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Abstract
This paper presents the comparative study of different crest factor 
reduction techniques such as Clipping, Block coding, Partial 
Transmit Sequences (PTS), Tone Reservation (TR) and Tone 
Injection, Selective Mapping, Interleaving, Active Constellation 
Extension (ACE) and Peak Windowing, clipping has been 
identified as the best technique for Peak-to-Average Power Ratio 
reduction as it does not require any side information, provides 
better performance, no loss in data rate and gives lower Peak-to-
Average Power Ratio.
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I. Introduction
To date, 3G wireless networks are rolling out almost all over the 
world. Interest in streaming media and other high-speed wireless 
data applications are growing. To ensure wireless networks can 
meet future users demand, operators and manufacturers plan for 
the fourth generation (4G) mobile communication systems. These 
systems which are expected to have a wider bandwidth with bit 
rates of up to 100 Mbps able to support interactive multimedia 
services, global mobility, teleconferencing and wireless [1].The 
spectral efficient modulation techniques such as Wideband-Code 
Division Multiple Access system (W-CDMA) and Orthogonal 
Frequency Division Multiplexing (OFDM) used in 3G and 4G 
suffer from a high Peak-to Average Power Ratio (PAPR).This 
means that there is a large variation between the average signal 
power and the maximum signal power. The PAPR is defined as 
[2].
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Where x (t) is the amplitude of the signal.
PAPR is also directly related to Crest Factor (CF) as ([2]

CF PAPR=                                   (2)
To transmit the signal through the antenna, it is first converted 
to analog time domain by means of a D/A converter and then 
amplified with an RF power amplifier. High CF causes nonlinear 
distortion because of the nonlinear component in the transmitter 
i.e. Power Amplifier (PA). PA characteristic curve has been shown 
in fig. 1. 

Fig. 1: Non-Linear Amplifier Characteristic Curve

It clearly shows two operating regions, the linear and the saturation 
ones. When the amplifier operates in the linear region, as its name 
indicates, signals are linearly amplified. However, when it operates 
in the saturation region, signals are not amplified anymore; they 
are flattened at the maximum output power of the amplifier.
In order to limit the Adjacent Channel Leakage Ratio (ACLR), 
which is defined as the ratio between the transmitted power (power 
inside the BW) to the power measured in the adjacent channel 
(power outside the BW) and in order not to distort the data, it 
is desirable for the PA to operate in its linear region. The better 
performance can be achieved for an Input Back-Off (IBO) = 0 dB. 
An IBO= 0 dB means that the amplifier is working at the upper 
limit of the linear region. The problem appears when the peaks 
of the signal are too large and do not fit in the linear region. In 
this case they are treated by the saturation region and so they are 
non-linearly modified, causing Inter Modulation (IMD) among 
subcarriers and out-of-band radiation. To be able to hold these 
peaks, PA of the transmitter needs a very large dynamic range. 
Increasing the linear region of a PA is very expensive and it is 
inefficient in this case. Besides, the larger the PA’s dynamic range 
is, the more battery it consumes and since most of the systems are 
power limited, an PA with a large linear region would consume 
most of the battery of the system, which is another reason why 
increasing the dynamic range of the PA is not a good solution. 
A high CF causes saturation in power amplifiers, leading IMD 
products among the sub carriers and disturbing out of band energy. 
Therefore, it is desirable to reduce the CF by means of PAPR 
reduction schemes [3].

II. Crest Factor Reduction Techniques
In this section different CF reduction techniques have been 
discussed in detail. They can be divided into two groups such as 
signal scrambling and signal distortion techniques.
Signal scrambling techniques work with side information which 
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minimized the effective throughput since they commence 
redundancy. The signal scrambling techniques are Block coding 
[4], Partial Transmit Sequences (PTS) [9], Tone Reservation 
(TR) [5] and Tone Injection (TI) [10], Selective Mapping (SLM) 
[6], Interleaving [11] and Active Constellation Extension (ACE) 
[12]. 
Signal distortion techniques introduce band interference and 

system complexity also. Signal distortion techniques minimize 
high peak dramatically by distorting signal before amplification. 
The signal distortion techniques are Peak windowing [7], Envelope 
scaling [13], Peak Reduction Carrier [14] and Clipping and Noise 
Shaping [8]. 
The advantages and disadvantages of various CF reduction 
techniques reviewed in literature have been shown in Table 1.

Table 1: Advantages and Disadvantages of Various CF Reduction Techniques
No. Technique Advantages Disadvantages

1. Active Constellation 
Extension(ACE)

No loss in data rate
No distortion of original signal Power increase

2. Partial Transmit 
Sequence (PTS) Less complex Side information needed

3. Artificial signal No side information needed Additional power needed
Complex computation

4.
Clipping
Cartesian clipping
Polar clipping

No side information needed.
No loss in data rate.
Polar clipping is better because of lower 
EVM.
Better performance
Lower PAPR

Distortion(In and Out-band)
Increase BER

5. Selected Mapping(SLM) No distortion is introduced.
Independent of number of carriers Side information needed

6. Tone Injection(TI) No data rate loss Requires modulo-D addition after 
FFT operation in receiver.

7. Tone
Reservation(TR)

No side information needed
Less complex
No special receiver operation is needed.

Multiple iterations are needed after 
IFFT operation.

These techniques achieve CF reductions at the expense of transmit 
signal power increase, BER increase, data rate loss, computational 
complexity increase, and so on.

III. Conclusion
 From the study of different CF reduction techniques, it has been 
concluded that clipping has been found to be the best technique 
for CF reduction as it does not require any side information, 
provides better performance, no loss in data rate and gives lower 
CF. Clipping can be performed by using two techniques called 
Cartesian clipping or polar clipping. But polar clipping provides 
better results over Cartesian clipping. 
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