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Abstract — This work presents a mobile location 
management technique based on the clustering. This 
technique can be implemented on next generation mobile 
networks by exp loiting the data available on the users 
(age, function, address, workplace… etc), existing 
infrastructure (roads, location of base stations… etc) and 
the users’ displacements history  

The simulations are carried out using a realistic model 
of movements. The results show that our strategy requires 
a min imum number of location messages compared to the 
static and dynamic location management techniques. 
 
Index Terms — Clustering, Location management, 
Mobile networks, Next  generation networks.   
 

I.  INTRODUCTION 

Nowadays, mobile networks become an integral part of 
our daily life. Next  generation networks open the way to 
new demands of services in multi-media and real t ime 
applications. These applications require more 
communicat ion resources and higher Quality of Service 
(QoS) than traditional applications [1].   

However, these networks are confronted to various 
problems including wasting resources, signal attenuation 
and interference that reduce the quality of service. Users’ 
mobility also generates QoS degradation and the network 
must deal with it. 

Location management is an essential function in the 
mobile networks [2], [3], [4], [5], [6]: its aim is to locate 
the cell where a mobile user is, in order to make a call to 
him.     

User mobility causes performance degradation in 
relation to the localizat ion function. The network sends 
Page messages to several cells to locate the mobile. These 
messages consume a part of the already scarce bandwidth. 

If the network has enough information about the 
mobile user displacements and if it integrates intelligent 
strategies to profit  from th is information, it  can anticipate 
his future movement with high accuracy. Consequently, 
the network can better manage the mobilization and the 
sharing of its resources by sending a minimum (or 
nothing) of location messages.  

In this work we present a solution for location based 
on the clustering. This technique is based on a human 
movement characteristics to predict the cell (o r the set of 
cells) where the mobile can be.  

The remainder of this paper is o rganized  as fo llows. In  
section 2, we present location management techniques 
and we explain how we can deal with the location 
management problem. Section 3 gives the state of the art 
on the prediction methods in mobile networks. Sect ion 4 
and section 5 present our contribution. In section 4, we 
show how to use the clustering in location management 
and in   section 5, we give the proposed solution. Section 
6, presents the parameters adjustment and the evaluation 
of the solution. The last section concludes the paper. 

 

II.  LOCATION MANAGEMENT TECHNIQUES 

To route a call to a mobile, the network must be able to 
determine its exact location without incurring excessive 
computation and communication costs. 

Cellu lar networks partition their coverage area into a 
number o f location areas. Each  location area consists of a 
group of cells as shown in the Fig.1. 

 

 
 
 
 
 

Figure 1:  Grouping cells in location areas 
 
The location management technique uses two 

fundamental operations [2], which are: 
• Location Update: Each  mobile reports its 

location to the network whenever it  changes a location 

Location area 1 

Location area 2 

Location area 3 
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area, so  that any incoming call to that mobile can thus 
be routed to the correct location area. 

• Paging: the network locates the mobile by 
polling simultaneously all cells within the location area, 
when an incoming call arrives. Page messages are 
broadcasted in the current location area of the mobile. For 
example, if the mobile x moves from Location area 2 to 
Location area 3, as shown in  Fig. 1, the page message 
will be b roadcasted to all cells forming this last location 
area. 

Generally, it is possible to use one or other of these 
operations. But in p ractice the two techniques are used 
conjointly to min imize the number of used messages.  

When the mobile is in a location area, it doesn't need to 
update its position, when it passes from one area to 
another; it must send a location update message to the 
core network. This last knows the area where the mobile 
is, but does not know the exact cell. To find the cell 
where the mobile is, the network sends page messages to 
all cells constituting the area in which the mobile is 
localized. 

This solution is valid only if the areas are well chosen. 
For example, if the mobile frequently moves on the 
periphery of the areas, a lot of update messages are sent 
to the network. This consumes a certain amount of 
limited wireless bandwidth. If the network has 
informat ion on the users’ profiles and the infrastructure 
(roads, workplace, means of transport …etc), it will be 
able to choose adapted location areas, capable to decrease 
(or to eliminate) the number of update or page messages. 
Our work aims to use the movement prediction to group 
judiciously the cells in location areas. The following 
section gives a state of the art on this domain.  

 

III. STATE OF THE ART  

Mobility management in  cellular networks requires the 
ability to move freely with in the coverage area and still 
be connected. The localizat ion consists to determine the 
position of a mobile at any time. 

Paging and location update signaling take up valuable 
bandwidth in the wireless and mobile network. There is 
an inherent tradeoff between the costs of those two 
operations. This has led to extensive research activity on 
the important area of location management. Existing 
location management schemes are often partitioned into 
two categories: Static and Dynamic.  

In [5], authors present two extremes techniques: 
Always-update and never-update. In Always-update, the 
mobile updates its position at each change of cells. In  
Never-update, the mobile perfo rms no update of its 
position. The network is required to search it  in  all cells 
of the network. The first strategy produces an overhead of 
Update messages and the second creates an overhead of 
Page messages. Another static scheme consists to group 
the cells into location areas to reduce the network 
overhead. The mobile does not update its location, unless 
it changes an area [6], [7]. The network is required to 
search the mobile only in the last location area. 

In the dynamic location management [8], the cells are 
dynamically grouped into location areas depending on the 
network load and users’ profiles. In [8], four different 
location areas groups were compared by using an 
activity-based mobility model. Focused on the results 
reported in [8], the location area mapping resulting in the 
lowest total cost is selected. The selected scheme 
partitions the 45 radio cells into a total of eleven location 
areas, with three to five cells in each. 

In [9] the location update of the mobile is based on the 
number of movements made by this mobile. When the 
number of movements reaches a threshold, the mobile 
sends to the core network its position. In [10] user 
updates its location at each predetermined interval of t ime.  
In [11] the mobility model is based on a Markov chain  in  
discrete time. The localization is carried out by 
calculating the probability that a mobile is in a given cell 
as a function of its mobility model. 

The mobility predict ion plays an important role in  the 
quality of service particularly in the resource reservation. 
Many studies were carried out on pred iction. In [12], 
Zhuang and al monitor the signal power in the base 
station to predict the next cell. When the signal in a new 
base station increases in power, the system concludes that 
the mobile moves towards this base station. This solution 
was improved in [13] by adding the time factor to predict  
the mobile arrival t ime. 

In [14], Choi et al. estimate the user mobility 
according to displacements history observed in each cell. 
In [15], Shen et al. develope a prediction system based on 
a pilot signal measurement by using fuzzy logic to take 
into account pilot signals interferences and users random 
movements. 

In [16] the authors use mobiles localizat ion 
informat ion recovered by GPS, which they provide to a 
Markov model to p redict the future location. Th is 
location is provided to the applications to use them (for 
example to arrange an appointment if two  users want to 
meet in the same p lace in the future).   

In [17], Soh et  al. p resent and describe the use of a 
prediction technique which periodically incorporates 
roads topographic informat ion (every  second for example,  
the mobile provides its position to its base station). An 
algorithm identifies the segment of the road taken by the 
mobile and its estimated speed. The system then predicts 
the future base station and estimates the expected time to 
reach it. 

These solutions are limited because they are based on 
either a probabilistic model which  does not completely  
reflect the users’ behavior, or on the user individual 
history which can be missing or insufficient. 

New solutions based on heuristic methods were used. 
The techniques presented in [18] and [19] use neural 
networks for prediction. In [18], the authors adopted a 
structure of a cell divided into 2-tier areas (a v icin ity area 
and an edge area). When the mobile is in a cell edges area, 
its coordinates are provided as input to the neural 
network which pred icts the next cell to be visited. In [19], 
the authors present a system which periodically  captures 
the connections traces. These traces are progressively 
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recorded in a history which will be used as input to the 
neural network to predict the next cell to be visited.   

The disadvantage of these methods is that they require 
a long training phase on mobile user behavior before the 
prediction succeeds. Moreover, the mobile user can 
change his behavior during the training phase or can go to 
a location he has never visited before, thus making the 
prediction ineffective. 

In [20], Samaan et al. present a solution which 
includes spatial and user contexts. The spatial context  
consists of a set of abstract maps describing the 
geographical environment in which the mobile user 
progresses. Places, buildings and roads which lead to 
these places are described in these maps. The user context 
includes a set of information related to the mobile user 
making it possible to predict his mobility. This 
informat ion is then combined by using Dempster Shafer 
algorithm to pred ict the future mobile location. Even if 
this solution seems to provide suitable results when 
mobile history is lacking, it is however too constraining 
because it requires additional information not easy to 
acquire and likely to frequent change. 

In [21], the authors suggest a method based on 
informat ion theory in which each mobile device collects a 
set of clues such as its position in a particular road and its 
stay time during its previous displacements. These clues 
are then processed by the current cell to predict the future 
cell. The use of informat ion theory and decision trees 
allows choosing the most relevant clues for prediction. Its 
disadvantage is the need to store these clues in the mobile 
itself, which consumes memory, energy and bandwidth 
when communicating this informat ion to the cell.  

In [22] and [23] authors investigate simultaneously 
spatial and temporal attributes of data and  apply a 
spatiotemporal data mining technique to discover 
frequent mobility patterns for p redicting the next  location 
of a mobile node. Their approach is to mine frequent 
mobility patterns with  time and then to make use of them 
to construct temporal weighted mobility ru les. These 
mobility ru les are utilized in pred icting the next location 
of a mobile node.  

In [24] and [25] the authors propose a solution based 
on an ant system to predict  the future cell where a mobile 
will cross, based on past movements of the mobile itself 
and other mobiles that move in the same way. Th is 
solution provides good prediction results in environments 
where the mobile produces common behaviors such as 
cities.  

 

IV.  MOVEMENT PREDICTION AND 
CLUSTERING 

Users’ movements are not completely random because 
they follow professional and social behavior. They are 
not completely determin istic because they obey the will 
of the individual. A  study [26] carried out in  the USA for 
better organizing public transport has shown that nearly 
80% of users displacements relate to work and nearly  
20% relate to social or cultural reasons. During holidays, 
the percentage is only nearly 2%. It has also shown that 

displacements are influenced by the infrastructures of the 
places (trades, highways, streets, paths… etc). 
Displacements for work and social reasons are the most 
frequent and the most usual. The knowledge of the 
history (habits) of a user and his current location (on a 
road for example) could be useful to determine h is 
probable future location. 

Data Mining is a useful approach to mobility 
prediction based on the log file  of node mobility history. 
It is a  set of techniques drawn from various fields like 
data analysis, information theory and artificial 
intelligence applied to a data set to analyze and draw 
either useful new information or hidden relationships 
between these data [27]. Clustering is one of the 
techniques widely used in Data Mining. Clustering is 
used to identify homogeneous groups of individuals with 
common characteristics without knowing or being 
interested in these characteristics. This technique which is 
widely used in marketing to achieve targeted advertising 
is suited for location management. We could identify  
with this technique homogeneous groups of cells to 
facilitate the search for a mobile. For example we can 
group all cells covering a university residence and a 
campus where we could locate a mobile user who is a  
student.  

 

V. PRESENTATION OF THE SOLUTION 

To implement our solution, we assume a mobile 
network architecture formed by a set of cells. Each cell is 
managed by a base station (BS) that deals with mobiles 
that are in its range. The base stations are connected to 
the core network with a wired backbone (Fig. 2). 

 

 
Figure 2:  Mobile network architecture 

  
We also assume that each base station has a history of 

mobile user displacements. This history contains the 
mobile user identity (id), the cell from which he came 
(source cell), the cell to which he moved (destination cell)  
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and the date of travel (Fig. 3). Th is information can be 
retrieved in the log files of connections at each base 
station and store them in  a database of the station itself. 

 
Mobile ID Source Cell Destination 

Cell 
Date 

Figure 3:  Structure of a history line 
  
The clustering can be used to group cells into location 

areas, as shown in Fig. 1. A location area is a restricted 
set of cells in which a mobile user can be located 
according to his profile and  his history. We define the 
distance between two cells (Ci and Cj) relat ive to an  
individual X as fo llows: 

 

)1(),( 22
jiji nnCCD −=

 
 
Where: 
 

 
 
The used clustering algorithm is a variant of the K-

mean algorithm [28]. First, we set the desired number of 
clusters and then we apply an iterative algorithm from 
which we obtain the set of cells forming each cluster. The 
clustering algorithm is described as follows: 

 
1. Determining the number of desired clusters (the 

parameter K). 
2. Randomly choosing K cells that we consider as 

centers of the K clusters.  
3. Calculating the distance between each cell of the 

network and the centers (centers cells). 
4. Assigning each cell to the nearest cluster 

according to the distance between this cell and 
the center cells by using the equation (1).  

5. Recalcu lating the centers of the K clusters as 
follows:   
  
a. For each cell Cj of a given cluster, calculate 

the value : 
 

)2()(),( ijwithCCD
i

ij ≠∑  

this represents the sum of the distances 
between this cell and the other cells Ci in  
the considered cluster. 

b. The cell Cj with  the smallest value of 
equation (2) is considered as a new center of 
the cluster. 

6. Repeat steps 3, 4, 5 until the clusters become 
stable (the cells do not change the clusters). 
 

Then we vary the parameter K to obtain the optimal 
number o f clusters. Each cluster contains a set of cells 
having as a common factor the frequency of mobile visits. 
Thus, we bring out for a given mobile, a cluster in which  

it is frequently localized and another in which it is less 
frequently localized, and so on as given in Fig. 4. 

 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 

 
 

Figure 4:  Construction of zones by clustering 
 

VI. ADJUSTMENT AND EVALUATION 

The clustering algorithm requires training phase for 
adjusting its parameters. Th is train ing yields the optimal 
value of K that corresponds to the optimal number of 
location areas. This step must be conducted by using in 
general a sample of realistic data. 

In the study of the mobility management and in the 
absence of a real trace of mobiles displacement, we can 
resort to a model. The choice of a realistic mobility 
model is essential. This model reproduces, in a realistic  
way, d isplacements of a set of users within a network. 
The majority of works presented in the literature use 
probabilistic models (Markov model, Poisson 
process…etc.) which generate either highly random 
displacements or highly determin istic displacements 
which do not reflect the real behavior of the mobile users. 

For this we have chosen the activity model presented 
in [29]. This model is based on the work carried out by 
planning organizations and uses statistics drawn from 
five years surveys on users’ displacements. It simulates a 
set of users’ displacements during a number of days. 
Generated displacements are based on each users activity 
(work, study… etc.), the locations of these activities 
(house, work p laces, schools…etc) as well as the ways 
which lead to these locations. 

The simulator that rests on the statistics of 
displacement led in the area of Waterloo [29] and 
recorded in the form of matrix called activity matrix 
indicating the probability of arrival of an activ ity and 
duration matrix indicating the probability that an activity 
takes a given period. These statistics as well as 
informat ion concerning the users like the profile (fu llt ime 
employed, student, part-time employed…etc) and the 
infrastructures (roads, trade, stadium… etc) are recorded 
in the database of the simulator. The area of Waterloo is 

Location area in which the mobile is less frequently located 
 

Location area in which the mobile is frequently located 
 

Location area in which the mobile is rarely located 
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divided into 45 cells as indicated in Fig. 5.  The draws 
indicate the roads between the cells. 
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Figure 5:  Cellular structure of the simulator 

 
According to the activity of the user, the simulator 

generates an activity event for a user based on the activity 
matrix and assigns it to a cell. It generates then the 
displacements relat ive to this activ ity before generating 
the following act ivity. The p rocess continues until the 
end of the simulation. Fig. 6. describes the structure of 
the movement simulator. 

 

 
Figure 6:  Structure of the movement simulator 

 
The simulation approach is represented in the Fig. 7. 

We use the movements’ simulator to generate realistic  
movements trace according to the number of users and 
the simulation time (in days) provided as parameters. 
Then, we provide this trace to our clustering and 
evaluation algorithm which returns the set of location 

areas for each  mobile. The algorithm provides also the 
number of page and update messages according to the 
mean number of calls per day provided in entry to 
evaluate the solution. 

 

 
Figure 7:  Simulation approach 

 
The adjustment of the clustering algorithm consists in 

determining the value of K corresponding to the optimal 
number of location areas to create for the network. The 
evaluation is carried out based on the number of Page and 
Update messages necessary to the mobiles location. For 
100 days of simulation, we varied K and calculated the 
total number of Page and Update messages. The results 
are presented in Fig. 8. The optimal number of location 
areas corresponds to 20 with Two to three cells per 
location.  

 

 
Figure 8:  Number of Page and Update messages vs. K 
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We compared the algorithm obtained with a set of 
standards algorithms of location management; fixed and 
dynamic. In the fixed strategies, we grouped the 45 cells 
in fixed location areas (0, 1, 2 and 3). The strategy fixe 0 
contains one cell per location area. In the strategy fixe 1 
we created 13 location areas of three or four cells each 
one. In the strategy fixe 2, the areas contain three to five 
cells (generally different from fixed 1). In the strategy 
fixe 3 we div ided the network into 5 areas with eight to 
ten cells per area. In the dynamic strategy, we used the 
algorithm defined in [30]. Fig. 9 and Fig. 10 give the 
average number of Update and Page messages for 50 
days of simulat ion with 3, 9 and 12 calls per day and per 
user. 

 

Figure 9:  Average number of Update messages for the 6 
strategies 

 

 
Figure 10:  Average number of Page messages for the 6 

strategies 
 
We notice that our solution produced a min imum 

number of Page messages and a number of Update 

messages close to Fixe 0 as if the network knows exactly  
the cell in which the mobile is. 

 

VII. CONCLUSION 

Human displacements are o ften generated by socio-
professional needs (to go to work, to make purchases… 
etc). They are related to the existing in frastructure (roads, 
public transport, work-places...etc.). It is thus possible to 
predict them by seeking the relationship between these 
displacements and other availab le informat ion like the 
users’ profiles and the site of the infrastructure. 

Because of the complexity of the human 
displacements characteristics and the absence of reliable 
rules of movements’ prediction, clustering can constitute 
a solution to the location problem. Combined to other 
Data min ing techniques as the classification and 
association rules, it is possible to refine the prediction of 
the displacements and the location management. 
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