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With the increasing demand of the mobility of mobile users, seamless handover is a
critical issue for heterogeneous network accesses. Improving the blocking probability of
SIP calls resulting from the handoff delay is a key issue for achieving seamless hand-
overs across WLAN and cellular networks. This paper presents an efficient scheme,
based on intelligent agents, to support pre-authentication for seamless handover, where
the intelligent agents are able to cooperate with each other adaptively. Besides, intelli-
gent agents offer the applicability of key distribution with EAP-SIM based AAA proto-
cols to enable fast authentication for inter-domain handovers. The paper proposes a number
of possible changes to these solutions for inter-domain operation. In addition, simulation
results show that the proposed intelligent-agent-based handoff scheme is capable of im-
proving the performance of the existing handover in call blocking ratio, packet loss ratio
and call interruption ratio, so as to reduce the signaling traffic in wireless networks.
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1. INTRODUCTION

Today, people can access the Internet easily through wireless LAN (WLAN) and
cellular networks such as General Packet Radio Service (GPRS) and Universal Mobile
Telecommunications System (UMTS). To provide Quality of Services (QoS) in these
wireless networks, many modern traffic schemes have been developed, such as channel
allocation [1], admission control [2], traffic scheduling [3] and QoS routing [4]. Dual-
mode handsets and multimode terminals are generating demand for solutions that enable
convergence and seamless handover across heterogeneous access networks. In the envi-
ronment of heterogencous mobile networks, vertical handoffs will deeply affect QoS.
Thus how to provide continuous services in the heterogenecous mobile networking envi-
ronment has become an important issue [5, 6]. In this paper, we study the problem of
having continuous access to multimedia services while moving from one hotspot to an-
other.
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The period from when the mobile node (MN) last receives data traffic via its old IP
subnet and when it receives data from the new IP subnet is often referred to as the hand-
over delay. Essentially, the handover delay can be divided into four parts: Layer 1/Layer
2 radio link switching delay, Layer 2 access re-authentication delay, IP layer binding
delay, and application layer authentication and registration delay. When MNs change
subnets due to mobility, it is necessary to re-authenticate the Authentication, Authoriza-
tion and Accounting (AAA) servers. The delay in the path from the AP to the AAA
server is a critical factor in overall handover delay. These components of handoff delay
may cause packet losses, call blockings and service interruptions. To reduce the applica-
tion layer authentication and registration delay, it is necessary to perform authentications
and registrations even before the handover actually occurs. An agent-based pre-authen-
tication mechanism was proposed to reduce the Layer 2/Layer 3 delay in the handover
[7], where the approach will impose an additional traffic load. This paper addresses these
problems so as to provide a means of seamless handover between subnets or heteroge-
neous networks.

The rest of the paper is organized as follows. In the following section, we review the
existing research. Then we describe the intelligent agent system in section 3, and the
methodologies in section 4. Numerical results are simulated and compared in section 5.
Finally, conclusions are given in the last section.

2. RELATED WORK

There have been numerous approaches for seamless handover. In this section, we
describe the previous works related to fast handover, vertical handoff, and mobility sup-
porting for Session Initiation Protocol (SIP) [8] services. Then, we present an overview
of Mobile Intelligent Agent (MIA) technology and MIA based pre-authentication.

2.1 Fast/Vertical Handover

The technology of Mobile IP provides the key to facilitate the seamless handover
between the WLAN and cellular networks. As a result, the handover latency for these
schemes is in the scale of seconds. A fast handover scheme based on the Mobile IPv6
mechanisms was proposed to reduce the connectivity delay and packet losses [9]. Be-
cause soft handover provides same data receiving from multiple access routers, it allows
MN’s session to progress without interruption when a MN moves from one network to
another. Fast handover enables data duplication through old and new access routers.

The multihoming feature enables the MN to support seamless handover by simulta-
neous binding of two different addresses while staying the overlapping region. The pack-
ets are multicast to MN and MIP agents, and thus the packet loss is reduced during the
vertical handover. With the consideration of QoS, multicast in heterogeneous wireless
networks was studied in [10]. The characteristic of multihoming is capable of providing
seamless streaming media in heterogeneous mobile networks [6].

2.2 SIP Mobility

Although the original SIP protocol did not take the mobility of the MNs into con-
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sideration, there have been ongoing research efforts to support mobility in current SIP
protocol. Wedlund and Schulzrinne proposed mobility support in the application layer
protocol SIP where applicable, in order to support real-time communication in a more
efficient way [11, 12]. The SIP networks provide handover process via the Correspon-
dent Nodes (CNs). If the MN moves during an active session, first it obtains a new IP
address from a DHCP server, and then sends a new session invitation to the CN. With
this new invitation, it tells its new IP address so as to forward packets properly. While
the SIP- based approach offers several advantages over a corresponding MIP-based solu-
tion, it continues to suffer from several drawbacks.

It can cause call disruption if the new SIP session is not created completely while a
MN is in the overlapped area and loses its old radio link. As opposed to an MN using
MIP (when the MN detect movements, it can obtain CoA from a FA), a MN using SIP-
mobility always needs to acquire an IP address via DHCP, which can be a major part of
the overall handover delay.

2.3 MIA-Based Pre-Authentication

In recent years MIA has been the focus of much speculation. The Mobile Agent
(MA) is a software component including data and executable code, which can be trans-
ferred from a network element to another while carrying on its status of execution. The
MA is a quite alluring technology which can walk everywhere in Internet to search for
application relative information [13]. It can find us a great deal of goods and services,
and interact with other MA within the same network or remain bound to a particular host.
Also, the MA technology can diminish network traffic compared to the traditional client-
server model and maintain load balancing, thus is successfully applied to network moni-
toring [14], network diagnoses [15] and wireless Internet telephony [16]. So we take ad-
vantage of the MA technology to assist the SIM-based pre-authentication for decreasing
the handoff delay of inter-WLAN domain. The MA technology not only reduces control
packets to process the SIM-based authentication but also build a VPN tunnel at the new
location of attachment for secured packet transmissions in advance [17]. The method
comprises a SIM-based pre-authentication with a MIA of the mobile device. The use of
MIAs not only reduces the number of control packets to process the authentication but
also reserve the necessary bandwidth prior to handover. Based on the multi-homing tech-
nique, the agents will collect bi-cast or multicast data at new location of attachment in
advance, which reduces the possibility of packet loss.

3. INTELLIGENT AGENT SYSTEMS

For seamless handover, the design of the adaptive IA system is a critical part of the
paper. To accommodate the exponentially growing mobile wireless data service sub-
scribers, also to improve the service reliability and scalability, a distributed server/proxy
architecture is used and responsibilities and functions are delegated to intelligent agents
(IAs) [18]. The adaptive IA based approach we proposed comprises use of the various
IAs according to the users’ and servers’ requirements. For local caching, it improves the
handover delay. For load balancing, it further improves performance and scalability.
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3.1 Use of Intelligent Agents

User Intelligent Agents (UIA) may be configured to authenticate on behalf of users
and load balance. The benefit of UIAs performing authentication is to not only reduce
handover delay in the wireless network and allocate the bandwidth to avoid call blocking,
but also interact with other UIAs within the same network or remain bound to a particu-
lar host.

Server Intelligent Agent (SIA) may be configured to authenticate UIAs locally or
act as a proxy to forward a request to the AAA server. SIA uses a typical trick to avoid
the re-authentication overhead; it caches the user profile of frequently visited UIAs so
that they can be directly authenticated in the future. Once UIAs do not access SIA again
within a certain period of time, their user profile will be discarded from the cache memory.

SIAs leverage the authentication and authentication information between the MN
and the Extensible Authentication Protocol Method for GSM Subscriber Identity Mod-
ules (EAP-SIM) based AAAF server, i.e. the EAP-SIM based AAA server in the foreign
network of the MN. The AAA server may spawn authentication processes to handle in-
coming authentication requests of UIAs and enable SIAs to provide dynamic, scalable,
and authentication traffic load distribution between multiple geographically dispersed
UIAs. The benefit of SIAs improving the performance of network traffic involving UIAs
is to alleviate congestion in densely populated areas with heavy traffic.

Initially an AAA server dispatches SIAs to a visited registrar proxy (VRP) in its
domain to handle the authentication requests of UIAs. The SIA acts as a server and its
memory is also capable of carrying the user profiles for UIAs visited most, which in
turns reduces their authentication delay. Once users do not access again within a certain
period of time, their user profile will be discarded from the cache memory. The AAA
server and SIAs are assumed to share a trust relationship setup via a shared secret or
other credential. AAA attributes are needed to transmit the key from the AAA server to
SIAs. SIAs also contain support for exchanging the AAA credential with the AAA server.
The benefit of SIAs improving the performance of authentication is to reserve the neces-
sary bandwidth in advance for UIAs.

The drawback of a UIA is its user traffic is not shared among a group of users trying
to authenticate with a common AAA server. For users trying to authenticate with an AAA
server, it’s desirable that UIAs have shared secrets if they exist. The alternative is to pro-
vide a single point of authentication with a Group User Intelligent Agent (GUIA). In this
scenario it is assumed that UIA first ever dispatched to target AP could potentially be-
come a GUIA. The GUIA monitors its own traffic load and performs load balancing by
evenly spread its tasks over its peers based on its real-time traffic conditions. The benefit
of GUIA is to provide the flexibility to leverage multiple authentications to reduce sig-
naling overhead and resource consumption.

3.2 Adaptive Intelligent Agents

The IA system is adaptive in that the bandwidth allocated to the IAs can vary with
current network condition. As an IA is generated to represent a specific user, it can re-
serve the required bandwidth of the user between the node and server in advance to sup-
port the delivery of data exchanges. The [As evenly distribute the traffic load among
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them by constantly monitoring the traffic flows from the nodes. The load balancing of
server transmissions assures that all users enjoy the same bandwidth from the server. It
offers a simpler and better way to move more data faster via the server. The solution is to
utilize a set of threshold levels activated according to the congestion level of the node,
wherein the congestion threshold is set to provide a tolerable delay in combination with a
tolerable packet loss rate. With adaptive load balancing, all traffic traveling from the
server is automatically balanced between all links. If the links of an IA become a bot-
tleneck, some additional IAs forked by the IA can eliminate the bottleneck and achieve
the load balancing. The adaptive IAs manage their own execution logic and life cycle
model with a finite state machine. These features will be implemented in the adaptive IA
system.

3.3 State Machines

The IA may manage its own execution logic and life cycle model, but often a better
choice is for it to delegate these responsibilities to a finite state machine. A finite state
machine provides a simple and effective mean to control the life cycle and overall be-
havior. The life cycle model defines the different execution states and the events that
cause the movement from one state to another. It also provides a common framework for
the [As from start to finish. The definitions of IA terminology may help to describe the
concept of load balancing.

1A;;: the ith TA

1A;;: the jth IA forked by the ith IA

T4 the signaling load on the ith TA

IA‘fi"”d: the signaling load on the jth IA forked by the ith TA
I4Y: the number of the active links on the ith TA

IA}Y : the number of the active links on the jth IA forked by the ith IA
Threshold .y the threshold of the maximum signaling load allowed on an A
Thresholdy: the threshold of the maximum number of the active links allowed on an IA

7 1. 142 > Threshold,
2 > 2. 14 < Threshold,

3. I4Y > Threshold

Merge Idzand I4; ) 4. [4Y < Threshold,
\/ 5. 14! + 1457 < Threshold,
7 6. 145 + lAfi”“d > Threshold

Fig. 1. State transition diagram of intelligent agents.
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The state machine depicted in Fig. 1 sketches the overall behavior of the IAs. The
machine contains the states Start, Fork, Merge and Death. Transitions are shown as di-
rected arcs that interconnect the states. The state machine provides the mechanism of
load balancing (e.g. Fork and Merge) to alleviate congestion in densely populated areas
with heavy traffic.

In state charts, states are connected via transitions with conditions and actions an-
notated. The conditions are in sequence indexed by numbers as above. The Start state is
the creation of IAs denoted as /4;;. The Start state permits a transition to Fork, if the load
of IAs is greater than its threshold Threshold,,.; (condition 1) or if the number of IAs
reaches its threshold Thresholdy (condition 3), whichever comes first. Otherwise, it loops
back to itself (conditions 2 and 4). In this case, the IA is forked and enters the Fork state
afterwards. The Start state also permits a transition to Merge, if the loads of an /4;; and its
clone /4;; generated in Fork is less than the threshold Threshold,,., (condition 5). In this
case, the IA and its clone are merged together and enter the Merge state afterwards. Oth-
erwise, it loops back to itself (condition 6). Furthermore, there are transitions from Fork
and Join back to Start without actions. Finally, the Start state permits a transition to Death
without actions. In this case, the IAs are terminated and enter the Death state afterwards.

3.4 Load Balancing

The load balancing between [As is an important issue since it provides a tolerable
delay in combination with a tolerable packet loss rate. In particular, SIAs and GUIAs
provide a mean for multi-agent communication by enabling IAs to maintain their load
balancing via Merge and Fork. The load balancing leads to the movement of nodes cov-
ered by the fully loaded GUIA to other lightly loaded one. As results, the whole system
will then experience better link quality (higher data rate and less delay). The probability
of packet collisions will increase dramatically when the number of nodes crosses a cer-
tain threshold and as the time to authenticate other AAA servers grows. Hence, a need for
adaptive IAs to have a load-balancing scheme has been recognized. Ideally, IAs should
dynamically adapt to the network condition. In the rest of the paper we present a solution
that has this property.

4. METHODOLOGIES

This section exploits a novel agent-based architecture providing means for pre-au-
thentication and optimization for seamless handover, which is based on an extension of
the IA scheme.

4.1 Seamless Handover

We consider two different scenarios, i.e. the break-before-make and make-before-
break handovers. Break-before-make (hard handover) is a term to describe the disconti-
nuity in connectivity between MNs and access networks during a handover, while make-
before-break (soft handover) implies the seamless handover. In the seamless ‘make-
before-break’ handover, the MN is allowed to pre-authenticate and prepare for handover
at any time. The handover consists of layer 2 and layer 3 handovers that are physical and
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logical handovers, respectively. In the seamless handover, two handovers are interleaved
to reduce the handover latency. Prior to the handover, a MN can thus maintain a list of
possible alternative APs by scanning for APs between the deliveries of voice packets. It
can also receive information from the current AP about other APs in the vicinity. Once
the MN detects that a handover has started either because it initiates the request or be-
cause the signal strength in the current subnet is lower than a certain threshold, it forks
the IAs to the predictive AP. The IAs then authenticate and register to the AAA server via
this AP for the application server access. Since new AP receives the authentication in-
formation in advance, further message exchanges are not needed when the MN actually
hands off to new AP. The migrated MN can obtain all the information from the IA within
the new AP and it is not necessary to send an access request message to the AAA server.
It thus reduces the Layer 2/Layer 3 delay in the handover.

4.2 Pre-Authentication and Registration

Generally, since the AAA server is often located in a remote domain for more scal-
able service, the delay in the path from the AP to the AAA server is a critical factor in
overall handover delay. To reduce re-authentication and registration delay, we proposed
the idea of performing the authentication and registration even before the handover actu-
ally occurs. Initially a MN communicates with a CN in a RTP stream session. Prior to
handover, it dispatches a UIA to a foreign network. The UIA acts like a spirit of the MN
carrying user’s SIM information and migrating to a predictive AP to process EAP-SIM
based authentication before handover occurred. Once certificated by a VRP, it will obtain
a new I[P address from a DHCP server to perform the SIP registration, and forward the
network configuration data to the MN for future connection. After the registration is
completed, the MN sends the SIP re-INVITE message to the CN to update the session.

Adaptive IA system requires SIAs and GUIAs to have significant advance knowl-
edge of what users are handover, which may complicate pre-dispatching decisions. Fur-
ther enhancement by creating additional signaling flows burdens the existing traffic. Ini-
tially an AAA server dispatches SIAs to a VRP in its domain to authenticate UIAs. SIA
acts as a server and its memory is capable of carrying the user profiles for UIAs visited
most, which in turns reduces their authentication delay. On the user side, the MN has the
mobility information of authentication server.

In order that MN dispatches UIAs in time before MN arrived, we consider to early
estimate one possible visited network for MN itself. A comparison between handovers
performed by non-agent system and handovers initiated by IA system is made. The con-
ventional handover, shown in Fig. 2 (a), requires an exchange of 9 messages between the
MN and AP, and handover with [As, shown in Fig. 2 (b), requires 5 messages.

4.3 SIM Based Authentication

This session describes the authentication processes in the integrated authentication
for WLAN and GPRS/UMTS. The SIM-Based AAA provides a single authentication
mechanism for the users of WLAN and GSM/GPRS integrated networks. We adopted the
EAP-SIM protocol [19] to integrate the authentication of WLAN and GSM/GPRS net-
works, which integrates EAP in 802.1X [20] and SIM authentication. The EAP-SIM
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protocol, resident on the client, specifies the EAP mechanism for authentication and ses-
sion key distribution using GSM SIM. The AAA infrastructure is based on a network of
AAA servers, which includes the EAP-SIM based AAAH, i.e. the EAP-SIM based AAA
server in the home network, and the EAP-SIM based AAAF, i.e. the EAP-SIM based
AAA server in the foreign network of the MN. The EAP-SIM based AAA server provides
the authentication and key distribution via the Internet. The mutual authentication be-
tween the user and home domain is required. It is assumed that the user and AAA server
share a common set of algorithms and keys. These algorithms and keys will be used to
authenticate the user to the home domain and the home domain to the user.

4.4 Authentication Key Distribution

An authentication key distribution to IAs provides an efficient alternative to reduce
packet loss due to collision at the physical layer for a CSMA/CA based wireless network.
To shorten the certification latency the authentication centre transfers a set of authentica-
tion triplets to the VRP that, in turns, can authenticate IAs directly with the connection
configuration information. SIAs can play a role in key distribution and reduce signaling
load between the users and AAA server. They retrieve the keys from the EAP-SIM based
AAAH to reduce the re-authentication delay and collision occurrence. The authentication
takes place when the keys of UIAs are matched with those of SIAs in VRP. For a hit-and-
miss policy, only when authentication keys are found will be a hit, otherwise it would be
a miss. The signaling flows of the authentication process for the miss is shown in Fig. 3
(a), and those for the hit in Fig. 3 (b).

5. PERFORMANCE EVALUATIONS

The simulation provides the performance metrics to quantify packet loss, call inter-
ruption, handoff call blocking, and new call blocking and bandwidth overhead associated
with the handover. The simulations involve plotting the performance metrics of the num-
ber of mobile nodes to find statistically probable outcome. We specifically compare the
above performance metrics built by the adaptive IA to that built by the MA.
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The simulations based on Network Simulator 2 (NS2) involve monitoring several

VoIP performance indices, e.g. packet loss rate, call interruption ratio, handoff call
blocking ratio, new call blocking ratio and bandwidth overhead, to find statistically prob-
able outcome. The simulation uses Wi-Fi in the infrastructure mode. The scenarios con-
sist of nine APs placed onto a rectangular grid with different number of nomadic users or
MNs. These are chosen to show the effect of increased nodes for network performance.
Table 1 summarizes the simulation parameters in the simulation.

Table 1. Simulation parameters.

Parameters Values
Simulation Area (meter?) 380
Number of APs 9
X-dimension of Distance between 2 APs (meter) 140
Y-dimension of Distance between 2 APs (meter) 140
Number of Nodes (Random Scenario) 100 ~ 550
Packet Size (Kbytes) 64
Intelligent Agent Packet Size (Kbytes) 16
Simulation Time (sec) 21600
Transmission Range (meter) 100
Bandwidth (Mbps) 11
AP Placement Grid
Node Placement Random
Call Duration (sec) 180
Poisson Arrival Rate (calls/sec) 0.001
MAC Protocol IEEE 802.11
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5.2 Performance Metrics

We compare the performance of the conventional, MA and adaptive IA schemes
along the following dimensions:

o Packet Loss Ratio: Ratio of the number of lost RTP packets to the total number of RTP
packets that should have been received.

e Handoff Blocking Ratio: Ratio of the number of blocked calls to the total number of
handover attempts. The handoff blocking occurs when an AP has no bandwidth allo-
cated to the users.

e New Call Blocking Ratio: Ratio of the number of new calls to the total number of
handover attempts. Admitting new call always increases the resource consumption in
the system.

o Call Interruption Ratio: Ratio of the number of interrupted calls to the total number of
handover attempts. If there is no bandwidth available for the duration of a call or the
delay in break-before-make handover is greater than 200 milliseconds, the user may
experience a brief service interruption.

o Bandwidth overhead: It refers to the multiplication of bandwidth consumed in voice
transmission and resource consumption in the duration of the call.

The first four metrics are the most important for evaluating the performance of the
real-time voice application. Here, we may note that these metrics are not completely in-
dependent. For example, a larger new call blocking may cause a lower call interruption.
But, a lower call interruption does not necessarily imply a lower new call blocking be-
cause the interruption metric depends on the successful delivery of packets. The motiva-
tion for studying the new call and handoff blocking rates is that the Quality of Service
(QoS) in the Cellular network is mainly determined by these two quantities. The first
determines the fraction of new calls that are blocked, while the second is closely related
to the fraction of admitted calls that terminate prematurely due to dropout. Another con-
cern for the handover performance is the delay, i.e. the time that is needed to complete
the handover procedure. If the handover does not occur fast, the QoS may degenerate
below an acceptable level. During the handover there is obviously a brief service inter-
ruption. The chances of dropping a call due to factors such as the availability of band-
width increase with the number of handover attempts.

5.3 Simulation Results and Analyses

We conducted simulation experiments to evaluate the performance of the proposed
architecture. The simulation results were then compared against similar results produced
by the conventional and MA systems running without load balancing. The input rate of
new calls and handover calls is proportional to the expected number of nodes in the range
between 100 and 550. We assume these systems running with 100, 150, 200, 250, 300,
350, 400, 450, 500 and 550 nodes to simulate SIP networks with varying levels of node
density. The complete set of results is plotted over the number of nodes. As mentioned
before, we have to assume the call duration time to be exponentially distributed. The
calls provide fair allocation of bandwidth for voice packets. For every simulation run a
number of performance metrics were measured for the 21,600 seconds of simulation.



SEAMLESS HANDOVER THROUGH INTELLIGENT AGENTS 1097

80 0.6
—e— Without Mobile Agent
2 O Traditional Mobile Agent 0.5 4
£ 60 | —¥— Intelligent Agent
N
o B
2 2 044
= x
S 40 8 —e— Without Mobile Agent
S m 03 O Traditional Mobile Agent
o > —¥— Intelligent Agent
8 o024
20 =
o
2
00 S o1
[¢] o o oo __ T
-V
ol QeI Py
0.0 4 -9 —9 -9 90—
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Nodes Nodes
(a) (b)
35 35
—e— Without Mobile Agent
30 | O+ Traditional Mobile Agent
—w— Intelligent Agent 30
25
R
> 25
£
§ 20 4 -
o 5 201 —e— Without Mobile Agent
o 15 S O+ Traditional Mobile Agent
£ s —-w— Intelligent Agent
© £ 15
© 104 =
g
& 10 o
5
Fe s o B EENIC RN RN Fete)
5 - v
o1 r-"‘*v//' —y——— VvV ov——y
0
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Nodes Nodes
(©) (d)

Fig. 4. Variation of the (a) packet loss ratio, (b) handoft call blocking ratio, (c) new call blocking
ratio and (d) call interruption ratio with varying nodes of the three different schemes.

Fig. 4 (a) shows that the packet loss rate is only slight greater without load balanc-
ing than with it. We assume this effect results mainly from a higher hit rate (i.e., prob-
ability of user profile in UIA is contained in cache memory of SIA) in those cases that
have small number of user profiles. Where a conventional system is used, the number of
nodes attempts to transmit simultaneously may vary with time, some mechanism to
manage the contention is needed. Where a MA system is used, the time the signaling
protocols spend traveling from and to the AAA server is decreased, which in turns de-
creases in collisions between packets in the MAC layer. Where an adaptive IA system is
used, SIA is capable of reserving bandwidth for UTAs, which further reduces in collisions
and packet loss.

Fig. 4 (b) shows the handoff call blocking ratio versus the number of nodes for vari-
ous schemes. For the conventional system, the handoff call blocking rate decreases as the
number of nodes increases. In this case the call admission policy is simple: all calls will
be accepted only if the number of users at the AP is less than the maximum value. For
each dropped call, a new call attempt is reinitiated, which further increases the network
congestion levels. Every time a collision occurs, the calls will exponentially back off due
to CSMA/CA. The call rejection probability rapidly decreases as we increase the maxi-
mum number of admitted users and the overload probability does not increase so rapidly
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with this maximum number. As the number of nodes increases, the handoff call blocking
ratio of conventional system drops quickly, whereas MA and adaptive A systems achieve
consistently low handoff calling blocking.

Fig. 4 (c) shows the new call blocking ratio versus the number of nodes for various
schemes. For the conventional system, the slope of new call blocking ratio is ascending
prior to descending with 300 nodes and resumes its uptrend again with 350 nodes. Such a
behavior is consistent with that in call interruption ratio as Fig. 4 (d), which provides
evidence on a causal relation between new call blocking and call interruption. The time
interval between packets decreases due to the increase in collisions as the number of
nodes increases, which reduces the available bandwidth for new calls in the networks. As
the number of admitted new users below 150, all of them allow direct connection to the
APs and there is no advantage to be gained with [A mechanism. As the number of admit-
ted new users above 150, new call blocking will increase steeply as the number of nodes
increases. The IA mechanism may prevent it against the node increases. The reason for
this is because the admission control mechanism will block new arrivals as the system
congests rather than dropping existing one.

Fig. 4 (d) shows that even at high nodes, the adaptive IA system can achieve lower
call interruption ratio. This is because [As reserve bandwidth in advance, which do not
suffer from large call interruption. This increases likelihood that the MN can receive
calls again. For the conventional system, the call interruption ratio decreases as the
number of nodes increases. Bearing in mind, the denominator in the definition is the
number of handoff attempts. However, the absolute value of the descending slope is close
to that of descending slope in Fig. 4 (b) but significantly less than that of the ascending
slope in Fig. 4 (c). The reason for this is because non-blocked existing calls decrease
reduces the probability of call interruption. Fig. 4 (d) shows that the call interruption ra-
tio is greater without load balancing than with it. The certification latency improvement
is dominated by increasing the hit rate of SIAs. In all of our simulations, for performance
metrics, an 80% hit rate was used. As far as the accuracy is concerned, the hit rate should
be evaluated based on its real-time performance.

In general, the admission decisions in wireless VoIP networks are made to ensure
guaranteed QoS for heterogeneous traffic, while maintaining high resource utilization
and low handoff call dropping probability. To achieve this, an access point must maintain
a balance between two conflicting requirements: to maximize resource utilization and
minimize the forced handoff call dropping probability. In order to maintain the maximum
resource utilization, the maximum number of calls should be admitted into a network,
which may result in an unacceptably high handoff call dropping probability due to insuf-
ficient resources for handoff calls. Therefore, it is very important in wireless VoIP net-
works to develop a dynamic resource reservation scheme which can estimate future re-
source demands, reserve the minimum amount of necessary resources to maintain an
acceptable handoff call dropping probability, and provide relatively high resource utili-
zation. If there is a very busy AP, namely the resource utilization of this AP is very much
bursty in nature. And thus this AP will handoffs all calls served by it to other APs more
frequently. This simulation tells us that a good method to predict the bandwidth utiliza-
tion will result in low handoff frequency and reduce the signaling traffic.
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6. CONCLUSIONS

A new IA-based architecture for handoffs in WLAN and Cellular networks has been

proposed to achieve low handoff and new call blocking probabilities, low packet loss and
low call interruption probabilities. The performance of the conventional system, MA and
adaptive IA systems, at handover in WLAN and Cellular networks, is compared quantita-

tiv

ely. In particular, we have shown that although conventional system is better than MA

and adaptive IA systems in terms of overhead, MA and adaptive IA systems have smaller
delays and transmit fewer packets than the conventional system. The simulation results
show that our proposed system outperforms the best previously known schemes in terms

of

11.

12.

13.

14

call dropping probability, call blocking probability, and bandwidth utilization.
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