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ABSTRACT

Recent generation communication system has a serious
challenge of accommodating more users within limited
allocated bandwidth  without affecting the system
performance. OFDM is used to cater for increased data rate of
wireless medium with good performance. Diversity
techniques play an important role in achieving higher
performance level under imperfect channel condition. In this
paper we propose a DWT-OFDM Diversity to achieve better
performance in terms of SNR and bit error rate (BER) for SV
model based standard UWB channel. The performance of
different discrete wavelets are analyzed and compared with
FFT based OFDM. The result indicates better BER
performance in case of lower order wavelet.

Key words: BER, DWT, FFT, ISI, OFDM, SNR, SV
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1. INTRODUCTION

Orthogonal Frequency Division Multiplexing (OFDM)
constitute of combination of modulation and multiplexing
wherein independent signal that are subset of main signal are
multiplexed. The signal itself is first split into independent
channel, modulated by data and further re-multiplexed to
create OFDM carrier. As the subcarriers in OFDM are
orthogonal, it allows simultaneous transmission of multiple
sub carriers in a compact frequency space without
interference. OFDM can provide large data rates even under
channel impairment. Efficient compact spectral utilization can
be achieved in OFDM scheme with help of minimally
separated sub-carriers [3, 5]. Similarly OFDM scheme
convert a broadband frequency selective channel into parallel
flat fading narrow band sub channel.

In order to mitigate the problem of ISI (Inter symbol
interference) caused by complex multipath wireless channel a
cyclic prefix (CP) [4] is added to each symbol in OFDM
system. The cyclic prefix causes ripples in the power spectral
density of the UWB signal [2]. On the other hand wavelet
based modulation satisfies orthogonality criterion.

We can derive benefits of OFDM even when traditional
sinusoid carriers of FFT based OFDM are replaced with
suitable wavelets. Wavelet based system have better to
immunity to impulse and narrow band noises as compared to

FFT OFDM [2, 4].

In addition to this wavelet based OFDM does not require any
CP leading to increase in spectral efficiency, reduce
complexity and better symbol rate. Discrete wavelet
transform (DWT) are being considered as alternative
platforms for replacing IFFT and FFT [6, 14-15]. It utilizes
low pass filter and high pass filter, operating as Quadrature
Mirror Filters (QMF) satisfying perfect reconstruction and
ortho-normal properties. The purpose of this paper is to
demonstrate the diversity advantage provided by use of DWT
in lieu of FFT in OFDM system. DWT has been introduced as
a highly efficient and flexible method for sub-band
decomposition of signal.

Section 2 presents the traditional FFT OFDM and wavelet
OFDM whereas Section 3 describes the system and channel
model. In Section 4 simulation environment with result are
discussed. Section 5 concludes the paper

2. FFT OFDM aND WAVELET OFDM
2.1 FFT-OFDM

OFDM system is used as modulation method that divides a
given bandwidth into multiple smaller sub-bands. In time
domain, an N-point FFT OFDM system can be represented as:

1 N-1 j2mtnk/N
s[n]=\/—N Yk—o Sk € ,n=0,1,2,......N-1 (1)

Where s[n] is the discrete form of s(t), N is the number of
sub-channels, \/iﬁ is a scaling factor with n as the index of the
prevalent subcarrier. Sy is the BPSK mapped input symbol of
k™ sub-channel. The number of FFT points used is same as the
number of narrowband sub-channels over which the input
symbols are multiplexed. Each of the resulting narrowband
sub-channels is modulated by the mapped input bits. Cyclic
prefix (CP) at least equal to the length of the channel response,
L is pre-appended to each OFDM symbol to contest ISI. To
account for the CP, Equation 1 can be expressed as [7]:

j2nnk/N

S[n]=\/iﬁ YR=3 Sk e N<n<N—-1 (2
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In Equation 2, Ny denotes the length of CP pre-appended to
every OFDM symbol.

2.2. Wavelet - OFDM

The discrete wavelet transform (DWT) can be used to study
multicarrier systems as in [9]. It represents signals in
time-frequency domain such that the signal exists neither
purely in frequency domain nor purely in time domain. For a
mapped input symbol Sy to be transformed by the DWT, the
time domain output can be realized from [10];

S[n] = Zk Z%;%) Sk,n (pm,n (t) (3)

where Sy,, represents the ni symbol which modulates the
m""-waveform of the k™-constellation. gn.q(t) represents the
complex orthogonal DWT basis function similar to the
traditional OFDM as:

_(1 n=m
Pmin = {O elsewhere “)
where m and n are scales and shifts respectively. If n is the
index of each discrete wavelet symbol s[n] of the continuous
time symbol s(t), then the wavelet transform is defined as
[11]:

Yya(t) = e ()

Now, let a continuous wavelet function is expressed as:
1 t—a
Viea(t) = 2V () (6)

where k and a are the scaling and shifting parameters
respectively and ¥ ()is called the mother wavelet. Then, from
Equations 5 and 6 the resulting continuous transform can be
represented as:

(t-1)?

| s(e) (7)

Sewr (T, k) = %fj‘; exp [in

Equation 7 has the advantage of time and frequency
diversities unlike the FFT transform that has only frequency
diversity advantage. In fact, it has been explored that
orthogonal wavelet-based OFDM is more robust to ICI and
ISI problems than the FFT-based OFDM [1, 12-13]. Absence
of CP in wavelet OFDM unlike that in FFT OFDM, provides
for additional 25% spectral efficiency.

3. SYSTEM AND CHANNEL MODEL
3.1 FFT OFDM model

The OFDM system model described below is utilized for both
FFT-OFDM and DWT-OFDM. The input binary data is
generated randomly as bit stream b. It is processed using
BPSK modulator to map the input data into symbols X,
These symbols are now passed through IFFT block to perform

10

IFFT operation to generate N parallel data streams. Its output
in discrete time domain is given by [5],

j2nni

1 — . Elmih
Xty = \/—NZ?’:ole(l)e( ) (8)

The cyclic prefix is now appended to transformed output (Xy).
The cyclic prefix (CP) is added before transmission, to
moderate ISI effect. This OFDM symbol is passed through
standard UWB channel. At the receiver, the reverse operation
is carried out to obtain the original data back. The CP is
removed and processed in the FFT block and finally passed
through demodulator for data recovery. The output of the FFT
in frequency domain is given by,

— y'N-1 (L2t
Ym(i) - Zn:O Yk(n)e N (9)
3.2 DWT OFDM Model

In DWT OFDM, at the transmitter the input data b maps on to
BPSK modulator, thereby converting data by into symbols
Xmgy- Each Xng) is first converted to serial representation
having a vector XX which will next be transposed into CA.
Then, the signal is up-sampled (zero padding) and filtered by
the LPF coefficients or approximated coefficients. Since our
aim is to have low frequency signals, the modulated signals
XX perform circular convolution with LPF filter whereas the
HPF filter also perform the convolution with zeroes padding
signals CD respectively. Note that the HPF filter contains
detailed coefficients or wavelet coefficients. This data is given
as an input to IDWT block wherein a particular wavelet is
chosen for simulation. At the receiver, DWT and PSK
demodulator (BPSK) are used to recover back the data [5].

3.3 Channel Model

The SV model distinguishes between “cluster arrival rates”
and “ray arrival rates”. The first cluster starts by definition at
time t=0, and the following rays are arriving with a rate given
by a Poisson process with rate L. The power of those rays
decays exponentially with increasing delay from the first ray.
The “cluster arrival rate”, which is smaller than the ray arrival
rate, in turn determines when the next cluster has its origin.
The rays within that cluster are again a Poisson process with
rate A[16].

Mathematically, the impulse response is described as

L K
RO =X ) > ok, 8(t=T — k)

=0 k=0

where

. {oc;'d } are the multipath gain coefficients,

o {T} }isthe delay of the I" cluster,

. {Tlic,l } is the delay of the k'™ multipath component relative
to the 1" cluster arrival time (T} ),

o {Xi} represents the log-normal shadowing, and i refers to
the i"" realization.
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Defining

o T,=the arrival time of the first path of the I-th cluster;

o 7, = the delay of the k-the path within the I-th cluster
relative to the first path arrival time, T,;

e A= cluster arrival rate;

e )=ray arrival rate, i.e., the arrival rate of path within each
cluster.

By definition, Ty, = 0. The distribution of cluster arrival time
and the ray arrival time are given by

P (T[Ti) = A exp[-A (T -Tw)], >0

P (tkilt @na) = A exp[-A (ki -Tpa)l, k>0

The channel coefficients are defined as a product of
small-scale and large-scale fading coefficients,

i.e, Ou,=P«, al Bk,l,

The behavior of the (averaged) power delay profile is

E[|§| B k 1 |2]=Qo e_Tl/l" e_Tk’l/y

which reflects the exponential decay of each cluster, as well as
the decay of the total cluster power with delay.

In the above equations, &, reflects the fading associated with

the I™ cluster, and [3 ., corresponds to the fading associated
with the k" ray of the I"" cluster.

Finally, since the log-normal shadowing of the total multipath
energy is captured by the term, X; , the total energy contained
in the terms { oc;'d} is normalized to unity for each realization.
This shadowing term is characterized by the following:

20log10(X;) «Normal(0, ).

4. SIMULATION ENVIRONMENT, RESULT AND
DISCUSSION

Following UWB channels parameters were consider for
performance analysis.

Channel Type | Cluster | Ray Cluster Ray
arrival arrival decay decay
rate rate factor factor

CM1 (LOS) 0.0233 2.5 7.1 4.3

CM2 (NLOS) 0.4 0.5 5.5 6.7

CM3 (NLOS) | 0.0667 2.1 14.0 7.9

CM4 (25ns 0.0667 2.1 24.0 12.0

RMS delay

spread bad

multipath)

OFDM with 128 subcarriers and 256 subcarriers are being
considered in simulation [8]. Simulation has been carried out
for 54 wavelet namely Haar, dbl to db 10, sym 1 to sym 8,
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coif 1 to coif 5, bio-orthogonal family and reverse
bio-orthogonal family.

Channel Type SD of SD for | SD for Ray
impulse cluster | fading
response fading

CM1 (LOS) 3.0 1.414 1.414
CM2 (NLOS) 3.0 1.414 1.414
CM3 (NLOS) 3.0 1.414 1.414
CM4 (25 ns RMS 3.0 1.414 1.414
delay spread bad

multipath)

=
Figure(a.1):DWT-OFDM(128) forEhS/NvEModel std. UWB Chaanel CM1

10°

0 10 20 EY ) 50 60 o £ %0 100
EbiNo in dB

Figure(a.2):DWT-OFDM(128) for SV Model std. UWB Chaanel CM1

o DWT based BPSK OFDM 802-15-3a using Modified SV Model(CM1)
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Figure(a.3):DWT-OFDM(128) for SV Model std. UWB Chaanel CM1
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DWT based BPSK OFDM 802-15:3a using Modified SV Model(CM2)
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Flgure(b 1):DWT- OFDM(128) for SV Model std. UWB Chaanel CM2

DWT based BPSK OFDM 802-15:3a using Modified SV Model(CM2)
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Flgure(b 2): DWT OFDM(128) for SV Model std. UWB Chaanel CM2
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Figure(c.2):DWT-OFDM(128) for SV Model std. UWB Chaanel CM3
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DWT based BPSK OFDM 802-15:3a using Modified SV Model(CM3)
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Figure(c.3):DWT-OFDM(128) for SV Model std. UWB Chaanel CM3

DWT based BPSK OFDM 802-15-3a using Modiied SV Modei(CM4)
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Figure(d.1): DWT -OFDM(128) for SV Model std. UWB Chaanel CM4
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Figure(d.2):DWT-OFDM(128) for SV Model std. UWB Chaanel CM4

DWT based BPSK OFDM 802-15-3a using Modified SV Model(Ch4)
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Flgure(d 3):DWT- OFDM(128) for SV Model std. UWB Chaanel CM4

DWT based BPSK OFDM 802-15:3a using Modified SV Model (CM1)
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Figure(e.1):DWT-OFDM(256) for SV Model std. UWB Chaanel CM1
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Figure(e.3):DWT-OFDM(256) for SV Model std. UWB Chaanel CM1
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Figure(f.1):DWT-OFDM(256) for SV Model std. UWB Chaanel CM2
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Figure(f.2):DWT-OFDM(256) for SV Model std. UWB Chaanel CM2

. DWT based BPSK OFDM 802-15-3a using Modified SV Model(CM2)
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Figure(f.3):DWT-OFDM(256) for SV Model std. UWB Chaanel CM2
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DWT based BPSK OFDM 8025, odified SV Model(CM3)
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Flgure(g 2):DWT-OFDM(256) for SV Model std. UWB Chaanel CM3
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Figure(h.1):DWT-OFDM(256) for SV Model std. UWB Chaanel CM4
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Figure(h.2):DWT-OFDM(256) for SV Model std. UWB Chaanel CM4
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OFDM 80215 3a using Modified SV Model(CM4)

Figure(h.3):DWT-OFDM(256) for SV Model std. UWB Chaanel CM4
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Figure (i.1): FFT-OFDM(128) for SV Model std UWB Channel

1 SV standard UWE Channel Model

Figure (i.2): FFT-OFDM (256) for SV Model std UWB Channel
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Figure a.1 to figure d.3 show the BER performance for
different wavelets over different channels for DWT-OFDM
with 128 sub-carriers. Figure e.1 to figure h.3 show the BER
performance for different wavelets over different channels for
DWT-OFDM with 256 sub-carriers. Figure i.1 and figure i.2
show the BER performance for FFT-OFDM. Simulation
results indicate that lower order wavelets like Haar, dbl,
sym1, biorl.1 and rbiorl.1 show good performances for all
channel models. The results for other wavelet types do not
indicate appreciable improved performance but exhibit much
better performance as compared to FFT OFDM. Similarly the
performance for OFDM with 128 subcarriers and 256
subcarriers is more or less similar. The results indicate good
BER performance for Eb/No (SNR) above 60 dB.

5. CONCLUSION

This paper, presents an effective implementation of DWT
OFDM diversity and its comparison with FFT OFDM.
Wavelet based analysis is more immune to impulse and
narrow band noise as compared to Fourier based OFDM
resulting in improved spectral efficiency. Results reveal that
DWT OFDM has robust ability to repel inter carrier
interference and noise. Wavelet provides advantage of time
and frequency diversities unlike FFT and hence suitable for
fast fading UWB channels.
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