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Abstract— Fading is caused by reflection, diffraction
and scattering of transmitted signal so that mudtip
copies of the signal with varying delays can besiesd

at the receiver with different phases.

We have evaluated the performance of transmission
modes by calculating the probability of Bit Erroate
(BER) versus the Signal Noise Ratio (SNR) under the
various wireless channel models i.e. Gaussian, &gly)
Rician and Nakagami. We consider the data moduiatio
and data rate to analyze the performance that iRBE.
SNR. We also consider multipath received signate T
simulation results had shown the performance of
transmission modes under different fading channel
models. Based on simulation results, we observatl th
some transmission modes are not efficient for aligit
communication.
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l. INTRODUCTION
The performance of wireless communication devices
needs to be evaluated by considering the transmnissi
characteristics, wireless channel parameters anitale
structure. Also, performance of data transmissioBro
wireless channels is well captured by observingrthe
BER, which is a function of SNR at the receiverv&al
models have been proposed and investigated tolatdcu
SNR. All such models are function of the distance
between the transmitter and the receiver, the fugh
exponent and the channel gain. Several probability
distributed functions are available to model a tvaeiant
parameter i.e. channel gain. We have presentedotire
important and frequently used distributions in thaper.
Those are Gaussian, Rayleigh and Rician and Nakagam
models. The signal is detected and decoded by singlo
several replicas of the received signal. So, wesicken
multilink receiver structure.
As per IEEE 802.11 standard, each communicatioicdev
should use a wireless transmission technique among
Orthogonal Frequency Division Multiplexing (OFDM),

Direct Sequence Spread Spectrum (DSSS), Frequency
Hopping Spread Spectrum (FHSS).

1.1 WIRELESS CHANNEL MODELING
Wireless communication is one of the most actieasiof
technology development and has become an ever-more
important part of our everyday life. Hence,simulatiof
wireless channels accurately is very important tfoe
design and performance evaluation of wireless
communication systems and components. Fading er los
of signals is a phenomenon that related to the ldfise
Communications Field. This leads us to the fadirmglefs
describing the fading patterns in different enviremts
and conditions. As no model can perfectly descebe
environment, they strive to obtain as much preniss
possible. The better a model can describe a fading
environment, the better can it be compensated ottier
signals. Hence, on the receiving end, the signalrier
free or at least close to being error free. Oumnudject
in the paper is to compare all the parameters aR,BE
Power delay profile, outage capacity and distortion
Important issue is in wireless application develepinis
the selection of fading models.

1.2 FADING AND MULTIPATH

Fading refers to the distortion that a carrier-mathd
telecommunication signal experiences over certain
propagation media. In wireless systems, fadinguis t
multipath propagation and is sometimes referredago
multipath induced fading. To understand fading,isit
essential to understand multipath. In wireless
telecommunications, multipath is the propagation
phenomenon that results in radio signals' reacliireg
receiving antenna by two or more paths. Variouss€au
of multipath include atmospheric ducting, reflentimom
terrestrial objects, such as mountains and buikjing
ionosphere reflection and refraction. These propaga
mechanisms are responsible for multipath propagatio
which includes constructive and destructive intenfee,
and phase shifting of the signal. This distortidrsignals
caused by multipath is known as fading. In otherdsq
multipath occurs when there is more than one path
available for radio signal propagation. The phenoome
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of reflection, diffraction and scattering all givese to
additional radio propagation paths beyond the til€0S
path between the radio transmitter and receiver.
1.2.1 FADING CHANNELS
A Fading Channel is known as communications channel
which has to face different fading phenomenon dyrin
signal transmission. In real world environment, thdio
propagation effects combine together and multipiath
generated by these fading channels. Due to multiple
signal propagation paths, multiple signals willrbeeived
by receiver and the actual received signal levethis
vector sum of the all signals. These signals apnging
from any direction or angle of arrival. In multipatsome
signals aid the direct path and some others subtrac
1.2.2 CAUSES OF FADING
Fading is caused by many factors which are asvstio
A. Doppler Shift
When a mobile is moving at a constant velocityanal a
path, v is the velocity of the source, f' is the observed
frequency and f is the emitted frequency. All thesens
will be related by the following equation:
1 v

f - (vivs)f

)
From the above equation, the detected frequency
increases for objects moving towards the observer a
decreases when the source moves away. This
phenomenon is known as the Doppler Effect [6].
B. Reflection
When a propagating electromagnetic wave impinges on
object which has generated large dimensions wagthe
when compared to wavelength of the propagating wave
then Reflection will occurred. Actually we know thi&
the plane wave is incident on a perfect dieleciart of
the energy is transmitted and part of the energy is
reflected back into the medium. If the medium eafect
conductor, all the energy is reflected back. Réibes
occur from the surface of the earth and from boddi
and walls. In practice, not only metallic materiatuse
reflections, but dielectrics also cause this phesroon
[5].
C. Diffraction
The sharp irregularities (edges) of a surface betwe
transmitter and receiver and obstructs the radib freen
diffraction will occurred. The bending waves arouhe
obstacle, even when a Line of Sight does not exist
between transmitter and receiver the secondary svave
will be spread over the space. Diffraction looKselia
reflection at high frequencies depends on the aotsj
phase and polarization of the incident wave andrggry
of the object at the point of diffraction.
D. Scattering

The wave travels through the medium consists oflema
dimension objects compared to the wavelength and
having larger volumes of obstacles per unit voluthen
scattering will occurred. Due to rough surfacesalsm
objects and irregularities in the channel scattevestes
are produced. In practice, in mobile communications
electrical poles and street signs etc. inducedesoay [8]

in communication.

1.2.3 TYPES OF FADING

According to the effect of multipath, there are ttypes

of fading

a) Large Scale Fading:In this type of fading, the
received signal power varies gradually due to
signal attenuation determined by the geometry of
the path profile.

b) Small Scale Fading:If the signal moves over a
distance in the order of wavelength, in small scale
fading leads to rapid fluctuation of the phase and
amplitude of the signal.

There are two types of fading according to the abffef
Doppler Spread.

a) Slow fading: When the coherence time of the
channel is large relative to the delay constraint o
the channel then slow fading will occurred. The
amplitude and phase change imposed by the
channel can be considered roughly constant over
the period of use. The event such as shadowing,
where a large obstruction as hill or large building
obscures the main signal path between the
transmitter and the receiver, causes the slow
fading.

b) Fast fading: When the coherence time of the
channel is small relative to the delay constraint o
the channel causes the fast fading. The amplitude
and phase change imposed by the channel varies
considerably over the period of use.

1.2.4 TYPES OF SMALL SCALE FADING

There are many models that describe the phenomaion
small scale fading. Out of these models, Rayleagtirfg,
Ricean fading, AWGN and Nakagami fading models are
most widely used.

a) Rayleigh fading model: The Rayleigh fading is
primarily caused by multipath reception [8]. Raglei
fading is a statistical model for the effect ofragagation
environment on a radio signal. It is a reasonalsdehfor
troposphere and ionosphetesignal propagation as well
as the effect of heavily built-up urban environnsenh
radio signals. Rayleigh fading [11] is most apgiiea
when there is no line of sight between the trarteménd
receiver.

b) Ricean fading model: The Ricean fading model [8] is
similar to the Rayleigh fading model, except that i
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Ricean fading, a strong dominant component is ptese
This dominant component is a stationary signal end
commonly known as the LOS (Line of Sight Component)
c) Additive White Gaussian Noise Model: It is the
simplest radio communication environment in which a
wireless communications system or a local positigni
system or proximity detector based on Time of-Hiill
have to operate is the Additive-White Gaussian &lois
(AWGN) [6] environment. AWGN is the commonly
used to transmit signal while signals travel frohe t
channel and simulate background noise of chanre. T
mathematical expression in received signal is -
r(t) = s(t) + n(t) )
that passed through the AWGN channel where s(t) is
transmitted signal and n(t) is background noise.

Channel
o

Fig. 1 Block Diagram of AWGN Channel

Transnmtted
Signals s(t)

Received Signals
r{t=s(trnlt)

- o
L %

An AWGN channel adds white Gaussian noise to tgeadithat
passes through it. It is the basic communicatioanakel
model and used as a standard channel model.
transmitted signal gets disturbed by a simple addit
white Gaussian noise process.
d) Nakagami Channel: The Nakagami-m distribution
has gained a lot of attention due to its abilityrtodel a
wider class of fading channel conditions and towféll
the empirical data. It has gained a lot of attemiio the
modeling of physical fading radio channels. Nakaigam
is more flexible and it can model fading conditifvsom
worst to moderate.
1.3 MODULATION

The easiest way to send the low frequency audioasig
over long distance is to change a transmittabl@asig
according to the information in the message sighhis
alteration is called modulation, and it is the mlatkd
signal that is transmitted. The receiver then recethe
original signal through a process called demodutati
Modulation techniques are expected to have thregip®
properties:

* Good Bit Error Rate PerformanceModulation

schemes should achieve low bit error rate in the

The

presence of fading, Doppler spread, interference
and thermal noise.

e Spectral Efficiency The modulated signals
power spectral density should have a narrow
main lobe and fast roll-off of side lobes. Spectral
efficiency is measured in units of bit /sec/Hz.

» Power Efficiency saving of Power is one of the
critical design challenges in portable and mobile
applications. Nonlinear amplifiers are usually
used to increase power efficiency. However,
nonlinearity may degrade the bit error rate
performance of some modulation schemes.
Constant envelope modulation techniques are
used to prevent the re growth of spectral side
lobes during nonlinear amplification

1.3.1 DIGITAL MODULATION

As compared to Analog modulation, Digital modulatio
schemes transform digital signals into wavefornt tra
compatible with properties of the communications
channel. One process uses a constant amplitudiercar
and the other carries the information in phase or
frequency variations (FSK, PSK). A major transitin
from the simple amplitude modulation (AM) and
frequency modulation (FM) to digital techniques Isus
Quadrature Phase Shift Keying (QPSK), Frequencit Shi
Keying (FSK), Minimum Shift Keying (MSK) and
Quadrate Amplitude Modulation (QAM). In this paper,
we have simulate the BER using various modulation
technique.

A. Quadrature Amplitude Modulation:

Quadrature Amplitude Modulation (QAM) is a method
for transmitting two separate channels of infoiorat
using a single carrier.

QAM is both an analog and a digital modulation sche

It conveys two analog message signals by modulatiimey
amplitudes of two carrier waves, using the ampétstift
keying (ASK) digital modulation scheme or amplitude
modulation (AM) analog modulation scheme.

64-QAM is same as 16-QAM except it is 64 possible
signal combinations with each symbol representbsix
(26 =64). 64- QAM is a complex modulation technique
but gives high efficiency. This digital frequency
modulation technique is primarily used for senddsa
downstream over a coaxial cable network. It is very
efficient, can support up to 28-mbps peak datasfean
rates over a single 6-MHz channel. It's suscefijbib
interfering signals makes it ill suited to noisystpgam
transmissions.
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Fig. 2 Constellation Diagram for 64-QAM

1.3.2 BIT ERROR RATE (BER)

The BER, or quality of the digital link, is calctga from
the number of bits received in error divided by the
number of bits transmitted.

BER= (Bits in Error) / (Total bits received) B

In digital transmission, the number of bit errossthe
number of received bits of a data stream over a
communication channel that has been altered doeise,
interference, distortion or bit synchronizationoes: The
BER is the number of bit errors divided by the kota
number of transferred bits during a particular time
interval. BER is a unit less performance measuft&no
expressed as a percentage. We can sense theobitater
(BER) of existing link and implement modulation t
data rate and apply Forward Error Correction (FEC),
which is used to set the BER as low error ratedata
applications. BER measurement is the number céripdr

or destroys within a second during transmittingrfro
transmitter to receiver. Enviourment noise may ciftae
BER performance. Quantization errors also reduc& BE
performance, through incorrect or ambiguous
reconstruction of the digital waveform. The accyra€
the modulation process and the effects of therfilg on
signal and noise bandwidth also effect quantizagioars.
BER can also be defined in terms of the probability
error (POE) and represented in Eq. (4).

POE = (1 — erf){/Eb/No @)

Where erf is the error function, S the energy in one bit
and N is the noise power spectral density (noise power i
a 1Hz bandwidth).

The error function is different for the each oé tharious
modulation methods. The POE is a proportional JiNg
which is a form of signal-to-noise ratio. The enepgr
bit, E,, can be determined by dividing the carrier power
by the bit rate. As an energy measurghgs the unit of
joules. N is in power that is joules per second, sgNg

is a dimensionless term, or is a numerical ratio.

1.3.3 SIGNAL TO NOISE RATIO (SNR)

SNR is the ratio of the received signal strengterahe
noise strength in the frequency range of the ojmeratt

is an important parameter of the physical layetaal
Area Wireless Network (LAWN). Noise strength, in
general, can include the noise in the environmemt a
other unwanted signals (interference). BER is igehr
related to SNR, that is high BER causes low SNRyhHi
BER causes increases packet loss, increase in dethy
decreases throughput. The exact relation between th
SNR and the BER is not easy to determine in theimul
channel environment. Signal to noise ratio (SNRaris
indicator commonly used to evaluate the quality aof
communication link and measured in decibels and
represented by Eq. (5).

SNR =10 logo(Signal Power / Noise Power) dB (5)
1.34 EyNg

Energy per bit to Noise power spectral density
ratio(Eb/NO) is an important parameter in digital

communication or data transmission. It is a norpedi
signal to- noise ratio (SNR) measure, also knowihas
"SNR per bit". It is especially useful when comparthe

bit error rate (BER) performance of different didit
modulation schemes without taking bandwidth into
account. Eb/NO is equal to the SNR divided by the
"gross" link spectral efficiency in (bit/s)/Hz, wfeethe
bits in this context are transmitted data bits|usive of
error correction information and other protocol head.
When forward error correction (FEC) is being disad
Eb/NO is routinely used to refer to the energy per
information bit (i.e. the energy per bit net of FEC
overhead bits); in this context, ES/NO is generalied to
relate actual transmitted power to noise.

Il SIMULATION RESULT

In this paper, we have simulated and analyzed aheapt

of fading by the approach available in MATLAB. The
results obtained from the MATLAB simulations are
discussed in this section.. It is necessary tocegplivhat
happens to the signal as it travels from the tratainto
the receiver. Then it is very easy to understang th
concepts in wireless communications. As explained
earlier, one of the important aspects of the pathwben
the transmitter and receiver is the occurrenceadfnf.
MATLAB provides a simple and easy way to demonstrat
fading taking place in wireless systems.

The different fading models and MATLAB based
simulation approaches will now be described.

TABLE 1 — Parameters used for Matlab simulation
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S. Parameter Values
NO.
1. Modulation B-PSK, BFSK, Q-PSK,
Scheme 4-QAM, 8-PSK, & 16-
PSK
2. Nakagami 1, 2, 2.28, 3,
parameter(m) 3.77, 4, 5 and
9
3. | Rayleigh When k=0 in rician
and m=1 in nakagami

TABLE 2 - BER iMWGN, Rayleigh and Rician fadi
channels in 64QAM modulation scher

. ER 1 BER i ) .
/N, | PERMD ™ | BER in Rician
AWGN Rayleigh
-5:0 0.0935 0.0905 0.1094
0-5 0.0948 0.0935 0.0991
510 0.0763 0.0769 0.0742
10: 15 0.0431 0.046 0.025728
15: 20 0.0168 0.02 0.000772
20:25 0.0056 0.0072 0.0000000263
0.12 == AWGN
0.1 . == Rayleigh—
0.08 — Rician
o y
E 0.06
- 0.04
0.02
D T T T 1
5:0 0:5 5:10 10:15
Ev/ No

Fig. 3Comparative Study of AWGN, Rayleigh and Ri
in 64-QAM Modulation Schen

0'E —— N=4
E - N=3
N=2
o Simulation \
105.|.1.|.1.'.l~.<‘.n.
-5 1] 5 10 15 20 25 30 35 40
Average SNR per Bit (dB)

Average Bit Error Probability (ABEP)

Fig. 4 Error performance oN-Nakagami channel using
BPSK modulation techniqt

Bit Errar Prabability

Rician Fading, k=0 @
& +  Nakagami-m fading, m=1 ;
it P K3 DX
*  Makagami-rm fading, m=2.2857 ‘o : %
--------- Rician Fading, K=5 v B
O Makagarni-r fading, m=3.7692 :
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Fig. 5 Performance of Rayleigh and Riciarakagami
under BPSK Modulation Sche

Figure 5 indicates the performance of Rayleigh
Rician ,Nakagami under BPSK Modulation Sche
Rayleigh fading channel corresponds to K=0 in Ri
and m=1 in nakagami fadirchannel. It is represented by
solid line in Fig. 5.

We know that , the relationship between the Ricgating
factor ‘K’ and the Nakagar-m fading factor ‘m’ is given
by-

m’-m _ K+2K+1

m—wlrnz—m’m_ 2K +1 (6)

It has been observed thperformance of the system
better in case ofNakagami faing channel as compare!
other fading channel under BPSK and in other mduud:
schemes .

k =
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. CONCLUSION
From the simulation results, the Bit Error Rate [BBf a
digital communication system is an important figufe
merit which used to quantify the integrity of data
transmitted through the communication system. By
implementing the different modulation techniquese t
criterion is comparison of the variation of BER for
different SNR. It is observed that the BER is miaim
for AWGN and maximum for Rayleigh and Rician fading
channel. For Rician it is found that the BER issl¢han
AWGN and Rayleigh for QAM. For higher values of Eb
NO, the BER is decreasing in all the fading chasirfiet
different modulation schemes. The decay in Averaige
error probability with respect to average S/N natier bit
for different value of N statically independent dam
variables for BPSK modulation.
Furthermore, at higher M-PSK schemes, more carrier
power is needed to modulate the signal in ordegite
low error performance; and in order to maintain ¢neor
performance of a scheme,the carrier power must be
increased.
Here we can observe that Nakagami fading performanc
is better in comparison with other fading channels.
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