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Abstract
One of the major challenges for the wireless network design is the 
efficient mobility management, which can be addressed globally 
(macromobility) and locally (micromobility). Mobile Internet 
protocol (IP) is a commonly accepted standard to address global 
mobility of mobile hosts (MHs). It requires the MHs to register with 
the home agents (HAs) whenever their care-of addresses change. 
However, such registrations may cause excessive signaling traffic 
and long service delay. Indeed, a mobile node (MN) within an 
access network may cause excessive signaling traffic and service 
disruption due to frequent handoffs. The two latter effects need 
to be minimized to support quality of service (QoS) requirements 
of emerging multimedia applications. To solve this problem, we 
propose a new adaptive micromobility management scheme 
designed to track efficiently the mobility of nodes so as to minimize 
both handoff latency and total signaling cost while ensuring the 
MN’s QoS requirements. We introduce the concept of residing 
area. Accordingly, the micromobility domain is divided into virtual 
residing areas where the MN limits its signaling exchanges within 
this local region instead of communicating with the relatively 
far away root of the domain at each handoff occurrence. A key 
distinguishing feature of our solution is its adaptive nature since 
the virtual residing areas are constructed according to the current 
network state and the QoS constraints.
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I. Introduction
Mobile IP (or IP mobility) is an Internet Engineering Task Force 
(IETF) standard communications protocol that is designed to allow 
mobile device users to move from one network to another while 
maintaining a permanent IP address.
The Mobile IP protocol allows location-independent routing of 
IP datagrams on the Internet. Each mobile node is identified by 
its home address disregarding its current location in the Internet. 
While away from its home network, a mobile node is associated 
with a care-of address which identifies its current location and its 
home address is associated with the local endpoint of a tunnel to 
its home agent. Mobile IP specifies how a mobile node registers 
with its home agent and how the home agent routes datagrams to 
the mobile node through the tunnel.
A mobile node has two addresses - a permanent home address and 
a care-of address (CoA), which is associated with the network the 
mobile node is visiting. Two kinds of entities comprise a Mobile 
IP implementation:

A home agent stores information about mobile nodes whose • 
permanent home address is in the home agent’s network.
A foreign agent stores information about mobile nodes visiting • 
its network. Foreign agents also advertise care-of addresses, 
which are used by Mobile IP. If there is no foreign agent in 
the host network, the mobile device has to take care of getting 

an address and advertising that address by its own means.
A node wanting to communicate with the mobile node uses the 
permanent home address of the mobile node as the destination 
address to send packets to. Because the home address logically 
belongs to the network associated with the home agent, normal 
IP routing mechanisms forward these packets to the home agent. 
Instead of forwarding these packets to a destination that is 
physically in the same network as the home agent, the home 
agent redirects these packets towards the remote address through 
an IP tunnel by encapsulating the datagram with a new IP header 
using the care of address of the mobile node.
When acting as transmitter, a mobile node sends packets directly 
to the other communicating node, without sending the packets 
through the home agent, using its permanent home address as 
the source address for the IP packets. This is known as triangular 
routing. If needed, the foreign agent could employ reverse 
tunneling by tunneling the mobile node’s packets to the home 
agent, which in turn forwards them to the communicating node. 
This is needed in networks whose gateway routers check that the 
source IP address of the mobile host belongs to their subnet or 
discard the packet otherwise.

A. Home Network
The home network of a mobile device is the network within which 
the device receives its identifying IP address (home address).

B. Home Address
The home address of a mobile device is the IP address assigned 
to the device within its home network.

C. Foreign Network
A foreign network is the network in which a mobile node is 
operating when away from its home network.

D. Care-of Address
The care-of address of a mobile device is the network-native IP 
address of the device when operating in a foreign network.

E. Home Agent
A home agent is a router on a mobile node’s home network which 
tunnels datagrams for delivery to the mobile node when it is away 
from home. It maintains current location (IP address) information 
for the mobile node. It is used with one or more foreign agents.

F. Foreign Agent
A foreign agent is a router that stores information about mobile 
nodes visiting its network. Foreign agents also advertise care-of-
addresses which are used by Mobile IP.

G. Binding
A binding is the association of the home address with a care-of 
address.
In the MIP protocol, Mobile Terminal (MT) registers with its home 
network from which it gets a permanent address (home address). 
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This address is stored in the Home Agent(HA). It is used for 
identification and routing purpose. If MT moves outside the home 
network visiting a foreign network, it maintains its home address 
and obtains a new one from the Foreign Agent (FA). This Foreign 
address is called Care-of-Address (CoA). To allow continuity 
of  ongoing communications between the MT and a remote end 
point, the MT shall inform the HA of its current location when 
it moves outside the home network. The HA delivers to MT the 
intercepted packets by tunneling them to the MT’s current point 
of attachment.
Hierarchical Mobile IP (HMIP) has been proposed to reduce 
the number of location updates to HA and the signaling latency 
when an MT moves from one subnet to another [5-6]. In this 
mobility scheme, FAs and Gateway FAs (GFAs) are organized into 
a hierarchy. When an MT changes FA within the same regional 
network, it updates its CoA by performing a regional registration 
to the GFA. When an MT moves to another regional network, it 
performs a home registration with its HA using a publicly routable 
address of GFA. The packets intercepted by the HA are tunneled 
to a new GFA to which the MT is belonging (e.g., GFA2 following 
MT handoff from FA3 to FA5 in Fig. 1). The GFA checks its visitor 
list and forwards the packets to the FA of the MT (FA5 in Fig. 1). 
This regional registration is sensitive to the GFAs failure because of 
the centralized system architecture [7-8]. Moreover, a high traffic 
load on GFAs and frequent mobility between regional networks 
degrade the mobility scheme performance [4]. In order to reduce 
the signaling load for inter regional networks, mobility dynamic 
location management approaches for MIP have been proposed: 
A Hierarchical Distributed Dynamic Mobile IP (HDDMIP) and 
Dynamic Hierarchical Mobile IP (DHMIP).

Fig. 1: MIP and DHMIP Mobility Approaches

In the HDDMIP approach, each FA can act either as an FA or 
GFA according to the user mobility. The traffic load in a regional 
network is distributed among the FAs. Thenumber of FAs attached 
to a GFA is adjusted for each MT.Thus, the regional network 
boundary varies for each MT.This number is computed according 
to the MT mobilitycharacteristics and the incoming packet arrival 
rate. Thisnumber is adjustable from time to time according to 
thevariation of the mobility and the packet arrival rate for eachMT. 
In [9] and [10], analytic models are proposed tocompute this 
number such as the total signaling traffic forlocation update and 
packet delivery is transferred withminimal network resource and 
low delay, respectively.Nevertheless, this approach requires that 

each FA is able toact as an FA and a GFA. Moreover, it adds 
processing loadon the MT to estimate the average packet arrival 
rate andthe subnet residence time. Hence, the main advantage 
ofthis approach is the system robustness enhancement sincethe 
GFA failure affects only the packets routing to MTsbelonging to 
this GFA. The disadvantages are the systeminfrastructure and 
MTs costs which could be high.

II. Existing System
One of the major challenges for the wireless network design is the 
efficient mobility management, which can be addressed globally 
(macromobility) and locally (micromobility). Mobile Internet 
protocol (IP) is a commonly accepted standard to address global 
mobility of mobile hosts (MHs). It requires the MHs to register with 
the home agents (HAs) whenever their care-of addresses change. 
However, such registrations may cause excessive signaling traffic 
and long service delay. To solve this problem

III. Proposed System

A. Adaptive MPLS-Enabled  MRA
Adaptive MRA relies on our previous work in [3], where we 
proposed an architecture based on the integration of MIP-RR 
[1] and MPLS [2] protocols. We assume that an MPLS access 
network exists between the Label Edge Router Gateway (LERG) 
and the Label Edge Router/Foreign Agents (LER/FAs) [see Fig. 
1]. The network architecture is based on a two-level hierarchy. 
At the higher level is the LERG that performs the role of an edge 
Label Switching Router filtering between intra- and inter-domain 
signaling. At the second level is the LER/FA connected to several 
access points (APs) that offer link-layer (L2) connectivity. We 
distinguish between L2 functionalities of the air interface, which 
are handled by the AP, and IP-layer mobility (L3 handoff), which 
occurs when the existing LSP (with QoS requirements) between 
the LERG and the MFA will be extended to the new visited FA. 

Fig. 2: Architecture of an Adaptive MRA Wireless Access 
Network

As such, the resource reservation cost will be reduced since packets 
can be forwarded through the existing LSPs benefiting from the 
already reserved resources on the old path. Once the MN goes 
outside this area, it registers to the LERG. Hence, a new LSP 
(with new QoS requirements) between the LERG and the new 
subnet will be established using either the RSVP-TE  orCR-LDP  
protocols and the new visited LER/FA becomes the new MFA 
of the MN.



IJCST Vol. 4, ISSue 1, Jan - MarCh 2013  ISSN : 0976-8491 (Online)  |  ISSN : 2229-4333 (Print)

w w w . i j c s t . c o m 470   InternatIonal Journal of Computer SCIenCe and teChnology

As a key distinguishing feature of our handoff mechanism, 
the virtual residing area around a specific MFA is constructed 
adaptively according to both the relative position of the current 
MFA with the LERG and the delay constraint. Indeed, assume that 
the maximum tolerable delay inside the micro-mobility domain is 
Dmax. For the sake of simplicity, Dmaxwill be expressed in terms 
of hops. Each time the MN moves to a new subnet, it compares 
the length of its indirect path to the LERG through the current 
MFA with Dmax. If this distance is equal or less than Dmax,the 
MN can register locally to the MFA. In this case, the new visited 
FA may join the current MFA residing area. Otherwise, it registers 
directly to the LERG and the new FA becomes the MFA of the 
new residing area (i.e., the new FA is considered as outside of 
the previous residing area). Moreover, to minimize the signaling 
cost, a second condition must be verified. Specifically, a local 
registration with the MFA is achieved as long as it is cheaper than 
a LERG registration.Indeed, each time the MN moves to a new 
subnet, the new LER/FA compares the signaling cost (in terms 
of hop ×message size) of a registration update to the MFA with 
that to the LERG. Once the distance between the new visited FA 
and the LERG is equal or less than the distance between the new 
FA and the MFA, a LERG registration is preferred.
To illustrate the residing area concept, we consider the simple 
example presented in fig. 2, where the LERG node is located at the 
center of a domain with a radius R = 3. We assume also that Dmax= 
3. It is worth noting that  Dmaxmust be at least equal to R. Assume 
that the current MFA is the subnet S11. The associated residing 
area will be composed of nine subnets as shown in fig. 2. These 
FAs satisfy both conditions regarding the delay and registration 
cost. Accordingly, as long as the MN remains in this area

Fig. 3:

A model of the simulated cellular network with R = 3
LERG registration and the new serving LER/FA becomes the 
new MN’s MFA.
Indeed, the registration updates cost condition is no more
verified when the MN enters subnet S11 2 (see fig. 3). Hence, 
the MN registers to the LERG and updates its address directly 
to the root of the domain. At the same time, the FA of subnet 
S11 2 becomes the MFA of the new residing area, which willbe 
composed of six subnets as shown in fig. 3. We can seethat the 
subnet S173 belongs to both residing areas managedby MFAs S11

2 
and S11. So using our scheme, the residing areas can overlap. 
Indeed, the MN can be attached to different MFAs when visiting 
the subnet S17

3. According to the MN’s trajectory, i.e., the tuple 
(old FA, old MFA), the new visited FAassigns the corresponding 
MFA to the MN. In our example,when the MN enters to the subnet 
S17

3with the tuple (S18
3 ,S11), it registers to the MFA S11. The new 

state of the MN becomes (S17
3, S

11). On the other hand, when the 
MN visitsS173 while having (S11

2 ,S
11

3) as the current state, it 
registers to the MFA S11

2. The new MN state is therefore (S17
3, 

S11
2). This simple example shows clearly the dynamic property 

of our mobility management scheme.
The basic operations of the adaptive MRA scheme are listed below. 
When the MN enters for the first time into an MPLS domain, it 
registers to the LERG through the nearest LER/FA. The latter 
will be thus configured as the current MFA of the MN. When the 
MN moves to a new subnet within the same domain, it proceeds 
as follows.

The MN sends a registration message to the new FA. This • 
message contains the IP address of the associated MFA.
The newFA checks the existence of the MFA’s IP address. If • 
it exists (i.e., the new FA and MFA nodes belong to the same 
domain), the new FA computes the shortest distance to reach 
the MFA and the LERG nodes. Accordingly, it performs either 
a local registration or a LERG registration by verifying both 
conditions regarding the maximum tolerable delay and the 
registration cost.
Finally, the MN receives a registration reply message either • 
from the LERG or from the MFA, according to the registration 
type. In the former case, a new LSP will be established 
between the root of the domain and the new subnet. In this 
case, the MN’s residing area will be renewed, and the new 
FA becomes the new MFA of the MN. In the latter case, the 
existing LSP (with already resource reservation) between the 
LERG and the MFA will be extended to the new subnet.

It is worth noting that our proposed mobility scheme needs all 
the FAs to maintain the information regarding the distances 
between them. This information can be computed using two 
methods. We can either setup these distances in advance or use 
the coordinates of FAs. In the former case, as the FAs are not 
mobile components, each one maintains a static table containing 
the distance that separates from each of the remaining FAs of the 
same micro-mobility domain. In the latter case, each FA keeps 
only the information regarding the coordinates of the remaining 
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FAs of the micro-mobility domain. Accordingly, it determines 
the distance to each of its destinations (in terms of number of 
hops) through the shortest path. In our work, we have adopted 
the second method since it is more flexible. Notably, in case of 
FA failure, the identity of the failed FA needs only to be notified 
to all the FAs, whereas using the first method, all the distances 
should be calculated again according to the new topology and 
notified to each FA.

IV. Conclusion
This paper described a new micro-mobility management scheme, 
called adaptive MRA, that supports both mobility and QoS resource 
provisioning in IP-based mobile networks. Our proposal uses the 
concept of residing areas in an MPLS access network. This area is 
constructed dynamically according to the current MN’s position 
and the delay constraints.
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