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ABSTRACT

Orthogonal frequency division multiplexing (OFDM) & special case of multicarrier transmission,
where a single high rate datastream is transmdtet a number of lower rate datastream. The
demand for high-speed mobile wireless communicatisrrapidly growing. OFDM technology is
a key technique for achieving the high data capaaitd spectral efficiency requirements for
wireless communication systems nowadays. In thigepawe investigate the performance of
OFDM systems with different orders of Quadratureplitnde Modulation (QAM). We consider
OFDM scheme with an Additive White Gaussian Noismrmmel (AWGN) and analyze their
performance in terms of the bit error rate (BERdi@ system.
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1. INTRODUCTION 2. OFDM SYSTEM MODEL

OFDM is a multi-carrier transmission technique The models of the system transmitter and receiver
that has been recently recognized as an excellentre illustrated in Fig. 1. The choice of variousBDF
method for high speed bi-directional wireless data parameters is a trade off between various, often
communication. Its history dates back to the 1960s, conflicting, requirements. In OFDM design, a
but it has recently become popular becausenumber of parameters need to be considered which
economical integrated circuits that can perform the are number of data sub-carriers, total number bf su
necessary high speed digital operations have becomearriers, sub-carrier spacing, guard time, symbol
available. OFDM effectively squeezes multiple duration, sampling rate, modulation type per sub-
modulated carriers tightly together, reducing the carrier, and FFT length [4]. In the OFDM at the
required bandwidth but keeping the modulated transmitter side, an incoming bit stream, mostljike
signals orthogonal so they do not interfere witbhea with a high bit rate enters a modulation part to be
other. In 1971, Weinstein and Ebert proposed amapped in PSK (BPSK, QPSK), QAM (16QAM or
modified OFDM system in which the DFT was 64QAM) or other modulations. The incoming data
applied to generate the orthogonal subcarrierssymbols then enter a serial to parallel converter,
waveforms [1], [2].OFDM is similar to FDM but = mapping the high data stream into N lower-rate
much more spectrally efficient by spacing the sub- (parallel) data streams [6].

channels much closer together (until they are dgtua If T denotes the symbol interval, the symbol
overlapping). This is done by finding frequencieatt  jnterval in the OFDM system is increased NT,
are orthogonal, which means that they are which makes the system more robust against the
perpendicular in a mathematical sense, allowing thegejay spread [7]. Each data stream then placetson i
spectrum of each subchannel to overlap anothergwn carrier and carrier spacing is carefully sedct
without interfering with each other [3], [4], [5]. to ensure orthogonality i.e. to ensure that cacéer

This paper is organized as follows: the system be separable one from another at the receiver side.
simulation model is described in section 2. Sec8on Next, the carriers are added together [6]. Oné tric
presents the results obtained and discusses thehat makes low cost at the transmitter is the dseno
performance of the system in term of BER. Finally, IFFT. Then, guard interval (cyclic prefix) is added
conclusions will be drawn in section 4. by copying the last part of the signal to the fipart

to simplify ISI mitigation [8], [9].
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Fig. 1 Block diagrams of the OFDM simulation model

Finally, this signal, calledOFDM symbol, is

and IDFT, respectively, becaus&FT algorithm

modulated up to the transmit frequency and theh sen provides an efficient way to implement tB&T and

out across to the channel. The OFDM signal in thethe IDFT.

complex baseband signalling can be written as:

N-1 )
st)=) s e (1)
k=0
: . T
If s(t) is sampled at an interval df,, = W’ then:
N-1 h nckLTs
s, =s,)=Yse @)
k=0
f, = f, + KAf 3)
Without loss of generality, setting fO =0, then
f, T, =k and Eq.(2) becomes:
N-1 ij
S.=>se v =IDFT{s}, &)
k=0

WherelDFT denotes the inverse discrete Fourier
transform. Therefore, th®@FDM transmitter can be
implemented using theiDFT. For the same reason,
the receiver can be also implemented ufqg .

_].27kn

N-1
S=Yse "
k=0

In practice, OFDM systems are implemented
using a combination ofFFT and IFFT blocks that
are mathematically equivalent versions of DET

=DFT{s}. )

196

It reduces the number of complex

multiplications fromN2 to %'092 N for an N-

pointDFT or IDFT . Hence, with the help of tHeFT
algorithm, the implementation o®FDM is very
simple [10].

2.1 Bandwidth Efficiency

For an OFDM signal consisting of N subchannels,
the signal bandwidth is about (N + A} Since the
transmission rate of each subchannel is 1/T
symbols/sec., the total transmission rate of OFDM
signal is N/T symbol/sec. Therefore, the bandwidth
efficiency of the OFDM system in symbols/sec/Hz is

__ N 6
7= (s, ©
_N/fr+T,) @)
(N+1)/T,
_1 1 (8)
l+% 1+L

S

For most practical OFDM systems, N is much
larger than 1 and the guard interval is much smalle
than the OFDM symbol duration, sp~ 1. If each
symbol carries k bits information, the bandwidth
efficiency will be k bits/sec/Hz [10]. So, we can
define the bandwidth efficiency as the number & bi
per second that can be transmitted in one Hertz of
system bandwidth [11].
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2.2 Assumptions

In this paper, the system will be assumed ideal,

and some assumptions will be as following:

 Transmitter has only one antenna.
 Receiver has only one antenna.

3. SIMULATION RESULTS
In this section calculation of the BER of an systems.

OFDM system by using computer
program has been made. An OFDM system with N
sub-carriers is represented in Fig. 1. The simafati

includes all the stages for transmitter, channal an

simulation

4. CONCLUSIONS
In this paper, the performance of OFDM with

different order of QAM was measured in terms of
« A transmitter and a receiver are fixed, so that both spectral efficiency and bit error rate. Acéogd
Doppler Effect does not exist.

to the simulation results, OFDM appears to be algoo

modulation technique for high performance wireless

telecommunication. While fixed schemes achieve

either good spectral efficiency or good energy
efficiency, but not both, so we may use adaptive
modulation to increase the performance of OFDM
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the transmission was implemented in baseband to

avoid long periods of simulation. Figure 2 presents g REFERENCES

simulation results (BER vs. SNR) of OFDM with M-
QAM (in different orders) system over AWGN
channel. From this figure, SNR which is required in
proving target bit error rate can be found as shiown

Table 1.

Table 1 Required SNR to maintain a BER below

a given threshold

Type  of [Spectral Required SNR (dB)
modulation [Efficiency [BER<1x10? IBER<1x10°
(b/s/Hz)
4-QAM 2 4.8 7.3
16-QAM 4 8.2 10.85
64-QAM 6 14.3 16.7
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Fig. 2 The BER vs. SNR of OFDM system with
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QAM modulation over AWGN channel
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