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Abstract: In this paper, we analyzed the performance of the OFDM signal in terms of SER and PAPR for MPSK mapping
scheme and find the results. Also, clipped signal performance is compared to that of OFDM signal. It is shown that for lower
values of M, MPSK have better SER, but for higher values of M, MQAM shows better results for SER.

Amplitude clipping is the simplest technique which can be applied to the OFDM system with small number of subcarriers. It
is shown that clipping technique holds good for MPSK mapping in OFDM clipped signal. Results are justified by simulations.

Keywords: ISI (Inter Symbol Interference), OFDM (Orthogonal Frequency Division Multiplexing), PAPR (Peak- to-Average
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1. INTRODUCTION

Since the very genesis of man, communication has been one
of the main aspects in human life. Previously various
methods like sign languages were implemented for this
purpose. As various civilizations started coming into
existence, many innovative ideas came to the minds of the
people - special birds and human messengers were employed
to meet these challenges. As ages rolled by, post system
developed and transportation vehicles like trains and ships
were used to maintain link between people miles apart. But
by the turn of the nineteenth century, a great leap in
communication system was observed when wireless
communication was introduced.

After the advent of wireless communication huge
change has been observed in the lifestyle of people. Wireless
communication which was initially implemented analog
domain for transfer has is now-a-days mostly done in digital
domain. Instead of a single carrier in the system multiple
sub-carriers are implemented to make the process easier.

OFDM is a combination of modulation and
multiplexing. Multiplexing generally refers to individual
signals, those produced by different sources. So it is a
question of how to share the spectrum with these users [7].

Many methods are proposed to combat the multipath
effects in wireless communication. One of the solutions to
fight the Inter Symbol Interference (ISI) is multicarrier
modulation for data transmission [1], [3], [14], that is
Orthogonal Frequency Division Multiplexing (OFDM).

After the analysis of Symbol Error Rate (SER) performance
it is concluded that, OFDM is better than Code Division
Multiple Access (CDMA) which is mostly incorporated in
existing 3G systems [3], [11]. Moreover, OFDM can perform
better than single carrier modulation in the presence of
impulsive noise, because it spreads the effect of impulsive
noise over multiple subcarriers.

The purpose of OFDM is to divide the wide frequency
selectivity of fading channels into multiple flat fading
channels [1], [8], [11]. The idea of using a Discrete Fourier
Transform for the generation and reception of OFDM signals
eliminates the requirement of banks of analog sub carrier
oscillators [5] [10]. Orthogonal FDM’s (OFDM) spread
spectrum technique distributes the data over a large number
of carriers that are spaced apart at precise frequencies. This
spacing provides the “orthogonality” in this technique which
prevents the demodulators from seeing frequencies other
than their own[5]. In OFDM spectrum each subchannel has
a peak at the subcarrier frequency and nulls evenly spaced
with a frequency gap equal to the carrier spacing f = 1/Ts,
where Ts is OFDM symbol duration [1], [2], [5]. Another
characteristic of orthogonality is that each carrier has an
integer number of sine wave cycles in one bit period [8].

The peak to average ratio (PAR) of the transmitted
signal power is large [4], [15] which is the main drawback.
OFDM system performance can be improved by channel
coding [1], [6] and some techniques like clipping which have
been discussed in this paper.
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The block diagram of OFDM transreceiver has been
shown. According to this block diagram data is generated
randomly, data can be generated by random Bernoulli binary
generator. Data is converted into parallel stream for
modulation and then IFFT is done to transmit signal into
the channel. Before, transmitting it converted back into serial
form and a guard interval is added. Clipping is done to
reduce PAPR At the receiver side cyclic prefix is removed
and data is demodulated after performing serial to parallel
conversion and FFT. And then the performance parameters
are compared.

number of points in the grid is usually a power of 2 (2, 4, 8
...). Since QAM is usually square, some of these are rare-
the most common forms are 16-QAM, 64-QAM, 128-QAM
and 256-QAM. By moving to a higher-order constellation,
it is possible to transmit more bits per symbol [12].

2.2 Symbol Error Rate

The performance of a data transmission system is usually
analyzed and measured in terms of the probability of error
at given bit rate (or symbol rate) and SNR. The parameter
Es/No, where Es is symbol energy and No is noise energy, is
adjusted every time by changing noise in the designed
channel.

For particular Es/No value, system is simulated and
corresponding probability of error is noted[3]. The proposed
design is simulated with necessary parameter changes for
8-PSK and 16-PSK. If we go on increasing the Es/No value,
SERreduces. In comparison of SER performance for
M-PSK, it can be shown that use of a higher M-ary
constellation is better for high capacity transmission but the
drawback is that the points on constellation are closer which
makes the transmission less robust to errors with same SNR.
For OFDM with QPSK simulation and QAM simulation,
constellation diagram of transmitted signal and received.

2.3 Papr Reduction Technique

PAPR reduction techniques vary according to the needs of
the system and are dependenton various factors. PAPR
reduction capacity, increase in power in transmit signal, loss
in data rate, complexity of computation and increase in the
bit-error rate at the receiver end are various factors which
are taken into account before adopting a PAPR reduction
technique of the system. [15], [16]. Some of the main PAPR
reduction techniques are as follows:

• Amplitude Clipping And Filtering

A threshold value of the amplitude is set in this process
and any sub-carrier having amplitude more than that value
is clipped or that sub-carrier is filtered to bring out a lower
PAPR value.

• Selected Mapping

In this a set of sufficiently different data blocks
representing the information same as the original data blocks
are selected. Selection of data blocks with low PAPR value
makes it suitable for transmission.

• Partial Transmit Sequence

Transmitting only part of data of varying sub-carrier which
covers all the information to be sent in the signal as a whole
is called Partial Transmit Sequence Technique.

2.4 Amplitude Clipping

Amplitude clipping is considered as the simplest technique
which may be under taken for PAPR reduction in an OFDM
system. A threshold value of the amplitude is set in thiscase

Figure 1: OFDM Model

2. CONSTELLATION DIAGRAM

2.1 Quadrature Psk Constellation Diagrams (Qpsk)

Viewed as a phasor diagram (and for a non-band limited
message to each channel), the signal is seen to occupy any
one of four point locations on the complex plane. These are
at the corner of a square (a square lattice), at angles p/4, 3p/
4, 5p/4 and 7p/4 to the real axis.

Figure 2: QPSK Constellation Diagram

As with many digital modulation schemes, the
constellation diagram is a useful representation. In QAM,
the constellation points are usually arranged in a square grid
with equal vertical and horizontal spacing, although other
configurations are possible (e.g. Cross-QAM). Since in
digital telecommunications the data are usually binary, the
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to limit the peak envelope of the input signal. Signal having
values higher than thispre-determined value are clipped and
the rest are allowed to pass through un-disturbed[3].

0 ( )

, | |
( )

, | |j x

x x A
B x

Ae x A

where,

B(x) =  the amplitude value after clipping.

x  =  the initial signal value.

A  =  the threshold set by the user for clipping the signal.

The problem in this case is that due to amplitude
clipping distortion is observed in the system which can be
viewed as another source of noise. This distortion falls in
both in - band and out - of - band. Filtering cannot be
implemented to reduce the in - band distortion and an error
performance degradation is observed here. On the other hand
spectral efficiency is hampered by out - of - band radiation.
Out - of - band radiation can be reduced by filtering after
clipping but this may result in some peak re - growth. A
repeated filtering and clipping operation can be implemented
to solve this problem. The desired amplitude level is only
achieved after several iteration of this process.

3. SIMULATION  RESULTS

Results for MPSK and MQAM are compared by varying
the values of M and SER is calculated for various values of
Es/No. Figure 3.1 compares the SER of MPSK and MQAM
for M = 16. Simulation shows MQAM better than MPSK
for this value of M.

Figure 3.2 compares the SER of MPSK and MQAM
for M = 4. Simulation shows MPSK better than MQAM
for this value of M.

OFDM signal generated is clipped and PAPR for both
are compared for MPSK mapping. For MPSK clipped signal
shows a greater amount of reduction in PAPR.

Figure 3.1: Symbol Error Rate M = 16

Figure 3.2: Symbol Error Rate M = 4

Figure 3.3: cdf Plot of papr with mpsk Mapping for M = 16

Results of   PAPR  have been   shown   and compared
in tables given below.These values are calculated by varing
a threshold value and results are being compared.

Table 5.1
Comparison of OFDM and Clipped OFDM Signal with

MPSK Mapping

Avg. Value PAPR MPSK PAPR(Clipped
(Threshold value) (OFDM Signal) dB signal) dB

0.35 16.7703 16.7924
0.38 16.4054 16.7287
0.39 13.6271 13.8771
0.40 18.3766 7.1279
0.41 19.0306 17.5543
0.42 16.3050 6.3781
0.45 13.8712 6.8127
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4. CONCLUSIONS

Increasing the value of M increases SER. SER are found to
be large in M-PSK for higher values of M. But for lower
values of M, SER is low in MPSK Mapping. PAPR is found
high for MPSK mapping. CLIPPING reduces the PAPR ratio.

CLIPPING technique shows better performance for
MPSK Mapping with a lower amount of increase in SER.
Although SER increases after clipping.
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