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Performance evaluation of mobility
management protocols using a generic

mathematical model

Abstract

Communication networks are witnessing a tremendous
development as the future networks will connect
heterogeneous networks, consisting of computers and other
devices, with different operating systems and protocols with
each other, by a general kernel based on the IP protocol
called ALL-IP. Mobility management emerges as one of the
most important and challenging issues for Internet of Things
(IoT) networks, and these networks consist of lIoT devices
which are primarily Mobile Nodes (MNs) that require Mobility

Management Protocols (MMPs).

To provide transparent services to users without being
interrupted or disconnected. This research conducts an
analytical study of kinetic and mobility management
protocols using mathematical models to analyze
performance. This research reviews the most famous and
latest kinetic and mobility management protocols (MMPs),

and focuses on analyzing performance according to the
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handoff latency during mobility, taking into account the loss
of control messages using mathematical models. The
research compares the most important mobility management
protocols, namely: Mobile IP version 4 (MIPv4), Mobile IP
version 6 (MIPv6), Fast MIPv6 (FMIPv6), a management
protocol Mobility Label Based Network (CoMP), Mobility
Label Based Network (MLBN).

Our study concludes that the MLBN-Local label-
based network protocol shows better performance
compared to that of the studied protocols, as the resulting
delivery latency reduces the mobility of the mobile node MN
between cells by tracking the MN Tracks. But the
outstanding performance of this protocol is achieved by
imposing new components that are completely independent
of the Mobile IP protocol and its derivatives and
components, which is the most common protocol, and the
implementation of this protocol needs to impose a new

infrastructure.

Keywords: Internet of things networks, mobility
management, mobile Internet protocol, network-based
mobility, host-based mobility, handoff latency.
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al (8ly . Current—MA Jiai Ally New—MA J3a (e Juai¥) aly agdudl)
i) ase 55 A (595 Lae LSl Abagh) o Byl udas Allay ()
bl e bt dyglhall cNgaTal) ad (4) Jgaadl gagy - Aalial

S dasil) deasil Al il il Jal e daglhaal) csaall 14 Jgan
(MIPV4) ] sS5ig 5l

44



bl e 3 Al e a 2022 sl 13 sl 44 daad) i) daaly Alse

At I(1 k2 k k k aMA a'BUnode aInNode ni 4

o 2 3, 2 2 0 01 0.5 o, 0 4

msec | msecC msecC

Aualdl) asilly (4) Jsralls 5 sShal) cNsatall o Gadaly ol akedl () losa
s (1) Aaleall Sl (2) Jsealls Bs€ial) dajahall Ll

t =7 =2msec
MN,MA 1
=7 *D =7 *([_)MA,GW+D )= 5*(3+5)=
currentMA,BUnode 2 currentMA, BUnode 2 GW,HA
40msec
T =0+(2*2)+(3*40)+(2*0.2) +(2*0.5) + 0+ 4 =89.2msec

BUnode

Jeaall BeSiall cgaiall ad (Gadai aly Baaly B aSadl) Al glua Al
1(2) Aalaall Ao (2) Jgaadle 8 sSiall da iial) didl dualdldl aidlly (4)
S=2RTT =7 +7, " Dysgunose = 2+5*8=42msec T =2*RTT «

timer

T, =0+(2%2)+(3%40)+(2*0.0) + (2*0.5) + 0+ 4+ (2*42) =1732msec
olial) A gil\-MIPV6 JsSsige 6.3
S HA Ll asial) aa Laga Jlad¥) a3y MIPVY JsSsig 5l duliia S
aidall e ki (mobility) <Y Aallae A5 BUnodedia
- a - - - £
Slwa U5 (s Ma GeSig L INNodesddasuy i a8 Y 3 ((HA) pulad)
dglsall 7 g cedand) dial) e Al acd ) dalad) axe e JRal) )
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A A 44+ A +A
J.-}im\ ‘_A‘ DAD g Auto — Conf Y US J...\M.I“ "",J; Auto — Conf DAD U'“

& digadl ¢ . e DAD Ludaly olgiall duflall) digll) (e gl
@b Bi g galad) Jal o gl (e 8BS A qllali DAD Ay
Lufal) ol B eyl ol Jb (o Miiiall gl Gald) Jal (e dagite
asly Alal) oo Akl Glsiall AR Ligl) Ak (el &3 Lba3)
aly adudl) ddee MA .msec 50 ) (sbe B o - can +ADADC}Q}S\ o
o (5) Jsaadl g - Current— MA Jiai (Ally New— MAJYS (e Juad¥)

caledl) ) Giluad dggllaal) cigadiall

(MIPV6)J sSsig nd aelit) s cyail) loas Jaf cpa dusllaal) cfgaial 15 Jgaa
Al gl

At I(1 k2 k k k aMA aBUnode a'InNode ni /4

o 2 2 2 1 0 0 0.5 0 0 54

msec msecC

daldl) asilly (5) Jgaadl 8)9Siall cigatiall ad Guadaly aly anedl) a) Gilus
rua (1) Aaeall Ao (2) Jgaadl 8 s€hal) dajital) 4l

t =7 =2msec
MN,MA 1
=7 *D =7 *(DMA,GW+D )= 5*(3+5)=
currentMA,BUnode 2 currentMA, BUnode 2 GW,HA
40msec
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T =0+(2*2)+(2*40)+ 0+ (1*0.5) + 0+ 54 = 138.5msec

BUnode

Jealls BsSiall cgaiall ad (Gudai Ay Baaly B aSaldl) Al glua Allay
1(2) Aalaal) Ao (2) Jgaall §)9S3al) Ao kal) il daldld) aidllg (5)

S=2RTT =7 +7, " Dysgunose = 2+5*8=42msec T =2*RTT «

timer

T =0+(2*2)+(2*40)+ 0+ (1*0.5) + 0+ 54+ (2*42) = 222.5msec

BUnode

Y A gli-MIPV6 JsSsign 6.4
CN Juaiy) diyd ga Juai¥) ol MIPV6 JsSgigsl (aY) duagill Allag
b aa kb (mobility) «ylEny) dalas AT < BUnodedier s
il 4agill 4ldia JSaug . INNodesdhasug e 2393 ¥ 3 (CN Juasy)
Guia Bl o3 ) Balad pae cuens jhaall Y slose 03 538 e 0pS3
4+ A + A - .
<54 msec (gsluiy auo —conf0a0 ) Aaglcal) 7 g ¢ eDland) dal)
-Current— MA Jiai (Ally New— MAJSS (o Juai¥) aly bl dalas J3A
adedil) (a5 ibuad duglhall N saiall ad (6) Jgaad) giags

(MIPV6)JsSsisnl sl T pail) cboas Jal a digllaal) cfsaiall :6 Jgas
ALY Asa gl

At k1 k 2 k k K. s | Pounote | Pinnode ni /4

o 2 2 2 1 0 0/ 0.5 0/ 0 54

msec msec
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dualdl) agilly (6) Jgaalls 5 sSiall ciYsaiall o kil Al asledl) (1) s
(1) Aaleall Sl (2) Jsealls 8s€ial) da il Liull,

t =7 =2mSsec
MN,MA 1

=7 *D =7 *([_)MA,Gw+D )= 5*(3+4)=
GW,CN

currentMA,BUnode 2 currentMA, BUnode 2
35msec

T =0+(2*2)+(2*35)+0+(1*0.5)+0+54=128.5msec

BUnode

Jeaall BsSiall cgaiall ad Guai Al Baaly B aSadl) Al glua Allay
1(2) Aalaal) Ao (2) Jgaalls §)9S3al) da Eal) il Aaldd) aidllg (6)

S=2RTT =7 +7, " Dyunpunose =2+5*7=37msec T =2*RTT «

imer

T =0+(2*2)+(2*35)+0+(1*0.5) +0+54+(2*37) =165.5msec

BUnode

FMIPV6 JsSsigse  -6.5
BUnodedial (Ally saaadl Jaead) Bake g Juai¥) oy FMIPV6 S5t A
3) dagailly Bagaad) Jaanll 3ake (paca Jadh (Mobility) cy\Eiy) dallas AT «
Vosss MIPVE JsSsigusl 4anlia JSéuy . INNodesddaswy e dagi ¥
- 4+ A +A -

adedl) Alase A (54 msec gyl o~ Conf A0 1) dglual)
(7) Jsaad) mas - Current—MA S Ally old - MAJMAE (e Juai¥) aly

aaal) (3 et dglhaal) ciYsaial) agd
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(MIPV6)JsSsisn all s pail) cloas Jal (a digllaal) cfsaial :6 Jgas
ALY A gl

At kl I(2 k k k aMA aBUnode aInNode ni /4

oL 1 2 2 1 0 0.1 0.1 0 0 54

msec | msecC msecC

dualal) asilly (7) Jstalls 5 Shal) cNsaiall ad Gadals ol askeddl () losa
éua (1) Aslaall e (2) Jsaadls €l daihall Al

=7 =2msec
MN,MA 1
=7 *D =z *([_)old—MA,NeW—MA )= 5*2= 10msec
currentMA,BUnode 2 currentMA, BUnode 2
T =0+(2*2)+(2*10) + (2*0.1) + (1*0.1) + 0+ 54 = 78.3msec

BUnode
Jeall BsSiall c¥saiall ad Gl Al Baaly B aSadl) Al glua Alay
:(2) Adalaal) Ao (2) Jsalu 8598 1all Aa yidal) Al dualdl) asklls (7)
S=2RTT = 7 +7, *Dynpunoe =2+5*2=12msec T =2*RTT «

imer

T =0+(2*2)+(2*10)+(2*0.1)+(1*0.1) + 0+ 54+ (2*12) =102.3msec

BUnode
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CoMP JsSsis -6.6

GW Ligdl 2 51sasall WMMSs ssic aa JLai¥) ol COMP (JsSgig (0
WMMs aia ki (mobility) <yWSY) dallas A5 « BUnodediai (il
Aglwa “a OS5 Sy InNodesddaswyg e 3293 ¥ 3} (CN Jlaiy) el
lady L oSlaal) dial) aia Al aea ) dalal e cuen hall
Flll Al e aalill ALyl pall) e daili 7 o gsi COMP J gSsig
(Sobaiy danall) Jrard) Bake BLE) Chad diadle die dilgally JLaiy) dliyd ae
Jiad lly New—MAJYA (o Jual¥) aly asleal) dglese JMA (100 msec
caledl) ) iluat dyglhaall cigaiall ad (8) Jgaad) g - Current— MA

(COMP)J sSis nd 2ol Trn pasll s ol (a Agllaal) cgaiall :8 Jgan

At kl k 2 kll k‘z k; s | Qounote | Pinnode ni /4

o 4 4 0 2 0 0 05 0 0 100

msec msec

Lalal) agdlly (8) Jsiall 5 sSial) cNaiall ad Gaddly ol askedl) () losa
s (1) Aaleall Sl (2) Jsealls Bs€ial) da il Ll

t =7 =2MSec
MN,MA 1
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=z *D =7, *( BNeW—MA,GW )= 5*3= 15msec

currentMA,BUnode 2 currentMA, BUnode

T =0+(4*2)+(4*15+0+(2*0.5)+0+100=169msec

BUnode
Joaally 5sSiall cMgaiall ad Gubii Al Basly B aSadll Al glua dlay
(2) Astaad) e (2) Jsaadls 5 gSiall dayiial) duidly Lualil) ailly (8)

S=2RTT =7 +7, *Dyppunose =2+5*3=17msec T =2*RTT «

timer

T =0+(4*2)+(4*15+0+(2*0.5)+0+100+ (2*17) = 203msec

BUnode

Local-MLBN JsSsign  .6.7

(MR 4sall asy 4age Jia) LER aghy Local-MLBN JgSgigsn 4
& DA e Ja Jay Gt ol Jilay Jal () Aalad) g aabedl] dadeny
cWEY) dallee A% (BUnodedais MR (ia «cBuagl o clibud)
a0 985 Ay INNodesiamg Sis 3353 Y 3 (MR (aia bt (mobility)
Ty - Slanl) diall o LAl aa ) dalad) a2 o 2l ) Ausluas
4 (gluis WAN aalill ilay) pali) ge 4336 7 0 MLBN (JoSsigul
i Ally New—MAJYA o Juai¥) ol auludll ddee DA cmsec
cabeddll (ra) Glead dygllaal) cNgatiall ad (9) Jgaadl ags - Current— MA

Local-)JsSsis sl auli m a) cils Jal (a digllaall c¥gatall 19 (Jgaa
(MLBN

At kl k2 k k k aMA a'BUnode aInNode ni /4

o o0 o0 0 1 0 o0 S5 0 O 4
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msec msec

daldl) asilly (9) Jgaadl §)9Siall cigatiall ad Gaadaly Ay asdedl) ) Gils
téua (1) Malaal) e (2) Josalls 8583l dajiial) Ll

T =0+0+0+0+(1*5)+0+4=9msec

BUnode
bl Ay Al Al gl Ay 45l JAI da)y Guaadt dals dags Y 430 Lay
(9) Joaadl 3yeSiall cgaiall ad (Gaai aly Basly 50 MR 5aiall ddauilgs
1(2) Aslaal) Ao (2) Jgaall 5y 9Siall A jiiall duiills Aaldd) adllg

S=2RTT =7 +7, * Dy puncae = 2+5*1.5=95msec «T  =2*RTT

timer

T =0+0+0+0+(@1*5)+0+4+(2*9.5) = 28msec

BUnode

Inter-MLBN JSsis2  .6.8
45l poy dage Jiay) LER asis local -MLBN (gSgig sl duldia Sda
cYEDY) dallaa A5 (BUnodedsie MR (Jiay adudll diesy (MR
daway 3 Jid A ALERy AMMR MR (aia kié (mobility)
LAl aes ) dalall s cuen iall LY dglus T 055 ¢ INNodes
ALy alill e 43l 7 8 MLBN JgSsigol Tagdy - sDlaal) skall (e
P e Jlaly) aly anledll ddese A 4 msec (goludy WAN aalil)
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cNgaial ad (10) Jyaad) meag - Current—-MAJLS lly New—MA
el (ya) cboaad yglinal

Al ol cles Jaf e Lglhd) c¥etadl (100 Jeas
(inter—MLBN)J oS53

At kl k2 k' k k' aMA aBUnode aInNode ni /4

o 2 2 2 15 1 0 50 05 2 4

msec | msecC msecC

pilly (10) Jssall bsSiall CHlsatall o 3oy ol pdol) (10 caluss
réua (1) Malaal) o (2) Jotalls 5 580al) da jial) duialls Aualdl

*
r *D r*
currentMABUnode = 2 currentMA, BUnode = o ( D New—MA.MR )= 5*1. 5= 7.5msec

T =0+(2%2)+(2*7.5)+0+(1*5) + (1*2*0.5) + 4 = 29msec

BUnode

Jeall BsSiall c¥saiall ad Gl Al Baaly Bya aSadl) Al plua Allay
1(2) Aslaal) Ao (2) Jgaall §)9S3all da iial) il Aaldld) auilly (10)

S=2RTT =7 +7, * Dy gy = 2+5*1.5=95msec «T  =2*RTT «

1mer

T =0+(2*2)+(2*75)+0+(1*5)+(1*2*0.5) +4+(2*9.5) = 48msec

BUnode
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) A3ka .7

glsalll (Gadi Ao lgle Jgeaall & A gilil) (11) Joad) g
g aal) Jaslly Lal) o sSsign Ao al)

A g pall N Sgig ) Jolad il ddjlaa @ (11)Jgaad)

JsSsigunll (msec) Teunode alesdll (14
Al £ lua ae Aoy ¢ lua
yanil) saalg ope cuaadl)

MIPv4 88.7 172.7
MIPv4\ Route Optimization 89.2 173.2
Extension
MIPv6\ triangular routing 138.5 222.5
MIPv6\ route optimization 128.5 165.5
FMIPv6 78.3 102.3
CoMP 169 203
MLBN —Local 9 28
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MLBN —Inter 29 48

abaall () AdBliayg (11) Jgaadls dauiagal) gilial) 45jlia (12) JSa gl
MLBN- dod dail) dapall lad Op8i . duyaadl) Al plua s dlay
Gl COMP ae 4jlially <MLBN-Inters %68.9 Juas Juii Local
o 88.5% Juas Judly .%94.6 Jua Jdl < MLBN-Local
JSsian g ARl %93.59 %99.2 dswiy Jably .FMIPV6 JsSsig
Loy Juably il o Al 4l ) 4ngil) Alsy MIPV6
doudy Juably (MIPVE JoSsigond Aia) Al dangi pa A5)lialls 89.9%
JsSsian OsS Al (Sayg (MIPV4 JoSsign e 4iliall 89.8%
85 ) dalall 90 MN 4iiia) 548 Tracks a.ily asi: MLBN-Local
Mobility  Jail) Ly, ¢ussi i Mobility Label (ML) Jasl  Guala
ash Al Busa Jaaudy Cilii) cela) N glas Yy Binding (MB)
dlee il Alalial) aadl) Jilay ase Gausdldy MLBN-Local JgSgig

bl () GdAT Al g ¢ A aall sl

Al gla Al dugyaall csSsig nll asbdill - e Ak 112 g
Al glua axc 411;.'3 8aalg By Euaadl)
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250

200

150
10
| ‘

MLBN = MLBN | CoMP FMIPV MIPV6 MIPv6 MIPV4 MIPv4
-Inter | -Local -TR
B il Al plaa pre sy 29 9 169 783 1285 1385 892 887

Wl she Gyl Al plundllay 48 28 | 203  102.3 1655 2225 1732 1727

o

o

B Al plas o Alay msas 55 e il Al plum Allay

o Basly e Euaail) Al & lua Allay MLBN-Local (sSsig (35t s
MLBN-(1 41.6% Jaas Jadl (S Gua «AY) daigaall csSgig )
.86.2% Jaray Juadl (19 MLBN-Local (ld COMP a 4ijliallis cInter
87.4% 5 83% 4wy Jably .FMIPVE JsSsigsm (s 72.6% Jiras Juadly
Ao Al daglly ) angll Ay MIPV6 JsSsian ae AGall
JoSsignd ) Al desi pa Aliall 83.3% Loeds Juably ccusiil
A s 13 (MIPVE JsS5ig s g Ailialls 83.7% duwiy Juaily (MIPV4

.MLBN-Local Us b jial 04 illg prdioal) cdjall by
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duanl) DA .8
A ) DAl (Ka agha) &3 Al dubl) gl Ao 3Ly
¢ gl MLBN (il guale o Badeal)l 4al) Bya) JeSsigum -1
il oo il ALY (addd pliiul Al dua S JSa Jiale
L@ A8 aall sl
Jlad Bly) alliiy ASud puugd Al Baas Jgls MLBN (JgSgigpn asd .2
GRag 4) ) (Jal) sy ¥ COMP JgSsignm sl of o ad)l) e .3
LAl B alll aeyy sLdl) cug NgSHian pladin) duila)
- Jaiilly
Baas Adiad Ay Gad clus o ol MLBN (Ssigsl jaaial) o1 .4

.4ilis€a g Mobile IP JsSgig s o Lalad dliioua
dolifiial) ciluagil) .9
du Ao ddla) bl aladial dawgyall cNsSHIgl Jalad

Gt ) ABLEY L cajad) Jley LS ARl Basdial ajal) e JUial)

Asgiia ASud Ay Adlidae 4a il
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