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Abstract

The current researches are moving towards more development in order to
provide the growing needs of user such as support real-time applications
quality of service and particularly; the high data rate transfer and other . That
prompts the network service providers to integrate many properties for
different networks resource« and support providing the service “ anywhere

and anytime” .

The vertical handover is very important and necessary step to provide the
mobility of mobile nodes between the different networks by using Media
Independent Handover (MIH) IEEE 802.21 standard which is developed in
January 2009 .

Transmission Control Protocol (TCP) is the most important protocol which
ensures reliability to send data¢ but its performance is heavily influenced
during the handover between different networks« because of changes in the
values such as speed and data rate transfer. In addition to the fact that the
TCP Protocol assumes that the lost packet is an indication of congestion:

although it may be due to many reasons such as Fading or Handover.

In this thesis¢ the performance of vertical handover process using
IEEE802.21 is evaluated and we study the performance of TCP by
discussing and evaluating some congestion control algorithms such as TCP
Vegas« TCP Reno« TCP NewReno and TCP Tahoe « and comparison them
taking into account many parameters such as packet loss< handover latency:«
and throughput using NS2 simulator ( Network Simulator version2) which
includes a support for MIH technology by the National Institute of Standard
and Technology (NIST) .



The results of the study showed improvement in performance when we use
MIH technology to have seamless handover: in addition to the improvement

in Throughput .

TCP New Reno has the best performing during the handover« it has good
Throughput and little packets are lostc while TCP Vegas algorithm suffers
from decrease in performance during the handover. The results also showed
the influence of the speed of mobile node on the handover and performance
of congestion control algorithms< where the Handover latency increases

according to speed of mobile node.
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HHO Horizontal Handover

IEEE Institute of Electrical and Electronics Engineers
IETF Internet Engineering Task Force

IP Internet Protocol

LGD Link Going Down

LD Link Down

MBB Make-Before-Break

MSS Maximum Segment Size
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MIES

MIH

MIHF

MIIS

MCHO

MCNA

MIPv6

MN

NIST

NCHO

NCMA

NGWN

NS

OTCL

PoA

RSS

RTT

SAP

ssthresh

Media Independent Command Service
Media Independent Event Service
Media Independent Handover

Media Independent Handover Function
Media Independent Information Service
Mobile Controlled Handoff

Mobile Controlled Network Assisted
Mobile Internet Protocol Version 6
Mobile Node

National Institute of Standard and Technology
Network Controlled Handoff

Network Controlled Mobile Assisted
Next Generation Wireless Networks
Network Simulator

Object Tool Command Language

Point of Access

Received Signal Strength

Round Trip Time

Service Access Point

Slow Start threshold
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VHO

Wi-Fi

WLAN

WMAN

WiMax

Transmission Control Protocol
Vertical Handover

Wireless Fidelity

Wireless Local Area Network
Wireless Metropolitan Area Network

Worldwide Interoperability for Microwave Access

*khkkikk*k

26



Jo ¥ Jusll

2yl @l Jasa

Introduction to the

Research



dadia 1.1

Gals Gl il e aalil ol dlag) e Jaall b o sall lS0E aal g8 Al clasil (g
Eigia ade Glaal Ll s cal Al 5 Aaglall dalite CSud G A sead) 338l J)gas Nie
(MIH) IEEE 802.21 Jlaall 3 S8 Ciela 12| dandll 335a 8 (alias) of Juai¥) & g Uasi)
& ey (HO adell cililaad o 53U a3l Jliiy sl (o Adlisall £ Y1) aal JaS

S EOYPFPICr PRPRIENg I Pr DXC S PN

A Y) Bise ansll b)) Juai) JS5ig 1 TCP (i) Jue ¥l oSaill JoS5ig 0 3ad
ol Ralia) AL a5l 8 4Bkl (e sae JSLie i S) ASLull ISl aaias
ol Al Al LA JEEY) e S (K5 selaf

&b aSaill JSgig el Aulyny IEEE 802.21 ) 4l yn e il 13 & S i
(UMTS) dsalladl Adliall cVUai¥ 4 shaie lSes G HO aslusill dlae ¢l TCP Jla,Y)
S Juaiy) ol clSws s Universal Mobile Telecommunication System
sl aUaill e Al daddlll ias 5 Wireless Fidelity (Wi-Fi) (sl ) s) <o iyl
Worldwide Interoperability for Microwave (bSlke ss) 4us Sall 7)Yl 3lill

. Access (WiMax)

dand) ACia 2.1

Lo 408) yaas dahaia fpara LS PR Al "\agl&wqqgegm MNMM\BM\GN

CJlaU Aalia Ja g 8 Aadd 33 ga (paali e A Lo (3855 il giall CUSLED (e 220 g

Galdsi) s a3l palil) ) adlaa) cPacket aool (e 2ae a8 bl ddee Gigas e iy
S daall e et Y Adlide Gal s (AT A0A1 jluall st Al llaaal) Ji a5 52
G TCP JluY) (8 aSaill (S 5i55 el 3 yigs Lae S jaiall 43 Hhall 4 00 de )
B g o ol a8l (0580 8 Ly alaa )W) Cugaad Sige adly )l 8 sy
g nall e JuaY) sale) cllee (e mal) G o) 5 138 5 cJla )Y (B & g8al) Ao

L Aalal) alaa SYU aSaill el ja) dagi LY Jaxe JI

(IEEE 802.21 Jlaall) MIH L sVl o Jiiuall alocill 4685 Al Ganll 3 o J gl
sl Llee JMA TCP Jla, YU oSl J o550 Al yag Al 038 3 5a 53 aubucil) duec

28



aSaill Cilae )l sa e dae elal i At LS cddlisad)l Gl e 220 G VHO (Jsilall
(TCP JsSsisoll el o 508 il (e anlull dlaad Ll anlull dlee oL ddliaall alaa 350
S pail) e ol ASLOU DI e Jalaill pamn gt 435S S lasil g Jasas (e ey Sus

AL A8 e AL AAl (el 5 (8 BEAY) Aais Mobility (4alasl))

i) dalaal 3.1

UMTS <lSeill G VHO (A 8Ll ardull dulee 13l 5 o sgfa 4l o Canl 138 Calaal ol (1
o e elal anlis (MIH bl ge Jind) aludll 4085 358 50 WiMax s Wi-Fi s
S aaY dgea e dul o (e e adludl) Alee oL Alan YL aSadl) Gl A
paluill dalae I TCP Jla YU aSaill J oS 55 50 el cladll oda (pn aluill dlee il lis
Shaa ) sa (e e 5 |EEE 802.21 Lbaall 4l 53 (I anll 3 Cangy LS L VHO (I s8lal
. Vegas ustad s NewReno sxuaall su 5 Reno suos Tahoe el Jie alan jYL 2Sadl)
ibls s MIH sl o Jiial) adul) 438 aladiul vie 40ala anludll ddexy o 3l saa
alucill dlae e il a3l Al Packet loss a2 Jie Colabaall (e 20l
. Wseaall Baiadl de yuy ¢l8Y) b5 Throughput @ésill Jaxes <Handover latency

CCla 3l Al oda ol 45 jlaa

ol 4l 4.1

IS0l B Ja s A ) (el G Aaa) AL S0l ¢l Al 5o 83 508 dpaal gl
A a die sl e e S 5 alSlall e & dexdiuadl WiMax s Wi-Fis UMTS
Jsbiny LS | MIH Jas sl e Jaiusall aplol) 3585 alasiuly elld 5 CilSuill o3 G Al sesal) 3362))
WiMax i ) Wi-Fi 453 e A sanall 53l S a die andudll o 46 )ial) Canl
carlastl) Alae il o 331 e N aalill g ca 5ol 288 plaie Al p0 e (il olaiW S el

A gandll el Ao s (38330 Jana

JSi Alaie V) (5 ya calaatl) 18 A 8 daalisall o lalaall aal Al )35 (i se Canall Cpaaly
el aglaill ) 58 A e ) ) 52 8 Aliiaall 5 LEYI3 8 o ol

Al VL Sl Gl )l d (e 232 g TCP Juu ¥l w83l J oS gy Al pa sl J iy
S el g 4y (JEEE 802.21 junall 4l 50 5 (WHO (sl adaill dlany W 5ili

29



acal Giadl cilimadl) y LAl e dall e NS2 Staal alasiuls il all Casi Lty
G Cun lSaall il s i aall Jead) ditis (MIH dssh e Jiisall alul) 4l
BSlaall geilis Jalat ) bl | Al a2dy Lay 3lSLaal Aabiaall il gy sl (e (il 1)

Al YL aSaill e ) ) sa Bae ¢l A jlaay TCP Jls y YL aSaill J5S 55 5 ool i
A ) Al a0 5.1

e G Al geaal) Bagall & jad 2ie VHO (AL aaludll dilec el Al Ay Baae Culanl Caatal
glal Al yn ) TAdlz) | MIH Ll e Jitall anluall 4385 aladiuly ddliaa) Al g
bl Aleny a5l 5 4y Adlaiall alad HYL oSall e 3 )52 5 TCP Jlu Yl aSaill J S 53 g 50

A SL il G Handover abudl) e a geda (e Aale aul jay [1] & Osialll 8 )
G ge Ao clashaall maead o aledll dlee Jal e eyl 4dlial
M) b daalusal) ol sall aal o gialll (o WS | dleal) 2y capbuill i 38 5 5 slaall
lee oY (laig A o [2] (B Osiald) a8 Lty | Caag) A3 L) julaas il ) 3
g 5 (= BS (el (ithas G A seaall 3382l A a die MIH 458 252 50 (A BLAN anludl)
BlSlae zali g alaiuly sSLaall dlee iya (Wi-Fi 48080 dayls 3 A5 WiMax 4Sed
Gl ol aladiuly MIH 448 s &35 <Network Simulator Version 2 (NS2) 4<uill
Osislll (ud . NIST add-on module & Ay julaall ksl sgzall J8 (e Aianaiall
«Throughput 81l Jase <HO-Latency mbull nali Jie ¢la¥) andil colebadll (e 220

. End to End Delay e ddles e M ,alill s Packet drop ) s

Gl slaall 4ot (puaad e MIH Jawssll (o Jiiall aludll 4085 ) 6ai [3] 4 o sfialall (a2
Ji 233y La «Media Independent Information Service (MIIS) Lo il (e 4lsivl)
aloill dalae ¢ U]yl Ao g e a3l a5 ca ol a8 Jame Joli Aol 5 spaadl) iyl
DA 3A3Y bl (< Al 5,V 58 e dlae YL UMTS 48 s WiMax 48 o
Oe 2 o adiai 5 )%he ailudll ) 8 AT 4l A [4] (A Osialll £ B LS gl
Batall de yuy AeUainl) eDlgin) dAldinadl 3 LAY 885 (Jaadl (aye Jia (@aladll
& 5 e OiSad s (WiMax 3Sed G sl dlee o8 A panall 328l ool 4l ja5 . A sandll
Comend (8 aalos Lo a0 e ailull e a3 (it Jas ol 38 5 CUMTS 405 5 Wi-Fi

ool ad g caleall Al (3aNl Jana (30 US

30



Aad O A sandl) 3akall AS i ailudll dglee elal Cpaad ) [B] d osialdl ks LS
Ly e aie YU sl ddee o @l alil e pmiddds WiMax 4Sud s Wi-Fi
cnlidl d gl eadgis ¢ Link Going Down (LGD) Jkbed¥! sad dlia ll aa 55 Caaal)

LA gl Bl Lgeadiiad ) Clipdail) e elly i

ve Sl aduall A saclall dla gl @gla elal auad o deadly [6] 2 0sial) o8
e plaa YL oSl illee il Allad 401 ) L 3G ASud ) WLAN ASed (e JEy)
Jiinnal) alecl) ails e HO alol) Ay Gl il glae Al y Adlialy anluill ie 3 )  juall
pSaill J S g Ji (e Slaslaall oda aladiul &35 (MIH Function (MIHF) bl e
CLY)s Gladl)l Al ey ownd alaa VL aSadll 33U aas dad il TCP Jla YU

. 333l ilea Sl Round Trip Time (RTT)

48kt 45€ 5 (|[EEE 802.21 Jbmall (o dasen 5 [7] 8 0sinlll o8 oAl dea (e
Saall Adladll g 48 655l asi ) i) (NS2 ASedll sWSlae zeali gy alasiuly oelal s
ilige Ad 23 gad O iald) = 8 Cua | |EEE 802.21 sl ila g i 5Saa 4 NS2
Access (APs) i Ll &35 (WiMax g5 Base Station (BS) deld dasa (1
sl g Ale o ) Joay A ganall 282l (pe juatia A sdie 23e g (WIi-Fi g 55 0= Points
ISy i) 481 (3 Ay Al 5 5l i Jane (a3 Waany s cauls Aalee 79 gy

. MIH 4l aladin) vie 5

il s [8] o sialll Sl alaa VL sl e iAol Gauad e Jaall ) A
aaaall 4l Bandwidth-Delay-Product (BDP) bl Jlaall (e ¢laa s RTT
Laiyy c@Bi¥l lad) Jliil () A 300 Jla ) Adaad e dia 3l 3 538l) e RTT iy S
ey, A%l e Al TCP JsSsisnl (Seall cillanall alae¥) saall ge BDP sy
& Lagall 2ol @l ] BDP dad (e dw 8 cwnd alaa ¥Vl aSadll 330 ana e Llial)
Gl 5 (Juai¥) B Jie Throughput G5 Jaes e Blaall las 3¥L 2Saill el 5l 53
& e «Threshold dgall s Leas daaeis cwnd alaa 3V 5380 Jaanty ol 288 (i (5 yay
& dituall g Jujall 0 S a9t Cus (Freez-TCPy SS-TCP (S ol sa o &5 adll
iy aill iy TCP header (Al ) A il ava aaa Jis dlals SS-TCP 4l sa
ode) b diisall Gyl a5y Freez-TCP 4l 55 o8 Lo coplgiil g andusill ¢ gan o
JHlES 6 ) 0 58 () Ju el Agad Zero Window Advertisement (ZWA) 338Ul yéias

31



Lo Jla ) cillee JS Cilay) 35 (a5 . Frozen mode 2eadl shay Jsaall s jiiall 3201 dag
u\:\AJJ\};j\ Y ui \}1‘\ ‘?‘M xil ‘\_\XAS‘—“" oLl amy d\.m_):}(\ u.tu.ue} ‘?-}JJ\ Jad pe
a5l Al (Apae W) ilasall) Matlh Ll o (ol 1 jean 81 adull daad

e Upward VHO SN aludll 8 3acliall dla gl gl [9] (& O sialll (ua Lein
daa () ) saee 5 3G QAN Jaall e 4y da 3800 ) WLAN ALY dolase 4S04 (e JEY)
Clalee 138 81 (85l Ma5 U8 Lpanal Lala glose aludl) Cigan aay alad 3 336 aas
aSall A0 ) 51 53 [10] b 05l priiad Lo AISEA ol s 4y 55 e e slad 3V oS
Lol 8 alie i ol daadle die 5 (Jaall (e dad pasil Westwood+ alsa YU
llee laeally 220 Y @S5 (gl o 58y TCP Sender dusall (b Jlaall el 201
Aol Gailiall e IS G RTT Ay GAYI e dadlill 4y )5 il e alaa HYL oS3

EATREN

TCP JsS535m dals VHO (I ailas 4485 2158 (e o siald) doe 8 [11] 8 Wl
My yalill dags Retransmit Time Out (RTO) Jlu 2l ddgall el A1Sie e Jalaill
el Jaftasall 5 G pall (0 Graiil) o 40 o0 el adldil) dylee o8 1 ylay o3 <8 gl
Ala sl ye Waal (o yall dgad Acknowledgement (Acks) adkisl s tad) Jus ) 5 aaludl

saallilagll e A Aol

Il (el Blee Jgn a1 aaY Lpma el Al 5l e Ul Can ) 38 3 (3 ki
(MIH sl e Jaiuall adell 4855 WVHO (AN aalocl) Ll olaf Zl ¢ Adlisall
MN 4 saaall 32811 Jul oLl |EEE 802.21 Jlasall aladial die aglecll dlee )] Cpuun
el TCP Jl YU aSaill J € 535 5 @ slas &l 505 UMTS s WiMax s Wi-Fi Silseill oy
sy <TCP ReNno siy die plad WL oSaill cilia ) ) ga (g 23 elal 4 lia addudil) dlee
. MIH 4 a)aasul TCP Vegas o+t s «TCP Taho 54ty «TCP New Reno 3l
Packet o)l gluzs cThroughput il Jaze Jie cidlaleall (e 220 Gl jay e 1oy apis o3y
End to End 4l 4les el Laalill s HO latency bl daleal ia 3l 0alill 5 Joss

palastl) dglee ol e la 5l 5 A gasall 3381 de 5 < Delay

Network Simulator version 2 Saall aladin) Je aw nll ddul) G8a% 3 ddain
Linux Ubuntu (S5l Juds Jads alas ae NS2 version 2.29 _laaY! (NS2)

32



ol e Jeiull pldill 2585 acal (NS2 (Sladll e clilall (e 22e mads ¢11.04
. e s Mobility 4 a1l

33



@l Jumill

L2L 2 Al @b pyluall pgaia

Handover Concept

In Wireless Networks



2] cadlioal 5 alull o sgda s chardivual) TELO KA (e 3 a ga daad Juadll 138 J gl
il ) 383 & daalusall o ebaall any S5

A il Jual jehi 1.2

JsY) Jiall b Analog Bl Jla Yl alasiuls &3 5180 Zalai¥) e 4 sanall dalast) cily
OS L) eadijall Cldarall Jare GId YLATY) sy &l (5315 «(1G) First-Generation
e ) ae i ol LSy 81 aloil) Aadai¥1 oda Caeedy | [12] < saall da2dl Laih Laiads
LY g ) cilasdll el Jial) Cllall 280 g e 3,08 (S5 o5 cild il Al

L AE U Jlal) e Sl

Lgae 5l il g Jail) Va5 AE i) Jlal ) odai (1-2) JSa G

Data rate
.
Suy\c:ncmukap :
Virtual 100 Mbs
reality
Video 10 MBS
conferencing
4G
1 Mbs ~—
Multimedia BiG
. 3G:UMTS
100 Kbs < 2
s > 2,75G:EDGE
[ 2,5G:GPRS—,

Voice 10 Kbs 2G:GSM

L o " time

{Years)

[12] Lo i (Al cillail) g Lgile o g ANAI S Sl phati (1-2) JS&)
Aaad Il Aflall i) a5 2G A dead) clSud pph il il
SN Bl 458 Ciaed Cua ua S O pall Glinhl aexd Gl A SLAU YL
Gy (81 ¢ Jumdl llanall J8 Janay ciledd Cieed LS o guall clerdl Circuit-Switching
G 53 55 Al T < Jans sl aladiin) A01Sa) pe ol dimitiae Lgaedi 31 Cile
Packet- (e, Juadll 46 cadlal Jilly 2G ASuil ol 2. 56 Gl el | A0
L G IS5 (81 cililaadl) Ji Switching

35



55 2000 ple 3G AN Jaall dpd 1) laial gall YLD gall Alad¥) 2os 2ay Lasd
Clalare J8 Yare ) dils) S el S pall 3 cllanall Gadi o J8 Y are (panials
ool Qhall 4 JalS JS8) ac X3 Cnnal 0 5 2Mbps (s (Al Jusa

Lilu gl Glexd acal 4G a2l daadl sl Badl Jiall ey L e Jaad) 1y 2008 e
Joi Add gpay 4 e o il 13 Leeeny Al Gleadd) e 635 ¢ B8l e il A Baae54l)
[ Qe )Y (B aSaill JsS g5 0 AdS o Jaadl 108 daiey Cumy W jae 5 5285 ) e g Cilplans
Clhabee J8 Jae @5 5 s gase llibyy (TCP/IP Stack < i) JsS i

- obe_J<8 Handover aduill cililes ae ) sl jind s slad ) 28lca) ¢adi 5o

Eal) b daddiiall ASludl) ciludl) (2.2
WLANS 4sladll ddaal) ciluid) 1.2.2

¢ IEEE802.11 sl L cajad cagane Gl o ASLuY dlas 45 oo 3ke (A
Aia | MAC Lilu gl J) dal) dada claasay PHY 4L judl) dakall cildial ga das (g3l
Infrastructure Agsill Ayl Jaei Lea o 4S0Al ol 4088 ) ol AL IS0 (e ple 58
ISl aal e dgaill Ayl <l Aladdl AN 238 3235 . Ad hoc mode aais mode
LAl il e Wyt pe el e Ll Al YLyl cilinda 8 deddil
oatia) s b e Gldaee Ji cVasd A8l (bl Ale J8 c¥Vard J sl

e 5 OOl g Cilaalall g Sl (e dpaall 8 La L) 6 sl Lo Calsal

CIEEE802.11 Juadll e il ) cdpasil) s bl aal (1-2) Jsaadl G

[5] IEEE802.11 Jtaall le Alixal) cdbaail) (1-2) Jgaad)

"t";ﬁ:‘;‘“ "'“"*"‘Ld;;‘” g3 Jaadl Jaayl Juall
20m 2Mbps 2.4GHz 1997 802.11
35m 54Mbps 5GHz 1999 802.11a
38m 11Mbps 2.4GHz 1999 802.11b
38m 54Mbps 2.4GHz 2003 802.11g
70m 150/300Mbps 2.4GHz/5GHz 2009 802.11n

36




. sUnaall Alaiall Lag 481U il Cayioal (2-2) JSEN

WPAN WL/ WMAN WWAN Satellite

Bluetooth WiFi WIMAX G5M/GPRS GPS
RFID IEEE 802.11 IEEE 802.16 UMTS GALILEO
IEEE 802.21

[5] Abaicil) Abaial las ASLudll) CilSal) Ciniuat (2-2) JS&
AW WiMax 4<d2.2.2

Mobile Worldwide Jutaill 5 -Sall Sall Allall e Al Apla Sall A<y &) et
802.16e- Jaall e SIS AN 028 24ias ¢ Interoperability for Microwave Access
35 IEEE 802.16-2004 Jaall 5 sbi€ 51 (53115 802,166 — Luadf i 23 5 <2005
S il aeat g ad ye lpdara J5 Jare 13 IS 38 325 Mobility 48 il sy (S
AsEl) sda caaldl, [12] e sk 50 (A Lotas Jooas L 55 21 ja Aalise Lkaril il

. BSs 4aelall Lilaas (s Handover sl 48] aadiiull

UMTS dxallad) AL cylaty) da ghiia 405 ,3.2.2

Universal Mobile Telecommunication (UMTS) adsiidl YLai™U allal) aUail) 3ay
GPRS = 15556 GSM alail skt s g il Jaall ali s 0 alle ol alas System
TTC(Japan) ARIB) 1997 de S 45 Cluswsse ued Cuxaial ¢ [14] EDGE
Gl Jaal) AS1,8 ¢ 5 pia ooy W i S5 ( ETSITTPL(USA) «TTA(Korea) «
alaill 4l clial gall aaaa g <3GPP (Third Generation Partnership Project)
(WCDMA Wideband Code Division Multiple ) & sie) & Cua (UMTS
ae i 4plSa) (33 L s « Radio Resources 4xsal il sabadll e Jsasll Access
et LS L gy ) Adlal culaa jill aall aladiul) Aoy 5T dasy (el o LS
Gilale) el A sl e 3l Gkt e Q0S Aead 53 allai Al lagdail) g leadl)

e 5 Inter Active App (web-browsing) e il cilanlaill 5 (& gall ¢ sardll

37



dJM és;ﬁ \.@_a\ LS c:\,ﬂ\.c '5.3};,1 4.5‘);“ ;Lu\ I\ A COA ] ;\);j ‘;r_ 3)&3.“ M\ RS U_i\):ma eﬁ\

(UMTS auls 25053 dgzall U8 (e syl 8 Aiiadl cVladl alladl allaill (a je
Jae i 4l i e Ll s (WCDMA « FOMA Lost Jia s il slanly Ly sl z A Gy g
3G QU daally (3 gt

) o) ol A3 e allsy Cum UMTS sV ol dlad) Al (3-2) S o

. User Equipment (UE) 4 gasall 3382ll 5083 Cum 48 Hlall 6 2 -

il UMTS Terrestrial Radio Access Network (UTRAN) sl il ¢ adl - -
Al aSaid Wgasall BS dpaclll ddaaall i il (Node B) B saixdl (g
. Radio Network Controller (RNC) s 5!

. Core Network (CN) as.all (s - -

E5N P GGSN
|
|
|

e —— -
- o o o o o e o o o

[14] UMTS 4sul dalad) 44 (3-2) Jsid)
asledill iy 25 3.2

user's active axiiwall dladll Juaiy) duds o dddladl ddee 4l o sl Gy
b oalaaY Aagi - L (POA) Ll Maill 3dais (MN) A sesall 5282l 5 Leic session
Le 43l j2a dikia (jan 5 a1 Base Station (BS) duaeld ddasse 5 4503 ) - 3,L3Y) 5358

38



Jaadl daad 33 5a ) dacld ddana ) o Jadl a5 cld 3 5L3) e Jseanl] Lgia b
(aaall) Juai¥) 4y ) et e Blaall @l y sl 3l

addl) Ciial 4.2

. [1] Handover (A siall) aludl) Calial aaf (4-2) JS& G

Horizontal Handoff
Metwork Tyvpes

| Involved -I: Downward
Vertical HandofT
I Upward
Intra-Freguency
i HandofT
— Freguencies Used
L Inter-Freguency
Handofl

Hard Handoff

Mumber of Connections

Invelved Soft Handoff

Softer Handoff

Handoff Classifications
|

Intra-Administrative Handoff
Administrative ‘ L

_; Domains Involved

Inter-Administrative Handoff
|

— Voluntary HandofT

— Mecessity of Handoff—

~ Obligatory Handoff
!

— Proactive HandofT

User Control L
Allowance

—  Passive Handoff
|

[1] pleal) Ciliaal (4-2) Jsad)
1] Wb e e Bae B g o) i
s (A BLAN aledll g A8 aludl) |1.4.2

e M (A Al g ) ASaal) dmpll (o g ool oy

39



e OG5Sl O s ym ) il sa : Horizontal Handover (883 aludll e
Gl . oA WIFFI ASs ) WI-Fi 4S8 e alaill Jia (3 5 did) i
Jal xie |nra-cell Handover (Gebiiall LAY () $lal) s alually Laf
c o) A dd leadiud il G A gasall Basal)

OESaE Om gom @Al sl 8 : Vertical Handover (fsilall aludll o
Caag Wi-Fi 4S8 5 GPRS 488 (g aaleallS el 5 Ail) Cua (e pialiag
Jal xie Inter-cell Handover (Al LAY () 4lal) & js adually Leaf
. Aaliae 8 A0 aadiud oAl a1 A pasall Baial)

A Aaglal (8 5wl e 53 (5-2) S0 iy

-
‘l
GPRS network
’
l"
WLAN WLAN WELAN
Vertical handofl: GPRS «oeveeees > WLAN Horizontal handoff: WLAN «eeeeees > WLAN

AP anloiill g 88Y) anledil) (5-2) S
bl aduilly aeball adudll @ Lea il e i Al VHO (A8 aludll Cotay o) 90
. [17] Upward and Downward Handover
3 4S8 5 phm Akt 0D ASE (e AS jaiall 4kl aded e sy saelall adudll -
dohaai b AKea 5 S dphad i ASE (e GaSlaall seialy Gaany shailgd) sl -
_yal

[17] Ll s 2o biall a0 3IS (6-2) JSN Gy

40



[17] ssball astedl) g Jade) asleiil) (6-2) JS&d)

1Ol aaleadl) g puldl) anleddl) 2.4.2
sLi) J apasll Juas¥) a3 43 5 s Hard Handover (il asludl) o
break- (BBM) Jua sll U Jumb Lyl (s 5 b2l il 2 e Jlusi!
dapail) Adasall e o3l (3o B0 Geadl) 8 Uil & gaal 113 before-make
ALYl JuaiV) 85 ead & sl 138 Camy 8 5l Aaadl pe JuaiV) U8
pladil) (7-2) JSEN Cpay AQUS Arg s il dlee 65 Y Ladie o ))ll gLl

c. affer handoff

b. during handoff

Hard Handoff

[47] Hard Handover (ol asluil) (7-2) Jsl)

41



U genall 3a8al) Jadlas alidill (e g 6l 138 4 2 Soft Handover ¢l adedll o
Matll i e Juai¥) sl cpad A8 308N e Jai¥) e aludl) oL
Gy Y e APs Mat ki g dliaie 4 seadl a6l 0 5S5 (o sl
StV a5y 4ld bl Alae el dey s o(Tan 8 juacl e 3 3yl < )
il e g sill 138 any (8-2) JSAI L e b LS cdapaill Ml Ll e

. make-before-break (MBB) Jwadll Jié Jua s

a. betfore handoft c. affer handoff

b. durmghandott

Soft Handoff
[47] Soft Handover (il asledl) (8-2) Jsd)
a8 335, yal T g adeiil) 3.4.2
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Mobile (MCNA) 48l (e aseaally JEill J8 (e 4 oSaiadl aladll -
Network Controlled (NCMA) s Controlled Network Assisted
Bakal) 5 K0Sl (4 A4S yidae agludill ) 8 3A) dlee Lia 55 Mobile Assisted
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Cilga) sl RSS Aliiosall 3 LY 5 58 dadl Wby L) adedll (5 sma N Juadl) A<03N sl
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Congestion Control s NG asadill 2.3

TCP  Jusall piay 4Suill elal Ao Llaall ) alas WU aSauilly dalall il ) ) sall Caags
ASLEN o)) sl 23051 LYY (e Sender

dsic Aady usill s cwnd Ala Y 33U ana Aady yunil) Al sy Cilidanall (38355 2S5 ya
AN Jea e 263 L ssthresh W <2 s Slow Start Threshold sl el
time <8 1) My La) &l glaia a8 ) | a Ml glava CadS Aalis g 1] Aalall il
. (3dup Ack Jsas xic) duplicate Ack L_Siall a3iwY) jlad) Jsa s sl cout
dad camnd s (Juat¥) ol o5l (alall RTT lYls ladll ey 4l je e TCP Jany
RTT 4ed le el Retransmission Time Out (RTO) Je ¥ sile) dlga sliaiil
A da g 8 cn Jaliy ST gl Taa B 8 058 e Ulle
. [24] Karn ¢oS 4wl sa (385 RTO los s RTT 4 jadi (S
axiall QY15 ladl) Als 5 e s L A, IS dal e &3S due a5 Sample RTT
. [24] (1.3) 4l e 1slae) Sample RTT o o= Smoothed RTT
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. (2.3) 483l Smoothed RTT das 8 (s el il i) Jhash g
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Do Lol 4 Sl ool Jlai¥) & gba Jle RTO il Ll (3-3) Sl g

il Jla 8 sas)5 46 L)) RTO ded i ; Tas 3 jsa RTO e il Jla 3 o
(e aaall Gasyy | [25] RCF Gis W ¢ sansall Lial) dal) s daili 1 (e i
Al e Jl Y sale) Gllee

53, Al 8 eday (e Al A0 O iny 13g8 : Tan 5 S RTO 4 cillS Jla AL o
el 2 die Jadl)
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a) RTO to small b) RTO too large
unnecessary retransmission slow reaction on losses

[25] Asaid) sl Jde RTO 4agd il (3-3) Jsi

OB 4l slaa Ja 4 : duplicate Ack oSiall 230yl jlad) asede ) oY1 (3 kil
seq Adlial a8y Jis Jomy ¥ 4y Jujell A Ack 2200Y) el Jl b ain Jaiedl)
B _Sha oDl &l Hlal) 3 S yal) iy Ladie 1A Ack 4w )y (a3 52 9all nUM field
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s \\ f.

\\\./ /
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TCP Juail 34 4a ), 388 (4-3) Jsad)
. (4_3)23M@Gl=a}w__,dmfj\ mshét_me;;j}J;
W =min ( cwnd ¢« awnd ) (3.4)

Clabaall (o 5T aae Jla ) (e Jus sl @ial aadind 31 calan 3Y) 5380 ans - cwnd Cas
CJaall b 8 Al aleas G Sy 53 &)l

8% (e S ane Jla) (e Ju_gal) el aaiind 5 cJuasal) ie Lgie (jlaall 33801 aas ; guwnd
- el 3 )l e
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Congestion  a-aa ¥l quiai 4 lsd s Slow Start sead) sl 4 ,l8a 11.3.3
Avoidance

33U 38 Cum calan 31 5380 5 Aiall ¢ A5V il aadind 5 lae (piae )l sA0) (lila (Gl
aial Ll ) (e TCP Sender Juspall Sty (Al Sldasall 43S 238y ya3ie (cwind) plaa )Y
Lay . (Al 8 Jaal) Jag b aleati O (S L JiST) 388 ldana Jl) (0 Jusall 4
Ao (Aas Al ) daa) Bl Y Ay 8 Aa gl of ) el e ssthreshold agal) 33
- [26] Sw¥) Jara (add Jupall dga e ang ladie 5 calan 3Y)

: Slow Start (SS) sl sadl A lsd @
Maximum Segment size kel abaiall ansd ownd alaa H¥) 3380 403l daf aua i
die 33U o3 ana Adeline e Jaall (5 ma 8 (e s cJlai¥) Aylyy die 3605 | a8 (MSS)
Ul Gl ia 1Say [27] RTT iy ellging il g Ack adisd Jlasi) Lggd Sy 540 JS
Aiall ded e LS) eWnd ded sl Al Aol HE5eS (BACK ) e,
. (1-3) saall5 (5-3) JSal) 8 (e 8 e 385 sSthresh
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|

Slow Start shal) sall duajl i Jsh B ) galll (5-3) Jeil)
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[25] Slow Start sl g2 da i (1-3) J g

Slowstart algorithm

Inifialize: cwnd =1
For (each segment ACKed)
cwnd ++;
Until (congestion event or cwnd >ssthresh)

zuai sy ssthreshold agell ded 1) Jseasll s Ll Alaa 391 5380 ans 10 jo &5 (e g
xe | 33h) gl Congestion Avoidance alas ) cuiad jsh (8 Jsaall e dpdad 3al 3l
C(6-3) ISl 3 (e 5a LS ¢ Y lad] Jgeans

Congestion

cwnd : Window
Congestion

Threshold
Congestion
Avoidance

Slow St
Phase

time

[25] sl sall dsa ol sa b (b (o) ) AU (o 5 s (6-3 ) S
: Congestion Avoidance alaa ¥ ciaidaaj lsd o

La a3 "Additive Increase (mesl)) ALyl sal " dls e Loafd e
Aoy Can ¢ Jhd Jaadl (5Ss 5 Slow Start sbd) sl 723 50 (e S8 3250 cwnd des
(Ack 22wl JS xie) RTT JS i ] o 338lil) 4

dgall mauais Slow Start sbdl 2l e 2a 55k lay Time out lgall eloai) vie
. [25] (2-3) Jsasll 85 ssthreshold = cwnd/2 3ua)
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[25] Congestion Avoidance atsaj¥) quiad d3aj,)sa (2-3) Jyaad)

Congestion aveidance algorithm

/™ slowstart is over */
/* cwnd = ssthresh */
every new ACK:
cwnd += 1/ewnd
Until (timeout) /* loss event */

Slow Start eghdl eall Gujlad dee AV Jal Llid (7-3) JS
CelaasY) Chiad A ) sa

ssthresh =1/2 window
cwnd =1 MSS

Y

- Time-out Slow start 3 ACKs -
Congestion Congestion
cwnd > ssthresh

A

ssthresh =1/2 window
cwnd = ssthresh

Y

— Time-out Congestlon 3 ACKs - >
Congestion avoidance Congestion

ssthresh =1/2 window
cwnd = ssthresh

Alaa Y cuiad dsa ) 53 9 Slow Start sl saudl 4163 (7-3) Jsid)
: Fast Retransmit gl S ) 3ae) 42,054 2.3.3
DU J pa g die 4yl Jla ) 33lels TCP Sender du el o s 4 ) sall 638 =
dalee oy pudd &3 (g «Time out Agall ebail ) 0 3dupACK 5 S o300l &l jlal

iad Jea 3o Slow Start ehdl eadl sk Jadly | [25] Jwoy) siel
. (3-3) Jsaall 335« cwnd=1 Y waall Aadll slin) &3 (e 5 SSthresh=cwnd/2
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[25] aomad) Sl ) Bale) 43 62 (3-3) Jgaad)

Fast retransmit algorithm

If receiving 3aDUPACK or RTO
Retransmit the packet

ssthresh = cwnd /2

cwnd = 1

perform slowstart

: Fast Recovery da; sud) 3awiud) 4343064 .3.3.3

sale) daajlea (385 Aailiall el Jla) sale) ey Bo8le daa ) sall sda Jaad
A ¥ it sy Jsaall s Cus Fast Retransmit goed! Jay)
b cull 2525, (Slow Start skl sl sk il 5) Congestion Avoidance
e AV e J8T my 3dup Ack Jusivd o J) Slow Start b & Jsaall axe
Buffer o ssall 8 Leain s Juai¥l & cilanal) Jalis ) i) ga s [25] 4oyl i
Lee (ke Aag pudl Bobaial] Aa 3yl s g el Jla YD soke) Baa )yl sa (se JS 3

. (4-3) Jsaall 8 Al daa ) ) sA0) (38 4

[25] A sal) Balaiaal) 5 g2 poud) Jua JY) B2k ) 40351 53 (4-3) Jgaad)

Fast retransmit algorithm (Reno)
If receiving 3DUPACK or RTO
Retransmit the packet

After retransmission do not enter slowstart
Enter fast recovery
Fast recovery algorithm (Reno)

Set ssthresh = cwnd/2 ;
cwnd = ssthresh + 3 ;
/™ the three extra packets to compensate for the three packets
leaving the network causing the DUPACKs */
Each duplicate ACK received
cwnd+ + ;
/™ to compensare for the one leaving the network */
ransmit new packer if allowed
Ifnew ACK cwnd=rhreshold ;
return to congestion avoidance

HIHOA i}[m U\AJ\ :\.A.tsj\ —ad ‘_A;\ Cwnd ehaj‘z’\ PR :\.Aéﬁ uas; S éj Y
126]
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Sy Gle bl iy (8-3) JSall b Al g e )yl sal o8 aal lia (a et
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\l/ \I/ Slow start
Congestion Avoidance
SACK Tahoe Fast Retransmit
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Acknowledgments J/ \L
Adding Fast
ReNo | recovery Vegas
| Time based Bandwidth
\l/ \L Estimated
Westwood NewReno
Faster Recovery Modified Fast Recovery

Bandwidth Estimation
[25] Adlidal) alad YL aSail) ciba )l sa (8-3) JS&d)
: TCP Tahoe sal 4153 \1.4.3

s el ([28] wlisldll jalg & Van Jacobson Jd e dae,lsall sda s S
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skl 483 dila) ae Tahoe 4l s fae (udi aaiad <1990 ale 4ae ) sall 38 & el
Cun oyl dadl Sae CaLEES) 8 AsLaY) oda iy | [28] Fast Recovery aa ) salaiuy)
S Jxivs dupAck Jsas o b5 il Jsmas 22 5 il ACK oY) jlad) Jufius
Mahs eelbin 38 Al O Jim Lea 50 e (8 ileay o) Al el sy o siall ey
G deY) Bale) (st 5 ¢(9-3) S A (e oo LS 3dupAck Sgas 68 Al Jla )
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44 sbus ssthreshold sl iad 53 5 Fast Recovery s Fast retransmit Jaad (& J 53l
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26 SS: Slow start
Al: Additive increase

MD: Multiplicative decrease .
Time-out

Threshold = 16

o, Threshold=10
Al >

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 Rounds
ReN0 iy alaa ¥l asail) 434, 54 (9-3) Jsid)
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TCP new Reno dyaall siy ) 4sajlsd 3.4.3

Aais g e Yl clinda 8 Lelasia) alan V0 aSadl) il slsa ST (e baaly dad
Slow Start A5 Slwe)lsds gl Sle ixi TCP Reno 4w olss (o dilas
modified Aaxall day pull 325 4ue ) ) 52 fast retransmit <congestion Avoidance

Oe 2all pranst Eua oyl (e 30 glaca die oAV (et e Jand il ) cfast recovery

dae Sa skl 13 ez s Al s Y s <Fast Recovery sk JYA Jla Y sale) e

aill Juyl sy 3dupAck Casas ki ¥) dailall a0 JSI Ack adkied )

: New Reno dxaadl sh; 40a 3 ) 63 (5 gbsa

Uil (Kay ¥ & s e da )y glava i€ Jal el s RTT el dalall -
Sl Ll Galall Ack w3yt Oy e Y dnilall d da 3l
Sl sale) 5

i il axe Al gf a0 g lua Jgeas Jla 8 New Reno 4wl sa i ¥ -
Jare (el y ¢ ael S5 alaa J¥1 330 (ald) e Jeaty o)l Jgas b
el S mliadl G Lee Cldasall Jla )

: TCP Vegas ol 453 4.4.3

glaa &igas i alaa V) &gas Caliy Cua Proactive (Bliwy) il dsald e adial
iy G Ll cplan 31 Cipaad 554e8 230 gl o i acid Y e <[30] 230
e o L e AL (cWnd/RTT) (A8l Jlay¥) Jame (B (@lids) (e alad )l
. (cwnd/RTTmin)

co Ll Al e e 81 LA OIS Jla 8 ad JS alad HYL aSaill 5280 dag 30y ) (g yad
Uiy Agiall da e ST G380 (IS a8 . (S8 ownd b WL aSail) 5380 dad alis)
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e el @iy s WiMax 4% acdl |EEE 802.16 module bl 32a5 acs -
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Enhanced UMTS ) Eurane 4Lxy) e saicYu UMTS Juai¥) sl acy -
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. Neighbor Discovery Module ) ssll LSl sas g ki -

sl 3sa gl IEEE 802.11 Gk duan -
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- Mobile IPV6 teall : [43] Leals adulll dlec 3lSlaa GBiail 45l
. IEEEB02.16€ lsall - ) sall GLiiS) 32a 5 - [EEE 802.21 Jlansl)
NS2 Saall Gz |[EEE 802.21 el 3aagasa 3.5

s MIHF Bas sl g Jiiasall bl ol 58 (3t |EEE 802.21 Jlmall 53s 5 (5 ind
- MIN & sasnall 3aiall Al al) s Sl e Adliaall MIHF <) (5-5) JSal
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[44] MN & sasal 33811 as MIHF illald ) (5-5) Jsi

G NS2 Gasa Cijra Ciua a5 Agents « S agil e MIH Userss MIHF Gikay
Llall clihall g (MAC Jie) Liall clialal) f Juai¥) gt 43ida g 9 «NIST Ji (0 4ms 8
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[44] Super Node (Multi-interface Node) <lga) gll saaxia a3l -1
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by diall e Wb e e Juall sdie (e 3e s Super node A sdall ew
RVARGEREND

Al dgal sl s Wi-Fi 38 Aala JI5Y) dgal sl ccilgal o)l saseia s38c (6-5) JSa (o
Sy o i ) sty iKadl S e Juai¥! (e 3kl a2 Sy L WiMax ASud dals
- A gy Lagin

- ; “Interface nodes”

\Vl
interfac

3(1|

NodeID = 8 .
« Events are communicated to

the Multiface Node

in the Multiface Node
MultiFace node” ¢ .. _ \lulll.;:l(;lbnodt « Nodes 6 and 8 are viewed
Node ID = ; as interfaces

[44] ciga sl Basaial) 3180 (6-5) JS&l)

Phantom node (dalaill) 4sen ol 318211 a ggda g WiMax 4Sladl) cluil) gas -2

LA aladiind die g sSLaall ddae 8 NIST (rana daseaall cilas gl (pa WiMax 82s 5 22
13 3ga s daiis ddd Jlae JSU J8Y) e 3ol s 4 gans saie Sllia (550 of oy WiMax
«[44] Phantom node &)l (e g il 138 Canas o iny WiMax 8Slas g sl ¢lé 1o )il

(7-5) JSall 4y Lol
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N\ 402 e

[44] WiMax 4:Sludll cSadd) slSkae b dsa gl) Sial) o sgda (7-5) JSl

MultifaceNode ¢~ 7 P
4.01 1g

Wi-Fi &l ciladld) e -3

855 pady e |EEE 802.21 beal) 83n 5 ail 8 pedl andl 8 @llh g sape Ci0aed iy ja]
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[44] MIH (& 4agesall &iaall g sal o¥) G (1-5) gl

MIH commands MIH events

Link event subscribe Link UP

Link event unsubscribe Link down

Link configure threshold Link going down

Link get parameters Link detected

MIH get status Link event rollback
MIH link scan Link parameters report

Link handover imminent
Link Handover Complete

Subnet Discovery and Change of ¢msbiad) iy e LAl il JiLES) aed -5
Address

Sadl aladiiy HO sl dlee ol G glinll yat s Lae il IS0l GLES) acd 5 5a
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ebedil) dlee Egaa a3 3338 BS sl AP 3l dadi GLIESY MIN A pasall
ND Jixe g sty Sus : Neighbor Discovery (ND) Jlsall csliss) Jils ) @
axsall (Ble) dilu ) Jial oo Jsame O5Ss Al sana 33ic S 3 Agent
Interface 4ealsl e 2ol saaa d0aL (5 a0 CulS 1Y) Lad 2aad5 (RA
Al el a4 (el el cigall s ) el manager
O 4d (BS sl AP) POA aallall Ll ) ddads ae Juai¥) i Ja i
- e 13 Agal I el ) Quis RA diley & Jiind
BSlaall el (pana Ba2aall WiMax s Wi-Fi Sl (e JS DA 8 detial) 3g9as -6
Bllie s ) LY sl 48 i) Al pud G ¢(8-5) JSAlI (b dam 54 NS2
: [44] ke &30 e Taldie) sSlad) dlee Bad Carg
»2a %5 ¢ Carrier Sense Threshold (CSThresh_ ) Jelall (usaidic o
il o328 Jaady Ay 255 omendl o DU delaind) e Y1) aall dsal)
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Iface0(0.0.2)
Iface1(3.0.1)
Iface2(4.0.1)
Multiface Node : (5.0.0)

o o o

(0.0.0) (0.0.1)

LSl gy jliaead ,Sull Jaea g3l) (9-5) JSi)
s BlSlaall J 6 g bl -

& Cua dlgihiai Jlaed 3KM kS Cialy UMTS 4S8 (e slSlaall J¥) s bl il
22 52 LS ¢(y=1000:x=1800) flaay) 13 &b jaal) Alaitl) 3 4S50 BS dpae ) ddaadl)
Aasall gia et s Lgiphai Jlaal 500 M Lk Coay 802,166 WiMax 3Sud s jlised 138 &
L ((y=500:x=1000) iyl il 48 jaall il 3 WiMax 1Sl BS dpell)
i) ALt o5 50 M Lo kb o 4l s dihaie Ghaid il 802.11h Wi-Fi 4540 ollia

. (Y=500x=475) <iilayl <3 48 jaal) ddaill s Wi-Fi 3%
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Access Router

WiMax ((e))

BlSlaall J oY) gy L) (10-5) Jel)
Aal dae ) Aasdly Ay dleaie A gasall Bagall o (i sy Sl J N1 sy jliand) (385
Al jaall Byl @iy (1) A e deaie 10m/s ARG Ay @ ey (UMTS
s e ¢(y=500x=1600) 4l jrall ciflanll @il (5) gl At sas (y=500¢x=350)
s3al) g MN & panall 338a]) G TCP Jsil Liys . WiMax 4Suds Wi-Fi 458 (e JS
. CN (&awsiall) 4L yal)

el AS Al g i (35 bl Cililee (ya 23as MIN A sannall aial) o 55

- (2) A e Wi-Fi 3 J) UMTS 48l e VHOL (591 aibadll Bulee -
. (3) Akl xie WiMax A8 ) Wi-Fi 4 e VHO2 438 adul) dlee -2
. (4) A&l xie UMTS 2% ) WiMax 4l e VHO3 2 adul) dlee -3

: BlSlaall U g lad) -

Al a8 ge eliinly oY) slSlaall gl GBS Gudi e BlSkaall BN 5 ) callsy
Clflay) @l A aall dkall 8 Al Ma dkd La gl Cus (W-Fi
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JSis WiMax 4Seill 4k (3lai e Wi-Fi 4808 ddass Jlas &y 5 «(y=500¢x=1250)
L (11-5) JSa b cise s LS cJalS

CN Access Router

BlSlaall (LY gy jlisedd) (11-5 ) JS&)

ﬂM\EM\K};MiMLAW@J& MNMM‘EM‘ﬁjﬁ@u‘}"JL’:‘“‘M@J

(1) 4bill xie WiMax 4S8l J) UMTS 4S8l (00 VHOL (oY) addecll dlee -]

C(2) i) vie Wi-Fi 4%l I WiMax 4%l (e VHO2 2l adull dee -2

. (3) adadill aie WiMax 4%l ) Wi-Fi 488 (0 VHO3 A alodll Zlee -3

 (4) i) xie UMTS aSeill ) WiMax 4Ssill e VHO4 G J aslusill dlee -4
& WiMax 48l (e 4 gaaal) 3a8edl Juinl vie 40l sl dolee olol Al 0 o s
Al sl dlec) AS Al Jiadl oladWl aduil) dlee e elaY) A Ea s W-Fj A4Sl
kil sl gl a8 e S dsally (WiMax 4Seill ) Wi-Fi 4.3 ¢ VHO3
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2 Cliaal) (o g jlaad) (a8 LA (e gl

(e 2ae ABlie W iy dpmn ol Clglae e Ld 3 ) slaal) 4S8l 5 4S50l ¢ g5 il el
S A Al ) el 4 g A el Ailal) ASLOU il aaY cial
LSl (e dadh (e 60 LEAL

w351 (Wi-Fis WiMax s UMTS <l slaall dlee 8 o labaall (g dpaal) Liadiin

.(2-5) dsll B

Bslaal) dles (8 dasiicaal) clalaal) aaf (2-5) Jgaadl

Simulation Range

5000 m x 5000 m

Simulation Duration 400 sec

MN moving speed 10 m/s
IEEE 802.11b

IEEE802.11 Data Rate 11 Mbps

Coverage Area 50 m

Frequency 2.4 GHz

Transmission Power (pt_) 0.0134 W

Receiving Threshold (RXThresh )

5.25089 e-10 W

IEEE 802.16e
Coverage Area 500 m
Frequency 3.5GHz
Transmission Power (pt_) 0.025 W
Receiving Threshold (RXThresh_) 2.025e-12 W

Propagation model

Two Ray Ground

UMTS
Coverage Area 3 Km
Modulation WCDMA
UMTS uplink bandwidth 384 kbps
UMTS downlink bandwidth 384 Kkbps
LL Type UMTS/RLC/AM
UMTS Transport channel DCH
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B syl IS (ool Alee 1SUaa) Aglanll ) (il Al 5 Joail) 138 b it
o 230 i Al g TCP Jl YL oSl J5S 555 0 ool Aliay | A i) il o jlisnal) (38 5
TCP 5 TCP new Renos TCP Renos TCP Vegas : Jie alaa j¥L aSaill tilae ) &
il 5 Packet_10ss a3 Jie cOlebaall (e 220 alasiuly Lein Lad 455 «Tahoe
dc yu s £V 35 (Throughput @8l Jae s HO Latency sl dglee oo il

i yeadl) 35

dailal) anlectll )8 MASI da ) led 1.6

Make- Jadll Ji Jay haai (o aoludll e Wul )0 385 [EEE 802.11 _bmall aing
il MN A saaall 33l Joai Cum coalll ailusilly vy W 5 Before-Break (MBB)
an 5V Baami) A genal) Bl a2l B ey . Adlal) AW ae JuadY) Jiad Jd sa0all
Griady Gl Jlail el ) 3 a3 (e 31 )1 iy dgal 5 e ST (Multiface
gl () 938 e dadd
& (o RSS dliiwall 3 L5 558 o Wil )3 (8 dadiall apludll ) j8 SlAT) dpa ) )l o3 e
oo alhy agludl) Glee Tas i (g ardadll 2t N JuadY) ASEN LAY A seaal) 3362
Uapnall S pes (e Cilaglas e Jsan) A sand) 38all 8 53 g sl Jucal 5l Ggal
ISl G e Aanlia 3 slae 400 o i Lalla g (sl dilee dalis 5y A sl 5281l
Alaiaall SISl (e el sl )Y kY gl A gaaall 5aal) o i ddagaall
A il b gdlg) Link-detected dlaa sl cadiS s alghy old ) ) Jasiey Ll
palodill adld (e A ganall 33821l & 3 ga gall MIH user il Waaie | (L Juaiy) (Say 30a
LB (530 (e (@Raill Bapaad) A0l (e 4y ) 5 ucall Dilaslaall (azy MIHF Lo sl e il
A thaall deasl) i e
5LV 5585 (RSSNew) sauaall ASuill (e dlitadll 5 L3Y) 848 o & adudll ) 8 3asy
P4y b g pall (385 ddial) ae (RSScurT) dalladl 4EN (e At

sl A 810 Lella) e 4 ganall 3a8al) Iaélas : RSScurr > RSSthr -«

HOpbuill dilasy 4 gasall 33810 faii : RSScurr < RSSthr & RSnew > RSSthr

. LGD _bed¥) saidliallas g daallal gy

aiall ) al 35 A ) A il sha (1-6) JSE
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ALY ki Sl
Baaal) AN Aaldll

Al ol LiES daaal) Al gi

Link Detected
Y
RSSnew > RSSthr
LGD &) wig palea) diles ol %[ R ]

padadl) i 8 MAS) 43 ) gA (1-6) JSad)

Jelaall L3 o anbusill ) 8 Mal Fa 5l 58 3 ulod JS0 RSS bl 5 )LEY) 5 58 < yal
O lalae Ja) die 45 LS A8l aladiid (e Ls T pde aad s calul) Alee 8 3 sl
A ganall 3382l Ao juy BW Jaall (e Jie RSS () 4l 4l sall a5 A
Gine > Aedd (5 e o Blially S8l (e S oo dsa g pae (Riadl 5 Sl Apaa Y () S
Gy L L il (gm0 4S8l & 93 e laill (o pamy @lld 5 A sanall 338all Ao jus aa
& el Bl gl 385 W-Fi 4803 sad sl dlee (g1 Gt ()] clalaall 03¢]
s G e Al el A8 Al aedl desas e Wi-Fi 4808 (S cliinl
Gy QAN S Jeally Jaadll) | daaladl il ) 2] UMTS s WiMax

. (Bediall 3250l b alas
Gaad) 138 s 5 slaal) Ll 53 lia (e Cannal g sl Alae 5 4 jlima el 53l 038 3 LS

88



Jo¥) sbisad) @5 Wi-Fi 4%l ) UMTS A%l (e aledl) 4les
dlSlaall

Gis Wi-Fi 4l oladly UMTS 485 doasad Jlaw (ea A ganall 328a0) & ja
Lzl JsY) s il

Wi-Fi A<l dadaat Jlae MIN A sanall 32821) JAN3

A g s Wi-Fi 488 i) heacon i)Y i (et Lkl A ganal) 33821) s
Cile e 2galdl (2-6) JSall 4y L 138 5 <Link Detected 4la sl GLES) il
Sl e e il gl

2.6

At B8.888305 in 5.0.0 Interface Manager received MIH event
At 8.800385 in 5.8.8 Handoverl link detected

type 19, MacAddr=5, PoA=4

The new interface is better...connect

I launch the connection on the link

At 8.888305 in 5.0.0 MIH Agent received LINK DETECTED trigger.

Wi-Fi 48040 UMTS 480 (e asbeail) oL ddua ) GiLEIS) cand) A 55 (2-6) JS)
dgaly Gl )l Gasll s dyssis MIHF bl e Jitual) aludll 45 & 54
. A sanall 338al) 833 g sall MIH User Jual gl
o JuaiBU (Wi-Fi 480l dgal ) A sanall 32820l MIH User dual sill 4gal 5 4a 55
_bd sidl AP Alaill dhass
o dlail¥) o Mgy [3HO AW dadall e oo aldl) ddee fas
Juai¥l disai oo Jssme MIPVE JsSsisodl sy cLink-up-event 4suid)
L 400 8001731 ¢pe ¥ sie ellig LA (e o3 0 Juids el s saaall 48,30
el Cala (e 3 salal) (3-6) JSil) 4y LS Sl (0 ) (e

At 8.001731 in 5.0.8 MIH Agent received LINK UP trigger.
At 8.001731 in 5.0.8 Interface Manager received MIH event
At 8.001731 in 5.0.8 Handoverl received link up

type 19, MacAddr=5, MacPoA=4

Case2: sending RS

Wi-Fil 4848 UMTS 4 (0 pledl] £ A8 pa Jlai) s 1 65 (3-6) Jedl
aa gl e 3eYls (RS) Router Solicitation 4s sl S Jiba ) Jols s
U gasall 33821l g CN Alul jall 83821 e IS m (RA) Router Advertisement
(COA) Care <ise ol sic Lgillae) 5 sapaall A0l (68 5 4 sanal) 538al) ol sie Jpam]
A Akl (5 e e paludl) il ile (e 3 sall) (4-6) JSE G <of Address
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At
At
At
At
At
At

At

At

Studying flow 8 using interface 6.8.2

Studying flow 8 using interface 3.8.1

Studying flow 8 using interface 3.8.1

At
At
At

.801731 MIPv6 Agent in 5.0.0 reguests ND to send RS
.801731 in .1 ND module send RS
.818860 in .8 ND module received RS from node 3.0.1
.375112 in .8 ND module processes RS reply.
.375112 in .8 ND module send RA
.385272 in 3.0.1 ND module received RA from pode 3.8.0
router-lifetime=18600.800000 s
prefix valid lifetime=5 s
prefix=3.0.8
advertisement interval=600008 ms
-= New neighbor
8.385272 in 5.0.0 Handoverl received new prefix 3.0.8
old address: 3.8.1, prefix=3.0.0, new address will be 3.6.1
8.385272 in 5.8.0 MIH Agent sending capability discovery request
The new up interface is better...checking for flows to redirect

oo O CO oo oo o0

Must redirect flow from interface 0.0.2 to 3.8.1
The new up interface is better...checking for flows to redirect

Must redirect flow from interface 3.0.1 to 3.8.1
The new up interface is better...checking for flows to redirect

8.385272 MIPv6 Agent in 5.0.80 send redirect message using interface 3.8.1
8.408950 MIPv6 Agent in 1.8.0 received redirect packet from 3.8.1

8.429913 MIPv6 Agent in_5.0.8 received ack for redirect packet from 1.8.8

mledil) Adee sl RA 9 RS dibay Jals (4-6) Jeil)
anall ol AP il Ak i e Uy 50 S Jils ) il RA s sl e (Dle ) Jilas y CaTpad
Loy 54Kl 450l Jsa A sanall 338al) WSy BS dgae il
Giad 3yan uhaad Aidaia Ll die A genal) 338al) J (e Cuf RS Aasall i Bl Lty
CRA 4a 5l e (Ble ¥l A dle ) e dadl) 4s 5
L Oftell e Talaiel RA 4asall oo Sle ) il o Jealdll g3l aaad Ty sn (50m
aie Gy da ge oo (idle) Ja ) Om 4 7 sendd) SV e 3l) MinRtrAdv Interval
oo oedle) J) G 4 7 sl eV e 3l) MaxRtrAdv Interval s (555 050 e
GOl Y Al Juai (o G50 Al s2a &iglat Jla (A (3522 050 ey 2aaie a4 9e
A ganall 3a8ell a8 Ladie Baaa 405 iy 08 A genall 3aiall G jbgall jeda caa sall oo
Al 135 saaall AN 3 M5 4 50 0o Uiny (RS 4a sall 550) Al )l 2aeie Cay MN
S5 (RA) assall e oSle ) Al A ganall b2l Cuny 4ils Al )l o3 il 4s 50
il A sl [PVE Jebal) o) siall (el
LA e o Jliad lag s W-Fi 300a0) 4030 e Juai¥) J3as -8
- [19] Wi-Fi 4823 UMTS 48 (50 plasll e <l shad 2 (5-6) IS
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— | Redirect

[~ Redirect To CN
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Al Al R Y s ) (385 WiMaX s Wi-Fis UMTS @il g A sasall
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P Lo 385 JuaiVl dadlu s deadll 33 sa e Jadlay
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. Information Service

91



Mobile Node

MIH User

MIHF

rm:

UMTS

i

WLAN-AP

Information

Server

1.Link pararheter chanlt'

Traffic Flow

.M

3.MIH-

6.MIH-|

IH-Link p

Get statu

rameter ghange

4.MIiH- Get status Request

S5.MIHE Get status Réponse

Get statuf confirm

7.MIH-Link Deted®ad
8.MIH- Candi

ry Requegst

13.MIH{ Candidate Query cq
14.MIH{ Candid

Query Request 1 by 4. cand

19.MIH

21.MIH
22.MIH

-Link Goirg Down
-—

[ WiMax Available - |

MTS avail

ble ]

£

12

3.MIH- Candidate Query

Link Detected

MIH- Cangidate Query Response

indecation

Request

[ 10.MIH-Qug

11.MIH-Que

-
-

nfirm

date Query Rg

quest

18{MIH- Cand

v

date Query Rs

bsponse

Candidat] a“buery crfnfirm

- select]

Com pale the cand{date Netw

witdh to Winax

brk

_ 20.Link|Going Down-LGD

- Switch request

23.Linkupi

25.MIH-

ication

-

Estgblish L2
corinection

——

24.Link Handover complete

witch corffirm

¥ Resource Réquest
v Resource Regsponse

16.MIH-Query Resoyree Request
17.MIH-Query Resourpe Response

[

Conngct to WiMax, L3 Handov

pr complete

27.MIH-

e

New|Traffic Flow

[ o

sconnect tp WLAN

]

26.Link C

own-LD

X
Link Dowh

WiMax 448 Wi-Fi 4834 ¢ aaleal) dilas @) ghadld Luaiil) bibdall (6-6) JS&d)

92




saiall & Jual sill dgal 5 A U3 s MIH Get-status-Response b ol sall s -2
Al Cilga) ) pill Gl (e 3 L) (7-6) JSEN G . (6) By Alu )l (385 A ganall
sl Al b Abaaiall 5 5 gial) Sl
(23 Aasl g ) UMTS Al das 19 -
(19 dlall g 5) Al ganall 338al) Ly Abiaiall Wi-Fij AS08] dayls 4500 -
(27 Lasll g ) WiMax aSes dala a3l -

MIH Get Status results for 3 interface(s):
Link ID: [LinkType=23, macMobileTerminal=@, macPoA=-1
Capabilities are: commands:3, events:3

MIH User subscribing for events 1ff on Mac @
Subscription status: requested=1ff, result=3
Link ID: linkType=19, macMobileTerminal=5, macPoA=-1]
Capabilities are: commands:f, events:1bf

MIH User subscribing for events 1ff on Mac 5
Subscription status: requested=1ff, result=1bf
Link ID: linkType=27, macMobileTerminal=7, macPoA=-1
Capabilities are: commands:f, events:1lbf

Bslaal) Ayles £ Lk 38 giall CulSulll dail) cilga) gl) (7-6) JS&Y)

. ilgad I JS (e ClanY) pe A senall 5381 & MIH user Jual sill dgal s Jalai -3
Ll e Jaiuall JEBY) &l (10 A sanall 338211 A MIH user Jal sill dgal 5 llai -4
oS Gl 2l any) LliS) (5 e Al aaal) GISA e il gladdl (azy MIHF
(AP) il dhais ) cllall 3 Jysay MIHF o528 (MIH-Link Detected 4 sl
Lo DU o) sl (pals o Sl 5 )08 e i) (5 a5 A senall 3akall gy Alaiall
MIH-Candidate Query (15)5 (9) a8, Jibu i Sias 4 sllaal) 2aaal) 33 o Guiai

. Request
 Aa gl S Gaaall Sl (e gl atill Cale (e 3 salall (8-6) JSEll

At 15.802314 in 5.0.8 MIH Agent received LINK DETECTED trigger.
At 15.802314 in 5.0.8 Interface Manager received MIH event
At 15.002314 in 5.0.0 Handoverl link detected

type 27, MacAddr=7, PoA=6

WiMax 4l Wi-Fi 486 e asledll o U dua ) CiLEIS) & a1 55 (8-6) Jil)
(18)5 (13) (12) Jilu il (385 A ganall 3a8al) ) <) jletina¥) oda e AlaY) du i -5
D8 Y el K3l e e D Claglaall aas e Jeand 1385 (19)
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L) QY i Al A Iy MIHF Jass sl (e Jiisdl) JEBY) als Joal 5l A 5 ol

MIH User Jual sill dgal g 4a 8 JUIL canludill dalany sl (5 a0l (22) Ala )l (38

. BS Aaclall ddasall ae JLaiD (WiMax 4Suil) dga) 5) A sandll 32821)

ve [ 2HO 4l 4kl (g gie Jo JEY) gl adudll Ldee 0 J5Y1 andl) gty -7
@85 L3HO 4l dahall (5 e Ao andudill dlazy e 2l sy 5 ¢(25) a8 Al )l Jgeaa g
. MIPV6 JsS 55l

A gasall 3a32ll Jiad Ladie Link-Going-Down _be¥) sai dlia ol 4a o8 Gl Al gy -8
- Wi-Fi 488 dass Jlae 2 50ad W s oL

Gas ad g ah g BS d4peldll daaadlh (WiMax 4S8 dgalg) A senall 382l Juals -9
A ganall B38al) A MIHF J8 (e Jiiten 3l Link-up-event 4Suill ae Juady)
c il Cale (e 3 salall (9-6) JSil) 4y La 138

1
(@)

At 15.030581 in 5.0.0 MIH Agent received LINK UP ftrigger.
At 15.830581 in 5.0.8 Interface Manager received MIH event
At 15.838581 in 5.0.8 Handoverl received link up
type 27, MacAddr=7, MacPoA=6
Case2: sending RS
At 15.838581 MIPv6 Agent in 5.8.0 requests ND to send RS
At 15.830581 in 4.0.1 ND module send RS
At 15.837237 in 4.0.8 ND module received RS from node 4.6.1
At 15.278867 in 4.0.8 ND module processes RS reply.
At 15.278867 in 4.0.8 ND module send RA
At 15.287850 in 4.0.1 ND module received RA from node 4.0.8
router-lifetime=1860.080080 s
prefix valid lifetime=5 s
prefix=4.0.8
advertisement interval=680080 ms
-> New neighbor
At 15.287850 in 5.0.8 Handoverl received new prefix 4.8.60
old address: 4.0.1, prefix=4.0.8, new address will be 4.0.1
At 15.287850 in 5.0.8 MIH Agent sending capability discovery request
The new up interface is better...checking for flows to redirect
Studying flow @ using interface 3.0.1
The new up interface is better...checking for flows to redirect
Studying flow @ using interface 3.0.1
At 15.396881 in 4.0.8 MIH Agent received capability discovery request
At 15.396881 in 4.0.8 MIH Agent sending capability discovery response
At 15.402784 in 5.0.8 MIH Agent received capability discovery response
At 15.482784 in 5.0.8 Handoverl received MIH Capability discover.confirm
Remote MIHF: Id = 2,
At 15.402784 in 5.0.8 MIH Agent sending registration request

WiMax 4$sal) ga Juad) ciaa 4 i (9-6) Jead)
. WiMax 4Sud dgal st Wi-Fi 4S8 dgal 5 e MIN (& Juai¥) 4250 -10
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3is Wi-Fi 455 4gal s J o« Link-down event dla gl el aaall ad 65 5 an-11

AP re Lellail Al ganall saiall 4 o8 oA gl i 8 Llle (26) a8 Al

sad Alagll an g8 Gaall e JS aaill Cale (e 35alal (10-6) JSEN cow . (WI-F)
palecll Alae o5 Ala gl gl Cana g HlagdY)

At 17.428427 in 5.0.8 Handoverl received Link going down
probability = 83%

We fake a link down
At 17.420427 in 5.0.8 Handoverl received link down

MacAddr=5
Studying flow 8 using interface 3.8.1

Must redirect this flow to use interface 4.08.1
At 17.420427 MIPv6 Agent in 5.9.0 send redirect message using interface 4.0.1
There are 1 elements in the reguest
At 17.428427 in 5.8.8 MIH Agent sending link scan.
At 17.444927 MIPv6 Agent in 1.0.8 received redirect packet from 4.8.1
At 17.466739 MIPvE Agent in 5.0.0 received ack for redirect packet from 1.0.8

Aiagll gl Gan g JLg ) sai Aluagll 4 g5 Guaal) 11 55 (10-6) Jsd
dpbaat Jlae 2538 (e Ll B e 5 WiMax 48 Gasa MIN A gesall 33211 4S ja dailiag
A A g alid dleny alill AAL Aalal) oty cdldiaall 3 LAY 88 Caaad AS,4)
483l 5S35 Link Down caaal) Wiy | daadl) 53 ga g Juai¥) gl axe (any Lay 38 5
lere Jlai¥l (5 5 s UMTS 4808 a5 8 il s )
caaleall alig can sl a8 (3l Jare o BlSlaall dlee JBA sy Al O0laleall aal (1
Throughput (8 Jxa 4.6

- (1-6) A83adl (33 5 (e 3 Ban) 53 Cilpdamall Ji Janal (e 98

Throughput = (Received size of data/ (End_time — Start_time)) (6.1)
s A genall B3kl A< ja U Cildanall (3835 Janal 5SLaall Llee &8 (11-6) JSEN
on W P Jald sl Gllee O saEall A dua (JsY) sSaall gyl
Aty (i) e VHO i 385 Jane 2505 (i WS cWiMax s Wi-Fis UMTS <isell
. pabul 5 58 2L ALy (40 - 30) s~
A ganall 538l Juail Jiai V) 5l i gl ) ) baladd) s oSy L
saiall g e Al 5 juall 8 oty Ly 585 172,214 Kbps deil Jeay 3335 Jarey UMTS Sl
Al 5 las 693.504 Kbps (s e (3835 Jaeary Wi-Fi 403l e A gasall
ASady Juatll 2523 &3 <1116.67 kbps el (3835 Jamay WiMax ASeall ) saiall July
. 172.214 kbps @355 Jxes UMTS
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S 55 sl (3 gl A $L21 0 Jona (11-6) JS2

plasial Alla : oalal) SIS b G Jane G 45 lie [45] e sell 5 (12-6) IS G Ly
Rl Laadl G cdaladind axe Ala g adudil) ddee 2L MTH o sl) e Jiiall aplull
&) Al (MIH A aladin) axe sie adudl) Glee ol Glanal) 3855 Jaes 8 Sl
aladY a 32U a3l 2133 Eus handover latency adull dsale (e gl Sl e 30 sl
47 sl saind 5 400 38 Aaalll vie aducl) Alae Tat) (1559 lsa (3o 5 aduil) Al
Laalitil 25 (pey lidanall (b € plaa Cannn Lo 12y dan € iy a5 o(lealadY 35
ahaind die Jlall agde sa Loy A5l Aeddll 4y ) paitas) (3485 ade g anlall Ayl 2ol Lol
Diall ) ddad Jeat¥ 5 bl 3835 Jaeas S o gan Gaaagy Y il JaaDl Cua (MIH Al
iail 3.5 Mbps s () @l Jane Aty e aliad) (e Jlad el aludll dlee oL
alai) dan ) HEL (3l Jana 2 5a0 o5 (B 55 1.75) (el (e 8 a3 5l elldg (2.3 Mbps

bl Al ALl oL J81 ey il g 81 ) a8 ey Laa cailuaill Al
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using MIH
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aa  aaldll) Gllee oL L 3lal (aissy ) TCP Vegas osbasd el 2 (00 %40 Y s
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. A g yaall Gl j ) 6ad) e 1 20m/sec S Sm/sec

97



£
El H Taho
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3 m NewReno
<
W Reno
H Vegas

1 3 5 10 15 20
(m/sec) A ganall 5a8al) Aoy

A ganall 31821} Aoy ta aland YL aSal) e )l pad (3813 Jara ABDle (13-6) JS&
Packet Loss ! 28 5.6

P A (38 5 Jatall ) Juat ol g il i il a0 sae asly Packet 10ss a3l i Ca )
Packet loss num = Number of sent packets - Number of received packets
(35 sall Cladazall Ji5 ac2y TCP JsS 5ol 0585 ¢alutll dolae J3IA a5l 288 Jaxa ala 3
bl Cllae (T ()5S aaal) e ()l
alucll) VHOL psbdll lae (5 53 L5 t = 8.2 s6C (a3l i 43l (i - il Uind i B
93 Gana Wi-Fi 4808l Sum 055 4 sad a8dl) Juay 5 (Wi-Fi 4508 ) UMTS 4838 e
LAY a2 ) Clglanall juS 288 aa g W5 3 LID N8 a5y Y Ul UMTS ASld) dphass
Wi-Fi 4823 (e addeall) VHO2 4ll) apludll ddae Gl Laiy | (iS0ll) ailiad 4 )
G ey 15 sal sl Joays 17,4 sec Asie 3l 553l & Ly i (WiMax 4Sei
OGSl pailiadl ALl saelall dhagll ye adudll xie TCP JsSsigy ol Laidy
3L 388 g 5 (il
Ggand yiseS dal) dldic) s L Woae Gl ca)ll 28 L s Jlaiall (e A3l s
palusil) illee 45 lie Jah Lin Caagl) (K1 a8l Ayd 4y & pecsal) (5 bamall 2a e alaa Y]
sl Cea e Sl
Llle 0585 A5 ) g Joms A 2ia 51 (s il il (00 353l (14-6) S
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d -t 17.437450518 -Hs 7 -Hd 12582913 -Ni 7 -Nx 524.37 -Ny 500.00 -Nz .00 -Ne -1.008600 -NL MAC -Nw NCO -Ma d4 -Md 5 -
Ms 4 -Mt 800 -Is 4194304.0 -Id 12582913.0 -It tcp -I 1340 -If @ -I1i 170 -Iv 29 -Pn tcp -Ps 75 -Pa @ -PT B -Po 0
d -t 17.437666536 -Hs 6 -Hd 12582913 -Ni 6 -Nx 475.00 -Ny 500.00 -Nz 0.00 -Ne -1.000080 -N1 RTR -Nw CBK -Ma d4 -Md 5 -
Ms 4 -Mt 800 -Is 4194304.6 -Id 12582913.0 -It tcp -I 1280 -If @ -I1i 170 -Iv 29 -Pn tcp -Ps 75 -Pa @ -PT B -Po 0
d -t 17.437666536 -Hs 6 -Hd 12582913 -Ni 6 -Nx 475.60 -Ny 500.00 -Nz .00 -Ne -1.008600 -NL MAC -Nw RET -Ma d4 -Md 5 -
Ms 4 -Mt 860 -Is 4194304.0 -Id 12582913.0 -It tcp -I1 1286 -If @ -Ii 170 -Iv 29 -Pn tcp -Ps 75 -Pa @ -PT B -Po @

palual) e £ 5,00 382 (14-6) JS)
(UMTS 4%l ) WiMax 4Ssd (e adedll) VHO3 ailesil) faw t = 115 sec (i) 2ie
o009 (Gt mdl) Jaay
. BlSlaall 7 Al 5V g sl (35 andocill Cllee £ U1 45,01 288 (1-6) Jsaad) G

BlSlacall 3 g¥1 ga jlisaad) (38 9 audeil) cilales £ 2300 288 (1-6) Jgaad)

Handover direction UMTS ->Wi-Fi | Wi-Fi -> WiMax WiMax -> UMTS

Packet-lost 4 13 9

A ) WI-FI Al (e sl Alee A 3 2 5 alSlaall o~ il U 5 jlnd) 334
olaiWl arlodll yie ol anle o8 Laa ST g8 5305, 15 ) sad doas a3l 288 0 225 WiMax
oad a5l S ey Cua Wi-Fi 305 ) WiMax 38a5 e 3 sanall 33510 4 a5 Jitidl
RSP
 lSlaall = yiBall U g bl (38 5 alecil) cililee ol a5 ) 38 (2-6) Jsaall

Blslanall (AU gy jliaead) (38 9 asleacll iiles oL o300 288 (2-6) Jgaad)

Handover

) ] UMTS -> WiMax | WiMax -> Wi-Fi | Wi-Fi ->WiMax | WiMax -> UMTS
direction
Packet-lost 3 5 15 9

2lie 3 3 gemy Allall Cile Ll 5 mobility S adll ac i Y Wi-Fi 48 ol ol s
aexi e ST WiMax 4l 5,38 of ) ddla) (WiMax IEEE 802.16e 4Sai
Wi-Fi 4880 5 )38 e (Wi-Fi 3808 ) lés 8 buffering cr Al daleay) Leaal cililasal)
A panall 3al) 3 pobie o sy il (8 ik 43 S ol lae B Tan age LGD oaall i 5 3a)
b anlon L s dardll b e ¢ Uaiil ¢gan cuindl @lld g (LSLLY slhiall 40 jaall dikaiall

PR O [P I PRSI ' PR K PR i
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cilge EM e Talaie) LELY sl 481 jaal) dalaidl) apdi o3 slSIaall dlee (33 Ciagy
s b LS (el Juadll 3 U S5 LS

. Carrier Sense Threshold (CSThresh ) Jalall juuaiddic o
. Receiver Sensitivity (RxThresh ) Jdsiudl foulia ddc o
. (RX Thresh_) * (Pr_limit_) 48Mally 23a3 Lol Aelainy) A5ic o

JSEN (R . 8 sy g preal il (e ) e Jsanll an Aage Pr[imit_delaall dagd 3
el Lo (35 alaall 138 Ga juacty ol dlae ol ) 1) 288 Java (15-6)
LD il Jledl caaall e Juass Wild (Pr_limit_= 1) delaall dad ()5S Laie -
A ganall 338l () o€ 288 (e HSH Cra Laa ¢ W) gni dlia sllda g Coaall G sa 15
Llas (e Cannll JSH C ) Ly o) g0 Adlad) i) ddady JlaiV) sasi. MN
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aa i sl J ) glaal (Prlimit = 2) Lo 5508 G Jalaad) 138 sllac) vie -
3% ald llee ) (gagme Gl ol cUlad) Bkl ) T See Jled¥) s Al
cpool s B S By s Ay ) e s
Jsfia ldia Ao Jpasll 2 51 o Prlimit_ Jebeall Aall a3 o oy 431 axd G Lae
Al o2a 2ie S8 (e 220 J81 e W geanl (1.25) Gl slaic]) Uiing 8 &5 a8 5 (2l (y

1.25 15 2
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100



3500
3000

W 5500

m

& 2000

B HO-Latency
0
1.2 1.5 2

pr-limit

HO-Laten
[ —
o wul
o o
o o

Pr_limit_ Jataall ANy asleilll ali (16-6) Jsill

aool 2 (8 20m/s 5 Im/s O Lkl de jun A sesall 3aEal) @ A laally 33N xie
(ila 3l Al Bl aladin) vie aie ST TCP Vegas (sl 4l s aladinl vie 32 sidall
Rl (e (et g de pull 30l 5 Sleludall dad 2l 55 G (17-6) JSA (8 e 8 WS
Waalaie 105 el die Lo ol 5 ale J< sl die Cildanall 335 caY) & S
el 3V Caliasy Ayl dpalal)

die JadY) elaY) 38ty (Jl saey 28 TCP NewReno suaall sy 4w ) ) 6d (58a3 Laiy
Lae )l oa elal aldy | Lialleay il VAl Sl GLESY) e Lol dlllall cile )
38l e S dae Sigoa Jla (8 Y] 4ilite LegS 5l ()5S e TCP Reno sy

Al i LISy S e 3 st Al e yud) dsas e Tahoe salidw ) ) s 2ad

25
20 Pt
cg W
3 15 v _.-Taho
-
]
~ == Reno
S 10 -
a ==f==NewReno
5 Vegas
0
1 3 5 10 15 20
Speed (m/sec)

A ganall 338n) Aoy yily 23 1) 288 (17-6) JSad)

101



: Handover Latency adud)) ;al 6.6

palucl) yallis | Ledleiil (in s aludll dulee ey ddaal e Agia 5l 4y alull juali a0
il s 50 LGD bV sad Alas 4n 55 s Jsf e Bt 3l 5530 s MIH o seier
A 305 135 L2 ouihall e i) el palll () el 5l 13 ey cailudl

[18] (6.3)

HO Latency = L2 HO delay + L3 HO delay (6.3)
Y Il Al ) 5 sapaad) AN maal) e e @ (L2 HO delay) e ealdl -
CASLEl sla
aaall dall ange GLES) ds e e &L ; (L3 HO delay) el sl -

. 4a gall Gy Suaas Als e 5 (New access router discovery)
SN s sl (3 5 o) cililes i) asledtl) 14l .1.6.6

el Aglee ¢arlis cililae Gy MIN A sanall 308l 5 8\SLaall # 58a1 J5Y1 5 sl (38 5
Al Y Wi-Fi 28 (e 4l adosl dalee 5 (Wi-Fi 40800 ) UMTS 4Sill e A 5Y)
. UMTS 4il WiMax 4Sed (e 434l 5 sWiMax

& Wi-Fi 43 ) UMTS A8l e 4 sanall 2all a5 vie ¥ adedll dlee T
il 288 o Y Gus | GD U sad dliall 4a g Gaall Al 65 Y = 8.012 sec =M
DA e a0l Joli s Wi-Fi 3508 e JLai¥) s 53y t= 8,429 sec ol die 4355

L4015 0.408 st sl dlee e i) a3l il Juay L

a gl an g5 Gaall 53 (5 WiMax 4Seill ) Wi-Fi 483 (e ) alocl) dilee oL
MIH Jual sill dgal 5 N 5 pile Al ) (s s t= 17.42 sec ddaalll 4 LGD JuedY) s
L4l 0,567 (s sbud Al sl dlee e gl 30 il dad | User

dic WiMaxis;iL_;&,;L;ﬂ\ JI;AQ\)LSIMM\ 3a32l) J gam g 2ic A4S (,A“J\m Jas
L4 0,210 JVsad adecill sl A Josi 5 Ly 5 £=115.3 sec ¢l

A ganall Baall Ao juy 4BNe 5wl Alee e 8l el alil A (18-6) JSA Gy
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A g3 ) (58 g alel dilee (e gl a3l Al (3-6) Jsaa

Handover
_ _ UMTS -> WiMax | WiMax -> Wi-Fi | Wi-Fi ->WiMax | WiMax -> UMTS
direction
HO_Latency(s) 0.435 0.110 0.543 0.102

45 0.543 M) daai WiMax 38es ) Wi-Fi 4505 (e aruill al dad o 2a0 Laiy
(19-6) JSall 4ty LS Wi-Fi 4l WiMax 4Sui (e asludll il e e 138 580 a0
< WiMax 4bsd dsas an 85 - Wi-Fi S0l 5l - 4 geadl) 308l (o @lly iy
4 sanall Baiall Gl 1A ((LGD aaall ad i Vg 5 )LD 288 aa gy ¥ Can) SN 5 5l
- Wii-Fi 38l olatly bl ddee Slasy 8 L

Handover operation

B WiMax -> Wi-Fi
B Wi-Fi -> WiMax

AN g land) (385 WiMax s Wi-Fi GiSedd) o asdedil) il (10-6 ) Jsid)

alis A ganall 338) Aoy ABDall (20-6) JSEN) 3 dala gall dplal) Clpaiall ek
Al 5 Wi-Fi 4Sil) 0 4 ganall 58811 4S s ie 3lSkaall & yiall G g liaadl (38 5 aalul
.20m/s 51m/s Gn St de s WiMax

oo oY) Gle ) die aludll Al ey A geaall saial) Ao ju o sk i 2y
bl e paall s pal) e T e o Lee TSU i) Alee T2 de yud) 53450 <5 mfs
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J¥) s bid) (88 5 alecdl) cililaad e ) palll ¢ Jg¥) Galall
BlSlaall - siall

Wi- 4 o 4iiddl VHO (J8Lal alial) clilasl  sapd) il Galall 138 & (e
GlSail) o3 ddast Jlae e 4 ganall 3a8al) 48 jal dais UMTS 4Sui s WiMax 48w s Fi
NS-2  Sladll aladiuly alSlas capal o2y bl & ~5adl J) spladl Gig
: OTCL 4l alaasuly (Version 29.9)

# Qauthor : Hiba Yousef

# Scenario: Create a multi-interface node There is a TCP
#connection between the router0 and MultiFaceNode. We first
#use the UMTS interface:« then switch the traffic to the
#802.11 interface when it becomes available. when the node
#leaves the coverage area of 802.11 it creates a link going
#down event to redirect to 802.16 after that the node switch
#to UMTS.

#check input parameters
if {Sargc != 0} {
puts ™"
puts "Wrong Number of Arguments! No arguments in this
topology"
puts ™"
exit (1)
}
global ns
#set debug attributes
Agent/ND set debug 1
Agent/MIH set debug 1
Agent/MIHUser/IFMNGMT/MIPV6 set debug 1
Agent/MIHUser/IFMNGMT/MIPV6/Handover/Handoverl set debug 1
FH+++++++++H

Mac/802 16 set 1lgd factor 1
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Mac/802 11 set pr limit 1.2
Mac/802 16 set debug 0
Mac/802 11 set debug O

#defines function for flushing and closing files
proc finish {} {

global ns £

Sns flush-trace

close $f

exec xgraph congestion.xg -geometry 800x500 -t "cwnd" -x

"time: secs" -y "window. pkts" &
puts " Simulation ended."
exit O

# set global variables
set output dir

#create the simulator

set ns [new Simulator]

Sns use-newtrace

#open file for trace

set f [open test out.tr w]
Sns trace-all S$f

set outfile [open "congestion.xg" w]

#Plotting window size with xgraph

proc plotWindow {tcpSource outfile} {

global ns

set time 0.01

set now [$ns now]

set cwnd [StcpSource set cwnd ]

puts Soutfile "Snow Scwnd"

Sns at [expr $now+$Stime] "plotWindow S$StcpSource Soutfile"

}
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set nf [open nam-out-test.nam w]

Sns namtrace-all-wireless $Snf 5000 5000

# set up for hierarchical routing (needed for routing over a
basestation)
Sns node-config -addressType hierarchical
AddrParams set domain num 6
AddrParams set cluster num {1 1 1 1 1 1}
AddrParams set nodes num {3112 2 1}
1st cluster: UMTS: 2 network entities + nb of mobile nodes
2nd cluster: CN
3rd cluster: core network

#
#
#
# 4th cluster: WLAN: 1AP + nb of mobile nodes
# 5th cluster: WiMax: 1BS + nb of mobile nodes
#

6th cluster: super nodes
FH+++++++++++ UMTS +++++++++++++++++++++4

$ns set hsdschEnabled laddr
$ns set hsdsch rlc set 0
$ns set hsdsch rlc nif O

# configure RNC node
Sns node-config -UmtsNodeType rnc
set rnc [$ns create-Umtsnode 0.0.0] ;# node id is 0.

puts "rnc Srnc"

# configure UMTS base station

$ns node-config -UmtsNodeType bs \
-downlinkBW 384kbs \
-downlinkTTI 10ms \
-uplinkBW 384kbs \
-uplinkTTI 10ms \
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-hs downlinkTTI 2ms \
-hs downlinkBW 384kbs

set bsUMTS [$Sns create-Umtsnode 0.0.1] ;# node id is 1
$bsUMTS set X _ 1800

$bsUMTS set Y 1000

$bsUMTS set Z 0

puts "bsUMTS: tcl=$bsUMTS; id=[SbsUMTS id]; addr=[$bsUMTS

node-addr]"

# connect RNC and base station
Sns setup-Tub $bsUMTS S$rnc 622Mbit 622Mbit 15ms 15ms

DummyDropTail 2000

Sns node-config -UmtsNodeType ue \
-baseStation S$SbsUMTS \

—-radioNetworkController Srnc

set iface0 [$ns create-Umtsnode 0.0.2] ;# node id is 2

puts "ifaceO created S$ifaceQ"

# Node address for router0 and routerl are 3 and 4.
respectively.

set router0 [$ns node 1.0.0]

puts "routerO0 SrouterO"

set routerl [$ns node 2.0.0]

puts "routerl Srouterl"

Sns duplex-link Srnc Srouterl 622Mbit 0.4ms DropTail 1000
Sns duplex-link Srouterl S$router(0 100MBit 5ms DropTail 1000

Srnc add-gateway S$Srouterl

# creation of the MutiFaceNodes

Sns node-config -multiIf ON
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set multiFaceNode [$ns node 5.0.0]

Sns

puts
idl;

node-config

-multiIf OFF

"multiFaceNode: tcl=SmultiFaceNode; 1id=[$multiFaceNode

addr=[$multiFaceNode node-addr]"

#H+++++++++++++ WLAN ++++++++++++++++++++++++++

# parameter for wireless nodes

set
set
set
set
set
set
set
set
set
set
set
set

set

opt (chan) Channel/WirelessChannel
opt (prop) Propagation/TwoRayGround
opt (netif) Phy/WirelessPhy

opt (mac) Mac/802 11

opt (1fq) Queue/DropTail/PriQueue
opt (11) LL

opt (ant) Antenna/OmniAntenna

opt (ifglen) 50

opt (adhocRouting) DSDV

opt (umtsRouting) "

opt (channel)
opt (x)
opt (y)

[new Sopt (chan) ]
5000
5000

#define coverage area for 802.11 stations:

#for r=50 m

Phy/WirelessPhy

Phy/WirelessPhy

Phy/WirelessPhy

Phy/WirelessPhy

RXThresh ]]

set Pt 0.0134

set freq 2412e+6

set RXThresh 5.25089e-10

set CSThresh [expr 0.9*[Phy/WirelessPhy set

# configure rate for 802.11

Mac/802 11 set basicRate 11Mb

Mac/802 11 set dataRate 11Mb

Mac/802 11 set bandwidth 11Mb
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fcreate the topography

set topo [new Topography]

S$topo load flatgrid Sopt(x) Sopt(y)
puts "Topology created"

# create God

create—-god 11

# configure Access Points

$ns node-config -adhocRouting $opt (adhocRouting) \
-11Type Sopt(11l) \
-macType S$opt (mac) \
-channel S$opt (channel) \
-ifgType Sopt (ifqg) \
-ifglen S$opt(ifglen) \
-antType S$Sopt (ant) \
-propType S$Sopt (prop) \
-phyType S$Sopt (netif) \
-topoInstance S$topo \
-wiredRouting ON \
-agentTrace ON \
-routerTrace OFF \
-macTrace ON \

-movementTrace OFF

# configure Base station 802.11

set bstation802 11 [$ns node 3.0.0] ;# node id is 6
Sbstation802 11 set X 475.0

S$bstation802 11 set Y 500.0

Sbstation802 11 set Z 0.0

puts "bstation802 11: tcl=Sbstation802 11;
id=[Sbstation802 11 id]; addr=[Sbstation802 11 node-addr]"

# we need to set the BSS for the base station

set bstationMac [$Sbstation802 11 getMac 0]
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set AP ADDR 0 [$SbstationMac id]
SbstationMac bss id $AP ADDR O
SbstationMac enable-beacon

SbstationMac set-channel 1

# creation of the wireless interface 802.11
Sns node-config -wiredRouting OFF \
-macTrace ON
set ifacel [$Sns node 3.0.1]
;# node id is 7.
S$ifacel random-motion O
;# disable random motion
$ifacel Dbase-station [AddrParams addr2id [Sbstation802 11
node-addr]] ;#attach mn to basestation
$ifacel set X 350.0
$ifacel set Y 500.0
$ifacel set Z 0.0
[Sifacel set mac_ (0)] set-channel 1
Sns at 0 "S$ifacel setdest 1600.0 500.0 10.0"
;# debug info
puts "ifacel: tcl=S$ifacel; id=[S$ifacel id]; addr=[S$ifacel
node-addr]™"

puts "wireless interface 1 created ..."

# add link to backbone
$ns duplex-link S$bstation802 11 Srouterl 100MBit  15ms
DropTail 1000

FH++++H+t A WiMax ++++ bt

# configure 802.16 nodes

set opt (mac) Mac/802 16
set opt(netif) Phy/WirelessPhy/OFDM
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fdefine coverage area for 802.16 stations:

Phy/WirelessPhy set Pt 0.025

Phy/WirelessPhy set RXThresh 2.025e-12

Phy/WirelessPhy set CSThresh [expr 0.9*[Phy/WirelessPhy set
RXThresh 1]

$ns node-config -adhocRouting $opt (adhocRouting) \
-11Type Sopt(11l) \
-macType S$opt (mac) \
-channel S$opt (channel) \
-ifgType Sopt (ifqg) \
-ifglen S$opt(ifglen) \
-antType S$Sopt (ant) \
-propType Sopt (prop) \
-phyType S$Sopt (netif) \
-topoInstance S$topo \
-wiredRouting ON \
-agentTrace ON \
-routerTrace OFF \
-macTrace ON \

-movementTrace OFF

# configure Base station 802.16

set bstation802 16 [$ns node 4.0.0] ;# node id is 8
Sbstation802 16 set X 1000.0

Sbstation802 16 set Y 500.0

$bstation802 16 set Z_ 0.0

puts "bstation802 16: tcl=Sbstation802 16;
id=[Sbstation802 16 id]; addr=[Sbstation802 16 node-addr]"

#set bstationMac [$bstation802 16 getMac 0]
set clas [new SDUClassifier/Dest]

[Sbstation802 16 set mac (0)] add-classifier Sclas

125



#SbstationMac add-classifier $clas

#set the scheduler for the node. Must be changed to -shed
[new Sopt (sched) ]

set bs sched [new WimaxScheduler/BS]

[Sbstation802 16 set mac (0)] set-scheduler $bs sched
[Sbstation802 16 set mac (0)] set-channel 1

puts "BS 802.16 created"

# creation of the wireless interface 802.16
$ns node-config -wiredRouting OFF \
-macTrace ON
set iface2 [$ns node 4.0.1]
;# node id is 9.
Siface2 random-motion O
;# disable random motion
$iface2 Dbase-station [AddrParams addr2id [Sbstation802 16
node-addr]] ;#attach mn to basestation
$iface2 set X 350.0
$iface2 set Y 500.0
$iface2 set Z_ 0.0
set clas [new SDUClassifier/Dest]
[Siface2 set mac_(0)] add-classifier Sclas
#set the scheduler for the node. Must be changed to -shed
[new Sopt (sched) ]
set ss_sched [new WimaxScheduler/SS]
[Siface2 set mac_(0)] set-scheduler S$ss_sched
[Siface2 set mac_(0)] set-channel 1
Sns at 0 "Siface2 setdest 1600.0 500.0 10.0"
puts "wireless interface 2 created "

;# debug info

# add link to backbone
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$ns duplex-link S$bstation802 16 Srouterl 100MBit
DropTail 1000

# add interfaces to MultiFaceNode
SmultiFaceNode add-interface-node $ifacel
SmultiFaceNode add-interface-node S$ifacel

SmultiFaceNode add-interface-node S$iface?2

# install ND modules

set nd bs [$bstation802 11 install-nd]
$nd bs set-router TRUE
$nd bs router-lifetime 1800

set nd mn [$ifacel install-nd]

set nd bs2 [Sbstation802 16 install-nd]
$nd bs2 set-router TRUE
$nd bs2 router-lifetime 1800

set nd mn2 [Siface2 install-nd]

set nd rncUMTS [$rnc install-nd]
$nd_rncUMTS set-router TRUE
$nd_rncUMTS router-lifetime 1800
$nd_rncUMTS enable-broadcast FALSE
$nd_rncUMTS add-ra-target 0.0.2 ;

set nd ue [$iface(0 install-nd]

15ms

# install interface manager into multi-interface node and CN

Agent/MIHUser/IFMNGMT/MIPV6/Handover/Handoverl set case 3

set handover
Agent/MIHUser/IFMNGMT/MIPV6/Handover/Handoverl]
SmultiFaceNode install-ifmanager S$handover

$nd mn set-ifmanager Shandover

$handover nd mac $nd mn [Sifacel set mac_ (0)]
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$nd mn2 set-ifmanager S$handover
$handover nd mac $nd mn2 [$iface2 set mac (0)]

$nd ue set-ifmanager Shandover

set ifmgmt cn [Srouter0 install-default-ifmanager]

# install MIH in multi-interface node

set mih [$multiFaceNode install-mih]

Shandover connect-mih $mih ;#create connection between MIH

and iface management

# install MIH on AP/BS

set mih bs [Sbstation802 11 install-mih]
set tmp bs [Sbstation802 11 set mac (0)]
$tmp bs mih Smih bs

$mih bs add-mac Stmp bs

set mih bs [Sbstation802 16 install-mih]

set tmp bs [Sbstation802 16 set mac (0)]

Stmp bs mih Smih bs

$mih bs add-mac $tmp bs

#

#create traffic: TCP application between router0 and Multi

interface node

set tcpO0 [new Agent/TCP/Reno]
$tcp0 set class_ 2

$tcp0 set packetSize 1240
$tcp0 set fid O

set ftp0 [new Application/Traffic/CBR]
$ftp0 set packetSize 1000
$ftp0 set interval 0.1
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$ftp0 attach-agent S$tcpO

set sink2 [new Agent/TCPSink]

Sns attach-agent S$router0 S$tcpl
SmultiFaceNode attach-agent $sink2 $iface0
Shandover add-flow $sink2 S$tcplO $ifacel 1

puts "tcp stream made from [Srouter0 node-addr] and [$ifacel

node-addr]"

# do some kind of registration in UMTS
$ns node-config -11Type UMTS/RLC/AM \
-downlinkBW 384kbs \
-uplinkBW 384kbs \
-downlinkTTI 20ms \
-uplinkTTI 20ms \
-hs downlinkTTI 2ms \
-hs downlinkBW 384kbs

set dchO [$ns create-dch $ifacel S$tcp0l]
Sns attach-dch $iface(0 $handover $dchO
$ns attach-dch $iface0 $nd ue $dchO

# Now we can register the MIH module with all the MACs
set tmp2 [Siface0 set mac_ (2)] ;
Stmp2 mih Smih

Smih add-mac $tmp2

set tmp2 [Sifacel set mac_ (0)] ;
Stmp2 mih Smih

Smih add-mac $tmp2 ;
set tmp2 [Siface2 set mac_ (0)] ;
Stmp2 mih $mih

Smih add-mac $tmp2

# enable trace file

SbsUMTS trace-outlink $f 2
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SifaceO trace-inlink $f 2
SifaceO trace-outlink S$Sf 3

S$iface0 trace-inlink-tcp S$f 2

Sns at 10 "$ftpl0 start"

$ns at 0 "[eval S$iface0 set mac (2)] disconnect-1link" ;
# set the starting time for Router Advertisements

$ns at 3 "Snd bs start-ra"

$ns at 3 "Snd bs2 start-ra"

$ns at 9 "[eval Siface0 set mac (2)] connect-link"

Sns at 0.0 "plotWindow $tcp0 Soutfile"

Sns at 400 "finish"

puts " Simulation is running ... please wait ..."

Sns run

*khkkk*k
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BEGIN

fsDrops = 0
numFs = 0

#Body

# Trace line format: normal

if ($2 !'= "-t")
{

action = $1
time = $2
from = $3

to = $4

type = $5
pktsize = $6
flow id = $8
src = $9

dst = $10

seq no = $11
packet id = $12
}

# Trace line format: new

if ($2 = "-t")

{
action = $1
time = $3
from = $5
to = $§7
type = $34
pktsize = $36
flow id = $38
packet id = $40

}

if ( action == "s" && type == tcp )

numb's++;
if (action == "d" )
fsDrops++;

}
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END {
printf ("number of packets sent:%d lost:%d\n".
numfFs.: fsDrops);

*khkkhk*k
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BEGIN {

rec =0

flow = 0

flow t = AM Data

hdr size = 0

simtime = 400

}

#Body

{

## Trace line format: normal

if (82 !'= "-t") {

event = $1
time = $2
if (event == "+"
if (event == "r"
flow id = $8
pkt id = $12

pkt size = $6
}

##Trace line format: new
if (82 == "-t") {
event = $1
time = $3
node id = $5
flow id = $39
pkt id = $41
pkt size = $37

}

AWK DY)
|| event == "-") node id = $3
|| event == "d") node id = $4

# Calculate total received packets' size
if (flow id == flow && event == "r" && node id == 09)
{
if (flow_t != "AM DATA") {
recv += pkt size - hdr size
printf ("recv[%g] = %9
$g\n"(node id:pkt size-hdr size:.recv)
} else {
if (pkt _size != 448 && pkt size = 864 &&
pkt size != 1280) pkt size = 0
if (pkt size == 448) pkt size = 400
if (pkt size == 864) pkt size = 800
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if (pkt size == 1280) pkt size = 1200
recv += pkt size
printf ("recv[%qg] = %g --> tot:
%g\n" node id.pkt size.recv)
}
}
}
END {
printf ("%10g %10s
$10g\n"flow.flow t. (recv/simtime) *(8/1000))
}

*khkkk*k
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2 Overview

When moving from one network to another, the Neighbor Discovery module is
used to create a new IP address in the new network. A new module has been
created in NS-2 in order to provide the functionality of Neighbor Discovery. This
new agent is implemented to support multiple types of interfaces (Ethernet,
UMTS, 802.11..) by using broadcast or unicast messages depending on the

technology.

| .

RA 3 RA v
/ Host é ‘ﬁ\g;;

Base Station
Il/ (AP+router)
Router il
Router “ ‘/2

Host

Figure 1: Overview of ND in Ethernet and 802.11

Section 3 presents the design of the ND Agent implemented in NS2. Section 4
presents the TCL configuration.

3 Design

3.1 Flow process

The ND Agent implementation is based on the information provided by RFC
2461 Neighbor Discovery for IPv6, but only a few elements have been
implemented.

If the node is a router, it will send unsolicited Router Advertisement (RA)
messages periodically (following a law U[minRtrAdvinterval, maxRtrAdvinterval]).
If a router receives RA messages, it will silently discard them. Upon reception of
a Router Solicitation (RS), the router will decide if a reply can be sent or must be
delayed depending on when the last RA was sent and when the next RA is
scheduled.

A host can send RS messages to request the emission of an RA. The
decision is made by an upper mobility management protocol. Upon reception of
an RA, the ND checks in its table if the prefix is already known. If it is not, then it
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creates an entry in the database and informs registered modules about the new
prefix. Also using the information included in the RA message, a timer is used to
determine when the prefix will expire if the node stops receiving the messages
containing the same prefix. Every time a message arrives, it will update the prefix
expiration time.

3.2 Support for different interfaces

The ND Agent is located in all nodes but must be configured depending on the
node’s type. In NS-2, some nodes (802.11) can generate broadcast packets
while others do not have this capability (Ethernet, UMTS). To work around this
problem, the ND Agent can be configured with a list of targets where it will send
unicast messages.

3.3 Messages

There are two types of messages implemented in the ND Agent: The Router
Solicitation (RS) and the Router Advertisement (RA).

The RA contains 2 options:
- One prefix information
- One advertisement interval

3.4 Files location

Coding and definitions of the Neighbor Discovery module are located in the
following files:

- hsntg/nd.h: define the NDAgent

- hsntg/nd.cc: implementation of the NDAgent

- tcl/lib/ns-hsntg-nist.tcl: define default values for NDAgent

4 TCL Configuration

4.1 Creation

A utility method has been created to add the NDAgent into a node.
Use $node install-nd to add the ND module into a node (see tcl/lib/ns-hsntg-
nist.tcl for implementation information).

4.2 Default values

This section contains the attributes configured by TCL and their default values
(defined in tcl/lib/ns-hsntg-nist.tcl)

Name Description Default value
router_ Specify if the agent is located inthe | 0
router or a host.
router_lifetime_ The lifetime associated with the 5
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router (in seconds)
prefix_lifetime_ The lifetime associated with the 5
prefix (in seconds)
broadcast_ Specify if the RA messages must be | 1
send in broadcast
minRtrAdvinterval_ Minimum time between 2 RAs (in 0.03
seconds)
maxRtrAdvinterval_ Maximum time between 2 RAs (in 0.07
seconds)
minDelayBetweenRA_ 0.03
maxRADelay_ Maximum time for replying to an RS | 0.005
(in seconds)
default_port_ The port number where the agentis | 254
attached in the node
4.3 Commands
The following command are supported by the NDAgent
Command Arguments Description
start_ra None Start scheduling RA messages (for
router only)
stop_ra None Stop scheduling RA messages (for router
only)
send_rs None Send an RS (for host only)
dump-table None Dump the list of prefixes
set-minRtrAdv Double Set the minimum time between two RAs
set-maxRtrAdv | Double Set the maximum time between two RAs
router-lifetime Unsigned int Set the router lifetime (in seconds)
prefix-lifetime Unsigned int Set the prefix lifetime (in seconds)
set-router TRUE/FALSE Specify if the agent must behave as a

router or host

set-ifmanager

TCL reference

Set the interface manager that will
receive notifications of new and expired
prefixes

enable- TRUE/FALSE Set if the messages must be sent in
broadcast broadcast or unicast

add-ra-target NS Address Add a target node for the RA messages
remove-ra- NS Address Remove a target node for the RA
target messages

add-rs-target NS Address Add a target node for the RS messages
remove-rs- NS Address Remove a target node for the RS

target messages

NIST/ATL/ANTD/HSNTG — Draft 1.0
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2 Glossary

AP — Access Point

BS - Base Station

CN — Correspondent Node

ND — Neighbor Discovery

MIH — Media Independent Handover
RA — Router Advertisement

RS — Router Solicitation

SAP — Service Access Point

3 Overview

This document presents an MIH implementation for NS-2 developed for the
Seamless Mobility project. It also provides an overview of the mobility extensions
made to the standard release of NS-2.

Note: Due to the limitations of NS-2 in the evaluation of mobility scenarios,
this release contains numerous modifications of the standard release.
Workarounds were found to be able to simulate layer 2 and layer 3
handovers. We consider that the reader must be familiar with the details of
NS-2 especially in the following areas:

- Hierarchical addressing

- Understanding of the design and implementation of wireless nodes.

- Knowledge of wireless networks and their technologies (IEEE 802.11,

IEEE 802.16) and mobility protocols.

4 MIH implementation

The modified version of ns-2.29 contains an implementation of MIHF based on
the draft 3 of IEEE 802.21 specifications. It is a platform to evaluate the
performances and find problems that could arise due to the definition of the
primitives. It also serves to evaluate different handover decision engines.

4.1 Architecture and internals

4.1.1 Design overview

Figure 1 represents a high level view of the MIHF interaction with the different
components of the node. The MIHF is implemented as an Agent and therefore
can send layer 3 packets to remote MIHF. The MIHF contains the list of local
interfaces to get their status and control their behavior. The MIH User is also
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implemented as an Agent and registers with the MIHF to receive events from
local and remote interfaces.

MIH User 1 MIH User 2 Technology dependent
| T | Technology independent
MIH MIH " MIH MIH 9
Events COMMANGS gy Commands Query Query
ar or
| | configure configure
MIHF Response MIHF Response
1 I + I
Link Link Link Link
events commands events commands
I 4 I i
L2, L2, eeee 1.2
Mobile Node Access Point

Figure 1: MIH design overview

The cross layer information exchange has been added to the NS-2 by modifying
the MAC layer and linking the MIHF to the MAC layers via TCL.

4.1.2 MIH Function

As mentioned earlier, the MIHF extends the class Agent defined in NS-2. This
allows each instance to send and receive packets at layer 3. The files related to
the MIH implementation are located in the hsntg subdirectory of the distribution.
The MIHAgent is at the center of the implementation. It communicates with both
the lower layers (i.e. MAC) and the higher layers (i.e. MIH Users).

The class handles the list of MIH Users and their registration information. It also
takes care of handling the communication with remotes MIHFs. Finally it provides
the mapping between the media independent interface (MIH_SAP) and the
media dependent interface (MIH_LINK_SAP and media specific primitives).
Figure 2 shows the key components of the MIHF implementation.
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Implementation of MIH Function ﬁ

s

Z
REAOCES +ifaces_  [yector<MiHinterfacelnfo™
/1 ~ ~ 7|List of local interfaces
+management_users_ [vector<MiHUserAgent __|List of MH Users to receive special
- naotifications such as Registration
Request indication
vector<MIHScan*> B
tSCEn_req_ - — — —|MHScan is used to hande scan
requests
+peer_mihfs vector<mihf_info*> B
peer - - - — — — — ]List of peer MIHF that have been
discovered and their information
+sessions_ vector<session_info*>
= — T T|List of current active sessions with a
peer MHF
+pending_req__[Map<int,mih_pending_req™
— 7 7 ~List of messages waiting for a
response andior acknowledgement

Figure 2: MIHF design

4.1.3 MIH User

MIH Users are entities that make use of the MIHF functionalities in order to
enhance user performances by optimizing handovers. Since there are an infinite
number of implementations depending on the user preference or network
policies, the implementation provides an abstract class MIHUser that can be
easily extended.
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MiHUserAgent

==constructor==+MHUserAgent()

+command( arge © int, argv : char**const™ )« int

+recy( : Packet™", : Handler"*" ) : void

+process_mih_event( type : mih_event_t, data : void™" ) : void
|=<aetter==+get_min() : MIHAgent™"

+process_cap_disc_cont( mihh: har_mih"*" ) : void

+process_register_ind( mihh : hdr_mih™" ) : void

+process_register_conf( rsp : mih_reg_rsp™" ) void
+process_deregister_ind( mihh : hdr_mih™" ) : void
+process_deregister_conf( rsp : mih_dereg_rsp™" ) void
+process_event_sub_conf( rsp : mih_event_sub_rsp"" ) : void
+process_event_unsub_conf( rsp : mih_event_unsub_rsp"" ) | void
+process_get_status_conf( mihh © hdr_mih"*" ) : void

+process_switch_conf( rsp: mih_switch_rsp™" ) : void
+process_configure_conf( rsp . mih_configure_rsp™" ) : void
+process_scan_conf( rsp : mih_scan_rsp™" ) : void

+process_handover _init_ind( ind : mih_handover _intiste_req™" ) : void
+process_handover_int_conf( rsp : mih_handover_intiate_res"" ) - void
+process_handover_prepare_ind( ind : mih_handover_prepare_reg"" ) : void
+process_handover_prepare_conf( rsp : mih_handover_prepare_res"*" ) : void
+process_handover_commit_ind( ind : mih_handover_commi_req"" ) . void
+process_handover_commit_cont( rsp : mih_handover_commit_res"*" ) : void
+process_handover cumplete ind( ind : mih_t _handover currplele regq : void
+process_handover_complete_conf( rsp: mih_handover_complete_res"*" ) : void
+process_network_info_ind( ind : mih_network_address_info_req"" ) : void
+process_network_info_conf( rsp . mih_network_address_info_res"™" ). void
+process_get_info_ind( ind : mih_get_information_req*" ) : void
+process_get_info_conf( rsp : mih_get_information_rsp"" ) : void
+process_link_up( e link_up_t"*" ) : void

+process_link_down( e : link_down_t*" ): void
+process_link_going_dowwn( e : link_going_down_t"" ) : void
+process_link_detected( e : link_detected_t"" ) : void
+process_link_parameters_report( & link_parameters_report_t"*" ) : void
+process_link_rollback( e : link_rollback_t*" ) : void
+process_link_handover_imminent( e . link_handover_imminert_t"*" ) : void
+process_link_handover_complete( e link_handover_complete_t"*" ) : void

Abstract class that receices messages and
events from MHF

AN

Abstract class adding flow
management handling and receives
events from Neighbor Discovery
Modlule

TCL is used to enter flow information

An simple mobilty implementation with
similar behavior as MIPvB, including

MIPVeAgent| — — . — |

' messages (Binding
updates)

Handover | .

_|Abstract class adding functionnalties

AN

that are common to all handover

tations.

SimpleHandoverAP
=

Sample
implementations of
handover modules
using the MIHF to
receive information
from lower layers.

Figure 3: MIH User class hierarchy
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As show inFigure 3, the MIHUser sends commands to and receive
events/messages from the MIHF. To enhance usability, the implementation also
provides a series of abstract classes that contain commonly used functionality.
The IFMNGMT provides flow management functions. Using the TCL, the user
can register the flows that are being used in the node. This facilitates the
handover module in finding the flows that needs to be redirected. It also receives
events from the ND agent when a new prefix is detected or when it expires. The
MIPV6Agent adds the redirection capability to the MIH User. When a flow needs
to be redirected, a message can be sent to the source node to inform him of the
new address or interface to use. Finally, the Handover class provides a template
for handover modules and computing a new address after successful handover.

Samples of handover modules are located in the hsntg/ and hsntg/802_21
subdirectories.

4.2 Configuration

Adding the MIHF to a node
set mihf [$node install-mih]

Linking the MIHF to the lower layers

set mac [$node set mac_(0)] ;#get the MAC element
$mac mih $mih ;#link the mih to the MAC layer

$mih add-mac $mac ;#add the MAC layer to the MIH

Adding a handover module

set handover [new Agent/MIHUser/IFMNGMT/MIPV6/Handover/Simple]
$node install-ifmanager $handover

$handover connect-mih $mih

Linking the ND and MAC modules to handover module

set nd [$node install-nd] ;# create ND agent

$handover nd_mac $nd $mac ;# inform the IFMNGMT agent about the
relationship between the ND module and the MAC layer.

To support flow redirection, the CN (i.e. the node with which the MN is
communicating) must be able to receive messages from the MIPV6. The

following command must be including in all CNs.
¥cn install-default-ifmanager
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Default values for the MIH parameters are located in the file tcl/lib/ns-hsntg-
nist.tcl.

5 MAC layer support for MIH

The MAC layers have been modified to include the MIH_LINK_SAP functions
and to handle trigger generation. This section explains the modification to the
classes.

5.1 Class Mac

The Mac class is the superclass of all the MAC implementations. The
MIH_LINK_SAP has been added to this class so that the MIH handles Mac
objects as much as possible.

5.2 Class Mac802_11
This class has been enhanced to support management frames.

5.2.1 Supported events

It supports the following events:
e LinkUP
Link Down
Link Going Down
Link Detected
Link Event Rollback
Link Parameters Report
Link Handover Imminent
Link Handover Complete
Therefore the bitmap mask for the MAC 802.11 is Ox1BF.

5.2.2 Supported commands
The following link commands are supported:
¢ Link Event Subscribe
¢ Link Event Unsubscribe
o Link Configure Threshold
» Link Get Parameters
The bitmask for the command list is OxF
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5.3 Class Mac802_16

o
d
—

Supported events

Link UP

Link Down

Link Going Down

Link Detected

Link Event Rollback

Link Parameters Report

Link Handover Imminent

Link Handover Complete

Therefore the bitmap mask for the MAC 802.16 is Ox1BF.

5.3.2 Supported commands
The following link commands are supported:
* Link Event Subscribe
¢ Link Event Unsubscribe
o Link Configure Threshold
* Link Get Parameters
The bitmask for the command list is OxF

5.4 Class Mac802_3

5.4.1 Supported events

o LinkUP
¢ Link Down
Therefore the bitmap mask for the MAC 802.16 is 0x3.

5.4.2 Supported commands

The following link commands are supported:
¢ Link Event Subscribe
¢ Link Event Unsubscribe

The bitmask for the command list is Ox3
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5.5 Class UMTS

5.5.1 Supported events

¢ LinkUP

e Link Down
Therefore the bitmap mask for the MAC 802.16 is 0x3.

5.5.2 Supported commands

The following link commands are supported:
¢ Link Event Subscribe
¢ Link Event Unsubscribe

The bitmask for the command list is Ox3

6 Mobility extensions for NS-2
In addition to the MIH implementation, the mobility model includes enhancements
to support handovers in NS-2. This includes:

- Integration of multiple technologies (UMTS, Bluetooth, 802.16) to allow for

heterogeneous handovers.

- Modification of default implementation (802.11) to support handovers.

- Define a generic design for nodes with multiple interfaces.

- Support for subnet discovery and change of address.

6.1 Support for multiple interfaces

In order to evaluate handover in heterogeneous environment, we integrated
multiple packages providing additional technologies. The following is a list of
technologies added to the package:

- UMTS: the source code is based on the EURANE code (http://www. ti-
wmc.nl/eurane/). The modification includes support for hierarchical
addressing.

- Bluetooth: package from the University of Cincinnati
(http://www.ececs.uc.edu/~cdmc/ucht/) based on version ucbt-0.9.8.2a.

- |EEE 802.16: developed internally and focusing on the mobility aspects of
the technology (802.16e).

The difficulty encountered is that support for multiple interfaces is not intuitive in
NS-2. Furthermore, external packages do not necessarily follow the same node
structure as the one defined in the basic model. For example the routing
algorithms are different. For this reason, a workaround has been found allowing
each technology to work independently from the others.
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Figure 4: Multiple interfaces node design

As show on Error! Reference source not found., the multiFace node is a virtual
node linking nodes of similar or different technologies. The other nodes are
considered interfaces for the multiFace node. Let's define them as interface
nodes. An ND agent located in each node allows for layer 3 movement detection
(new and expired prefix) and notifications are sent to the interface manager
(IFMNGMT). The MIH located in the MultiFace node is linked with each MAC
object of the interface node. The application target_ object is dynamically
assigned to the entry of the node chosen to send the traffic.

With this design, we have been able to simulate handovers between IEEE
802.11, IEEE 802.16 and UMTS.

6.2 Layer 2 mobility

Layer 2 mobhility is provided by the lower layer. In the model provided, IEEE
802.11 and IEEE 802.16 allows for switching AP/BS. Note that in NS-2, each
AP/BS is on a different subnet (i.e. domain or cluster) and therefore will require a
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Layer 3 handover. For information about Layer 2 mobility, refer to the
documentation specific to each media.

6.3 Layer 3 mobility

6.3.1 Neighbor Discovery

This section contains a short overview of the functionalities provided by the ND
module. For more information refer to the Neighbor_Discovery documentation
manual.

The ND module is used to provide Layer 3 movement detection. In the network,
APs and BSs periodically send RAs to inform the MNs about the network prefix.
In our scenarios, the prefix is the address of the AP/BS. The RA is sent using
broadcast messages when supported (802.11, 802.16) or unicast otherwise
(ethernet). The ND agent located in the MN receives these RAs and determine if
the message contains a new prefix and inform the interface manager. A timer is
associated with the lifetime of the prefix. When the MN losses its connection with
the AP/BS, the prefix expired and a notification is sent to the interface manager.
The implementation also supports RS to enable a MN to discover new AP/BS
after a handover.

By convention, we assign the address of the AP/BS with a node address of 0.
For example 3.0.0 and 4.0.0 are valid addresses for these nodes. MNs are
assigned addresses with node IDs other than O (i.e 3.0.1, 4.0.12).

6.3.2 Routing algorithms and address update

In NS-2 the routing is done in different ways depending on the type of nodes. In a
wired network, the routes are computed at the initialization and the classifiers are
updated. In a wireless network, a routing agent takes care of routing the packets
in a more dynamic way since the topology and routing can change. The project
does not focus on ad-hoc networks; therefore, a routing algorithm supporting
infrastructure more is required. The first solution was to modify the DSDV routing
to behave differently and not send too many packets. The second solution was to
use the NOAH protocol (http://icapeople.epfl.ch/widmer/uwb/ns-2/noah/). We
modified it to handle node address change.

During a simulation, a MN can change network. When switching AP/BS, the node
needs to be reachable via a new address. This functionality is not included in NS-
2.29 and we propose the following workaround. After the execution of a layer 2
handover, the ND protocol is used to receive the new prefix information. When
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receiving a new prefix, we compute the new node address with the following
formula:

new_address = (old_address & Ox7FF)|(prefix & OxFFFFF800);
We can note that the node ID will be the same in the new network. Only the
domain and cluster is updated.
To ensure proper behavior, the following rules must be followed:

- Determine the maximum number of nodes that can be within a single
network. For example if at the beginning of the simulation there are 2
wireless networks (defined by 2.0.0 and 3.0.0) with 2 MNs each, it is
possible that two nodes move to the other network, and therefore the
maximum number of nodes in the network is 5 (4MNs + AP).

- Assign the address with unique node ID for each nodes. Using the
example above, a possible configuration is 2.0.1, 2.0.2, 3.0.3, and 3.0.4.

Figure 5 illustrates the change of address

New prefix: 3.0.0
Old address: 2.0.1
New address: 3.0.1

Figure 5: Example of node address change

After computing the new address, additional changes are required:
- Update the address of the node
- Since each agent located in the node has a cache of the node address
they also need to be updated. This is especially valid for the routing
algorithm.
- Update the base station information in the routing protocol.
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