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I. Introduction

As the need for wireless communication networks is increasing, the interest in higher unlicensed fre-
quency bands is emerging – especially for the frequency band at 60 GHz. At these high carrier fre-
quencies the non-linearity of the High Power Amplifier (HPA) becomes a real problem. The engineers
have to decide between two commonly used wireless communication systems: the Orthogonal Fre-
quency Division Multiplexing (OFDM) [1] and the Single Carrier with Cyclic Prefix (SC-CP) [2]. The
OFDM is a well studied modulation technique but it has a relatively high sensitivity to Carrier Fre-
quency Offset (CFO) and phase noise and also to nonlinear effects of the HPA. On the other hand the
SC-CP systems are less studied in the literature, but the transmission signal is less sensitive to CFO
and nonlinearity. In this paper we will briefly introduce the two systems and compare them.

II. The OFDM system

The Orthogonal Frequency Division Multiplexing (OFDM) is one of the most popular multicarrier
modulation techniques (used in ADSL, WLAN, DVB-T standards), where the digital data are modu-
lated on a large number of orthogonal subcarriers and the modulation and demodulation of the subcar-
riers can be easily performed using Fast Fourier Transform (FFT) and Inverse FFT.

A general structure of an OFDM system is shown in Figure 1. At first, the binary information pro-
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Figure 1: Block diagram of an OFDM system

vided by the source is coded. Channel coding is used to introduce redundancy into the bit stream to
reduce the error probability due to the influence of the radio channel. The coded bit stream is par-
titioned into M blocks by a serial/parallel (S/P) converter, which are then transformed to a complex
symbol X by the symbol mapper. In multicarrier modulation the available bandwidth WB is divided
between among N subcarriers. The complex data stream X is partitioned into blocks of N data sym-
bols Xi, that are transmitted in parallel by modulating the N subcarriers (in practical systems not all
subcarriers are used). In OFDM systems, due to the orthogonality, the IFFT/FFT algorithms can be
used as modulators and demodulators, i.e. orthogonality means that there is no cross-talk between
among the sub-channels as long as no distortion is present. The time-domain representation of one
discrete OFDM symbol can be expressed with the aid of the N-point IFFT of the set of N discrete
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complex symbols Xi. To overcome the effect of multipath propagation in the channel a cyclic prefix is
usually added to the time domain OFDM symbol. It is a repeated part of the end of the OFDM sym-
bol as an extension at the beginning of the symbol to maintain time domain continuity of the OFDM
symbol. The RF front-end is responsible for upconverting the complex base-band signal to the radio
frequency. After the transmission through the physical medium (e.g. air, cable,...), the receiver RF
front-end downconverts the received signal again to the baseband. Synchronization at the receiver is
needed to eliminate the possible frequency and timing offsets. After removing the CP, the N-point FFT
is used for each received OFDM symbol to demodulate the subcarriers. The equalizer tries to com-
pensate the channel influence for each received OFDM subcarrier based on a channel estimation. The
channel estimation is calculated based on OFDM pilot symbols and the pilot subcarriers in the data
symbols. The pilot symbols, which were sent before the data symbols, are also known at the receiver.
After demodulation and equalization the complex symbols Y are demapped to a serial bitstream which
can be decoded and passed on to the drain.

The OFDM signal suffers from a well know problem, the high Peak-to-Average Power Ratio (PAPR),
which adversely affects the HPA and D/A-A/D converters. If the HPA has a smaller linear range than
required, nonlinear effects decrease the system performance. Many methods have already been pro-
posed to reduce the PAPR of OFDM signals. Each method has its own advantages and disadvantages,
the engineers should choose the best method according to the system parameters and requirements.

III. The Single Carrier system

From a signal processing point of the SC-CP system has the same blocks as the OFDM system, the
only difference is that the IFFT block is moved from the transmitter to the receiver. The received
symbols are converted to frequency domain, then equalized, and at the end they are turned back to time
domain before the decisions are made. The order of the other blocks remain unchanged. The energy of
one data symbol is spread throughout the entire available frequency band. This effect can lead to the
fact that the SC-CP system can deal better with frequency selective channels. This is why the SC-CP
system outperforms the OFDM system for uncoded case. A spectral disadvantage of SC-CP is that it
is not as compact as the OFDM signal, which can be important in case of a disturbance occurs in the
neighboring frequency bands.

The PAPR of an OFDM signal is higher than for SC signals. So if cheap HPA-s are available which
do not have high linearity, SC-CP systems are preferred. Another advantage of SC-CP over OFDM
is that the packet size can be changed more dynamically and the synchronization problems caused by
CFO are not so crucial. On the other hand, until the last few years, less attention was paid to the SC
systems so it is less studied in the literature and the synchronization methods are not so developed.

IV. Conclusion

In this paper, we have shown that the OFDM and the SC-CP systems are built up of similar signal
processing blocks. The following parameters and design concepts have to be taken into account:

• PAPR – linearity of the HPA.
• Synchronization – especially for SC systems.
• Coding parameters and channel characteristics.
• Spectral compactness – design of front-end filters.
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