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ABSTRACT

In wireless communication systems, the interference is predictable since many
transmissions often take place instantaneously over a common communication channel.
This is a phenomenon in communication systems have to live with. It is impossible to get
rid of the interference effect but measures have to be taken to minimize their effect. In
the cellular radio system, interference is a major limiting factor in their performance. It
increases the number of dropped calls in the system as well as limit their capacity and it
has a direct correlation to the quality of communication system. It is the main problem, and
has to be taken into consideration when designing cellular wireless communication system.
Sources of interference are additional mobile in the similar cell, a call in development in
neighboring cell, and other base station working in the same frequency band. There are two
main categories of interference, Co-Channel Interference (CCI), and Adjacent Channel
Interference (ACI). To investigate the effect of these interferences on AWGN and Rayleigh
channels for data communication. The Mary-PSK and Mary- QAM techniques are used.
Because these schemes of modulation techniques have good performance in wireless

communication systems.

In this work the effect of two interference signals on both AWGN and Rayleigh channels
are investigated in terms of: bit error rate (BER) performances and power spectra density
of the transmitted signals in an addition to that the constellation diagrams of the modulated
and demodulated signals. The obtained results indicated that these interference signals have
an effect on both modulation techniques. The severity of the effect depends on the
modulation level i.e. the higher the level the more severe is the effect. The M-ary QAM

proved to have better performance under these harsh environments.
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Chapter One Introduction

1.1 Introduction

Digital modulation offers many advantages over analog modulation
and greatly improves the performance of the communication systems.
Many types of digital modulation schemes are possible, and the choice of
which one to use depends on spectral efficiency, power efficiency, and bit
error rate performance[1l]. There are two main types of carrier digital
modulation schemes first scheme is a binary carrier digital modulation
which include the Amplitude Shift Keying (ASK), , Phase Shift Keying
(PSK) and Frequency Shift Keying (FSK) as well as a Quadrature
Amplitude Modulation ( QAM) [1] . Which is the combination of both
ASK and PSK. The second scheme of digital modulation is an M-ary
carrier digital modulation which include an M-ary FSK, M-ary PSK and
M-ary QAM. In this work the M-ary PSK and M-ary QAM modulation
schemes will be described in details in chapter three as well as these
modulation schemes are used in the  simulation model of
communication system to investigate the effect of the Adjacent and Co-

Channel Interferences on AWGN and Rayleigh channels [2,3].

The motivation behind M-ary PSK is to increase the bandwidth
efficiency of the PSK modulation schemes. In BPSK, a data bit is
represented by a symbol. In M-ary PSK, n =log,M data bits are
represented by a symbol, thus the bandwidth efficiency is increased to n
times. Among all M-ary PSK schemes, the lower level-PSK is the most-
often-used scheme since it does not suffer from BER degradation while
the bandwidth efficiency is increased. it will be seen in chapter three.
Other M-ary PSK schemes increase band-width efficiency at the expense

of BER performance.

M-ary QAM scheme is one of most efficient digital data

transmission systems as it achieves better bandwidth efficiency than other

1



Chapter One Introduction

modulation techniques and give higher data rate. In an M-ary signaling
scheme, it may send one of M possible signals s;(t),s2(t)...sm(t), during
each signaling interval of duration Ts. For almost all applications, the
number of possible signals: M = 2". Where n is an integer. The symbol
duration Ts= n Ty, where Ty is the bit duration. In pass-band data
transmission these signals are generated by changing the amplitude as in
M-ary QAM.

Co-Channel Interference (CCI) is the most critical one ,it's limit
the performances of wireless cellular systems. which occur in cellular
radio, and it depends on the cellular traffic. the greatest possibility of
appearing of co-channel interference is at the busy hours of a cellular
system, while the interference between two adjacent channels of the
adjacent cells is known as adjacent channel interference (ACI). Adjacent
channel Interference refers to the interference arising from the signals
which have the frequency close to the actual signal. The problem gets
aggravated if two users in adjacent channels use very close frequency
bands. The base station often face difficulty in discriminating the desired
mobile from its counterpart using a close channel. This event is commonly
known as near-far effect. ACI can be tackled by using efficient filters. An
easy technique to achieve this is to assign every cell a set of channels,

whose frequency are maximally separated [4].
1.2 Thesis Objectives

The main goal of this thesis are summarized in the following points:
General review on communication system and M-ary different types of

carrier digital modulation techniques.

» Studying and Investigation the effect of Adjacent and Co-Channel
Interference on AWGN and Rayleigh Channels using M-ary —PSK



Chapter One Introduction

and M-ary QAM (for M=8, 16, 32 and 64) modulation for
wireless communication.

» Modeling and simulation of the of communication system with
two interference signals (Adjacent and Co-Channel Interference)
Using M-ary PSK and M-ary QAM, for M=8,16, 32and 64 of both
types of these modulation over AWGN and Rayleigh
communication channels by Matlab with Simulink V. 2018a.

> Several tests will be carried out to evaluate the BER performance,
constellation diagrams and power spectra density due to the effect
of adjacent and co-channel interference over AWGN and
Rayleigh communication channels using M-ary PSK and QAM
modulation techniques for M=8, 16, 32 and 64 levels.

1.3 Thesis Structure

This thesis consists five chapters . The first chapter gives brief
introduction and the outline of the thesis. The second presents brief
explanation about the wired and wireless communication system,
communication system with adjacent and co-channel interferences, Also
deals with the communication channels schemes , multi input multi
output system and carrier digital modulation schemes. While the third
chapter gives brief description on both M-ary Phase Shift Keying
Modulation (M-ary PSK) and M-ary Quadrature Amplitude Modulation
M-ary QAM) from point of view; definition, mathematical representation,
bandwidth, bandwidth efficiency, error of probability, bit rate, symbol
error rate and as well as generation and detection. Also deals with the
comparisons of these two types of modulation techniques. Where the
fourth chapter describe the implementation and simulation of the of
communication system model with two interference signals using M-

ary PSK and M-ary QAM over AWGN and Rayleigh  communication
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channels Dby software package known as Matlab with Simulink V.
2018a also this chapter deals with the achieved simulation result and
their discussion. Finally the fifth chapter describe concluded of the
achieved simulation results as well as proposes some points as a future

work.



chapter three

3.1 Introduction

Multi-level (M-ary) digital modulation is widely used to design a
communication system that is more bandwidth efficient. With M-ary
signaling, digital inputs with more than two modulation levels are allowed
on the transmitter's input signals. The data is transmitted in the form of
symbols, each symbol is represented by n bits, so there are M=2" different
signal levels in M-ary modulation. The M-ary digital modulation
techniques include three main types such as M-ary FSK, M-ary PSK and
M-ary ASK. The combination of both M-ary PSK and M-ary ASK
construct M- ary modulation called M-ary Quadrature Amplitude
Modulation (M- ary QAM)) .

Although multi level (M-ary) PSK and M- ary -QAM are used in
many  applications including microwave digital radio, satellite
communication, Digital Video Broadcasting-Cable (DVB-C) ...ctc. That
two schemes of M- ary modulation will be described in details in this
chapter from point of view definition, mathematical representation,

parameters, generation and detection.
3.2 M-ary Phase Shift Keying

The justification behind M- ary PSK is to increase the bandwidth
efficiency of the PSK modulation schemes. In M-ary PSK, n =log,M data
bits are represented by a symbol, thus the bandwidth efficiency is increased
to n times. Among all M- ary PSK schemes, QPSK (4-PSK) is the most-
often-used scheme since it does not suffer from BER degradation while the
bandwidth efficiency is increased. Other M-ary PSK schemes increase

band-width efficiency at the expense of BER performance.

20



chapter three

The 4- PSK is an M-ary encoding technique where M=4, in 4-PSK  there
are four phases are possible and one output amplitude , this allows for 4
combinations of 2 bits each. This means in one cycle it can transmit 2 bits
to represent the 4 states. Where M=8 the M-ary encoding technique is 8-
PSK which has eight levels of phase changes and one amplitude, this
allows for 8 combinations of 3 bits each. This means in one cycle it can
transmit 3 bits to represent the 8 states. for 16-PSK is an M-ary system
where M=16 which has sixteen levels of phase changes and one
amplitude, this allows for 16 combinations of 4bits each. This means in
one cycle it can transmit 4 bits to represent the 16 states generally for M-
PSK is an M-ary system which has M levels of phase changes and one

amplitude, this allows for M combinations of n-bits each.

Therefore mathematical representation, parameters, generation and
detection of an M- ary PSK are described briefly in the following
subsections [19-24].

3.2.1 Mathematical Representation

Mathematical Representation of M -ary Phase Shift Keying is given
by [21]

vi()=Acos@nfst+6,), 0<t<T i=123...M (3.1)

where ©6; = 20=lm

A is the amplitude of the M- ary PSK signal , T is the symbol duration

and fq is the carrier frequency.

21
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3.2.2 M- ary PSK Parameters
There are several parameters of M- ary PSK in this work it will
describe the bandwidth (BW) , bandwidth efficiency (sw,) bit rate , baud
rate and Probability of error P(e). only These parameters are described
briefly in the following points. [21-23].
e Bandwidth (BW)

Generally the bandwidth is define as the frequency band needed to
transmit the data signal or information over the communication channel,
but it is also the frequency band occupied by the baseband binary signal to

be transmitted.

The bandwidth required for M-ary PSK modulated signal is

= fb
(log,M)

For n= log ,M

Then the BW is given by

BW=%’ (3.2)

Where

fyo is the bit rate in bps

n = number of bits necessary

M = number of conditions, levels, or number of output level.

So the BW of 8, 16, 32 and 64 - PSK is given by
Bpw =521 ,f—b and %b for 8,16,32 and 64 — psk respetively (3.3)

3’4’5
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o Bite Rate and Baud Rate

In digital modulation, the rate of change at the input of the
modulator is called the bit rate and has the units of bits per second
(bps).The measure of the rate of change at the output of the modulator is
called baud rate and is equal to the reciprocal of the time of one output
signaling element. In essence, baud is the line speed in symbols per

second.

n(bits) _
T(sec) -

generally the relationship between bit and baud rates is given by

bit rate = baud log,, (M) =baud log, (2") =n baud

Where bit rate is: Data rate =

long(m) bits/sec (3.4)

I.e.
bit rate= n baud (3.5)

So the bit rate of 8, 16, 32 and 64 - PSK is given by

bit rate=3 baud, 4 baud, 5 baud, and 6 baud for 8, 16, 32 and 64 —PSK
respectively (3.6)

e Bandwidth Efficiency (BW,)

The Bandwidth efficiency (BW,) is define as the ratio of transmitted
data rate, f,, to the required value of bandwidth (BW) the (sw,)of an M-
ary digital modulation is given by

aW _ Transmission bit rate (bps) Ty
T Mimimum bandwidth (Hz) BW

For an M-ary PSK (M= 8, 16, 32 and 64) the bandwidth efficiency is
given by

=log,M =n (3.7)

BW., =3, 4,5 and 6 for 8, 16, 32 and 64 —PSK respectively. (3.8)

23
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Referring to the equation (3.8), it observes that the bandwidth

efficiency of M-ary PSK increases as level M increases.

e Probability of Error

Probability of error P(e) is a function of the carrier-to-noise power
ratio or, more specifically, the average energy per bit-to-noise power
density ratio and the number of possible encoding conditions used M-
ary.

In the M- ary PSK  the probability of error mathematically is

written as

p(e) = () erf(@ (39)

Where erf is the error function

4 :sin(ij,/log2 M |Sb
M VN,

For an M-ary PSK (M= 8, 16, 32 and 64) the probability of error is given
by

pe) = (5)er ( ()f B, p(e)—()erf<sm( )i [E2)
p(e) = (£)erf(sin (Z) 5 \f (2)ext(sin (Z) V8 [2)

For 8, 16, 32 and 64 —PSK respectively. (3.10)
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3.2.3 Generation of the M -ary Phase Shift Keying

For M > 4, a quadrature modulator can implement the modulator because
M-ary PSK signals are two-dimensional. The M-ary PSK modulator is
shown in figure (3.1), each n inputted of bits is used to control the level
generator. Where the level generator is the only difference for different
values of M. Where the level generator (vi1, Vkz) respectively provides the
| and Q channels with the particular level and sign for a signal is horizontal

and vertical coordinates [21].

2
vi(t) T=nT, :fx\ \ECOS(@CD
N

|
0sC
—
n bits of a, G'-eve't
enerator
| GV, - :‘: M-ary PSK
2 Modulated Signal
Q \
:® 2
VL T=nT, _ \E_ sin@ t)

Figure (3.1) M-ay PSK generation

3.2.4 Detection of the M -ary Phase Shift Keying

The detection of M-ary PSK shown in figure (3.2) is used to recover the

message signal out from the M-ary PSK modulated signal. One of the

25
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coherent detectors could implement that demodulator for M -ary signals.
Since an M-ary PSK signal locate has only two basis functions, the simplest
demodulator is the one that uses two correlates. Because the M-ary PSK

signal has a special characteristic [21].

( : : ) (KK+IT1)Tdt

Ch .
M- ary PSK L |0 -0 tﬁzse 9, >

- smallest .
Modulated Signal N bitsof a,

CR=Carier Recovery

Figure (3.2): M-ary PSK detection

3.3 M-ary Quadrature Amplitude Modulation (M-QAM)
Quadrature amplitude modulation is the combination of phase

shift keying and amplitude shift keying. More strictly, quadrature
amplitude modulation is a system of modulation in which data is
transferred by modulating the amplitude of two separate carrier waves,
mostly sinusoidal, which are out of phase by 90° degrees (sine and cosine).

Due to their phase difference, they are called quadrature carriers [23].
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Although the QAM is an M-ary encoding technique where M=4, in
4-QAM there are four phases are possible and one output amplitudes, this
allows for 4 combinations of 2 bits each. This means in one cycle it can
transmit 2 bits to represent the 4 states. Where M=8 the M-ary encoding
technique is 8-QAM which has four levels of phase changes and two levels
of amplitude, this allows for 8 combinations of 3 bits each. This means in
one cycle it can transmit 3 bits to represent the 8 states. For 16-QAM is an
M-ary system where M=16 which has eight levels of phase changes and
two levels of amplitude, this allows for 16 combinations of 4bits each. This
means in one cycle it can transmit 4 bits to represent the 16 states. While
32-QAM is an which  has eight phases are possible and four output
amplitudes where M=32. The input data are acted in groups of five bits.
This means in one cycle it can transmit 5 bits to represent the 32 states.
And 64-QAM is an M-ary system where M=64 which has sixteen phases
are possible and four output amplitudes. The input data are acted in groups
of six bits. This means in one cycle it can transmit 6 bits to represent the

64 states. etc.

Hence mathematical representation, parameters, generation and
detection of an M- ary QAM are described briefly in the following
subsections [25, 26].

3.3.1 Mathematical Representation

The Mathematical representation of M-ary Quadrature Amplitude

Modulation is given by
Viij (D) =A, cos(2nf. t+6;) (3.12)

k=1,2,3... Myandi=1,2,3...M, [26]
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Where
A is the signal amplitude, 6;is the signal phase, M; is the number of
possible amplitudes of the carrier, M, is the number of possible phases of

the carrier and f; is the carrier frequency.
3.3.2 M- ary QAM Parameters

M-ary QAM has several parameters but in this work it will

illustrate only the bandwidth (BW) , bandwidth efficiency (w,) bit rate ,
baud rate and Probability of error P(e) .

e The bandwidth, bit rate and bandwidth efficiency of M-ary QAM
are identical tothe bandwidth , bit rate and bandwidth efficiency of
M-ary PSK which are given in equations (3.3), (3.6)and (3.8)
respectively [27,28].

e Probability of Error

In an M-ary. QAM probability of error mathematically is given by

Pe)= L (M -1

Log,M | M jerfc(x) (3.12)

Where ( v L092 / Ep J
0

erfc(z) is the complementary error function , while M is the number
of levels

For an M-ary QAM (M= 8, 16, 32 and 64) the probability of error is
given by
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P(e)=%erf0[‘/—‘/7J P()——erf [% ]

P(e)——erfc{‘/_ N Jand P(e)— [L —J

160 31 63

For 8, 16, 32 and 64 —PSK respectively. (3.13)

3.3.3 Generation of the M-ary Quadrature Amplitude Modulation
Figure (3.3) illustrated the M-ary QAM modulator. To obtain the M-ary

QAM modulated signal a binary stream of data with bit rate ([fb :Tij
b

Is fed to the amplitude, phase selector, and evaluate different values of

Acmand Asm. The quadrature carrier signals cos(2znfct) and sin(2znfct) are
after that modulated by A.n and Asy, respectively, where Aqm and Agm are
independent integers chosen in order of message point location. Both
modulated signals are then added together to obtain a M-ary QAM (M=4,
8, 16, 32, 64 ...etc.) modulated signal.

This method of modulation has the advantage of reducing or eliminating
intermodulation interference caused by a continuous carrier near the
modulation sidebands [29,30].
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Figure (3.3): M- ary QAM generation block diagram

3.3.4 Detection of the M-ary Quadrature Amplitude Modulation

Block diagram shown in figure (3.4) is represented the M-ary QAM
demodulator, the demodulated signals corrupted with a noise signal, n (t)

Is processed in cross correlator demodulators. That n (t) is taken white
Gaussian zero mean with power spectral density is flat and equalg. With

the effect of the noise a.mand asm, are corrupted values of A and Agn. The
M- ary QAM demodulator calculates the distance between observed acm
and asm values with different symbol points and then make a decisions in

goodwill of minimum distance [31].
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Figure (3.4) M- ary QAM detection block diagram

3.4 Comparisons Between the M-ary PSK and M-Ary QAM

The main comparison between the M-ary PSK and M-ary QAM modulation

techniques are summarized in the following points: [1,32]

e Me-ary PSK - is a modulation where data bits pick one of M phase
shifted versions of the carrier to transmit the data. Thus, the M
level possible waveforms all have the same amplitude and
frequency but different phases. The signal constellations diagrams
consist of M equally spaced points on a circle While M-ary QAM -
- isa modulation where data bits pick one of M combinations of both
amplitude and phase shifts that are applied to the carrier.
The M possible waveforms may be described by M constellation
points.

e Me-ary PSK use only the phase variations. while M-ary QAM utilizes
both amplitude and phase variations to represent binary data.
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e M- ary QAM is widely used in wireless communication system in
terms of data carrying capacity, but M- ary QAM is more susceptible
to noise compare to M-ary PSK.

e The power efficiency of QAM is superior to M-ary PSK

e The bandwidth efficiency of M- ary PSK is identical to M-ary QAM.

e Referring to the figure (3.5) which illustrated bit error rate vs.
Ew/N, theoretically performances for 8, 16, 32 and 64- PSK/QAM.
It is quite clear that M-ary QAM has better BER performance then
the M-ary PSK. As an example 32-PSK has more signal energy is
needed to get a better BER than 32-QAM. Also when M-ary PSK

used w.r.t the M-ary QAM more energy is needed when the level of

modulation increases.

o 5 10 15 20 25 30
E,/N, (dB)

Figure (3.5) Bit Error Rate vs. Ey/N, using M-ary PSK and M-ary QAM
(for M=8, 16, 32 and 64)
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4.1 Introduction

Simulation technique is a software package for modeling, simulating, and analyzing
different systems. The main principle of using computer simulation is to assemble, analysis,
and practice a model of a real system, in addition to that it’s investigate their performance and
studying behavior. There are several scientific computer packages available in the market that
can be used to simulate the analogue or digital systems design, such as LabVIEW, Mathcad,
Multisim, Matlab with Simulink, ... etc. In this thesis Matlab with Simulink V.2018a is used
to simulate and investigate the performances of the effect of the adjacent and co-channel
interferences on AWGN and Rayleigh communication channels using two schemes of M- ary
digital modulation techniques which are M- ary PSK and M- ary — QAM for M=8,16, 32 and
64).

4.2 Simulation Model of Communication System with Interference Using
M- ary PSK Over AWGN and Rayleigh Channels

Referring to the basic block diagram shown in figure (2.4), which is implemented using
Simulink as shown in figure (4.1).  This simulation model includes the Transmitter,
communication channel, receiver, interference 1 and interference 2 signals. These parts are

described in the following points:
(a) Transmitter side
The transmitter side include the following blocks

= Bernoulli Binary Generator block: it generates random binary numbers using a
Bernoulli distribution

M- PSK Modulator Baseband block: it modulates an input signal using M-ary phase shift

keying (M- ary PSK) and returns a complex baseband output. The modulation order, M
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(8,16,32 and 64), which is equivalent to the number of points in the signal constellation, is
determined by the M-ary number parameter. The block accepts scalar or column vector input

signal.

Raised Cosine Transmit Filter block: it up samples and filters the input signal using a normal

raised cosine finite impulse response (FIR) filter or a square root raised cosine FIR filter.
(b) Interferences 1 and 2
These interferences include same blocks of transmitter in addition to the following blocks:

= Constant block : It generates a real or complex constant value. The block generates
scalar, vector, or matrix output, depending on the dimensionality of the constant
value parameter and the setting of the interpret vector parameters as 1-D parameter.

= Slider Gain block is used to modify a scalar gain during a simulation using a slider. The
block accepts one input and generates one output.

» Phase/Frequency Offset block: it applies phase and frequency offsets to an incoming
signal.

» Product block: it outputs the result of multiplying two inputs: two scalars, a scalar and a
non-scalar, or two non-scalars that have the same dimensions.

» dB Gain block: this block multiple the input by the decibel values specified in
the Gain parameter.

= Manual Switch: this switch block is a toggle switch that selects one of its two inputs to

pass through to the output.
(c) Communication Channel

» The Orthogonal Space-Time Block Code (OSTBC) Encoder block (Alamouti): It
encodes an input symbol sequence using orthogonal space-time block code (OSTBC). The
block maps the input symbols block-wise and concatenates the output codeword matrices

in the time domain.
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Multi Input Multi Output (MIMO) Fading Channel block: it filters an input signal using
a multi-input/multi-output (MIMO) multipath fading channel. This block models both
Rayleigh and Rician fading but in this work it uses the Rayleigh channel for two transmit

antennas and three receive antenna.

= AWGN channel block: it adds white Gaussian noise to the input (modulated) signal. It
inherits the sample time from the input signal. This block supports multichannel
processing.

= Squeeze block: this block eliminates singleton dimensions from its multidimensional
input signal. A singleton dimension is any dimension whose size is one. This squeeze

block operates only on signals whose number of dimensions is greater than two.

OSTBC Combiner block: It combines the input signal from all of the receive antennas and
the channel estimate signal to extract the soft information of the symbols that were encoded
using an OSTBC.

(d) Receiver side

The Receiver side includes the following blocks
» Raised Cosine Receive Filter block: this block filters the input signal using a normal
raised cosine FIR filter. It also down samples the filtered signal if it sets the output
mode parameter to Down sampling.

» Downsample block: it decreases the sampling rate of the input by removing samples. When
the block performs frame-based processing, it resamples the data in each column of the M;-
by-N input matrix independently. When the block performs sample-based processing, it treats
each element of the input as a separate channel and resamples each channel of the input array

across time.
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Figure (4.1) Simulation model of the communication system with two interferer using M-ary PSK (for M=8)
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= M- PSK Demodulator Baseband block: it demodulates a baseband representation of

a PSK-modulated signal. The modulation order, M (8,16, 32 and64), which is
equivalent to the

number of points in the signal constellation, is determined by the M-ary number parameter.

The block accepts scalar or column vector input signals.
An additionally to these parts of the system model it also includes another tools such as:

= Two constellation diagrams to plot the constellation diagrams of an 8,13,32 and 64
PSK modulated and the received signals.
= Sum block: this block performs addition of the three signals, original (transmitted),
interferncel and interference 2 signals.
= Goto block: this block allows to pass a signal from one block to another without
actually connecting them.
= The from block accepts a signal from a corresponding Goto block, then passes it as
output. The data type of the output is the same as that of the input from the Goto block.
= Two spectrum analyzer to measure the spectra of the transmitted and received signals/
= Error Rate Calculation block: it compares input data from a transmitter with input
data from a receiver. It computes the error rate as a running statistic, by dividing the total
number of unequal pairs of data elements by the total number of input data elements from
one source. and display block to show value of the BER, total errors and total symbols.
After implementing the communication model shown in figure (4.1). The random binary
numbers are generated using Bernoulli Binary Generator block. The data is modulated by 8-
PSK modulator; the transmitted constellation diagram is observed at the output of the 8- PSK
modulator then modulated signal is filtered using raised cosine transmit filter. The filtered
signal is mixed with the interferer 1 and interferer 2 signals respectively. The interferer 1
signal is obtained when the information binary data is mapped with 8-PSK modulator. The

filtered signal is added with the phase and frequency offset to obtain the interferer signal 1 and
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interferer signal 2 is obtained by the similar way of the interferer signal 1. Although output of
the sum is represented by the noisy signal. The original, interferer 1, interferer 2 and noisy
signals in frequency domain are observed in spectrum analyzer. After that the noisy signal is
transmitted through both AWGN and Rayleigh channels then is filtered by raised cosine
receive filter which is observed in another spectrum analyzer. The raised cosine receive filter
output is passed down sampled by sampler and received constellation diagram is observed at
the output of the down sampler. The down sampled signal is demodulated by 8-PSK
demodulator. That steps are repeated for 16, 32 and 64 — PSK.The overall simulation results

will be represented in the next section.

4.3 Simulation Results of the Communication System Model with Two
Interference Signals using M- ary PSK Over AWGN and Rayleigh Channels

After setting the simulation parameters of the communication model shown in figure (4.1)
over two different channels, AWGN and Rayleigh which include two transmit antennas and
three receive antennas (2x3 antennas). Several tests were carried out to investigate the
communication system model with two interferer signals using 8, 16, 32 and 64 - PSK over
AWGN and Rayleigh channels in terms of: bit error rate (BER) performances and power
spectra density of the transmitted signals which include the original, interferer signals 1 and 2
as well as the noisy signal and receivered signals at the output of the raised cosine receive
filter. In an addition to that the constellation diagrams of the modulated and demodulated

signals. These tests are clarified in the following subsections.
4.3.1 Bit Error Rate Performances

BER performances without and with effect of the interferer signals over AWGN and
Rayleigh channels of the communication system model shown in figure (4.1) using 8, 16, 32
and 64- PSK modulation techniques are illustrated in figures (4.2) to (4.7) respectively.
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Figure (4.2) Bit error rate vs. Ex/N, using 8, 16, 32 and 64 — PSK over AWGN channel of the
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Figure (4.4) Bit error rate vs. Ep/N, using 8, 16, 32 and 64 — PSK over AWGN channel of
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when examining the plots in figures (4.2) to (4. 7) BER performance for 8, 16, 32 and 64-
PSK modulation, over fading effect i.e. under the fading model Rayleigh as well as an open

space effect represented by AWGN channel it can be observed that:

e |t is quite clear that as the level increases the BER increases i.e. more signal energy is
needed to get a better BER that is true for all the schemes.

e It can be noted also that Rayleigh model has a better performance in terms of BER than
the AWGN channel as confirmed by figures (4.6) and (4.7) and that can be clarified in
that Rayleigh model combines both line of sight (LOS) and non-line of sight (NLOS)
transmission components and because of that some of reflections that happens to the
signal could have a positive effect and improves performance.

e Consequently, that the best value for BER is for the low level (8-PSK) modulation as

can be clearly observed i.e. less signal energy is needed to obtain a better BER.

4.3.2 Constellation diagrams and Power Spectra of the Signals

Figure (4.8) illustrates the constellation diagrams transmitted and received signals of the
communication system model shown in figure (4.1) with two interferer signals over AWGN
and Rayleigh channels using PSK levels 8,16,32 and 64, where the E,/N, is chosen to be equal
18dB since this is the signal energy at which the BER is 10 dB.

Also the the power spectra density of the transmitted signal which include the original
(8-PSK) modulated signal plus the two interferer signals and received signal at the output of
the raised cosine receive filter, which are measured using Spectrum Analyzer as shown in
figures (4.9) to (4.10) respectively for E,/N, of 18dB. The power spectra density of other PSK
levels are very similar to the 8-PSK just very view differences in the case of without and with

interferer signals.
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Figure (4.8) Constellation diagrams of the communication system model with two interferer
signals over AWGN and Rayleigh channels using 8, 16, 32 and 64 — PSK,
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Figure (4.9) Power spectrum density of the original, interferer 1 &2 and noisy signals of
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and Rayleigh channels of the communication system model Where Eb/No=18dB.
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From figures (4.8) to (4.10) it can be observed that the received constellation diagrams and
power spectra density of the receiver filtered signals obtained respectively over the two

communication channels confirm the BER achieved results shown in figures (4.2) to (47).

Although to o improve the performance of the communication system model with two
interferer signals over AWGN and Rayleigh channels when using higher level PSK

modulation, it is needed to increase Eb/No ratio, which implies more signal power is needed.
Therefore, in fading environment condition it is better to use lower level PSK (8-PSK)

modulation to improve their performance.

4.4 Simulation Model of Communication System with Interferences using
M- ary QAM Over AWGN and Rayleigh Channels

Referring to the basic block diagram illustrated in figure (2.4) it is implemented using
Simulink as shown in figure (4.11). This simulation model include the identical parts of the
communication system model shown in figure (4.2) except that the 8-PSK modulator
/demodulator replaced by the 8-QAM modulator/demodulator in the transmitter, and receiver

sides.

M- QAM Modulator Baseband block: it modulates an input signal using M-ary Quadrature
Amplitude modulation (M- ary QAM) (M=8, 16, 32 and 64) with a constellation on a
rectangular lattice. The output is a baseband representation of the modulated signal. This block
accepts a scalar or column vector input signal. For information about the data types each block

port supports.

M- QAM Demodulator Baseband block: The M- ary Rectangular QAM Demodulator
(M=8, 16, 32 and 64) Baseband block demodulates a signal that was modulated using M-ary

QAM with a constellation on a rectangular lattice.

45



Chapter Four : Modeling and Simulation of M-ary PSK and M-ary QAM Systems

4.5 Simulation Results of the Communication System Model with Two

Interference Signals using M- ary QAM Over AWGN and Rayleigh Channels

After setting the simulation parameters of the communication model shown in figure (4.11)
over the AWGN and Rayleigh channels. That Rayleigh channel include two transmit antennas
and three receive antennas (2x3 antennas). A number of tests were carried out to examine
the communication system model with two interferer signals using M-QAM (M=8, 16, 32
and 64) over AWGN and Rayleigh channels in order to evaluate system performance in terms
of . biterror rate (BER) and power spectra density of the transmitted signals which include
the original, interferer signals 1 and 2 as well as the noisy signal which is the summation of
the transmitted signals and also the power spectra density of the receivered signals at the
output of the raised cosine receive filter. In an addition to that the constellation diagrams of
the modulated and demodulated signals. These examinations are discussed in the following

subsections
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4.5.1 Bit Error Rate Performances

BER performances without and with effect of the interferer signals over AWGN and
Rayleigh channels of the communication system model shown in figure (4.11) using M-ary
QAM (M=, 16, 32 and 64) techniques are illustrated in figures (4.12) to (4.18).
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Figure (4.12) Bit error rate vs. Ex/N, using 8, 16, 32 and 64 — QAM over AWGN channel of
the communication system model without interferer signals
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Figure (4.14) Bit error rate vs. Ex/Nousing 8, 16, 32 and 64 — QAM over AWGN channel of
the communication system model with two interferer signals
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Figure (4.15) Bit error rate vs. Ex/N, using 8, 16, 32 and 64 — PSK over RayleighcChannel of
the communication system model with two interferer signals
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Figure (4.16) Bit rrror Rate vs. Ex/N, using 8, 16, 32 and 64 — QAM over AWGN and
Rayleigh channel of the communication system model without interferer signals
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Figure (4.17) Bit error rate vs. Ex/N, using 8, 16, 32 and 64 — QAM over AWGN and

Rayleigh channel of the communication system model with interferer signals

when examining the plots in figures (4.12) to (4.17). BER performance for 8, 16, 32 and 64-

QAM modulation, over AWGN and Rayleigh channels it can be observe that:

It is quite apparent that as the level of the M-ary QAM system increases the BER
Increases i.e. an extra signal energy per bit to the power noise density (E»/N,) is required
to obtain a better BER that is true for all the other schemes of modulation in use.

The Rayleigh channel has a better BER performance than the AWGN channel as
confirmed by figures (4.16) and (4.17) in the cases of without and with interferer signals
and that can be clarified in that Rayleigh channel combines line of sight (LOS) and
non-line of sight (NLOS) transmission components and because of that some of
reflections that happens to the signal could have a positive reaction and improves
performance.

Consequently, that the best value for BER is for the low level (8-QAM) modulation as

can be clearly observed i.e. less Ex/N, is required to achieve a better BER.
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4.5.2 Constellation diagrams and Power Spectra of the Signals

Figure (4.18) illustrates the constellation diagrams transmitted and received signals of the

communication system model shown in figure (4.11) with two interferer signals over

AWGN and Rayleigh channels using M-ary QAM (M=8,16,32 and 64), where the Eb/N, is

selected 18 dB for the same reasoning mentioned in section 4.3.2

Moreover, the the power spectra density of the transmitted signal which include the original
8-QAM modulated signal plus the two interferer signals and also the power spectra density
of the receivered signal at the output of the raised cosine receive filter are measured using
Spectrum Analyzer as shown in figures (4.19) to (4.20) respectively for Epn/N,. The power
spectra density of using other M-ary QAM levels are very similar to the 8-QAM with very

minor differences in the both cases of without and with interferer signals.
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Figure (4.18) Constellation diagrams of the communication system model with two
interferer signals over AWGN and Rayleigh channels using 8, 16, 32 and 64 — QAM,
En/No,=18dBWhere I is in-phase Amplitude and Q is quadrature Amplitude
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Figure (4.19) Power spectrum density of the original, interferer 1 &2 and noisy signals of
the communication system model using 8— QAM. where Eb/No=18dB.
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Figure (4.20) Power spectrum density of the received signals using 8,— QAM over AWGN
and Rayleigh channels of the communication system model where Eb/No=18dB.
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Referring to figures (4.18) to (4.20) it is observed that the received constellation diagrams and
power spectra density of the receiver filtered signals achieved respectively over the AWGN

and Rayleigh channels confirm the BER achieved results shown in figures (4.16) to (4.17).

Although to get better performance of the communication system model with two
interferer signals over AWGN and Rayleigh channels when using higher level QAM

modulation, it is needed to increase E,/N, ratio, which implies more signal power. AS a result,
in fading environment situation it is better to use lower level QAM modulation to improve

their performance.
4.6 Summery

Referring to the table (4.1) which outlines the comparison of BER performance results of both
communication systems models with two interference signals using both of the M- ary PSK
and QAM Over AWGN and Rayleigh Channels it can be deduced that:

1. For the 8 level PSK over the AWGN channel the difference in signal energy between
the case with interference and without is 0.3 dB and over the Rayleigh channel is 0.2
dB. These values are quite close to the 8-QAM level.

2. For the 16 level case, the QAM scheme is better than the PSK scheme in terms of the
difference in signal level between interference case and without interference for both
AWGN and Rayleigh channels.

3. For the 32 and 64 level schemes the difference between the PSK and QAM gets very
large.

4. In all cases the response over the Rayleigh channel is better than the AWGN channel
and this is possibly because of what is known as a positive fading.

5. Itis quite clear from the table that the QAM performance a lot better than PSK scheme
even at high level in an interference environment and hence QAM is a better choice in

such an environment over fading channel, since the largest difference in signal energy
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in an environment with an interference (Adjacent and co-channel) and without is less
than 1 dB. Hence QAM with very large bandwidth can be used in the harsh environment

with an acceptable BER ratio, which in this case is 10 dB.
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Table (4.1) Comparison between M-ary PSK and QAM used in the communication system model with two interferer
signals over the AWGN and Rayleigh channels. where the BER=10*

M-ary PSK M-ary QAM

Level AWGN Channel Rayleigh Channel AWGN Channel Rayleigh Channel
(M) Without With Without With Without With Without With
Interference Interference Interference Interference Interference Interference Interference Interference

(dB) Ep /N, (dB) Ep /N, (dB) Ep /N, (dB) Ep /N, (dB) Ep /N, (dB) Ep /Ny (dB) Ep /N, (dB) Ep /Ny

8 17.70 18.0 17.50 17.70 17.25 17.50 17.10 17.34
16 22.20 23.17 22.0 22.50 18.20 18.50 18.10 18.33
32 27.18 32.95 26.80 31.40 20.25 20.90 20.25 20.70
64 33.0 >>Ep /N, 32.70 >>Ep/Ng 22.60 24.60 22.40 23.50
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5.1 Conclusion
Referring to the achieved simulation results it can be concluded that:

e The obtained results representing the BER performances for both 8, 16, 32 and
64- PSK and QAM modulations over AWGN and Rayleigh channels indicated that
as the modulation level of implemented schemes increases the BER increases i.e.
more Ep/N, is needed to get a better BER. In addition to that Rayleigh model has a
better performance in terms of BER than the AWGN channel as confirmed by
constellation diagrams and power spectra density .

e For the 8 level PSK over the AWGN channel the difference in Ey/N, value
between the case with and without interference is 0.3 dB and over the Rayleigh
channel is 0.2 dB. These values are fairly close to the 8-QAM level.

e For the 16 level case, the 16 -QAM system is better than the 16-PSK system in
terms of the difference in signal level between with interference and without
interference for both of communication channels.

e For the higher level of both PSK and QAM i. e. 32 and 64 the difference in
signal energy level between these modulation schemes are very large.

e In all cases of using the two different M-ary modulation techniques the
response over the Rayleigh channel is better than the AWGN channel and this is
possibly because the Rayleigh model combines line of sight (LOS) and non-line of
sight (NLOS) transmission components and hence some of reflections that happens

to the signal could have a positive factor and improves performance.

o finally the best value for BER is for the low level PSK and QAM (M=8)
modulation as can be clearly observed i.e. less Ep/N, is required to get a better
BER. In addition to that the M- ary QAM scheme performance is a lot better than
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M- ary PSK scheme even at high level in an interference environment and hence

QAM is a better choice in such an environment over fading channel,
5.2 Future Work

Some aspects are suggested in this thesis for future investigation as follows:

e Analysis and simulation of the effect of more than two Interference signals on
AWGN , Rayleigh and Rician fading Channels using M-ary —PSK and M-ary QAM
Modulation for wireless communication.

e Assessment, investigation and simulation of the effect of Adjacent and Co-Channel
Interference on AWGN and Fading Channels using M-ary -PAM and M-ary DPSK
Modulation for wireless communication.
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