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Teaching Mobile Communications
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Abstract—A constructivist simulation-based methodology for
teaching mobile communication systems in the electrical en-
gineering curriculum is reported. In this methodology, senior
undergraduate students develop simulators under the guidance
of an advisor, and the simulators are later used by other students
to learn these particular technologies. Evaluations based on stu-
dents’ results and opinions demonstrate the effectiveness of the
methodology for improving the teaching-learning process.

Index Terms—CDMA, constructivism, electrical engineering ed-
ucation, mobile communications.

I. INTRODUCTION

T HE great complexity of modern broadband wireless
telecommunication technologies makes the process of

both teaching and learning these technologies a challenging
task, particularly in view of the different conditions that can
be present during the actual operation of these systems, which
can affect system performance in different ways. Examples
of typical impairments include multipath fading, intracell
interference (i.e., interference due to transmissions occurring
in the same cell), and cochannel interference. Usually, the
explanations given to undergraduate students in class are based
on simple mathematical models which may oversimplify the
factors present in a real system. Furthermore, access to mobile
communications systems may be restricted in some cases, due
perhaps to proprietary issues, or to the lack of infrastructure
often found in developing countries, thereby limiting the effec-
tiveness of the teaching experience in this field.

The purpose of this paper is to report the development of the
cdma2000-UV Simulator [1] of the physical layer of cdma2000
1X, and its use in the classroom as an educational method
which can be extended to other modern wireless and mobile
telecommunication technologies.1 Using this constructivist
approach, the understanding and experience gained by the
students who design the simulator can easily be shared with
other students by using the simulator itself, along with the
associated documentation.

This paper is structured to illustrate the development of the
cdma2000-UV simulator from its initial conception until its
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1The source code of the simulator is available under a GPL license at http://
sistel-uv.univalle.edu.co/cdma2000-UV.html

final use in an educational environment. This experience serves
as a basis for the development of other similar educational tools
for wireless and mobile communication technologies (e.g.,
WCDMA, GSM, 802.11, 802.16, and Bluetooth). Section II
provides a description of the course where the simulator is
used, the related work, and the goals for the development of
the simulator. In Section III, the use of the simulator in class is
discussed. Also, in this section, two examples of the analysis
of simulation results that can be performed by students are
discussed. In Section IV, the architecture of the simulator, the
methodology followed to develop it, the simulation models,
and the simulator’s educational characteristics are presented.
Section V shows an evaluation of the simulator, used by stu-
dents as a supporting tool to learn about cdma2000 1X mobile
telecommunication technology. Finally, Section VI concludes
this paper.

II. GENERAL ASPECTS OF THE DEVELOPMENT OF

THE SIMULATOR

A. Course in Which the Simulator Is Used

The cdma2000-UV Simulator described here is being used
in the Global Telecommunications (710122M) course offered
as an elective in the electronics engineering curriculum of
Universidad del Valle, Cali, Colombia. In this course, the basics
of modern broadband wireless telecommunication technologies
such as cdma2000, GSM, IEEE 802.16, and Bluetooth are
taught. The average time spent in the classroom for each of the
technologies is six hours. Students who enroll in this course
have a background in analog and digital communications and
computer networks.

In order to improve the teaching-learning process in the
Global Telecommunications course, a simulation-based
methodology has been employed. In this methodology, senior
undergraduate students develop simulators of telecommunica-
tion technologies under the guidance of an advisor during the
last year of their studies. These simulators are then used in
the undergraduate courses to improve students’ understanding
of these technologies. At Universidad del Valle, simulators
for the cdma2000, GSM, Bluetooth 2.0, IEEE 802.11g, and
IEEE 802.16 wireless technologies have been developed fol-
lowing this methodology. Models for IEEE 802.11n and IEEE
802.15.3a are currently under construction.

The examination results obtained by the students have shown
this methodology to be an appropriate strategy to improve the
quality of education in the telecommunications area. These eval-
uation results are shown in Section V.
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B. Objective of the Development of the Simulators and
Related Work

The main goal in developing the simulators was to provide
instructors and students with educational tools that help them
understand the physical layer of modern telecommunication
technologies in a practical, efficient, and inexpensive way.
The achievement of this goal will provide teachers with the
appropriate resources, tailored to their needs and those of the
students, to support their explanations in class and to supple-
ment laboratory activities.

The development of the simulators is based on the idea of
creating learning objects that assist the students in learning
the operation of modern telecommunication technologies and
the instructors in teaching these technologies. According to
[2], learning objects are digital entities that are used in a com-
puter-based instruction and which can be reused under different
contexts depending on the objectives of the course. The main
objective of the Global Telecommunications course is to help
students gain a good understanding of the operation of modern
telecommunication technologies based on the basic and funda-
mental concepts they have learned in prerequisite courses (i.e.,
analog communications, digital communications and com-
puter networks). Therefore, in the Global Telecommunication
classes, students are required to apply basic communication
concepts and theories when using the simulators to analyze
how modern telecommunication technologies work.

The development of these learning objects (i.e., the simu-
lators) and their use in the classroom follow a constructivist
teaching-learning approach. In a constructivist learning envi-
ronment [3], students construct their own knowledge by solving
problems with an appropriate level of complexity, which require
them to apply concepts they already understand to find the solu-
tions. Therefore, knowledge is not directly transferred to the stu-
dents; they are required to acquire it from active personal mental
work. In this environment, the role of the teacher is to serve as
a guide for the students, assisting them in finding the solutions
to the problems. Therefore, while the students solve the prob-
lems, the teacher should help them in establishing meaningful
relations between the concepts they already know and the new
concepts presented in the problems. Based on this constructivist
view, in our proposed methodology, undergraduate students de-
velop simulators for their senior projects which are later used
by other students for learning the technologies. During this de-
velopment, the student is faced with several problems which
in some cases he or she can solve without the advisor’s assis-
tance. When required, the role of the advisor should be that of
a constructivist teacher: the advisor only helps the student by
highlighting the fundamental concepts they need to use to find
the solution to a specific problem. The use of the simulators in
the classroom also follows the constructivist model. During the
class, the teacher first introduces the general aspects of a tech-
nology and then asks the students to use the corresponding sim-
ulator to solve a series of problems that will enable them better
to understand important characteristics of the technology.

Several educational projects highlight the benefits of con-
structivism in improving the teaching-learning experience
under different scenarios. In [4], a constructivist learning en-
vironment is reported in which software engineering students

get involved in real-world project activities that help them gain
better problem-solving skills. In [5], a two-threaded approach
for teaching computer network design at the graduate level is
reported. One of the threads is based on conventional lectures,
and the other thread is based on a problem-based learning
(i.e., constructivist) approach. In this approach, the students
pretend to be network design consultants who have to design
networks according to their corporate clients’ needs. In [6], a
junior-level wireless communications course for undergraduate
students is reported. The main component of the course is a
series of simulation-based projects which played an important
role in the assimilation of the material. In [7], a constructivist
and collaborative teaching methodology in an Instruction Level
Parallelism Processors course is presented. This methodology
uses a simulator to help students gain a better comprehension of
basic concepts and a course management software that enables
a collaborative environment. In the methodology, the students
are divided into several groups and each group is assigned a
specific case study which is analyzed with the simulator, after
which the students discuss the results with the teacher.

There are several simulators available for different mobile
telecommunication technologies, such as the one in [8]. How-
ever, the insight gained by developing a simulator is much more
solid and complete than that gained by simply using an existing
simulator. Teachers and students who develop such tools gain
a deeper understanding of the technology while producing very
useful tools for educating other students without incurring major
costs. This idea was also followed in [9], where the authors
reported the development of a simulator of the physical layer
of the mobile communication technology GSM. The simulator
was developed by students and was later used by other students
taking a course on the theory of estimation and detection. The
authors highlighted both the understanding gained by the stu-
dents after having developed and used the simulator, and the
low cost incurred for the completion of this activity.

Other educational institutions have produced CDMA simu-
lation tools such as those in [10]–[13], but none of them were
conceived with educational purposes as their main goal, which
was the case of the cdma2000 1X physical layer simulator dis-
cussed here.

C. cdma2000-UV Simulator Goals

The goals for the development of the cdma2000-UV Simu-
lator were to assist students in understanding the operation of
the physical layer of cdma2000 1X and to estimate its perfor-
mance under various real working conditions. Specifically, the
simulator estimates the performance of the physical layer under
the following conditions:

1) ideal conditions (i.e., free space loss);
2) transmission through a multipath fading channel;
3) relative movement of a mobile station with respect to the

base station;
4) varying number of users.
Estimating the performance under ideal conditions enables

the simulator to show the basic operation of the cdma2000 1X
technology, as well as revealing some minor details which can
be hidden when real working conditions are considered. Exam-
ples of such details include the effects on reception due to a non-
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Fig. 1. Graphical user interface.

ideal operation of intersymbol interference (ISI) filters and the
power spectral density (PSD) of the transmitted signal beyond
the transmission band.

III. USE OF THE SIMULATOR IN THE CLASSROOM

At the Universidad del Valle, the cdma2000-UV simulator is
used to support class lectures and to allow students to practice
the following topics:

1) transmission and reception processing (i.e., baseband
processing, multiplexing, pseudonoise code spreading,
and modulation);

2) channel multiplexing both at the mobile station and the
base station using orthogonal codes (i.e., Walsh codes);

3) access of multiple mobile stations to a base station using
pseudonoise (PN) sequences;

4) identification of cells in a cdma2000 system using PN
sequences;

5) effects of the radio channel on the system’s performance.
These topics are taught in the order listed above. The teaching

process is based on the graphical user interface (GUI), which is
shown in Fig. 1, and the simulation results.

To teach the transmission and reception processing concepts,
the lecturer uses the block diagram integrated in the GUI. To
teach channel multiplexing, the lecturer instructs students to
simulate only one mobile station accessing a base station. Sim-
ulation results are analyzed by the students using the block dia-
gram. To teach the access of multiple mobile stations to a base
station and cell identification, the lecturer instructs students to

Fig. 2. BER for the forward fundamental channel in the presence of 1, 7, 14,
21, 28, and 34 users under the outdoor-to-indoor pedestrian test environment
defined in [14].

simulate a cell with an increasing number of mobile stations and
then instructs the students to analyze the simulation results. Fi-
nally, to teach the effects associated with the radio channel, the
lecturer analyzes with the students the changes in the system’s
performance due to changes in the radio channel parameters.

Two examples of this analysis are shown here. In Fig. 2, the
multiple-access problem is analyzed based on a set of bit error
rate (BER) curves when the number of users increases from 1 to
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Fig. 3. Power spectrum density of the reverse fundamental channel under the vehicular test environment defined in [14].

34. In Fig. 3, the effects due to the radio channel are analyzed
for a transmission in a vehicular test environment.

Fig. 2 illustrates the performance at the receiver using the for-
ward fundamental channel. This code channel is transmitted by
the base station to a mobile station, and carries data coming from
the application layer when the number of users increases from
1 to 34 under an outdoor-to-indoor pedestrian test environment.
From the displayed results, students can observe that the recep-
tion performance of the code channel degrades as the number of
users increases, even when there is no multiple-access interfer-
ence, because only one base station is transmitting to the mobile
station. However, after further analysis, students can conclude
that the cause of the performance degradation is due to the mul-
tipath characteristics of the radio channel that makes the sig-
nals transmitted to different users interfere with each other, even
when they are multiplexed using orthogonal codes (i.e., Walsh
codes).

Fig. 3 illustrates the PSD of both the transmitted and received
signals. The comparison of these PSDs shows clearly the effects
of the large scale variations and the multipath channel. Students
should observe that the attenuation of the transmitted signal is
mainly caused by the large scale variations and that the multi-
path channel acts as a low-pass filter on the transmitted signal.

IV. DEVELOPMENT OF THE SIMULATOR

A. Simulator Architecture

The simulator architecture is shown in Fig. 4. This architec-
ture is based on that proposed in [15]. The user interacts with
the simulator through the GUI, by setting all of the simulation
parameters before the simulation begins, and selecting which re-
sults must be displayed after the end of the simulation. The GUI
gives access to the reverse CDMA channel simulation model
(i.e., the channel used for transmissions from the mobile sta-

Fig. 4. Simulator architecture.

tion to the base station), the forward CDMA channel simulation
model (i.e., the channel used for transmissions from the base
station to the mobile station), and the postprocessor.

Before running a simulation, the user accesses one of the two
models, depending on the direction of the transmission he or
she wants to simulate. Then, the user sets the parameters of
the model, such as the number of users and the distance be-
tween the transmitter and receiver. Finally, the user accesses
the postprocessor to specify the results to be calculated, and
runs the simulation. During the simulation, the GUI takes the
results (e.g., received signal, received bit stream) obtained from
the user-specified model and passes them to the postprocessor.
The postprocessor analyzes these results and calculates the final
results (e.g., PSD, bit error rate) that are delivered to the user
through the GUI.

B. Methodology Used to Develop the Simulator

Fig. 5 shows the methodology followed by the authors
to develop the cdma2000-UV Simulator. As mentioned in
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Fig. 5. Methodology to obtain the simulation models.

Section II-C, the main goal was to develop a simulator for
educational purposes based on a telecommunications industry
standard. Before building the simulation models, a solid
background in digital communication theory, mobile commu-
nication systems, radio propagation theory, and communication
systems simulation theory was required.

The methodology is divided into three phases. In the first
phase, mathematical models of the different parts of the system
to be simulated (e.g., wireless channel and RAKE receiver) are
developed. These models should be based on the system specifi-
cations given in the standard. In the second phase, the mathemat-
ical models are built into the software, and in the third phase, the
educational characteristics of the simulator are implemented.
The steps to be followed in each of the phases are as follows.

Phase 1 consists of a preliminary examination of the
cdma2000 1X standard, followed by the reading of related
work relevant to the system to be modeled. If necessary, an ex-
pert should be consulted regarding the details of the standard, so
that the developers can both gain a better understanding of how
the system works and determine which parts of the standard
they should concentrate on first. For the cdma2000-UV Simu-
lator, the authors visited a well-known Colombian cdma2000
1X cellular operator and consulted some engineers who pro-
vided valuable information about the operation of the system.
Then, the standard was carefully read to enable the developers
to begin considering some appropriate models. Finally, the
simulation models must be based on accurate mathematical for-
mulations taken from the standard as well as from fundamental
communications theory.

Phase 2 of the methodology consists of implementing the
simulation models in the software. This activity requires knowl-
edge of simulation techniques, as well as the availability of a
software development tool. For the cdma2000-UV Simulator,
the simulation techniques suggested in [15] were employed (i.e.,

Fig. 6. Transmitter model obtained with the proposed methodology.

Fig. 7. Receiver model obtained with the proposed methodology.

Monte Carlo simulation, and semianalytic simulation), and the
MATLAB programming language was selected as the develop-
ment platform because of the ample availability of prebuilt com-
munication functions in this software. However, other freely
available tools [16]–[18] can be used for similar developments,
as in [9], depending on the system and layers to be modeled.

Phase 2 also includes verifying the results obtained from the
implemented simulation models so that they provide a good ap-
proximation to the behavior of a real system under the simulated
conditions. In this verification, the developers first have to make
sure that the models display the expected performance of digital
communication systems with an additive white Gaussian noise
(AWGN) channel. Then, other types of channels should be in-
troduced that better represent the real working conditions. These
channel models should be modified until the performance esti-
mations obtained from the models are precise enough to meet
the developers’ objectives. For example, the various parameters
of the Rayleigh channel models of the cdma2000-UV Simulator
for different environments were adjusted until the calculated re-
sults matched some significant actual results given by the cel-
lular operator in Colombia, such as the maximum number of
users.

Finally, phase 3 consists of constructing both the GUI and
the postprocessor according to the educational characteristics
required by the simulator.

Two documents are written during the development process
suggested above: the first of these details information about the
mathematical models, and the second is a user’s manual. During
the development of the cdma2000-UV simulator, the former was
written after phase 2 and the latter at the end of phase 3.

The time required to develop a simulator depends principally
on the following factors: complexity of the technology, results
to be calculated, desired accuracy of the results, and the educa-
tional features of the GUI and the postprocessor. For the devel-
opment of the cdma2000-UV Simulator, the authors spent five
months, two months, and one month to complete phases 1, 2,
and 3, respectively.

C. Simulation Models

The simulation models obtained with the suggested method-
ology are shown in Figs. 6, 7, and 8; these correspond to the
transmitter, the receiver, and the radio channel, respectively. A
detailed discussion of these models is beyond the scope of this
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Fig. 8. Radio channel model.

paper; however, some basic aspects are discussed here to sup-
port the explanation of the GUI and the postprocessor.

The transmitter’s mathematical model was developed based
on the standard [19], and the fundamental theory presented in
[20]; the receiver was developed based on the standard [19], and
the fundamental theory presented in [20] and [21]. In the trans-
mitter model, there are code channels. Some of them carry
data coming from the application layer, and some others carry
control information. Each code channel is first baseband pro-
cessed (i.e., cyclic redundancy check, convolutional encoding,
symbol repetition, symbol puncturing, and interleaving). Then,
the channels are orthogonally multiplexed using Walsh codes,
spread with PN sequences, and finally modulated. Despite some
differences, the general scheme shown in Fig. 6 is valid for
the mobile station transmitter as well as for the base station
transmitter.

The mathematical model of the receiver basically performs
the reciprocal procedures done at the transmitter. In this model,
there are two RAKE receivers for spatial diversity; each receiver
includes functions for demodulation, despreading, and demulti-
plexing of the signal. After these operations, the maximal ratio
combining (MRC) of the two received signals is performed, and
this result is finally sent to the baseband processing subsystem,
as shown in Fig. 7.

The general scheme for the radio channel model is shown in
Fig. 8. Channel models for mobile environments proposed in
[14] were implemented, as well as the interference models pro-
posed in [20]. In this model, large scale variations and multipath
trajectories are considered; these include parameters to select
the desired simulation environment (e.g., pedestrian or vehic-
ular test environments). The model also considers several types
of interference and impairments present in real channels: mul-
tiple-access interference (which models the effect of other mo-
bile stations on the mobile station being simulated), ISI, AWGN,
and interference from adjacent cells.

D. GUI and Postprocessor

The GUI (see Fig. 1) was designed to allow users easily to
set the parameters shown in Table I by selecting, from a menu,
which part of the system they want to configure (i.e., mobile
station, base station, radio channel, or simulation).

The list of parameters that can be configured by the user for
a simulator should be selected according to the educational ob-
jectives. Setting the parameters allows users to understand var-
ious parts of this technology. For example, in the cdma2000-UV
Simulator, when users set the parameters shown in Table I for
either the mobile station or base station, they have to select the
frame format used in each of the transmitted code channels.
This selection requires them to analyze the baseband processing

TABLE I
USER-SPECIFIED PARAMETERS

being used in the simulation, which in turn helps them under-
stand this process in the simulated system. Another example is
that of varying the radio channel parameters. By this means, stu-
dents become aware of which parameters affect the environment
in which the simulation occurs. These parameters are the av-
erage building height, the number of users, and the number of
paths in the multipath channel. Once the simulation ends, stu-
dents observe the effect of the parameters they selected on the
system performance, which helps them understand how a real
system would perform in such an environment.

In addition to parameter setting, the GUI should also have
additional tools to help students understand the technology. For
example, the GUI of the cdma2000-UV Simulator shows a box
with a detailed block diagram (see Fig. 1) of the model being set
(i.e., transmitter model and receiver model), which allows a user
to zoom in or out—a great help to students in understanding the
structure of the system being simulated.

The format used in the GUI to display the simulation results
is another important educational characteristic. Because the re-
sults carry most of the educational information that the simu-
lator provides, they should be presented in a graphical, orga-
nized way so that they can be easily analyzed by the student.

The results that can be obtained from the cdma2000-UV Sim-
ulator are shown in Table II; the format in which each of these
is presented is also specified. The results in text format are al-
ways shown to the user once the simulation finishes along with
a message highlighting this event. Each of the graphical results
can be shown to the user by selecting from a menu. Figs. 2 and
3 show two examples of such graphical results.

V. EVALUATION OF THE SIMULATOR

To evaluate the effectiveness of the cdma2000-UV Simulator,
two groups of students from the Global Telecommunications
course were tested on the five topics listed in Section III, and
another group was asked to make a qualitative evaluation of the
simulator as an educational tool. The first group consisted of
ten students who attended a class that followed the traditional
slide-based methodology. The second group consisted of fifteen
students who attended a class that followed the constructivist
simulation-based methodology. The third group consisted of ten
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TABLE II
RESULTS CALCULATED BY THE CDMA2000-UV SIMULATOR

Fig. 9. Grade distributions of the evaluations taken by the two groups of stu-
dents who attended the slide-based class and the simulation-based class.

students from another university who volunteered to attend a
constructivist simulation-based class.

The students in the first two groups were graded on a scale
from 0 to 100, with 59 or less being a nonpassing score. The
grade distributions are shown in Fig. 9. The grade averages of
the first and second groups were 55 and 71, with standard devia-
tions of 17 and 11, respectively. These results show that students
were better able to understand the topics tested when the class
followed the constructivist simulation-based methodology.

The third group of students answered the questions listed in
Table III. The questions were divided into two groups. In the first
group, the questions were about the cdma2000-UV Simulator,
and in the second group, the questions were about the use of
simulation for educational purposes.

The distributions of the responses to the questions in the first
group are shown in Fig. 10. According to these results, the stu-
dents think that the simulator is useful in understanding the fun-
damental concepts of CDMA and that the learning experience is
better when the class follows the constructivist simulation-based
methodology. The results also indicate that a small group of stu-
dents felt that the simulator’s GUI was not straightforward in fa-
cilitating the learning experience, and that the simulator was not
user friendly. These opinions show the importance of a careful
design of the GUI in giving the students a tool that they feel com-
fortable with using to gain a good understanding of the topics
being studied. A final result is that a small group of students do

TABLE III
QUALITATIVE EVALUATION OF THE CDMA2000-UV SIMULATOR

Fig. 10. Qualitative evaluation results of the cdma2000-UV Simulator.

not think that more time would have been required to achieve the
understanding of the cdma2000 1X physical layer if the simu-
lator had not been available. This opinion shows the importance
of the role of the teacher in the constructivist simulation-based
learning environment as a facilitator who helps the students in
understanding the new concepts being learned.

The distributions of the responses to the questions in the
second group are shown in Fig. 11. These results demonstrate
that in general, students agreed that the use of simulation was a
more efficient way to learn about complex telecommunication
systems. The results also demonstrate that students considered
the use of simulation to be a convenient way to study complex
telecommunication systems when other laboratory equipment
is not available and that the development of other simulators
should be encouraged.

The simulator was also shown to provide a useful experience
for the senior undergraduate students who developed it. These
students acquired a deep understanding of the communication
processes involved in the operation of a complex communica-
tion technology already implemented for commercial purposes,
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Fig. 11. Qualitative evaluation results of the use of simulation for educational
purposes.

and the modeling techniques necessary to characterize those
processes.

VI. CONCLUSION

A successful methodology to allow both instructors and
students to interact more closely with mobile communications
technologies by means of simulation has been presented. This
methodology consists of the development of a simulator for a
complex telecommunication technology based on its standard,
and the use of the simulator in educational activities. The
methodology, and the use of the simulator in class, followed a
constructivist view in which students were expected to play a
more active role in the learning process. The methodology may
be particularly useful when laboratory equipment is unafford-
able and access to actual communication equipment is limited.

The evaluation of test results of students who used the
cdma2000 1X simulator showed that they could effectively
learn about this technology and that they felt that the proposed
methodology is a convenient way to study complex telecom-
munication technologies.
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