Grouping Cells in PCS Networks

Erdal Cayirci

Cem Ersoy

Department of Computer Engineering
Bogazici University, 80815 Bebek, Istanbul, TURKEY
E-mail: ersoy@boun.edu.tr

ABSTRACT

Personal mobility and terminal mobility which are viable through
wireless access to the communication networks are the most
fundamental goals of Personal Communication Services (PCS).
The technology needed for the wireless access in PCS networks
is generally provided by the cellular networks and Intelligent
Networks (IN). In cellular networks, the Wireless Mobile
Terminals (WMT) communicate with Base Stations (BS) which
convey the messages among the WMTs and Switching Centers
(SC). SCs and BSs are usually wired to the upper layers of the
communication network. In this paper, we briefly review PCS
and then propose an algorithm which determines the number of
SCs and the BSs attached to the determined SCs in a network for
which BS information together with the traffic requirements are
given. While the algorithm produces these solutions, it also
satisfies some constraints determined by the network designers
such as the maximum capacities and the minimum utilization for
the SCs.

1. INTRODUCTION

PCS networks are one of the emerging technologies of the last
decade. The personal mobility, the terminal mobility and the
service portability [13] are the demanding goals of the PCSs.
These are highly dependent on wireless communications. In the
wireless communications, the frequency assignment, the
frequency reuse, locating the WMTs, tracing the WMTs during
the sessions of communication and charging them according to a
number of parameters are the standing problems. Cellular
networks that use Radio Frequency (RF) channels and the
Intelligent Network (IN) capabilities are widely used to solve
these problems.

In cellular networks, the region of communication is tessellated
with macro, micro or pico cells [9] in which a BS can provide
line of sight with every point within the cell, and the distance
from the BS to any point on the cell boundary is not longer than
the range of the RF equipment used by the WMTs and the BS.
The information about the locations of the WMTs are kept in
Home Location Register (HLR) and Visitor Location Registers
(VLR) [15]. VLRs are generally sited in SCs, and updated
whenever the WMT leaves from a cell into another one. When a
WMT changes a cell, a number of tasks must be carried out.
Some of them can be enumerated as follows:

— The frequency assigned in the cell being left should be

released for other WMTs,

— The VLR should be updated,

— A new frequency should be assigned in the entered cell,

— The incoming messages to the WMT should be switched to
the new cell,

This procedure of moving from a cell to another one is called
handoff. There is a second level handoff which occurs when a
WMT leaves a cell and enters into a cell which is assigned to a
different SC. This requires more tasks to be carried out. For
instance, the data for the current call to charge the subscriber is
generally updated in a database which is handled by the SC. In
SC level handoff, either this data should be handed over to the
new SC, or should be handled and updated in the former SC
although the call is managed by the new SC.

When we determine the number of SCs, and decide which cell is
assigned to which SC, we should minimize the handoffs between
the SCs. While doing so, we should avoid to create too many
SCs or to have some SCs with too low utilization while there are
some others which are overloaded. In this paper, we propose a
backtracking algorithm for this job. It produces feasible solutions
by satisfying some constraints such as maximum capacities of the
SCs and the minimum utilizations determined by the network
designers.

Remainder of the paper is organized as follows: Background
information on PCSs is given in Section 2. The algorithm
devised is described in Section 3. Results of the computational
experiments are given in Section 4, and lastly Section 5
concludes the paper.
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Figure 1. An example cellular network.



2. BACKGROUND INFORMATION

It is believed that PCS is going to be the next breakthrough in the
evolution of the communication systems. What it brings up can
be summarized as follows:

The end users of the PCS networks will access to the system at
any point, from any terminal, and system will identify the user.
This is called personal mobility and based on the use of a unique
personal identity.

The second capability is enabling the mobile terminals to
communicate with the system while they are in motion. Terminal
mobility needs wireless access to the system. It differs from the
personal mobility, since the end users do not need to carry a
portable terminal for personal mobility, but they do for the
terminal mobility. Global System for Mobile Communications
(GSM) in Europe, Digital Advance Mobile Phone Service
(Digital AMPS) in America and Japanese Digital Cellular (JDC)
in Japan [9] [11] are the widely known examples of the terminal
mobility.

Lastly, the end users are enabled to use the subscribed services
(voice, data, video, and image) in the terminals designated by
themselves by the service portability and integrity. This concept
is quite related with the Integrated Services Digital Network
(ISDN) concepts, but it exceeds ISDN by personal and terminal
mobility.

The main features of the PCS networks can be enumerated by
using the above explanations as follow [9]:

—  Multiple environments,

— Multimedia services with high quality,

—  Multiple user types,

— Global Roaming Capability,

— Single personal telecommunication number,
— Very high capacity,

—  Universal handset,

—  Service security.

These capabilities are highly dependent on the use of wireless
communications. The known final points that the current
technology has reached in wireless communications are cellular
networks and INs. They bring up a number of advantages to the
wireless communication systems. These advantages can be
summarized as follows: Since the region of communication is
divided into smaller cells and the distances between the BSs and
the WMTs within the cells are small, the use of small battery
powered portable handsets with lower RF transmit power than
the large vehicular mobile units used in earlier systems is
possible. This brings up another advantage, namely the
frequency reuse. The same frequencies can be assigned in the
other cells which are only a couple of kilometers away, because
the lower powered WMTs can disturb the communication in the
neighboring cells at most. This makes possible a much higher

subscriber density per MHz of spectrum than the previous
systems [11].

In cellular networks, the medium access control, dublexing,
signaling, frequency assignment, finding the current locations of
WMTs, transparent frequency reassignments to the WMTs in
intercell movements, charging the users are the main issues to be
worked on. There are a number of technologies and architectures
currently used to deal with these problems. The subsection of an
architecture which is very similar to the GSM approach is
illustrated in Figure 2 [13]. In such an architecture, we can
classify the functions to be carried by the system as radio
resource management functions, mobility management functions,
call management functions, and data management functions [9].
Radio resource management functions control the wireless access
to the system. In PCS, the multiple access channel can be shared
by a large number of users either on a frequency basis using
Frequency Division Multiple Access (FDMA) [2], [5], [9]; on a
time basis using Time Division Multiple Access (TDMA) [1],
[2], [5]; or on a code basis by using Code Division Multiple
Access (CDMA) [2-6], [8], [14]. The basic explanations of these
techniques can be found in [12].

The mobility management functions provide transparent
handoffs. They are performed in the transport and intelligent
layers of the network and necessary for the global roaming. Call
management functions sets and terminates the calls. They also
authenticate the users, monitor the sessions and carries data
communication security tasks. In such an architecture, a database
management system should store and manage the data about the
users, and session of calls in a distributed manner. For terminal
mobility, there should be two databases, namely home database
and visitor database. In home database, the records for the
subscribers (H ) keep the subscriber information together with
the routing information for the subscriber. In the visitor database
which are sited in Cs (Figure 2), there are s for each
subscriber currently in the region that store the mobile roaming
number, temporary subscriber id, location and some other
service parameters. For personal mobility and service mobility,
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