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1. Introduction

The main objective of this research is to solve the problem of location management in
the fourth generation (4G) of wireless mobile networks. The design of the location
management technique aims to reduce the signaling overhead in the mobile networks and
to deliver the calls correctly. The goal of this project is to design, implement, and
evaluate a new location management technique for 4G wireless heterogeneoﬁs networks
(WHN) using data mining technology. None of the current location management
techniques have been designed for the new structure of 4G WHN. Multidimel;sional
sequence mining techniques are used in this project to cxtra;:t the mobility patterns of the
mobile users. The new location management technique uses these patterns to predict the
location of the mobile users inside the 4G WHN. This helps to reduce the communication
overhead that is required to determine the location of the miobile users, Data mining tasks
in the proposed technique are distributed between the mobile handsets (MH) in the 4G
WHN. Simulation was conducted to study the performance of the posed location

management technique and to compare its performance with other techniques.

2. Background and Literature Review
It is expected that the fourth generation (4G) mobile networks will support more
multimedia communications and provide mobile services every time and everywhere.

Location management enables mobile networks to track the locations of the mobile users



between consecutive communications [18-20], As mobile communications become very
popular and even essent.ial today, the radio signal traffic generated by location
management is increasing rapidly due to the increases in the population and mobility of
mobile users [46]. Also, the future mobile communication networks will be integrated
with heterogeneous access methods and various kinds of cells. This‘can by accom-plished
By integrating several radio access networks {(RANs) (such as cellular networks (2G, 3G,
etc.) and Wireless LAN (WLAN) ) in developing what is called “wireless heterogeneous
networks” (WHN). Accordingly, effective location management is required to determine
the location of mobile terminals in the new heterogeneous system.

Location management in mobile networks consists of two basic operations [2]:
locations updating (or location registration) and paging (or search). Location updating
procedure provides the network with initial information about an MS location (i.e. the
Iocation area where the MS is found). Since the mobile users are free to move within the
coverage area, the network can only maintain the approximate location of each user [2].
When a connection needs to be established for a certain user, the network has to
determine the exact location of the mobile user inside the coverage area. Paging
procedure is used to determine the exact lgcatién information about the mobile user (i.e.
the Base Station to which the subscriber is connected in a specified location area.) [1].

There is a trade-off between the costs for location updating and pagiﬂg [1]. If the
mobile terminals update its location whenever it crosses a cell boundary, the network can
maintain its precise location; thus obviating the need for paging. But, the cost for location
updating will be very high. On the other hand, if the mobile terminal does not perform

location updating frequently, a large coverage area has to be paged when a call arrives to



determine the location of the called user and the ;:ost for paging will be very high. Thus,
the basic problem of location management is to develop an algorithm that can be used to
minimize the overall cost of location updating and paging.

The problem of location management will be more complex in WHN because
different types of radio -access networks (RANs) have different interfaces and different
capabilities [15]. Manging the location of the mobile users in WHN is important to
complete the communication between different RANSs. This is also one of the important
and hot research problems for the next generation of mobile networks. Most of the
existing location management techniques that have been proposed by researchers in this
area deal with a single RAN and none of these schemes was designed for multiple RANs
as in the WHN.

The current location management techniques that can be applied in single RAN [17-
20] are also inefficiently in the case of the mobile terminals are moving between the same
location areas during day periods. For example, if the subscriber movements are done
according to his life habits such aé work, study, travel, visiting, etc., then using the
current location management technique will produce unnecessary overhead due to the
movement between the locations which could be known with less cost. The new
researches are interested in introducing new methods for location management, which
attempt to reduce the overhead traffic. In [3, 4], techniques which make use of location
areas (LLAs) and paging areas (PAs) of different sizes are introduced. In these techniques
a LA is divided into several PAs. In [5, 6, 18] various database architectures are proposed

“with the aim of organizing the database. In [7] the multilayer concept is introduced. In

* this method, there are groups of MSs and each MS is assigned to a given group, and each



group is assigned one or several layers of LAs. The method proposed in [8] uses a
process which predicts the movements of the MS according to its direction of movement,
velocity, and so on. Processing and prediction are made at both the MS and the HLR.
When actual movements of the MS do not fit with those predicted, a registration is
'triggercd by the mobile to inform the network of its actual location. Otherwise, no
exchange is required, which allows savings in LU processing and signaling. In [9, 10,
20], the alternative strétegy (AS) is introduced. Its main goal is to reduce the location
updates by taking advantage of users’ highly predictable patterns. In this AS, the system
handles a profile recording the most probable LAs patterns of each user. The profile of
the user \-NhiCh contains the visited LAs can be provided and updated manually. When the
user receives a call the system pages him sequentially over the LAs until getting an
acknowledgment from the mobile. The main savings allowed by this method are due to
the non-triggered LUs when the user keeps moving inside his profile LAs. In [11], a
technique similar to AS is defined. It is called Statistical Paging Area Selection (SPAS)
and is based on location statistics collected by each MS, which periodically reports them
to the network. These statistics consist of a list of the average duration the MS has been
located in each LA. A priority rule is determined to settle the sequence of LAs visited by
the mobile. If this sequence is different from the last one reported to the network, the MS
transmits it; otherwise, nothing is done. The paging process is achieved in the same way
as in AS. A variant of this method, called the Two-Location Algorithm (TLA), is
proposed and studied in [12]. In this strategy, a mobile stores the two most recently

visited LA addresses. The same is done at the HLR level. Obviously, the main advantage



of this method relies on the reduction of LUs when a mobile goes back and forth between

two LAs.

3. Project Description

This goal of this project is to develop a new predictive location management
technique (called LM-WHN) for WHN that integrates cellular networks and WLAN:S,
LM-WHN takes into account the different characteristics of the cellular networks and the
WLANSs. Data mining technology are used in this technique to predict the location of
mobile users. This will be done by using the spatial, temporal, and usage information of
the mobile users to predict the mobility profiles. A data mining technique called

MobilePrefixSpan [16] is be used in the proposed WHN to build these mobility profiles.

3.1  Architecture of 4G Mobile Communication Systems Supported by LM-WHN

The architecture of the propoéed heterogeneous wireless networks includes WLANS
and cellular networks and assumes an All-IP based. All-IP wireless a%1d mobile networks
represent the convergence of two key technologies: Internet and wireless cellular systems
[16]. The core IP network will serve as the backbone network with internet connectivity
and packet data services [1, 2, 7].

The architecture of the proposed witeless heterogeneous network is shown in Fig. 1.
As we can see, there are four basic components of the proposed architecture: 1) Base
Stations, 2) Access Points, 3) Mobile Hosts, and 4) IP Core Network, The WLAN access
poiﬁts (APs) represent the fixed communication points for the WLAN while the base
stations (BSs) represent the fixed communication points for the cellular networks. Mobile

hosts (MHs) are supposed to be designed to work in two different modes: dual-ode and



single-mode. Dual-mode mobile hosts will be able to support services provided by
WLANSs and cellular networks while single-mode mobile hosts will support only one type
of mobile technology. The proposed WHN will be able to support dual mode mobile
hosts as will as single-mode mobile hosts.

By design, cellular networks are aimed at users with high mobility and low
connection rates while WLAN networks are aimed at users with low mobility and high
connection rates. The configuration of the wireless heterogeneous networks will be based
on the connectivity to IP networks. The advantages of using IP as a core network protocol
are: |

¢ Internet connectivity

. Efficient transmission of IP packets,

» Co-existence with other access systems

o Ease of system introduction and expandability.

e IP networks can also connect with or accommodate wireless access systems other

than 4G systems.

» Providing better security requirements,

The MH will be able to communicate with one BS/AP according to the coverage area
and its mode of communications. The connection can be handed off froﬁ1 one AP to
another AP (or from BS to another BS), and this called horizontal handoff. The
connection can also be handed off form WLAN to cellular networks or vise versa and this
is called vertical handaoff. In our system model, we can have several WLANs inside the
same cell but they do not have overlapped coverage. So the mobile user at every moment -

has the following possibilities of coverage:



¢ Covered by cellular network only

» Covered by cellular network and WLAN.

Fig. 1 Architecture of Proposed Wireless Heterogeneous Networks

3.2  Methodology

3.2.1 Data Mining Methodology

Data mining is the search for new, valuable, and nontrivial information in large
volume of data. There goal of applying data mining techniques in the location
management problem is to predict the mobility patterns. This will help to reduce the
overall cost of location updating and paging. The key here is how we can effectively
record and analyze the previous behavior of mobile users to generate these mobility

profiles.



The proposed LM-WHN technique is mainly based on generating users’ mobility
profiles using a sequence mining technique called MobilePrefixSpan [16]. The mobility
profiles are generated individually for each user by his/her MH. The MH will have the
responsibility to collect the mobility data of its user. This data is used to build the

mobility profile of the user and is continually updated based on its users’ movements,

3.2.1.1 Data Collected by Mobile Host

The data collected by the MH is used to build the local mobility model that can
describe the behavior of mobile users for a period of time. The data items collected for

this mode] is shown in Table 1, where:

L | represents the ID' of the current visited cell or access point as shown
below.

VST;: represents the time stamp when this MH enters L;

VET:: represents the time sta'mp when this MH exits L

Wi a binary valpe describes if the information was recorded during the

weekend or not. We will use the letter Y if it was on a weekend day, otherwise we use the
letter N (this means Wi e {Y, N} ).

Table 1 Data Collected by the MH

]D Of ViSIted ViSit VISIT END ISTHISON A
BS/AP Start Time TIME WEEKEND DAY 7

Ly VST, VET, W,

L VST, VET, | W,

L, VST, VET, W,

Note that a new record will start if the mobile user enters a new BS/AP or if the

current type of service is changed. The type of service can be “idle” if the mobile phone



was not communicating at the time of data recording. Also, note that the day at which this
service was accessed (weekend or not) is included as an important factor. We believe that
the behavior of the users is totally different during the weekends.

To generate the mobility paths, it is necessary to transform the collected data from
Table 1 at the MH into a sequence of symbols, where each symbol represents BS/AP.
Every path is composed of a sequence of BS/AP IDs for each recorded visit. In addition,
each path also contains the information regarding the duration of MH stay in a cell. This
is achieved by collecting mobility data of a MH at fixed time slots At. For example if At =
2 minutes, this means that movements data are collected every tow minutes. In this case,
the time between movements is included in the generated sequence of movements. This
information is used to estimate the time at which the user will move from one location to
another.

Any genérated path Py can be represented as:

Pvu=<L; Lo ... Lo>

where Lie {BUA}

B={C; Cy,...,Cn} and A={PPs,..., Py}

and

Cii isacell ID,

B: is the set of all cells IDs in the system.

P;: is an access point ID.

A: is the set of all access points IDs in the system,



3.2.1.1 Building Mobility Patterns

In this section we explain the details of the data mining technique, called
MobilePrefixSpan, which we have developed to analyze the informatien collected from
the mobile users, MobilePrefixSpan technique (which is shown in Fig. 2) is a modified
version of the well-known frefix—Span [21, 22] sequence mining technique and its
modified version for multidimensional sequences UNISEQ [23]. The goal of
MobilePrefixSpan technique is to extract the movement patterns of the mobile users
using the collected information. There are two types of user information collected for
éenerating the mobility patterns:

e  Spatial Information: this indicates the location of the mobile user at every
recording time, This information is collected by recording the ID of BS and AP.

e  Temporal Information: indicates the time and the day information collected
during the navigation of the mobile users. We divide the day into several

intervals.

0.Prepare the multidimensional sequences and convert the problem io oné-dimensional
sequence mining, - -7 -

2 Find the prcyected dataset correspondmg to the smgle uem frequent sequences

3 We contmue by ﬁndm__f o he smgle ztem frequent sequences m e' h pro_;ected a'araset

4 F tnd the frequem sequenees usmg t}us preﬁx 3

™

. I_’f the ztems represent BS orAP in the network then cons:der the consecunve order ne

- )I.\ .o . -
. Otherwme consider rhe order only o '___ . : ‘;-

IS Toath, b

3. Record rhe frequem‘ sequences that have been found uszng this preﬁx " L

i FN . lw:

7 Repeat steps from 4 f 7 unnl we ﬁnd all seque allpattems

'Fig. 2 MobilePrefixSpan Algorithm



3.2.2 Location Management Technique (LM-WHN)
3.2.2.1 Location Updating Procedure

The location updating will be made into two levels. The first level is at the stored
mobility profile in the MH. And the second is at the database of the BS or AP in the
network. The updating of the stored data profile in the MH will be done by updating the
collected data. The important thing here is to know the BS or AP that will be deleted
from this profile, these nodes are called the expired nodes. The registered BS or AP will
be considered as an expired node if the mobile user did not use connect thrbugh it during
a'certain period of operation. These expired nodes will be rf;placcd with new nodes,
which will be determined from the user mobility profile generated in the MH. The
sequence mining software installed on the MH can analyze the collected data stored in
MS and make its processes on it to build the user mobility profile. This profile will be
sent to the database of the visitor location register (VLR) where the user is most probably
to be found within nodes in that VLR region. These VLR will be in the BS or AP nodes.
The address of this VLR is sent to home location register (HLR) in the IP core network.
Here, the profiles of the users will be distributed in the several VLRs in the network and
the corresponding addresses of these VLRs for the users will be stored in the HLR.
Hence, the user .profi]e was updated, This updating process can be initiated after a
specified number of movements for each user or after a specified time interval. If the MH
enters a new LA (where the location area will be a set of BS and Nodes), then the
location updating will be done immediately and this new location will be added to the

user profile.



3.2.2.2 Paging and Incoming Call Procedure
In the case of the in;:orning call, paging will be performed to needed to determine the

exact location (BS or AP) of the mobile user. The incoming call procedure can be

described in the following steps: |

o The calling MH will send a message to its mobile switching center (MSC) through
the current BS or AP to obtain the location of the dialed MH.

o The calling MSC will forward a message to the database at HLR at the
interconnecting network, which contains the address of the VLR database where the
user profile of the called user is stored.

e The control software at the VLR database will determine the current parameters of
the time and the day according to the time of calling.

s Then the location nodes (BS or AP)wifh highest probability corresponding to this
called user will be obtained from the stored mobility profile according to the current
parameters. |

e The paging (search) process will start by sending messages to these location nodes. If
the MH is not found at these location nodes , then we page the next set of location
nodes according to the mobility prafile. We continue to do this until one of the paged

nodes will answer. At this point, the connection can be started between the two MHs.

4. Evaluation

The evaluation of the proposed LM-WHN is based on the total cost of the location
vpdating (LU} and paging. (P). This evaluation is mainly depends on the cost formulation
used in [13]. This cost formulation for the lecation management consists of two parts:

location updating cost (Cry) and paging cost (Cp). Each of these two parts will include



the network cost (tessages cost for signaling) and databuse cost (required to access the
database) as shown in Fig. 3. The database cost consists of the following two types of
costs:
Dy: The cost of accessing the Home Location Register (HLR).
D,: The cost of accessing the Visitor Location Register (VLR).
The network cost consists of the following two types of costs:
Ny: The cost of sending a message through the fixed network(wired).

N,: The cost of sending a message through the wireless network.

Using the cost of the location updating and the cost of paging, the total cost for
LM-WHN (Cpram-why ) technique can be calculated as:
Cimv-wnn = A CLu +Ac Cp
Where 4y, is the location updating rate (location updates/sec) and A, is the call arrival
rate in the WHN (calls/sec). |
Simulation is used to evaluate the performance of thé proposed LM-WIHN
technique. The call to mobility ratio (CMR) is used as an important parameter in our
simulation. This parameter determines the ratio between the number of incoming calls
and the number of movements between cells. This parameter will be in the range from
0.25 to 2. The performance of the proposed LM-WHN technique in terms of total cost
will be compafed with a Benchmark technique which will have the same location
management technique with important assumption that the prediction is perfect. This
means that for the Benchmark technique, we know exactly what will be current BS/AP

for every MH in the network.
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Fig.3 Location Management Cost

5. Simulation and Experimental Results

5.1 Sirﬁulation Model

In order to evaluate the performance of the proposed LM-WHN technique, we
have built a simulation model to study the performance of the proposed scheme and to
compare it with a benchmarking technique. The simulation parameters are shown in
Table 2. The CMR will be in the range from 0.25 to 2The call duration (call service time)
is assumed to be exponentially distributed with mean of 180 secqnds.

The simulation starts by building the topology of the cells. Some of these cells are |
marked as used cells and the others are marked as unused cells. The unused cells simulate
the natural structure of the roads where thére are som?: constraints to deploy base stations
in locations (like river, mountain, etc...). The used cells are then divided into home cells,
work cells or ordinary cells. These cells are associated for the users to travel through

according to the moving statistics. The simulation has two phases. The first phase is the

initialization phase. The main objective during this phase is to collect the movement data,



which are used to generate the mobility profiles. The simulation parameters and statistics,
described before, are used to generate the movements of the users between the different
cells. In this initial period of simulation, we focus only on collecting the data of
movements between the cells. Hence a simple LM technique based is used in the initial
period by updating the location when the user moves from one location area to another

location area.

Table 2 Simulation parameters

Parameter Value

Number of cells 128 cells
Type of cells Hexagonal cells
Diameter of each cell 1 mi
CMR From0.25t02
Call duration time Exponentially distribution with mean £=180 seconds
Maximum Speed 60 mi'h

Dy 2

D, 1

N¢ 2

Nw 4

5.2 Experimental Results

The simulation was conducted to evaluat-e the performance of the LM-WHN
technique and compare its performance with the Benchmark technique. Benchmark
technique is based on the same LM technique and it assumes that the prediction is
perfect. For the Benchmark technique, we know exactly what will be the next path for
every user, and what will be the exact handoff time. This will enable us to compare the

performance of the proposed LM-WHN with the best approach. The results are shown in



Fig. 4. Here we can see that the LM-WHN have an acceptable performance compared to
the performance of the benchmark techrique, This means that using the LM-WHN we
can predict the mobility of the users with high accuracy comparing to the Benchmark.

This is because using the LM-WHN techniques allows us to predict the location of the

BS/AP with high accuracy.

14

1.2

—t—LM-WHN —¥—Benchmark
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t

Total Cost

o
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A

CMR

Fig. 4 Total cost for LM-WHN and Benchmark techniques

Also, the simulation was conducted to compare the performance of the LM-WHN
with the performance of the traditional location area based location management
technique (LM-LA) where we update the location with every movement between Jocation
areas. LM-LA is a non-predictive technique. This will help us to see the effect of the

prediction in the proposed LM-WHN technique. The results are shown in Fig. 5. Here we



can see that the LM-WHN have a significantly better performance compared to the
performance of the LM-LA technique. This means that using LM-WHN reduces the
communication signals that are required to update the location. The cost required for
location updates and paging signals have been reduced significantly. The high accuracy
prediction in LM-WHN techniques helps to determine the correct location of mobile

users with less communication signals which reduces the overall cost.
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Fig. 5 Total cost for LM-WHN and LM-LA techniques

To terminate the incoming calls, we need to search the MS (by paging the BS/AP)
to determine its location, so there will be a delay for incoming calls which is required to
search the MS. We calculate it as a normalized value with respect to corresponding LM-
LA value. Simulation was conducted to study the effect of the delay on the proposed
technique. The results are shown in Fig. 6. Thé delay in the proposed technique is slightly

higher than that of the delay in LM-LA technique as shown in Fig. 6. This is because we



use a sequential paging for the BS/AP. This delay is acceptable and can be reduced in

future by enhancing the prediction accuracy of the proposed technique.
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Fig. 6 - Normalized Delay in LM-WHN

6. Conclusion and Future Work

Location management techniques aim to reduce the signaling overhead in
the mobile networks and to deliver the calls correctly. The main objective of this research
is to solve the problem of location management in the fourth generation (4G) of wireless
mobile networks using predictive data mining techniques. In this project have designed,-
implemented, and evaluated a new location management technique for 4G wireless
heterogeneous networks (LM-WHN) using data mining technology. Thé new location
management technique utilizes the mobility patterns of mobile users to predict their

location inside the 4G WHN. Data mining tasks in the proposed technique are distributed



between mobile handsets. Simulation was used in this project to evaluate the performance
of the proposed location management technique. Simulation results show that the
proposed predictive technique (LM-WHN) technique has better performance compared to
the non-predictive location management technique. Also the performance of the LM-
WHN technique was compared to the Benchmark technique. Simulation results show that
we can predict the user mobility with high accuracy using the proposed LM-WHN
technique. Also simulation results show that the delay in the proposed t-echnique is
slightly higher than the delay in the non-predictive location management technique. This
is because we use a sequential paging for the BS/AP. This delay is acceptable and can be
reduced in future by enhancing the prediction accuracy of the proposed technique. Future
work includes enhancing the prediction accuracy by adding new mobility parameters
such as the speed and the direction of mobility. Also, similar location management
techniques can be developed for integrated WLAN, Ad-hoc networks and cellular

networks.
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