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Abstract. The proposed system minimizes the overall network traffic based on
optimal threshold of the forwarding chain length. It is dynamically determined
for each user based on the mobility and service designs. The performances of
the proposed systems are evaluated by using stochastic petri-nets model. The
proposed system demonstrates that there exists an optimal threshold of the
forwarding chain length for given a set of specific metrics. The proposed
system yields significantly better performance than the systems that apply a
static threshold to all mobile users.
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1 Introduction

The mobility management provides packet delivery without delay to their destinations
and routing protocol is the basic requirement. Mobility management includes location
management and handoff management[1]. The location management keeps track of
the location information of Mobile Clients(MCs), through location registration and
location update operations. The handoff management maintains ongoing connections
of MCs, while they are moving around and changing their points of attachment. Node
mobility has impact on the position of nodes and on neighborhood information, which
is necessary for communication. Also, it can be easily addressed through multi-hop
routing discovery have analyzed and evaluated impact of node mobility for the
performance of mesh wireless networks. Mobility models are intended to focus on
individual movement pattern, due to point-to-point communication in cellular
networks, whereas mesh networks are designed for group communications. Such
models are suggested to maintain movement and efficient transmission among the
nodes in real life applications. These models represent the features of the mobile
nodes in a mesh network like speed, direction, distance and node movement. Mobile
IP and IPv6[5-4] are IP mobility management systems standardized by IETF, each
mobile host has a Home Agent(HA). The HA also functions as a location server that
maps the mobile hosts home address to its care-of-address location, the mapping here
is notified to the peer, so the data packets will flow directly between the mobile host
and the peer directly. There are two major types in tunneling base systems, those are
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Ant and M3. Ant is a mobility management protocol that supports intra-domain
mobility within the WMN. The usage of MAC-layer helps Ant speedup handoff,
signing price of position of a node assess in Ant is very high. It is severe major
problem if the average mobility is high. M3 is based on pointer forwarding. However,
M3 adopts a periodic location update approach and the location update interval is
uniform for all mesh clients. In that sense, M3 is not a per-user-based mobility
management system. It cannot guarantee the optimal performance for every MC.
iMesh adopts a cross-layer approach for mobility management and develops a
routing-based mobility management system. A link-layer handoff is triggered when a
MC moves out of the covering area of its current serving mesh router. SMesh[9]
offers a seamless wireless mesh network system to mesh clients, in the sense that
MCs view the system as a single access point. Fast handoff in SMesh is accomplished
by using a group of routers to serve mesh clients and multicast traffic during the
handoff. Managing multicast groups is a major overhead problem in SMesh. To
overcome problems in existing system, we propose two systems such as static and
dynamic systems for mobility management and compare them.

2 Related Projects

A WMN consists of two types of nodes, Mesh Routers(MRs) and Mesh Clients
(MCs). MRs are usually static and form the wireless mesh backbone of WMNSs. Some
MRs also serves as Wireless Access Points(WAPs) for MCs. More MRs are
connected with Internet and they are responsible for transfer traffic to and from
WMN. The mobility management has been studied intensively for cellular networks
and mobile IP networks[7]. A large variety of mobility management systems and
protocols have been proposed for these types of networks over the past years.
Complete reviews of mobility management in the cellular network and mobile IP
based network can be discussed in[3]. Due to some significant differences in network
architecture, the mobility management system proposed for cellular networks and
mobile IP based networks are generally not appropriate for WMNSs[10]. Mobile IP has
two major problems. First, its adoption involves the network operators, the mobile
host and its communication peer. Doing such coordinated software upgrade across the
administrative boundaries has proven difficult[6]. Secondly, when the mobile host is
far away from the HA, even though it moves from one Foreign Agent(FA) to the next
that is nearby, the handover latency can be very large since the HA is involved. Mesh
cluster implements a Mobile IP based solution in its wireless mesh network. SMesh
presents a transparent wireless mesh system that offers seamless handover to support
VoIP and other real time applications for any unmodified WiFi devices. Seamless
handover is achieved by having a group of WiFi access points[2] serve each mobile
host. This group of access points multicasts traffic to the mobile host during handover
transitions. This cuts the handover latency to zero at the cost of higher bandwidth use.

A more severe problem of SMesh is that it requires all access points to work on the
same channel therefore the mobile host can communicate to multiple access points
simultaneously. This induces a great cost since the access points can otherwise work
on non-interfering channels to significantly increase the access capacity of the
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wireless mesh network. In contrast, iMesh adopts[8] an ad hoc routing based solution.
The main drawback is that the routing table size in the MRs increases linearly with
the number of mobile hosts. Plus, every movement of a mobile host causes routing
table updates in some of MRs. Software upgrades at both MRs and MCs are also
inevitable. It is at this background, we begin to develop the solution for mobility
management in wireless mesh network.

3  Proposed Architecture

The proposed system minimizes the overall network traffic based on optimal
threshold of the forwarding chain length. The optimal threshold of the forwarding
chain length is determined for each individual MC dynamically based on the MC
specific mobility and service patterns. In the proposed mobility management systems,
the central location database resides in the gateway. For each MC roaming around in
the WMN, an entry exists in the location database for storing the location information
of the MC. With the address of an MC’s AMR, the location of the MC can be reached
by following its forwarding chain. The data packets sent to MC will be forwarded via
current AMR. The packet delivery in the proposed systems simply relies on the
routing protocol used. The concept of pointer forwarding comes from mobility
management systems proposed for cellular networks. The main objective is to
minimize the overall network signaling price and will reduces the number of
expensive location update packets. A location update event means sending to the
gateway a location update message informing it to update the location database. In
pointer forwarding method, a location handoff used for setting up a forwarding
pointer between two neighboring MRs. The forwarding chain length of an MC
significantly affects the network traffic cost incurred by the mobility management and
packet delivery cost, with respect to the MC. The longer forwarding chain reduces
rate of location update event, thus minimizes the signaling overhead. Long forwarding
chain raises the packet delivery price to reach the destination. In proposed system, the
optimal threshold value is denoted by K. It determined dynamically for each MC
based on the MC’s specific mobility and service patterns. We use a parameter named
as Service to Mobility Ratio (SMR) of each MC to depict the MC’s mobility and
service patterns. We propose two systems to manage the location handoff, i.e., static
and dynamic anchor system.

3.1 Static Anchor Systems

In the static anchor system, an MC’s AMR remains unchanged as long as the length
of the forwarding chain does not exceed the threshold K. When an MC moves across
the boundary of covering areas of two neighboring MRs, it dissociates from its old
serving MR and associated with new MR. For each MC, if the length of forwarding
chain is less than threshold value, then a new pointer will be set up between old MR
and new MR at time of handoff. If the length of MC’s forwarding chain is reached its
threshold value, then a location handoff will be triggered for location update. At time
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of location update, the relay node is informed to update the location information of
MC database. The location update packet is also sent to all active nodes of the MC.

3.2 Handling Internet Session

Internet sessions initiated toward an MC always go through the gateway before they
actually enter into the WMN. The location database resides in gateway and the
gateway node will know location information of an MC by using queries. When
Internet session for MC1 arrives at the gateway, from the gateway table of the router
it finds the AMR of MCI1 and gets the location information of MC1. After receiving
location information, gateway will route the session to MC1.

Let us assume that threshold value (K) for MC1 is 2. If MC1 moves from AMR to
MRI then K will set to 1.Suppose, the session for MC1 arrives at the gateway it is
routed to AMR first, then AMR will forward it to MR1. Again if MC1 moves from
MRI1 to MR2, then K will set to 2. Now, when Internet session for MC1 arrives at
gateway, gateway will route the session to AMR first then AMR will forward it to
MRI1, MR1 in turn forward it to MR2. When MC1 moves from MR2 to MR3, MCl1
reaches its threshold value. Once the threshold value of MC1 is reached, location
information of MC1 is triggered and MR3 update the location information of MCI1 to
gateway and MR3 is new AMR of MC1. When the Internet session for MC1 arrives
at gateway, gateway will route session directly to new AMR of MC1 i.e., MR3.

3.3 Infrastructure Node

Suppose a MC1 initiates an Intranet session toward another MC2. Upon receiving the
new session request from MCI, the serving MR of MC1 (MR1) sends a location
query for MC2’s location information to the gateway and replies with the location
information of MC2. After the search of location of MC, the data packets sent from
MCI to MC2 can be routed directly to the AMR of MC2 and then forwards to MC2
by using forwarding chain.

3.4 Dynamic Anchor System

In the dynamic anchor system, current forwarding chain of an MC will be reset due to
the arrival of new Internet or Intranet sessions. The idea behind this system is to
reduce the packet delivery cost by keeping the AMR of an MC close to its current
serving MR when SMR is high, thus relieving the problem of triangular
routing(gateway-AMR-MC) of static anchor system with the extra cost of resetting
the forwarding chain upon a new session arrival. The handling of location handoffs in
the dynamic anchor system is the same as in the static anchor system.
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3.5 Handling Internet Session

In dynamic anchor, when a new session toward an MC arrives at the gateway, the
gateway node will not forward the packet to the AMR of the MC. After search
location MC, the gateway node will forwards data packet to MC. Specifically, the
gateway sends a location request packet to the AMR of MC and forwards the location
request packet to its current MR. Upon receiving the location request packet, MC
current serving MR sends a location update packet to the gateway. Once the gateway
receives the location update packet, it will update the location information of the MC
in the database.

4 Experimental Setup

In this project, the simulation of mobile network is done by using following metrics,
the transmission range of MC is 150 m and number of nodes is 5, threshold value is 5
and bandwidth is 140 bytes.

5 Simulation Results

In the proposed system, configuration of the network has 6 buttons. If we click on
CONFIG button, then it will show number of MCs. In static threshold window, user
can enter number of MCs and static threshold value. After selecting number of MCs,
static threshold and static or dynamic system user can configure the network by
clicking CONFIG button. Fig.1 shows the configuration of network. Here user has
configured 5 nodes i.e, nodes 0,1,2,3,4 and 9 routers from 0 to 8 with the size of

400x400 and one gateway.
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Fig.1. Configuration of network.

If the user wants to move the MC from one router to another to simulate mobility of
node, clicking the “Mobility” button does it. It has two fields, “Mobile client” and
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“Movement pattern”. In the mobile client field we can specify the mobile client ID. In
the movement pattern field we can specify the MRs ID’s in which the user want to
move. Here, the MR moves from one router to another in the speed of
10meter/second. In the above snap shot we are moving the MC1 to MR2 by clicking
“MOVE” button. After movement of the nodes simulator will display message as
“movement completed”. Once the movement of nodel is completed, node 1 is moved
to router 2. Fig.2 shows the graph of communication cost against SMR for the SMR
value 50. From the results, it is clear that communication cost decreases as SMR
increases and dynamic system performs better than static system.

i = | B |
Il o S TN —

[ Wobility | Gatewat Table Entries | Router Entries | Session Request | Performance | Configuration |

| VIEW COMM COST vs SMR | ‘ VIEW COMMCOST vs K |

Vae =

Communication cost

10.0 ._.\-I\_._(

75
5.0
25

8] 5 10 15 20 25 320 35 40 45 50
SMR

- Static - Dynamic

Communication Cost

o
=]

Fig.2. Communication cost versus SMR.

Fig.3 shows the communication cost versus K for the SMR value 50. From the results,
it is clear that communication cost increases as K increases and dynamic system
performs better than static system. _
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Fig.3. Communication cost against K.
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5 Conclusion

In this work, we proposed two mobility management systems based on pointer
forwarding for WMNs, namely, the static anchor system and dynamic anchor system.
The proposed system minimizes the overall network traffic based on optimal
threshold of the forwarding chain length and minimizes the total communication cost.
Comparing two proposed systems with two baseline systems and WMM, dynamic
anchor system performs better than static anchor system in typical network condition.
Both dynamic and static anchor systems perform better than baseline systems,
especially when SMR is small. Dynamic anchor system is superior to WMM when
network traffic for which downlink packet arrival rate is much higher than uplink
packet arrival rate. The WMNs scenarios have multiple gateways should be
considered. More realistic mobility models rather than random walk model should be
investigated. Signaling cost optimization is needed while considering caching of
location information i.e., Optimization formula is required. The project does not
address the case of how router failures are handled. In case of router failures, stale
pointers remain in the system and affect the operations. The stale pointers must be
removed for efficient operation of the system.
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