:5

b=AS:200

a=mid:1

m=video 50002 RTP/AVE 97
c=IN IP4 IP hs
a=rtpmap: 97 MP4V_ES/90000
a=framerate:15

b=AS:600

a=mid:2

m=video 40002 RTP/AVE 97
a=rtpmap: 97 MP4V_ES/9000
a=framerate:15

b=AS:600

a=mid:3

B4 3-223pcc ZHWTe A F ¥ X MFIEICBIT DAy E—VFEM
Figure 3-22: Message detail in the bicast using 3pcc

—J7, B2BUA L, X"—=F I ANy REA—N"FEEAEBICELLT, oty a v
T 227 — b2 TEHRL, Yty vary bEOSIPAA T 20HELARTH
X 57202, B2BUA (0 D HOAS) D MLER A A< 72 5. F£7-, B2BUA X —
22l EXa VT 4 T HHEL T S, SIP[49]TIX, 3 A5 M K o M AR
EE LB, AvE—VAHNEOKBLLAyE—VNEOREEN (KEAEOKRIE)
O Z AIBEIC T D S/MIME[6S8]D R B HETE I N T WD, L Z2ADN, AviE—TVAR
28 S/MIME TH; 5k & 5 &, HOAS T MN S CN 6 %X S5 TLK 5 SDP XA o — F
DEXHM2 R EE2IT2RL<K>TLEY. DFV, B2BUAR—ZD XA F ¥ X 7T
Tua—FEFHTHEAE, SSMIME 272 A v — YO SR EBRFEN TE A
<7 5.

3pcc R—ADT I —F DA, HOAS DA EZ FIF 22 ENalgEE b, Fiz,
3pce X— A THNIE, SMIMEZH WA v E—VHAROE SILLHEMRIEELZITH 2
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7 3 - 4 B2BUA X—R & 3pec N—ADT 7 B—F DL
Table 3-4: Comparison of B2BUA-based and 3pcc-based approaches

B2BUA-based 3pcc-based
Flexibility ) X
Number of messages o A
HOAS load X o
Security A o

LWTELD, X2 T4 CHT2REEIBRTE L. 2, 3pecc R—ADT
Tu—FERLHEE, HOAS T —o D0 R RE LTy a izt b0,
HOAS %6 ® SIP A v & — X HOAS D ABEEZH W T 5 T2 Th 5.

UEOBAREZELEDTLDERI-AICRTN, £3-4L80, —BKMUIZIE 3pece X—

ADTTa—FOFENREFELWWEWVWZ D, —J, = NHEEE A% T HOAS © & faf 2
M2 620>72), HOAS DG TE D FA AL v (BEARXL—Z AL %)
ICHRBEINDHDOTHIIT, B2BUA R — R ITBIT D H®MIC L BHE6, B2BUA
— AT I —FERDLILELEEZEZILND.

3.4.2.4 /N2 RA— LY — NEEEE O 4y B

HOAS 78 MN & CNORE P b @S BENTZETICH 256 (B 2 13, MN 28 L,
CN 24 & E, HOAS DN FAYVIZdH56), M3-19F°M3-211C8F5A7 v 7B
L CIZBWVWT, MN—CN Bl D /R 2 % HOAS R IV B 272V, HOAS & H 7 5 MN
—CNRBONRIZELEZY T2, y—E2ARBIT20@Er"d 5. Z 0fEICK
LCIiE, 3421 L 7z, ~VF AT 4T ABMU —AL%ZHFIZ HOAS A & 5 2 L8
ETHILETMIRTHZENTED., £z, MoOMEFELE L TIX, HOAS DR %=
CoRadAZEREBEZLND. DFE D, HOAS OHaE %, Ol #HFEEE (SIP H —
e )L, QAT 4 THBEBEIE (P72 Aa—FEWAA v 2 MEE)THIT, £h
ETNOHEEE RV —NIZREL, A7 o THLBEBEREZBEALEY— N2 7Y
TIUNY Ry hU—27 (CODN)O 2T U YH—"DLXHIC, EHMITHBEET S.
W EBERE N EE I N —NF, K3-19°K3-211c8F5H5 A7 v ~7 B T, CDN
BTV 77U DS — NIRRT [691% 2 H W T (MN—CNRBORRZRITHKL T
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BT A)AT 4 7B ALY — N e @R T 52T, — 2 W &b
CILNTRIIABLELZLND.

343 N—F NNy RA—NZEBIT D RERE =W I F1E

AKEITIE, R=F AN RE =" OB — X2 1ET 5, R ZE
W IX  (Delay Difference Absorption: DDA)F 2T 5. €54 —E 2E 2 H L
TWOBICEETDIAXA Yy NV =8I0V BRACIDARDRERERLY v ¥ 2RI+ 52
L, BUNORNWET AV R ERUETHIXITHEETHD. ELERIC, FIC
EFFTEFEONGTMY) TN EA LY —EL RV THARBIEAZELS T52 &1%, ¥
—EXMHEOREREEmO L ETHELRL. 2RI, ETAA M) - T
EORGmMOBGY - X8 LD, XNGMITNAVEZAL LY —EXTIEIA 2T 7T
A THENBEEICIRLTO THDL. B, TNUOHERBIE- - Py XORINES - ZT 7T 4

THEDO WAL, BAEANY 7 7 N (70172 8k o TEHIND.

L22L7eds, 341 b L7cmy, BEERR Y Y- RETIE, F—0
Ry P —ZBRBEICHAST, By U — 7 FI 55 E E & 8RR 2 K
S B, XN=F I NN RF—NFIN Y T 7 T =T RZENT
v FORBIBEFEORAETYH—EXRnHE LAy, Kawada 513, F#EMER Loz
DOy Ty FEMERETLIMEEEY AT AICEBWVWT, AL VEBENS DT 2 —
RBEOBMBE RNy 7T v TRIBNDLOT a— KEOMEBE, 7L—AZEDOET FE
TN THKRT AL CRBIERMRELIT Y, A4 VEIBRENY 7T v TEIBEO

BIARE) D B 2 2 RB L2712, Z0O X5 AW OE WAL E E /N A LR CHEET
HZEIIWNETH 5.

E 3T 25 DDA FlEIE, ZOXIHSCLROBEEZT TCERLEZLDOTH Y, 3.4.2
WCRBEORMENA Ty A NFHELHEAEGEDEL LT, 3412 THITEZ—-2H®D
A

“RI) HEWGY T ALY — EXFIJIE T > T, 7FY r—ig o LN
L TEGRFE LD

HEBLTE 5. DDA T, MN TOMMBOT a2 — RFjIlE TIN50, MN T 1
AOETHA M) —b2D0huExTa—F+tREE, BOVUHAMCREABER R Y U
— M OBEEEZRINTCEDHZ LIZRD.
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BFTHE, MN 225 T 7 U v 2 Jjil (CN/HOAS %> 5 MN 4 i)® DDA F k2
DWTHRHBET 22, 77V 7 HFMIZOWTIE HOAS 28 MN 0 & & 2 5 2 LT/
5.

DDA FiEZx £+ 5 72D I2i%,

1. HOAS £ /&g & F)%A®A4%?XF%%m?6%,:O®X%U*Aﬁ
TR TE 5 X AT 4 TRIBEREZZENEZENDONR Ty MIZED D

2. MNIZT - 2D A RN —LEZZNETNZET DO, TBEXNy 7 7% _oOff>
T ENMELRS.

BELE, HOAS B RA X XY A NTH5DIE _OOMNL LT~ VTF AT 4T AR —
LATHDHTEOD, RTPIZEDSDLK A L AZ T THA N —AZKETHZ EITTER
m.%@tw,Lﬁ@l@@@@L@,mMSiA4%kx%%ﬁ9%,77)7~
varv XA TORYWHEDLEDORMERZ, TNV YORTy b~y & (fl 2
I RTP ~y )4 5. Zhicky, MNIZRHHFLEDOLEZDDOEME®RE T 2 —
RTZ2MICRBET D2ENTED LD, ERM7 DDA QWL %, &iE R T
JEHEARX Yy NU—I o8N TRy NT =27~V EZEHELTK3-23ITxR7T.

BHEERT VAR NI NEEALT Ry N =T A~ —=F )N R —
NhEEBT D28, MNIEK3-230ZA TIZRT KO, TRLENLORX Y N T — 27 0
BOANY —LZRHADOZENY 77 ~BMHT 5. 22T, #lxE, RdEERY 7 &
AFy U= DOFRELVT Fy hUY—27 XD LHENBEREMAEVWETDLE, TO
FEAN) 22U FI5EAE, —KIHE D@%@bi‘ﬁiézhéin, DU IR FE o
TRENRBEALY D, Flx X, M3-2306Tix, A TIZBWT, mEERT 7 &
A%y NI =27 0 bIXRMBEDR D OKRMEHRE L“Ct+10)/\/7y N2YEIE L TV
H—F, BT Xy Y= DB IEFEt-1 Oy RBEFELTWD. ZOFE, MN
OBEMEICE t DBMBERFAEINTWDLETDE, ROZA I 7KL T+ THAEISN
HRXEEFR t+1 OB LR DN, TOXAI T TEALTI Ry FU =7l ~FK LD
BARNYy 77200227 a—X IR t-1 Oy bR ESNDZ LD,
DFEVY, HETHAEFLD -1 OMBLRFEFEIND D, TTLED t+1 DT v B R
TtV T Ry N = TEETDHETHEN 7Y —XFT 52 LI D.

X >7T, DDA FETIE, WXy N —ZBOBIEZLEWINT 5720, BEGBEOHEE
WEZ —HFHICRE XY ICLEED 2Ae—FAICLEYT5. X 3-23 046 TiX, &l
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WMT 7B AMOZERNy 7y b XXy hEROVHBTHEZESIZLTWS., 2L T,
X 3-23 @ KAl T+30>c1:9c:,m/\y77F'Eﬁfﬁﬁ;ﬁﬁé@f:&b@ﬁ%ﬁlﬂ'ﬁ%%ﬁ&ﬁ“L<i,c
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Figure 3-23: DDA process in the case of handover from high-speed wireless access network to cellular
network
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#£3-5 TA My RIZBIF 5 PC DAY 7
Table 3-5: PC spec on the testbed

PC Spec.
UEL CPU Pentium M 1.60 GHz
Memory 1.0GB
UE2 CPU Pentium M 1.60 GHz
Memory 1.5GB
CPU Pentium D 3.00 GHz
HOAS Memory 3.0GB
#3-6 Xy NUV—7x3 2 L—XITBT HREM
Table 3-6: Parameter settings on the network emulators
Parameter Value
. Cellular 500
Bandwidth (Kbps) High-speed wireless access 1,000
Cellular 150, 300, 450, 600, 750
Added delay (ms) High-speed wireless access 0
# 3 -7 BT AEEOREM
Table 3-7: Parameter settings in the video phone application
Parameter | Value
Moving image compression in MPEG+4 encoder and decoder provided by KDDI R&D
video phone Labs. [75]
Key flame interval (frame) 15
: . Cellular 200
Video phone bit rate (Kbps) High-speed wireless access 600
: Cellular 5
Vide phone frame rate () High-speed wireless access 15
Initial buffering time (ms) 300
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Figure 3-25: Transition in RTP timestamp of received packets under the hard handover method. (The delay
difference between the two access networks is 300 ms)
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Figure 3-26: Transition in PTS value right before input to the decoder under the hard handover method. (The
delay difference between the two access networks is 300 ms)
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Figure 3-27: Transition in PTS value right before input to the decoder under the proposed method. (The delay
difference between the two access networks is 300 ms)
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Figure 3-28: Transition in RTP timestamp of received packets under the proposed method. (The delay
difference between the two access networks is 300 ms)
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Figure 3-29: Delay difference between the access networks and the video interruption duration
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Figure 3-30: Transition in PTS value right before input to the decoder at the vertical handover from cellular to
high-speed wireless access. (The delay difference between the two access networks is 750 ms))
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Figure 4-2: Hourly mobile traffic load in an office and a residential areas [88 ]
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Table 4-1: Throughput measurement

Item
Measurement period About two months
Measurement items Throughput

RTT

RSRP

RSRQ

SNR
Measurement interval One or twice /hr
Measurement location Shinjuku, Tokyo (JP)
Equipment in use Smartphone, Sony Xperia Z
(O Android 4.2.2
Cellular system LTE(, HSPA)

7y FHIERFO LTE A ME 2k L. 2 2 C, WA MLEIX, Reference Signal
Received Power (RSRP), Reference Signal Received Quality (RSRQ) M T Signal to Noise
Ratio (SNR)TH 5. T 6 MEH M E X, Android O API LG RETH H. &
f5 F #1212 MVNO (Mobile Virtual Network Operators: RAB B B K@ fE FEE )2 0 L
72 LTE ElI#t 2 W7o (R L, @EEE RN 26K TRy, £, WESTITRE
R RFOMEENOH L L, EBELANOKE L. KFEEAMIE, £7 10 AL
WS —F, FAEELLZVERETHL., LR LEAL—7y FRIEICET 5 &4 %
F4-112R7T.

\

?;Eﬁ“ RSRP & O RSRQ D EALIZ DWW THER T 5. RSRP (X, LTE ® KMz (k)

LEBFEINDITVI 7 O0BREFTOZEE ﬁf&é.ioT,RﬂP@,Xv~
%7f/®%%(ﬂl® SWEBRE)VAEDb LRI, L2 D THDH. RSRQ
m,MEkw#%%héhéTD)/ﬁmﬁ%mﬁ@ %%ﬁ(ﬁi@Rﬂﬂ%,T
DY 7 0ORSSI(BMESCMELLLDTHE NG EZELIAL)TEH - 2fET
%5.E4JK,ﬁﬂLkRﬂP%w%$M®ﬁﬁWﬂl$ﬁbk%%%ﬁT.i
72, X 4-4121%, RSRPOHWAKZRT. K 4-3, K4-47705, RSRP (ZHFMHIC
KHETIFE—ETHDLIIERgND. ZE, A~— b 74 OBESHEBPHILEND
HLECEERSNTEY, BAHEOEBEBEEWMERE ICKM SRS LA NEL -
DiEEEZOLNSD. X 4-51XRSRQ ORI BEONVLHE TH D2, BEEH»LHKIZ
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Figure 4-3: Half-hourly average RSRP in about two mongths
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Figure 4-4: Scatter plot of half-hourly RSRP in about two months
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Figure 4-5: Half-hourly average RSRQ in about two mongths
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4.4 RoCNet: EFERBEZEZLTAVWEELT F Sy 727D F 72— K

BEALNXL—XT, PP v 7 ESL—HON—XILFTFb v Z BEIZHESW TR
MR R EE PR T 2D CIEAV. BxlAda—WFioHF -t 22T &
D R T ey 2 IS A DR EIT D . RIS L, T RSO
bTEy s ROEE, EOEERMOMMRET RS, RAFEHRIETT 57
B, NIy s ARKOEELSLETH .

W, BEAXRLV—FL, v 7o EHMFBICEXTHIMIZCHEM A FOKRHWE 2k
UMD T EME)RARER LANT 72 ARA  FOELEB~DORE %2 D,
AEMEEBIZTEN Iy ZJNAFZEHREL TN, Eab oA RER LAN 7 7
BARAL NS, RERUNAORFMFICBT2FMAHERTEVWI RELZDOEF
NET 2. &b, vZ7erEMREAMH TE kn, LB TEHE mBEOI AL v
EHETHDOICHL, Eab L RARERLANT 78 AKRA 2 NI+ mEE O RN
TYUT LA R—=TERNED, REEN/SBEML, HMEMR, RFE0EHa 2 MR
WMRTL2B- N bHD. LoT, KMEERFORMMWMREIT O 2 &<, B MW
B T2 N7 ey 7EFPORBIIHIETHIERRDOND.

4.4.1 BHHEBIN

ERHEREBE A v - VR EREF AL NS ey 2 AT m — RIZBEET 5
JelL, HEEFH L. 2010 45, Han 5 (%, Opportunistic network #{EH L T L 7 ¥
vV NIy 2 EF T - RTLFEERELL[92](93]. BET —FT 7 F
YA 4-101C7-F. ZORETIE, ETEALT Xy NUY—27 & H W CEIEFH TR
T =X (T IV r—varyaryrT ey yRNar sy —n"hb ka0 ar T Y
KRR (NTWAICEFESND., TO®%, MR LANZHWT, 20O kBT b
KNBIKY ©a 7 Y R AIZK LT Opportunistic network /- L7z a7
EENLL2BbDOTHD. SHIC, BALIRy NY—Z 2RBTDH NI v 7 &L KD
T2 kBDOANTHRKBIRFEICZHOWT, 2 —F OBEME L EEIC AL Heuristic
T REANREINT. £/, LibiE, Eid Han b O®EcxtL, b7 b w7
R —VFORYEMEREEZBREICANTLLSEY 2 TEHBKEKRIMELEL LT, #E2A
77— RFFRXROEXEIT-72[94]. ZOREBICBWVWTY, a7 Y EERMNITEL
TXxy NV —=27 ZFBLTATIRK~NERFBIN, "TERPLED OBBE I RITK L
T, WmAMBBRICL > THEIND. £/, Barbera bk, Y— ¥ V27 7 7% % H
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Figure 1: The MADNet architecture.
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Figure 4-10: Traffic offloading using opportunistic network [92 ]
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HEOHKIE, YIab—varvFUAITEoT, 30, 50, 100 A& EfbXHT/.

HFa—PIE, YIalb—vari, [1,120] s BT U F NTRINLUZHHE TX
N = NOY—RNEOTF —254EETH. 22T, 7—2% A XDnHIE, Zipf
i Z YL ok L 72 Lavalette 23 i [1041I2 % 9 & O & L 72. Lavalette /3 A 13 R 12 L » R HL
TE 5.

b

k*N ]

N—k+1J (4-2)

f(k,N)=a*[

T, NIAEFZOH (o) , kIXIEMTH L. K 4-141%, KFEMGT
HWieTF — %% A4 XD Lavalette s34 &, ke LT Zipf wfixilixt$k s 7 7 CTmxw
LiebDThD. fitizr—2% A4 X%, hiZ7r — 2 A X TGS DOIENM %
BENTERHIELELDOZ, TRENEL TS, X4-14 X0, @& F Tl
HEUETHB L TWER, T—2H% A XEICHE RZEONERM DKW E DI L,
Lavalette 0 Ai CIET — X VA AR AWITHEL WD, 20X R inEBEORLT
Xy NI =2 IZBTF AT — XY A XDnHTH V[105], 5 DK/XT X —HF[X[105]
DAY= T7 x> NIy 7207 =245 LEELL. £, K4-15FK7 —%
VA XORBENAERNE 77 72 TR LELOTHDIN, M4-1580, T—4 %
A RXFIu T T =NV ThODLIENTND.

Yialb—va rKHE, 2R EHERBET O OEHEAKZILOIKETO
43,200s (12h)& L7z, K 4-13 @&TRMDIE, TREN#EE AT O —F5M0 %R
LTHEY, HEaz—FT oL N4 DOHEICEET--TWVDL—F, BHEIEZHDO =2 —V
NE Y NRN—=THLEIZETS TWVDLIZIERDDND. 1 OOV T IV FICHDERNDL T
VALY —=FREHAONTIOET OV I L —a ryrE T, TOVEHMEEHRWE. F
o, RFEFMIZEBNWTIE, ERShTEe2T 2 BRBIEFRET — X ThHd L L, BIEFE
Rl 2 3,600s (1hy: L7z, AFMTHWERT A —FE2E£4-2/Zx7:F. £4-20
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BY, /T L Bluetooth ® i Ki#E 5 3 1T % 1L Z 4L 5.76 Mbps[106], 24 Mbps[107] &
L7z.

(a) fl (=2l —Ta rAZ— ) =2—% RF)IIESE

(a) Users (red-letter) are at home in the morning; at the start of the simulation

2

L318

e L I8
Balesarg

"'.'.‘:'9.;5—9!.

285

(b) BF : 2L O —H GRFENTA T 4 ATHTE
(b) Many users (red-letter) are in their offices in the daytime

M 4-13 ¥Iab—var 74— (EROABEALTIOH NV Yy Dk, BREOHRINIERK
, TNENRLTND)

Figure 4-13: Simulation field overlaid on the real map around Pittsburgh (PA, USA); solid circle and a black
line represent coverage of a cellular BS and a load, respectively.
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Figure 4-14: Data size distribution that follows Lavalette’s distribution, and Zipf’s distribution for comparison
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Figure 4-15: CDF of data size in the simulation
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Table 4-2: Simulation parameters

Parameters Value Remarks
. Around Pittsburgh (PA,
Area size [km] 18.2x11.7 USA)[102]
The number of office workers 250
The number of sales-persons 30, 50, 100
Radio coverage of cellular [m] 1,000 Exclude pico-cell
Radio coverage of pico-cell [m]| 100
Radio coverage of Bluetooth 100 Assuming class 1
[m]
Maximal transmission speed of Assuming HSUPA in 3GPP
ular IMb 5.76 [106] release 6.
cellular [Mbps] Incl. pico-cell.
Maximal transmission speed of 24 [107] Assuming Bluetooth 3.0 +
Bluetooth [Mbps] HS
Working day
movement
(office-workers)
Movement model Shortest Path Map

Based Movement
(sales-persons)

Moving speed [m/s] 2-5 Randomly selected

Wait t.zme of messengers after 60 -120 Randomly selected
reaching destination s

Message generation interval [s]| 1-120 Randomly selected
Storage capacity in each

terminal [GB] 2 Works as message buffer
The number of particles 100

Allowed delay [s] 3,600 1 hour

Simulation time [sec] 43,200 12 hours

# of simulations 10

4532 VI alb—ar i FIUVF

AKX, K2, UFDO350LF YU FIZTEmML .

BN T UF U F
cFakv gy F
« RoCNet >+ U A%
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AT FYALEIRATF YA FREFMAO LTV A TH S,

Tt T FIVATE, BEOWRKITEALIASA VX T2 —2ADHLEHAL, BT HHMEFE
L D 1D7§)T%5

av v U A, BATEMBICMNZ, Ev Y RN—=THLEHOF T 4 AHICE
av L UNMlovALTEHE)ZEEELZLOTHD. LT F U A LEREEC, B
imRIETEALVTA L Z T 22— 2A0R 2 T 20, BT EMFITMZ, ati~
LEBARTHDL. RO FTUATIE, Patbt L KihaIlHMEL, BRKI0E2%RE
L7z, REGHAOCHEBZOIEEZX 4-1612R-F. X 4-16 DFEH)E BS-A R, v v
YN—=THLEHOF T 4 AHE LI AT H2HEMBTHY, HRICEHARIZ R D
MR ThHDH. B, Kk, EMFEM (v/7e—-—vrvatvrMzat) THEHENEAEL,
LTE X° LTE-advanced TiX, T ¥l 7 (Inter-cell Interference Cancelation: ICIC,
enhanced ICIC: eICIO)[I08] A ZELXZ SN TWVWH MR, Av I a2l —va vy TEHBEOLED,
EMFHEOTFHIETENE O & L.

RoCNet UV A Tix, BE#mRKIT AV T A ¥ 7 =— I, ¥ iE#EEER
& LT Bluetooth f ¥ 7 =x— X% H L, BATEMBICMA, BE#W KR CbL@EE
MNTX 5. 728, RoCNet 5 U 4 @ Bluetooth E Eat v F U FiIcBIF5 kL
OWEEFEIT VTS 100m & L7z,

SBEBWmEARIL, 2GBOA NV =V A2 FT L. BT TF U AT, HmAK THERK
LAY E—VEERERTAIETOAYE—IU RNy 77 LTARNL—Y 25,
RoCNet v F U A 2BV TIX, BMERTEKR LEZAyE—ViIZMx, tMBEHHEER»S
EINTEEA Y- VE2ERITDHIETCOA -V Ny 77 L TARRAFL—
CHRHAWLEND. B, 45212 T, RoCNet TIXIZERBEMIRIE A v & — 2 P REE I
TREXERoTET—ZICHEL, 7= ARCOBEm RN EEEMPH ~ YT — 4
EFHEGBT DI EDRREN, fHOEZD, KRy Ialb—var CIEYZAHEITEEL A
W, DFD, EHERBREA v VR HEINICTRESXEE o T — X IIRELE R
5.
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4-16 By Y NN—=7HLEH~OE 3L RE

Figure 4-17: Pico-cells installed in the downtown of Pittsburgh

RoCNet >+ U A T, #EHELEMBO NIy 7 AWM, v /XU T 4O 2/3 L
bt mErmAmEtiREERL, TOoEMFOIN—x2UTE2EH NI Vv
T Y7 E L. 452 CRELEZLOIC, b7y 7 TlE, BEim kKR L
DY CVer L, TOMBICESHWTBIHWMRAMICBIT 2T — X XEOEMAE
WA2RD LN, Kl TiX, OF —FEEEBEMERDIBEHE RO TH CViur 2d 0.7
Uk, o, @QF —FEEXBEMELIBEHBRD TH CVi D HH DO THl CVir &
DH 02U EREVWEERIL, T2 EEEEMOBIHRRKOFPBEFLVIENT Y
gV T ~BEHTLAREELAENE LT, BEIWM KM TT — 2 XEE2ITo58 D& LT,

IIT, FROBEERD DD, FFIZ, T X EEREEMERIBHE KO TH
CVIEDBME (KM T 07 & L2bD)2 0005 1.5 % TO0.1 HALT, o BE KD
T CVuar EAHF O TR CVoy D EZOEE (KFEM T 02 L L2 D)% 0005 1.0 F
TO1lHcEfbsY, RKERLINTey &), THEH NIy rE], OIZ T
¥)F — ZEEBIEREM ) 2 7=, Ay U A4iE, ¥Ar7 v U 4 L& RoCNet &
FTUVAOW TV AFICEBNT, ARIVHEEOREZ 30 N LEEHATHY, KEFTH
HECEHEYIalb—varyze&IRT O EZmBLE., £/, REK NI v 7 @& EFEY b
By 7 &ElE, By YN—FTHLHOFT 0 AHEEICHAN—F HHEHME BS-A O b
by r7EEL, REKNIE 7 EICEFEMER 1009)472V 0Kk KNT7E v 7
B , FHMNIEY 7 RBICEFI My ZAMOEY, ¥YIa2b—3 3 UBKEHEZ 150
[min.]7> 5 530 (min. ] OFE N T vy rs7@maHWwWik., K4-1812, BT F U F

7
7
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o fE B CHEIL L7, RoCNet VT VA HOREKR T v &, YH I v s
B, WOIEHT —FEEBERMEZNEZNRIKR T 7 7 L LTRT. RERF/ Y
ey & (RWERIWV)EEY T — X REEERRE (MW ERI W) ZHEL,
i D@y, F— X EEEEMERO T CVir DBMEZ 0.7, 7 — & 545 %6 5 Ml i
KO TH CViar EBEH O TR CViur DZEDOBEZ 0.2 & L 72

4533 VI a2l —3 g UfER

TV T7 v F U FE R CNet VF UV AFITBIT S, VoY RX"—=—THLEHEOAET7 4 A%
FIZHINRNR—FTHEHMFEBS-AD Ny 7 BOWHBZK 4-18IC7-F. £ TV A
BWTHEIY B O A 30, 50, 100 ANEZELITETEBY, 56 2O/MEMNK 4-18
R RENTWD. KM4-18 L1V, RoCNet v+ U A TiE, Y 2ab—va rBtaEn
5 150 min.fi#% LV, KH#H BS-ADAN (P by 7 @&8)RHITHIZRTWNWDH I &
Noamb. —J, BArI7 TV 4ATEH, 2oL Ty 7 E&NREMNMLTWHWD Z L0
b, YIalb—ya ryEHENDL 150min. @B LY, &7y Z7EIZEBIT 5 RoCNet
WEDZEMM 72 by 2 F 70— RNIZLoT, GAMEKEDO N7 b v 7 @&AMf T
TWDLZ R hb.

itsell.

in predicted CV of target terminal 1o itself

Difference in predicted CV of targel terminal 1o

Difference in predicted CV of target terminal 1o itsell
Dilference

(a) BS-A IT33 1T % (b) BS-A IZ81T % ¥y (c) V)T — & Bl s A

(B—27)N 7 b v &R NS =S IRf ] b 2

(a) Ratio of traffic volume of  (b) Ratio of average traffic (c) Ratio of average latency
BS-A at peak time volume of BS-A of data delivery

B 4-17CVy DEE &, BT F U FHEOREFE THALIL L7~ RoCNet > F U F O & B
(—2)Ys T b v &, FH NI v R, FET — F FL kLR R

Figure 4-16: Relationship between thresholds of CV,rand each performance indices (traffic volume at peak
time, average traffic volume, and average latency of data delivery)
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it
N

o, EHFE BS-AlCBIT 5 ;

KB (K=Y T b v s B (105 HDORNTE YT BEORKE)

Ty 7 AMOEWERE (I 2L —3 3 VB 150 min. 2> 5 530 min.

YDV N Tk v /&

IR T ey s B OERERE

- YT — & 5k R A R

- RH) T — &R
EoRT. ZI2TC, ToHABREEBERMEE, T2 BHmARKICBWWTARLTHD
EMBTZEINIIETCORMERET. £/, 7T—FEEFR LT, BHmRKICB W T
AR LEZET =20, EMRBETHZLLEHATH D .

#4-3X10D, RoCNetlZ XV, REH NI Y7 % 18~19%, Tt v 7 ARMDE
WEEH O FEE N T v v 7 & 36~3T%IETMEIcCE RN oNnD. £, FT b
v OEERECELT, T ey Z7ARMOBVWERBEOTEEH NI v 7ico0 Tk
M VA TCHRBEORMEE o7, KERFKNI7E Y27 TlX, RoCNet ¥ F U F D
EHEFEENRE LT VTV AOEERED 4~9fF Lo, ZThix, ~Z o THRS L&
RoCNet I K> C—ED T v A 7u—FBRERH DN, 27 v (R
EYCHRAZEA 7 —FENRETLOWVWTWNWASAZ EEEMKL, RoCNetliZ XA A 72— R
PN, 2= OBE Y - ICKRELBEEZZTLEDLEEZLND.

200 A

—+—Cellular (30 sales-persons)
=#-Cellular (50 sales-persons)
=&—Cellular (100 sales-persons)
=#~RoCNet (30 sales-persons)
—#-RoCNet (50 sales-persons)
—o—RoCNet (100 sales-persons)
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X 4-18 47 4 AEE I RX—FT5HEMFBO ST v v 7 EBEOHE

Figure 4-18: Transition of traffic in the BS located in the business district
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# 4-3 A7 4 AEHOEMFBS-A BT T v B, M T vy BERE R, ST — X Bl &
[N B/ TiRERES

Table 4-3: Traffic volume and its standard deviation at BS-A located in the business district, average data
delivery delay, and average data delivery rate

Standard
Standard -
- Average traffic| deviation of
deviation of Average data |Average datal
< . Peak traffic K traffi volume from |average traffic deli delavl deli ¢
cenario volume pejolur;elc 150 to 530 min.| volume from | = W[e ry] e 1‘][?);}], e
IMB/10min]| i dnin] | [MB/10min] [150 t0 530 min. Se¢ °
min. [MB/10min.]

Cellular (30 351.6 1.36 319.6 3.36 280.2 99.90
sales-persons)

Cellular (50 349 8 1.99 316.9 4.15 248.3 99.98
sales-persons)

Cellular (100 3463 3.69 315.7 2.85 267.7 99.91
sales-persons)

RoCNet (30 289.5 12.04 204.5 521 375.6 100.00
sales-persons)

RoCNet (50 283.6 13.79 199.1 3.93 323.7 100.00
sales-persons)

RoCNet (100 282.8 15.19 197.6 3.76 271.6 100.00
sales-persons)

SIT, AMBROAEMHEERSLSLD, BT T U AL RoCNet ¥ T U oA O fi 5

M7 EBEYyZ7D0EORELXZEMLL. £9, Kolmogorov-Smirnov iR E 2 L v, j
VAIZBTLI2HKERE NIy 7 ORENER DA 2 2WMR L. W T,
Welch ® t RE[109]% Ehi L, WBERE N T b v 7 OM > F U FOEN, AEAKUE 1%T

ﬁ%%ﬂm@%héﬁ%%?t.&k,%7ty7ﬁm@%wﬁ%m®¥ﬁﬁ7ty
JIZOWTHFEBEOREZEKL, FRICAEBRKE 1% TH TV FOEICHEZEZN
B b T,

it,?w&m%ﬁﬁﬁﬁmomT,R&waiof R GER ] S 1~34 %
IERDEWVWIFEREZEZ. ZHiL, RoCNet [TIEBEEMIBERA v — PRI 2 GF
AT 5720, LZHEEMR Cf@ﬁ“é?~5’@ﬂn_£@@7ﬁ>7)uﬁoa7‘:7‘:&>f‘%é.
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B, T—HAERERIIONVTE, BTV F I AICBNT, T—XEGEHEHD
ODEEBmMEICBT DNy 77BN RBAEL, 01 EREET—F¥RKXKEBLEZ. 2T,
FIBEYy ZHEPICEIDVEERSZTDICERTET, ERINDAyE—-UNRA v E
— U Ry Ty ~EREEIN, ER (A1 a2lb—va3rTIE2G6GB) 2B A0 ®E
L7ebdDTohHD. —JF5 T, RoCNet TlE, #FHEEMIEBEA vy -V P RERIFICLD b
TJbev s F 7 —KRZkoT, mbI7by 722 T7ICBWVWTHL 0T —XEEHKS
NEIHEmHE~E VYol EnD, ECOAEKRT — 4 NEMBETRITOLNE.

Z 2T, RoCNetld, ZEHMICAY —7 b7ty 7 Z2EEEWRBERA v — VT
Hifflc k> T HEBIbT 222 MeELTWD., 22T, ZMMRe T8 v 7 O —
M A2 & 5B L LT, Fairness Index fE[110]1%Z VW TEE{li 3~ % . Fairness Index fH (L2
T ERLHMRENRETCHY, DTFTOLIICERIND.

SIEDN

Fairnessin  dex = ———— (4—3)

n 2
nz X
i=1

2 TE, BALKRERME (o )ymIicHKM/EE O N7 v v 7 A O Fairness Index fE & &
HL7Z, ROIELDEN/INEIWIFEE, Fairness Index fEIX 1 128 D%, WHIZHRD
LB D2E N RKREWIEE, Fairness Index 1L 1/n 123 5 < . AFEA TiE, Fairness Index
WA 1TICTWIEE, RMEMOIRE NI v 7 & (EMMR T8 v 7 B)DZERN
INESWZ EEERT S,

KUV FIZEIT D FairnessIndex flEZ X 4-19 12 73T . 2 TOTF VU FITHBWT,
I—HF DO v =T HLE~DOBENIZ VY, Fairness Index i 28 2K IZIK T L TW
DTN DNR, BT VY AT AR T, RoCNet ¥ U A OAK FIEE M IZ 7
STWAHBZENSMND. K4-200F, W+ U4 EYEBED 50 ADOSE)D
Fairness Index fEDQ L Z R T H D THH N, B Y N—THLEH~DO N7 b v 7 Bn4E
4% H H2,2.5 ZFE O Fairness Index fED EH Z# R T&E 5.2 O Z & 1%, RoCNet
&> T, ZRWICAE R b T ey 7 DFERBIEPEALTL I LEEZRLTWVS.

HWT, Eatnr iyt V4250 y Y RX—THLHOLF 7 0 A E EITH N —
TLHEMFBS-AD NIy 7 BOMB LK 4-211CR3F. KM4-211%, T VA
WEBWTAHAEYVHEDOEL 100 N\OBEORRTHL. EatbtLroad 4 5REE T
HOLTHLEMBBS-AD NI ey 7AMBRVEDL VDL, BT v U A1
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BWT, BEV Y —ARRC LV ERINTCBEHmBRKANOANYy 7 7IZBE> TV
BEHFEN T ey 72 av NP TEREET T, EMiH BS-AICEFEENND T
bty RBEIELEDLREVWED THDLEEZDND. Pabvt B 6baaB25 L, i
W BS-AD T v 7 EBENREAICETLTWVWDZ D, IOCKEBHEEFEERNT &
I EDN Ty P ENETERLIERN gD, £, a2 8 & T RoCNet
ERIZEDO NIy 7 AF 78— R R %,[A 105 TRoCNet # LRI DA 72— R R%E
R T 5.

22T, RFEMEMANILT, EavriclddFrve—RpREICa v LVAERICRER
EEBEZTEBY, Z0dvvatw ez "T7A—FLLTEIRLE., A0, ks
FELSHARD L, Pasricidd7e—FHREEYa et LrERHICRIE TR 2o Tt
t°:1-12/1/6i77/<1/~y°/“73§551%b\7‘:&), Fr7ue—RGERN, =2 —VFOHFEET DHHHTO S
IRELSEBINDIEEDELEEZOND. ¥ LIZHONT, N Ty 7 BEBOHE
%%ﬁbk%@%ﬂ442ﬂ%#.m442;0,E:ﬁw3ﬁﬁ&h5%?ty&
FINAETETCWARW—F, BET 2L 53Kk T E Yy 7 EZINAL TS Z L
MWD, Z0XkoC, atvtrTEEOMN Ty s A 70— RHBERR, =2 —FDFF
ETL2HTOHICKELSKAETLDEVIHENDH D, — 5 T, RoCNet (T = — ¥ N
ZLGETHIEEERHERIBEZET LTS 2D, bABRERZRE LA 70—
R REZMMFET D2 ENTED. £, M4-2210, FPIev 728 NWALRLE
LSBT, BHRORFMAEUNA TIERHEOFHENRKESEFLTNWS Z &
DD .

PLE® X 512, RoCNet i%, ¥fiigsm (RHFBERS )25 2 L4, KERFME
BTN Ty 7HEFREREM T ERDND.
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Figure 4-19: Fairness index of Traffic among BSs in each scenario
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Figure 4-20: Fairness index ratio of RoCNet scenario to Cellular
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=+ Cellular w/o pico cells
=B Cellular w/ 1 pico cell
350 —&— Cellular w/ 2 pico cells
=i Cellular w/ 4 pico cells
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Figure 4-21: Transition of traffic in the BS located in the business district (No. of sales-persons: 100)
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Figure 4-22: Transition of traffic in the Pico-cells (No. of sales-persons: 100)
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4.5.3.4 RoCNet FE I 0 F1E

A TlX, RoCNet EHEFORBEBLE ICHLERT 5.

4.5212C, b7y 7Y TICBWCRBIEFFAGERT — ¥ 2 £ LB
KAN, RAMZ U 7 ~BELZ S REKEOBE K B ~ Bluetooth X° fE# LAN %
ODEHEHERZHNVTT -2 EXELEHELY%T — YO0 a b —2 KT 5, Lit#ll
L. ZHE, 7—2BEETHLIBEHm K BOERMN O VEN~BEI T 5 &
kY, BEWm AR APOEEHE K B~ FTELT — BN EMF A2 L Tk ~E %
SN RoleGAIL, YT — 2 ORBEAEBIET AL, BiimR ALK K/~
BHET -2 E2HETDHIIENLBELZRDITEDTHDL. ZRITHEY, BEimA AL
BEmMAB ~BELET DR EINTENENEMODLERD D .

oA, M4-2312-FT L5127 aFx P — 3 (RoCNet Proxy & FE5) % % & 4
L2 EN—o0HEERD. BMEO—HIELTIEUTOLIICRD. BEIWE A0 D
TR EZTEINTZBEEAK BN, IPI ALl THE%T —F % RoCNet Proxy
~NERIET S, IP I b T — ¥ % %15 L7 RoCNet Proxy I, 7 # 71k
L, YT — 20T — k%, 7—FDAERIT TH 2B E) K A T %R
FEET L. BEm R AL, REMRRBZzXET 2L, LW T—FDatbt—%
WMEST L. TERFMUNICEEZEREREZZECE Ve, BEIW K A IXEME ~EET
— X EHETDLH. ZORXIBRAF—ALICT H T LT, RoCNet FIHIKFIZAERK T — & 2
RETHIV A7 EZES T ENTE D,

T, WMABMCTT —XWMERRINDIIENL, T—F0OX 2V T [ TEERHE
BMTHH[1.K15DOT7 —F%7T 7 F ¥ |Z j’%)RoCNetProxy’i’\]*/l/T/77<&L/
Bl Z WX E R T — & % B E R 4y BUE IS ;of\%bfum,@ﬁ W L7 oy B T
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