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ABSTRACT

In this paper I proposed a model for COFDM (coded orthogonal frequency division
multiplexing) based on OFDM structure with TCM coding block and with Higher constellation
modulation schemes (BPSK, QPSK, 16-QAM, QASK)

Computer simulation models with Matlab system for performance assessment over the effects of
channel like noise (AWGN) and multi-path fading channel such as (Rayleigh distribution)

As a result these models of proposed COFDM have better gains in dB at the receiver output
under ideal and Rayleigh fading channel and some features like high data rate up to 20MHz at
carrier frequency 1GHz, robust to channel propagation effects, increasing resistance to types of
interferences, and provide the security by hid the signal from eavesdropper.

These features make the proposed model more suitable to use with wireless communication for
4G (fourth generation) digital mobile communication.

Keywords: COFDM (coded orthogonal frequency division multiplexing), TCM (Trellis coded
modulation, BPSK (binary phase shift keying).
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INTRODUCTION

As wireless communications have experienced great success and are widely used everywhere,
the demands for good quality and variety of service have increased. To fulfill these desires
development for high speed wireless communication systems has been investigated. One successful
approach to an achieving reliable and efficient high speed data transmission scheme is OFDM
(Jonghyun,2003).

Orthogonal Frequency Division Multiplexing (OFDM) was discovered by chang in his
pioneering paper in 1966. The basic idea is that dispersive transmission media can be rendered
nondispersive, if the transmission channel is subdivided in a high number of parallel, low-rate,
nondispersive channels.

Multiple Access (MA) scheme for 4G must also be low complexity, robust against several
wireless channel and resilient to interference. Thus, OFDM stands a good chance to become the
prime technology for 4G .Pure OFDM or Hybrid OFDM will be most likely the choice for physical
layer multiple access technique in the future generation of telecommunications systems
(Anibal,2000).

OFDM is a method of digital modulation in which a signal is split into several narrowband
channels at different frequencies and it has been widely used in broadcast systems. It is being used
for digital audio broadcasting (DAB) and for digital video broadcasting (DVB) in Europe and
Australia(Sheungl,2005). It was selected for these systems primarily because of its high spectral
efficiency and multipath tolerance Signals are orthogonal if they are mutually independent of each
other. Orthogonally is a property that allows multiple information signals to be transmitted perfectly
over a common channel and detected, without interference. Loss of orthogonally results in blurring
between these information signals and degradation in communications(Georgios,2005). Many
common multiplexing schemes are inherently orthogonal. Time division multiplexing (TDM)
allows transmission of multiple information signals over a single source is transmitted preventing
any interference between the multiple information sources. In the frequency domain most FDM
system are orthogonal as each of the separate transmission signals are well spaced out in frequency
preventing interference (Aero et al 2003).

Although these methods are orthogonal the term OFDM has been reserved for a special form
of FDM and the subcarriers in an OFDM signal are spaced as close as is theoretically possible while
maintain orthogonally between them and OFDM can be easily generated orthogonally by using an
Inverse Fast Fourier Transform (IFFT) and received using a Fast Fourier Transform (FFT). Fig.(1)
shown the orthogonally between OFDM carriers(Kihira,2007).
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Principles of OFDM

An OFDM signal is the result of the addition of several subcarriers that are modulated by
means of phase shift keying (PSK) or quadrature amplitude modulation (QAM).Fig (2) illustrate
OFDM transmitter, and if we have a (K) complex symbols modulated in QAM or PSK.

From figure above, with input sequence (a[k]), where 0<k<N-1, the frequency spacing Af between
the different sub-carriers and the symbol interval T, the transmitted can be expressed as:

N-1
x(t) = Z a[k]h, (1)

k=0

N-1 OStSTu (1)
x[n] — a[k] ei2mkaft

=0

If the signal is sampled at rate of T,,/N then we can rewrite the equation (1) as:

N @
X[n] = K(% T“) = Z a[k]Ej:“kﬁfTu M
k=0
N-1
x[n] — a[k] EiE nnk,/N (3)

After taking inverse Fourier transform (IDFT) for the symbols, the encoded data can be
expressed as: (Georgios,2005).

X[n] = N.IDFT {a[k]}
1 N-1
xnl=— alk] ei2mmk/N  1n=0,1,....,N-1 4)
[n] m; K]

To immunity from multipath, OFDM used Cyclic Prefix (CP). The CP is a copy of the last
Npre symbols.The CP makes the transmitted signal periodic with period N. We can express the
encoded data with a cyclic prefix as: (Moray,2008).

X(n) = X(n+N) , n=-Npre,........,-1 (5)

At the receiver the Fourier transform (DFT) as shown in Fig. (3) implement to find the approximate
signal a[k]. Then can be expressed as: (Leonardo et al 2008).

a[k] = DFT {X[n]}

— a[k] (6)
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The equation (6) above is defined as (Laith,2006) :
There are two most important features of the OFDM technique, which are different from the
traditional FDM systems.
1) Each sub-carrier has different center frequency. These frequencies are chosen so that the
following integral over a symbol period is satisfied :

. , 7
’.a,,,ei“'*"’ﬂlef“'l‘ di=0 ,m=1 @)

The sub-carrier signals in an OFDM system are mathematically orthogonal to each other.

2) IDFT and DFT function can be exploited to realize the OFDM modulation and demodulation
instead of the filter banks in the transmitter and receiver to lower the system implementation
complexity and cost. This feature is attractive for practical use.

The IFFT and FFT algorithms can be used to calculate the IDFT and DFT
efficiently. IFFT and FFT are used to realize the OFDM modulation and demodulation to reduce
the system implementation complexity and to improve the system running speed (Laith,2006).

SYSTEM MODEL

In this paper the proposed computer model of COFDM is simulated by using MATLAB
program to allow various parameters of these systems to be varied and tested. COFDM is
essentially a new method of transmitting high data rate digital signals over 4G mobile
communication systems that means the bandwidth would be much wider (100 MHz) and data
would be transferred at much higher rates up to 1GHz and it’s a robust technique in fading
environment [Fernando et al 1998]. Fig.(4) shows the transceiver structure used for COFDM
model. After generate data the Encoder is placed at the first stage and used TCM code .

Trellis — coded modulation (TCM)

Trellis coded modulation TCM is amalgamation of coding and modulation that provides a
coding gain of 3 to 6 dB without the additional bandwidth necessary for the redundant coding
symbols. This was an important innovation that was quickly adopted in many areas of wireless
communications.

TCM uses a rate k/n convolutional encoder and directly maps those points onto a set of signal
constellation points using a technique called mapping by set partitioning (Harry,2006).

Serial To Parallel Converter And Digital Modulator

The output serial bit stream {(b;), which b= %1 and /=0, 1, 2, with bit duration T, seconds} is
converted to parallel bit stream into blocks of N bit which represented as:

C (k)

Where £=0,1,2,.... And p=0,1,2... N-1 the N denotes the number of carriers and
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=+1.And then sent the parallel bit stream to the digital modulator that outputs a complex
number which represented as (Imran et al 2006).

Cripy = €OS(B, ,, + jSIN(6;,) (8)

Cup = CiupTh+ Th ) Cyp+ 0 ©)
gul

Where % defines the PSK mapper and © represents to the initial mapping point that is
assumed to be zero. The modulator could be BPSK, QPSK, 16-PSK, 16-AM, and QASK.

IFFT Block

The output signal sent to Inverse Fast Fourier Transform (IFFT) block which applied those
results in orthogonal signals on the sub channels. The modulated by orthogonal carrier and finally
summed to give the transmitted OFDM symbol, the IFFT yield the OFDM symbol consisting the

sequence
Y. ) =X'njjx'1]y---- Xx . Of length N, where.
N-
1 Emu' ) (10)
u] _ﬁ z N D=n =N—1

i=0

The orthogonal signals are then converted back into a serial stream and after converting
from parallel to serial stream will adding cyclic prefix and then converted from digital to analog
signal after this stage the signal converting up to the desired carrier frequency to transmit signals.
The output from the transmitter is:

i)

S(t)= 2 5, ()= i EIIMBF,[:—LI) (11)

L= —o L=—== k=0

Where L is OFDM symbol number and.

' 1 2y K T - ) (12)
T_T_p‘ N er) ittt €[0T
l'\.-

LTy

ll} otherwise
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T is the symbol length (second) =N/W+ T, N is the number of subcarrier, W is bandwidth (Hz),
T.p1s length of the cyclic prefix (second).

The Channel

COFDM output transmitter is applied to the channel, should be noted that channel consist of
AWGN and multi-path fading as a Rayleigh distribution.

The receiver

At the receiver, the signal received r(?) pass through analog to digital (A/D) converter and then
removed cyclic prefix, the data sequence converted .

Zrrnd
W

N=1
FFT{X},)} = X = %Zx,.,ef D=n=N_1 (13)
e

Back to parallel sequence (S/P) and it’s applied to Fast Fourier Transform (FFT), the N-point FFT
of X,; can expression as:

Then the output signal will be make demodulation and convert it from parallel to data
sequence, in finally, the decoding block will be decoded by minimizing Euclidean distance
between the received signal point and the points of the constellation according to the modulation
scheme (Stever et al 2009).

SIMULATION RESULTS

Computer simulation tests have been carried out to evaluate the performance of different
types of digital modulation of proposed models COFDM and the improvements of the (SNR)
against (BER) are be calculated in the digital receiver output also assumed the signal will affect by
the frequency selective fading which has been chosen a Rayleigh distribution channel addition to
AWGN. The procedure contains initialization parameters input data. The parameters that can be set
at the time of initialization are the number of simulated OFDM symbols, cyclic prefix length,
modulation, coding rate, range of signal to noise ratio (SNR) values, and channel model for
simulation.

In Fig.(5) the performance of OFDM system under Rayleigh fading channel shows the BER
=10~ required SNR=24dB,while in the proposed model COFDM with TCM code and QPSK
modulation over Rayleigh fading channel in Fig.(6) the required SNR=5dB at the same BER
therefore we can see the performance of proposed model COFDM using BPSK or QPSK have
better gains in dB under ideal and Rayleigh fading channel than the others, it is clear the advantage
of used encoding TCM code with conventional OFDM system due to mitigate the effects of the
multi-path fading channel.

In Fig.(7) which represents the performance for proposed model COFDM with QPSK and
QAM modulation and two type of coding (TCM, Gray) code respectively and all other parameter
as shown in table (4-1), over the same channel condition, it can be seen the SNR required =7.7 dB
at BER=10" for COFDM with Gray code, while in proposed model COFDM with TCM encoding
the SNR 6dB. Therefore the proposed model with QPSK modulation and TCM coding is
significantly outperforms the others systems for this channel model
Fig.(8) shows the BER performance of different signals, once of them for proposed model COFDM
with QASK modulation and TCM coding, the other performance for conventional OFDM with
QASK and without coding, the channel effect assumed the effect of Rayleigh fading channel, it can
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be seen at BER =10~ the SNR required is about 6dB for proposed COFDM using QASK and TCM
code, while in OFDM system using QASK without coding the SNR =7.8dB, that’s clear the
advantage of used coding block (TCM encoding) with conventional OFDM to make the system a
robust toward the effects of multi-path fading channel.

CONCLUSIONS

In this paper the high data rate COFDM based on OFDM structure was proposed model and
tested with Higher constellation modulation schemes (BPSK, QPSK, 16-QAM, QASK) are
considered for Rayleigh fading channel with TCM code and GRAY code. The results show that the
performance of OFDM with TCM code and QPSK modulation have better gains in dB at the
receiver output under ideal and Rayleigh fading channel when compared with OFDM Gray code
and without coding. Considered the fact that TCM coding has a lower trellis size.

The proposed COFDM is low sensitivity to time synchronization errors and robust against inter-
symbol interference (ISI), inter-carrier interference (ICI) and fading caused by multi-path
propagation such as Rayleigh distribution channel.

Finally the proposed COFDM is suitable to use with wireless communication for 4G (fourth
generation) digital mobile communication and the loss of efficiency caused by cyclic prefix / guard
interval. and it have very large bandwidth.

REFERENCE

- Aero Muayyadi, M.A.Abu Rgheff, “Wavelet based Multicarrier CDMA system and its
corresponding multi-user detection”, IEEE proc. —commu. vol.150, No. 6, Dec. 2003.

- ANIBAL luis in tini,”’Orthogonal Frequency Division Multiplexing of wireless
Networks”, California, SANTA BARBARA, Dec. 2000

- Georgios Kokinas,”Performance Evaluation of OFDM-based downlink Systems”, MS.c.
Thesis, Chalmers University of technology, march 2005.

- Harry R.Anderson,”Fixed broadband wireless-system design”, WILEY 2006.

- Imran A. Tasadduq, and Raveendara K. Rao, “Viterbi Decoding of OFDM-CPM
signals”, The Arabian Journal for science and Engineering, Volume 28, No.2c,
December 2003.

- Jonghyun Won,” Co-Channel interference suppression for OFDM systems”, MS.c.
Thesis, University of Florida, 2003.

- Kihira K, “Pre-FFT Adaptive Antenna using Guard Interval for OFDM system”,
Electromagnetic theory symposium, July 26-28, 2007.

- Laith Ali Abdul-Rahaim, “Design and Simulation of STBC-(OFDM and CDMA)

Transceiver based on Hybrid Transforms”, Ph.D thesis in Electrical Engineering,
University of Technology, October 2006.

419



Al-Qadisiya Journal For Engineering Sciences

Vol. 3 No. 4

Year 2010

Leonardo J.CIMINI, YE (Geoffrey) Li, “Orthogonal Frequency Division Multiplexing
for wireless channels”, AT&T LABS-Research, 2001.

Moray Rumney,”IMT —Advanced: 4G wireless Takes shape in an Olympic year “,

Agilent Measurement Journal, Sep. 2008.

Sheung Li, Lianne caetano, “Introduction to OFDM”, SiBEAM wireless beyond

boundaries, Dec. 2005.

Stever M. ,M. petermann,M.Schnider,D.Wubeen, K. Kammeyer “Influence of non
reciprocal transceivers at 2.4 Ghz in adaptive MIMO-OFDM systems “RF and
microwave engineering laboratory university of Bremen 2009.

Table (1) shows the system parameters.

Parameters values
Channel Bandwidth, BW 2 GHz
Access scheme OFDM
Modulation scheme QPSK, BPSK, 16-QAM, QASK
No. Of symbol 100
Data rate UP to 20MHz
Ratio of Guard time to useful 1/
symbol time (G)
Coding TCM
Code rate 1/2
Channel model Ideal (AWGN only)
Rayleigh fading
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Fig. (1) Orthogonally between OFDM sub-carriers
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Fig. (2) OFDM Transmitter structure
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Fig. (3) :OFDM Receiver structure
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Fig. (4) Block diagram for proposed COFDM model.
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Fig. (6) performance of the proposed model
COFDM with QPSK and TCM code over Rayleigh
fading channel

Fig. (5) performance of conventional OFDM
with BPSK modulation without coding.

Fig. (7) performance of different systems Fig. (8) the BER performance for proposed

over Rayleigh fading channel. model COFDM with TCM code using
QASK modulation over Rayleigh fading
channel.
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