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Abstract

The cellular industry is evolving at a very fast pace. In fact, cellular networks have experienced significant 
changes over the last few years. In order to keep up with this constant evolution, planning tools must also 
adapt in order to reflect the particularities and architecture of each generation. In this chapter, we will 
first present the characteristics and the architecture of the four main generations of cellular networks 
(1G, 2G, 3G and 4G). We will then expose different planning problems related to each generation fol-
lowed by a short description of different solutions that have been proposed in the literature.

INTRODUCTION

The cellular industry is a very competitive market 
in which every service provider wants to maximize 
their net revenue. A clever way to maximize reve-
nue is to carefully plan the network infrastructure. 
Due to the extreme complexity of this task, good 
planning tools are necessary. These tools helped 
and will continue to guide the network planners 
in their decision-making process.

The cellular industry is evolving at a very fast 
pace. In fact, cellular networks have experienced 
significant changes over the last few years. We 
saw the first generation (1G) of cellular network 
in the early 80s followed by a second generation 
(2G) in the early 90s. A few years later, a third 
generation (3G) was launched. To date, researchers 
are already focusing on a fourth generation (4G). 
In order to keep up with this constant evolution, 
planning tools must also adapt themselves in order 
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to reflect the particularities and architecture of 
each generation.

The objective of this chapter is threefold: to 
present the architecture of each generation of 
cellular networks; to expose different planning 
problems related to each generation and finally, 
to briefly describe different solutions that have 
been proposed in the literature.

FIRST GENERATION CELLULAR 
NETWORKS

The first generation of cellular networks appeared 
in the early 80’s. This generation was analog and 
only used for voice communications. The trans-
mission speed was very limited and the size of the 
devices was huge compared to what we have today. 
The following are the main 1G standards.

•	 Advance Mobile Phone System (AMPS)
•	 Total Access Communication System 

(TACS)
•	 Nordic Mobile Telephone (NMT)

It is important to note that these three standards 
were not compatible with each other. In fact, 
mobile users were not able to roam between two 
different networks thus providing a very limited 

mobility. A few years later, a second generation 
was born. That’s really with the advent of this 
generation that the interest started to appear for 
cellular networks.

SECOND GENERATION CELLULAR 
NETWORKS

The advent of 2G networks was a huge milestone 
since they were digital and capable of carrying 
voice and data traffic at a maximum speed of 9.6 
kbps. Several 2G standards were developed.

•	 Global System for Mobile Communications 
(GSM)

•	 Interim Standard-95 (IS-95)
•	 Interim Standard-136 (IS-136)

However, the GSM standard was, and still is, 
the most popular system worldwide. As we can 
see in Figure 1, GSM networks are composed of 
two main parts: a Base Station Subsystem (BSS) 
and a Network Switching Subsystem (NSS). On 
one side, the BSS is composed of Base Transceiver 
Stations (BTS) and Base Station Controllers 
(BSC). The BTS are used to transmit/receive 
information to/from the mobile users via the air 
interface. The BSC are mainly used to manage 

Figure 1: 2G network architecture 

Network planners really started to worry about cellular network planning when 2G network were 
introduced. Different problems such as the coverage, frequency assignment and cells to switches 
assignment will be exposed in the following sub-sections. 

Radio Subsystem Planning Problem 

The cost and the complexity of a cellular network mainly depend on the number and the location 
of the base stations. The radio subsystem planning, also called cell planning, consists to find the 
optimal location in order to install the base stations. The location selection must comply with the 
network planner strategy. This strategy can be based on different criteria such as the coverage, 
the traffic capacity, interference level, handoff, cost, etc. It is important to note that some 
objectives are contradictory. For example, increasing the traffic capacity might reduce the 
coverage area or increase the cost of the network if extra base stations are installed. 

According to Mishra (2004), the radio network planning process is composed of six steps as 
shown in Figure 2. The first step consists to collect data. For example, it is really important to 
know the approximate number of users, the requirements in terms of coverage, capacity and so 
on. These inputs, in conjunction with empirical propagation models, are then used to make 
theoretical coverage and capacity plans. Candidate sites are then selected in the next step with 
the help of engineers. Once the locations have been determined, the following step consists to 
assign the frequency in order to minimize interferences and/or to maximize the signal to noise 
ratio (s/n). Then, the base stations must be properly configure (parameter tuning) in terms of 
power control, handover, etc. Finally, the last step consists of the coverage plans, capacity 
estimation, budget calculation, etc. It is important to note that radio subsystem planning is a 
continuous process that continues even after the network is deployed. 

Figure 1. 2G network architecture
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