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Abstract: Problem statement: Mobile Internet Protocol (MIP) is the forms of thackbone for next
generation wireless internet technology to providenterrupted network service while a node on the
move. The original MIP use Home Agent to forward thaffic. Thus, it does not have problem with
simultaneous mobility, i.e., the special case wheth end nodes are mobile and move at about the
same time. However, MIPv6 uses location bindingaips which sent directly to a correspondent
node to complete its registration. Thus, MIPv6 ugnerable to the simultaneous mobility problem
which leads to the interruption of communicationrd atause messages lost, especially protocol
messagesApproach: This article analyzed the simultaneous and suceed$ast mobility problems
and handover latency. Then propose a mechanisnddyytiag technique to the mobile node’s Home
Agent. Results: We simulated the proposed scheme using ns-2 angresent and analyze the
performance testing for the proposed scheme by aangp it with the conventional MIPvV6.
Conclusion: Simulation results showed this scheme can effdgtiesolve simultaneous and successive
mobility problems and reduce the handover latenigighvis affected by long registration time.
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INTRODUCTION optimization-related signaling (Johnseh al., 2004),
such as Home Test Init message (HoTl) and Care of
Mobile IP is the dominant mobility handling Test Init message (CoTl) are sent to the old |Presi
protocol for host mobility on the Internet. Howeyer this results route optimization messages lost. dty m
with the rise of IPv6, a new mobility handling probl  cause communications disruption between the MNs or
was needed for host mobility on IPv6 networks. Theeven cannot be resumed, which will affect the nérma
new protocol, proposed by the Internet Engineeringunction of the network. In addition, to solve
Task Force is Mobile IPv6 (IETF-mobileip, 2004). simultaneous mobility issue the successive fastilityb
Among the new features introduced with MIPv6 is amust be taken into consideration. This case, whdiNa
Route optimization which allowed a direct moves to a new network and during its location
communication between end nodes, but a majoregistration to its home agent (HA) and to its CN,
problem is that it makes MIPv6 vulnerable to thehowever, before these registrations complete, tie M
simultaneous mobility problem; which is the caseewh moves again to a new network. At the same time, we
both end nodes are mobile and they move at abeut thmust consider the handover performance improvement
same time. Therefore, the mobility signaling for and packet loss reduction enhancements to satisfy t
location registration are lost during simultaneousrequirement of the real-time and non-real time
mobility, this problem may arise because a pardicul application services. This article proposed adgptin
mobility protocol was designed with the implicit technique scheme to the MN’'s home agent to solve
assumption that the correspondent node (CN) does nsimultaneous mobility problem and improve the MN
move when the mobile node (MN) moves. handover performance, as well as reduce the packet
Simultaneous mobility problem becomes a criticalies  loss. This scheme relies on the assumption thaiNa M
currently, when the two mobile nodes move at alloait  always moves in several range limited networks.
same time both use route optimization procedure to The next discussion presents a detailed analysis o
exchange the mobility messages. In the locatiomelated study. Subsequently, an overview of
registration through binding update phase, theeroutsimultaneous mobility problem followed by
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descriptions of the handover latency and proposedhe HAs of the sender and receiver, can serve tihe p
scheme in detail. Then present performance metricactive binding update proxy and pro-active redirgrt
used to evaluate the proposed scheme and pregent tlocation proxy. Return rout ability procedure hasbe
simulation model and result prior to the study Pein modified so the CoTl message goes through the
concluded. sender’'s HA. Another modification to MIPV6 is thihe
binding update must first be reversed tunneled to a
Related study: performance analysis is an important MN's own HA before being forwarded to the
part of research for proving different theories andcorrespondent node. The selection of period to keep
models. In this article we will present an analgtiand  copy of such message and for a query/responsedshoul
simulation studies which cover two aspects;be carefully chosen based on reasonable estimétes o
simultaneous mobility as well as successive fasthe appropriate signaling and computational delafys
mobility and handover performance. the network. The proposed receiver-side mechanisms
There are few solutions to deal with first aspect;only, allow MN-A to sends all control messages th-M
simultaneous mobility problems in the IP layer like B using MN-B’'s home address, thus forcing MN-B's
using two kinds of fixed proxies to keep the messag HA to be involved. MN-B’s HA will act as a pro-ae#
and proxies for time Jand then forward that messages,forwarding location proxy, forwarding the control
otherwise, using Corresponding Node (CN)'s Homemessage to MN-B as usual, but keeping a copyfof it
Agent (HA) to forward that messages. Thereforegraft time. If it gets any binding updates from MN-B dgi
receiving these three control messages the CN’s Hahat time, it pro-actively forwards the messageviid-
keeps the messages for a short tigewhile forwards B. This proposed method adds forwarding proxy i th
them as in (Wongt al., 2003a). previous network with substantial functionality nst
The analytical research study of signaling to homedesirable and is not good in that they requireiigamt
address has been introduced by Wong and Duttaghanges to MIPv6.
(2005), which is more MIPv6-centric and does not  Wong et al. (2003a) introduced a framework for
involve query/response messages between HAs. Unlikeandling simultaneous problems. By suggest two ways
the solution with stationary proxies, MN-A's HA doe the first one; forwarding mechanisms from previous
not have to be involved. The MN-A just sends cdntro networksince the lost packets in simultaneous mobility
messages directly to MN-B’s home address not thaituations are going to the previous network (aissed
Care-of-Address (CoA). Thus, MN-B’s HA will take with the old CoA), the forwarding mechanism would
care of forwarding the binding update to MN-B. intercept packets destined to the old CoA and fodwa
However, this smart re-forwarding requiring them to the new CoA.
modification to MN’s home agent as well as the nebi There are no foreign agents in MIPv6, so it is
node and also it has increase in latency in thdrabn inapplicable to add a forwarding mechanism from the
signaling also arise anew issue for the small waler previous network, either a new entity is neededher
time when HA does not yet have the latest care-ofocal router needs to take on this functionalitheT
address of MN. second by using stationary proxies that used twdsi
Analyze previous solutions has been consider t@f stationary proxies that is responsible for afiteg
prove some new theorems and propose new solutiothe latest CN’s location for MNs and maintaining th
Analytical framework used in Wong al. (2007) show latest MN'’s location and delivering such informatitm
in the first solution; Forwarding proxyn previous the MN’'s CN. But, in order to use stationary praxie
network for MIPv6 ordinary routers, in the previous with MIPv6, additional modifications are needed to
network would need to be extended with forwardingMIPv6 also the query/response functionality thaulgo
proxy functionality. This would involve significant be significant addition to HA functionality.
modifications to MIPv6. However, getting common When successive mobility occurs in the network,
routers to do this kind of forwarding might be the two solutions about simultaneous mobility peshs$
considered an unacceptable demand. above cannot study normally. In those schemesNif C
Combination of sender-side and receiver-sidemoves before MN finishes correspondent registration
mechanisms consider as a second solution; a catidrin and home registration doesn’t finish as well,
of sender-side proactive binding update proxies andimultaneous problem still exists. These researohis
receiver-side pro-active redirecting location pesxiwvas focus on the performance of handover, which have no
proposed as a general solution in (Waha@l., 2003b) resolve the simultaneous mobility and it modifidue t
that was applied as a solution to SIPMM and MIP-LR.operation in both link layer and network layer nipst
Here they propose that it can also be applied tBMdl  which is not fixed the original aim of MIPv6.
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There are several approaches proposed to deal
with second aspect; handover latency and packst los
in wireless overlay networks (Solimaat al., 2005;

fail. The messages will lost may be during the rretu
routability procedure phase or after. The two cdsss
describe in Wongt al., 2007), as follows:

Case I: When message lost during Return Routability

Procedure (RRP), as shown in the Fig. 1, the
two MNs are moving at the same time and both
can't finish correspondent registration, result on
binding procedure fails, as in following step:

When the MN-A moved it will initiate the RRP
with a MN-B

MN-A sends HoTl and CoTl messages to MN-B.
In this case, HoTl or CoTl may be lost because
they are sent to the MN-B’s old CoA

On the other side, MN-B initiates the RR procedure
with MN-A after moving

MN-B sends HoTl and CoTl messages to the MN-
A’s old CoA, the messages will lost

Case Il: When message lost after return routability

procedure, as shown in the Fig. 2 the
following steps describe this case:

MN-B moved after MN-A's return routability
procedure has completed

Then the MN-A will send binding update message
to MN-B to update it is location. However,
resulting to MN-B’s movement, MN-A’s binding
update message goes to MN-B'’s old CoA and lost
So,

MN-A’s correspondent registration with

Badis and Agha2003; Ma and Fang, 2004). Avoiding pinding update can't complete and MN-B will also be
packet losses using buffering and simultaneousigng unable to complete its return routability procegure
to adjacent routers are also proposed and analyzed resulting on binding procedure fails as shown i Bi

(Salamahet al., 2003). In addition, some researchers
are interested in assignment strategies for c:hgosin|_|
between various communication layer and networkC
architectures (Klein and HaBp04).

Simultaneous mobility overview: When a MN and its
CN is mobile node and they are move at the sameg, tim
messages will be lost in the Return Routabilitydedure  ©
(RRP) or later. Those would lead to the failure of
correspondent registration. When an MN moves teva n
foreign network, during Initiation of registratiavith the
HA, any movement of the other node does not matter
However, when it comes to the correspondent
registration the situation is changes, becausediépends
for its success upon messages reaching the otber Ho
the other node moves any time before receiving the
binding update, one or more messages may be Idst an
the correspondent registration procedure may theref
1513

andover latency overview: There are three main
omponents of handover procedure which caused
latency in MIPv6 (Malkiet al., 2002; Nartenet al.,
1998). These components are:

Link layer establishment delay: this the time need
for the MN'’s physical interface to change its sengl
connection from old access router to the new
access router

The rendezvous time delay: refer to the time need
for a MN to hear beacons from a new access router
after moving out of the old access router coverage
Registration delay: which start when the MN sends
a binding update to the new access router and
finishes when the first packet arrives via the new
router (Daleyet al., 2003)
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Table 1: Standard handover latency for Mobile IPv6 movement and it can resolve such problem and ingrov
Link layer the overall handover performance.
establishment  Rendezvous
E;nﬁézz?ver t,;”;jtésrec) RegIStratloge“nn;e (sec) Receive Proposed schem_e: In the MIPv6 the main reason of
discovery DAD BU BAck loss message is that the Home Agent (HA) has not
0.05 0.10 1.00 0.07 0.07 forward the packet to the new CoA. In addition the
registration time represents a large part of haadov
&AL Handofl ] ) . latency. The proposed method adopts techniqueeo th
] s 8 B S MN's home agent to resolve simultaneous and
Roue Seidtaion 5 . successive fast mobility problems on a fixed mobile
E D — network. Therefore, under this fixed administrative
N T management the MN’s CoA can be getting previously
kD o i ik Loca hitrms before the actual movement of an MNs depending on
Configuration | i of Addrss Ctsion receiving Link Going Down (LGD) trigger event which
Time Bining Uta - Binting Refttion is based on the signal strength power below a ioerta
Pectorm DAT] for MY predefined threshold, then MN’'s home agent will
N ::“‘“ERA :;‘:k‘imm Home fores forward the control packet to all the availableghéior
Tine n SCpEy s Srca R, access router's CoAs in advance prior MN movements
S E— and during the process of checking the uniquenéss o
_ b this CoA on the new subnet (i.e., by duplicate adsr
detection mechanism) the MNs can receive all céntro
Fig. 3: Mobile IPv6 handover signaling flow packet, thus, reducing MN’s registration time.

" In this scheme, the MN in advance inform its Home
Agent (HA) about its expected movement to new stjbne
in order to acquire all neighbors access routegé;dy
add a flag b bit in the reserved field of bindingdate
message (Litet al., 2006) and set its value to one (i.e.,
BU messages are used for ordinary purposes if thi B
is reset). The neighbor’'s CoAs which need to boamsd
put in the home agent’s binding cache list. Thiidates

«  MN sends Router Solicitations (RS) to new AR home agent may have all CoAs of the neighbor's sece

« MN receives new Router Advertisements (RA)MoUter in its network. All CoA’s lifetime in the hoe
from new AR agent cache list assumed to have fair and enough ti

value to make an efficient reuse the same CoA, lwhic

ave the time to get new CoA in case if the MN nsove

ack to previous visited subnet. The MN’s bindirsgj |
must maintain all valid CoAs depending on the agglim
lifetime. Thereafter, the HA when receiving a rduility
protocol message it should make multiple copiethisf
message and forward them to all neighbor’'s CoAgrpri
MN movement to new subnet in the network.

* MN completes Return Rouetability Procedure  the oyerall procedure for the proposed scheme
(RRP) and sends BU-CN for Route Optimization | des two cases, the normal case in which MNsA i

* CN returns a Binding Acknowledgement to MN opjy move while the CN stationary, as follows:
and MN starts to receive packets

Table 1 show the typical values of each handove
component in MIPv6 refer to (Lai and Chi2Q05). It
shows that registration time is a major part in tibt@l
handover latency. The basic steps involved with WIP
network layer handover, when a MN travels from the
current access router (AR) to the new AR using gene
movement detection as shown in the Fig. 3, asvialio

* MN detects that it is on a new link and performs
Duplicate Address Detection to ensure that none o
its interfaces is duplicated on link local address

*  MN performs new CoA configuration

* MN sends Binding Update (BU) to HA

e HA performs DAD for MN'’s Home Address and
sends Binding Acknowledge to MN

MATERIALSAND METHODS e MN-A expect its movement to new subnet by
monitor LGD trigger, then it request the new
In this article we analyze the simultaneous and subnet's CoA using route solicitation message, or
successive mobility problems and the affect of the by periodic route advertises in overlapping area
handover latency. Furthermore, propose a method MN-A after getting the CoA, it sends BU (b =1)
which modifies some signaling flow for the indication to its HA to maintains the binding
conventional MIPv6 protocol and perform these relationship of this MN's home address and
signaling messages in advance prior MNs actual neighbor's CoAs
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Home agent-A Home agent-B ® The home agent Of the MN'B Wl” make mult'ple

g - | copies according to these neighbor's CoAs and

\Rmm o me/ send them to MN-B’s CoAs locations
NN ﬁ/,‘ In general, the proposed scheme sends a number of

/BQL}\//ES:,\ /Bﬁs\z\/\fﬁg\ /B%\% /:118\;\>§§8\ copies of control messages to all neighbor's CoAs

S/ 8/ 8/ \/&8)/)8/& /& bound by MN, which cause additional network

42& | T ‘_ f ; overhead. Therefore, to overcome this issue, gileso
s A X Nama XXX of the control messages which a MN did not roam to

their point of attachments will be timeout aftepiee-
defined time, in order to reduce network overhead a

Fig. 4: Network topology experiment optimize mobility management cost in MIPv6 domain.
On the other hand, the advantages of the proposed
o oS scheme are very understandable When the nelghbor_’s
ﬁg % % M oy CoAs gotten in the other networks it has been multi
— e —— bound to the HA. Therefore, one of those control
130w sendBU G ) messages copies which sent to this node leastedsd r

MN, so inaccessible problem actually resolved,
especially, when MN regularly moves in these
networks. Meanwhile, solve successive fast mobility
problem. In addition, if the CoA previously receivia
this network is still valid when a MN moves back to
visited network, then MN can reuse this CoA. Thas c
save the time to get new CoA, which reduces theafos

2. MN-A send HoTI and
CoTIto MN-B' home
address through it’s HA

Fig. 5: Signaling flow of the proposed scheme the correspondent registrations.

Table 2: Simulation parameters setting Network model: we validate the proposed method and
Parameters _ Values analysis it using ns-2. Our network topology shoim
Wireless link bandwidth 20Mbps i 4 which include two network each include save
Bandwidth 80 Mbps . . .
L2 Handover somsec  Access Routers (ARs); which has two interfaces, (i.e
UDP packet length 200 bytes wired interface to the router and wireless integfdo
Packet rate 50 kbps MN) and each represent different IP subnet.

Simulation time 300 sec

] ) Simulation model: In this simulation, IEEE 802.11b is
* MN-A will sends HoTl message to the stationary ysed as MAC protocol for the ARs, which has a 250 m
CN through its HA and sends CoTl messageiransmission range and 80 Mbps link bandwidth and t
directly to CN in normal routability procedure and create overlapping coverage, a 400 m distancedd us
complete update location registrations to its HA  petween the ARs. Plus, a constant bit rate (CBR)
_ ~ application with 0.05 sec intervals over User Deday
The second case, where the CN is mobile (i.e.protocol (UDP). This kind of traffic is usually
MN-B) and moves during MN-A'’s routability, MN-B’s  generated by real-time applications. In the sinaiat
home agent has its neighbor's CoAs. As illustrate i we have two MN (i.e., MN-A and MN-B) moving
Fig. 5, which described in the following steps: linearly at the same time and communicate with each
other’s starting from the area of first AR tngs to
*  MN-Awill update its HA by sending a BU (b =1) next AR’s. Two CBR sessions was simulated: from
*  MN-A will send both HoTl and CoTl message to MN-A to MN-B and vice versa. The first session star
the MN-B’s home agent through MN-A" HA with 20 sec warm up period and the second at 30 sec
* The home agent of the MN-B after receiving thesewhere the MNs are brought up and the flows begie T
messages, checks its maintained bindingsystem settings used in the simulations are inefabl
relationship. If MN-B has bound MN-B’s
neighbor's CoAs with its home address in thisPerformance metrics: two performance metrics were
location registration or delay home registrationconducted to evaluate the proposed scheme over the
before MN-A'’s routability messages arrives. Thus conventional MIPv6, which are the handover latency
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and packet loss rate, respectively. The formeefmdd L

in this article as the elapses time between thé las 1500

packets received by MN at old access router and the : *,,4—'—*“’”*"'4
arrival of the first packet at the new access noute
Whereas, the later is defined as the ratio of the

differences between the total number of packets

900

600

Handover laleney (msec)

transmitted and the total number of packets receive - _'_:_")"6_“
correctly at the destination to the total numberthef it
packets transmitted at the source. The higher hamdo " o A B s o s
latency and packet loss rate causes poorer penficena Witeless link delay (m sec)

of a network.
Fig. 6: Comparison of the handover latency between

RESULTS the conventional MIPv6 and proposed schemes

Two different scenarios are conducted in order to
investigate the performance of the handover latemcy
the packet loss rate between the conventional MIPv6 —— MIPv6

. = 03
and the proposed schemes, respectively. & Proposed scheme

0.4

Handover latency performance: we investigate the

impact of the wireless link delay over the handover
latency for both the conventional MIPv6 and the
proposed schemes, as shown in Fig. 6. The MN id use

Packet loss rate (%)

0.1

with mobility movement velocity 4.17 m séand the e &G EE | oE | L@ §

typical wireless link delay between the MNs and ARs T

are vary from 10-60 m sec, depending on their desta

and channel condition (Lai and ChRQO5). Fig. 7: Comparison of the packet loss rate betwhen
When the wireless link delay between the MN and conventional MIPv6 and proposed schemes

its access router increases the difference in hado
latency between two schemes also increases. Wigen thn addition, using proposed scheme in HA, when the
wireless link delay is 10 m sec, the handover latesf  moving velocity for both MN-A and MN-B reaches
the conventional MIPv6 scheme is higher than the9.72 m set, failure rate of correspondent registration
proposed scheme and start increasing when wirelegs less than the conventional MIPv6 and the two MNs
link delay increase as shown in Fig. 6. It shovet the  can communicate normally with tolerable packet.loss
proposed scheme has the advantage of degrading
performance gracefully in increasing transmission DISCUSSION
distance as well as the wireless link latency.
_ i ) The discussion on this scheme has been

Packet loss rate performance: this metric will  j, eqtigated into the aspect that could give anaicop
investigate the impact of the MNs velocity overkelc 14 their performance. In this scheme the HA fadva
loss rate between the conventional MIPV6 and pregos yhe control packet to all the available CoA andobef
schemes. As shown in Fig. 7. In the case of SUMEESS o completion of the checking the uniqueness ef th
fast mobility environment when the moving veloadty  ,qqress using DAD, the MN can receive all data pack
two nodes MN-A and MN-B reaches 2.78 msdte., s the total handover latency caused by MN registra
equivalent to 10 kmT) using the conventional MIPV6, s reduced. The advantages of the proposed scheme a
the packet loss rate of correspondent registratiapat  opvious when the all neighbor's CoAs has been multi
minimum so the two MNs can communicate with eacChhound to the HA. Therefore, one of the controls
other normally. When the velocities of the two MNs messages copies which sent to this node leastedsr
reach 6.94 m sét the packet loss rate of the MN, especially, when MN continually moves in these
correspondent registration begins increasing. networks. Another advantage, to save the time teage

However, when the MN velocity reaches tonew CoA; if the CoA previously received in this
9.72 m set, it will highest failure rate of network is still valid when a MN moves back to the
correspondent registration between MN-A and MN-Brevisit network, then MN can reuse this CoA, which
which cause high packet loss in the conventiorl&Vd.  reduces the cost of the correspondent registrations
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