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ABSTRACT: Orthogonal Frequency Division Multiplexing (OFDM) is considered to be a promising technique against
the multipath fading channel for wireless communications. However, the main drawback of OFDM system is the high
Peak to Average Power Ratio (PAPR) of the transmitted signals system which leads to power inefficiency in RF section
of the transmitter. Many PAPR reduction schemes have been proposed to overcome this problem. This paper present
different PAPR reduction techniques and conclude an overall comparison of these techniques.

KEYWORDS: Bit error rate (BER), Multicarrier, Orthogonal frequency division multiplexing (OFDM), Peak to
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I.LINTRODUCTION

Orthogonal frequency division multiplexing (OFDM) is a multicarrier modulation scheme. It is one of the most
attractive candidates for fourth generation (4G) wireless communication. It effectively combats the multipath fading
channel and improves the bandwidth efficiency. At the same time, it also increases system capacity so as to provide a
reliable transmission [1]. OFDM offers low inter-symbol interference (ISI), high spectral efficiency, immune to the
multipath delay, immunity to frequency selective fading and high power efficiency. Due to these merits, OFDM is
chosen as high data rate communication systems such as 802.11a, Digital Video Broadcasting (DVB) and based mobile
worldwide interoperability for microwave access (mobile Wi-MAX) [8]. Fig.1 shows the OFDM block diagram.
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Fig.1: OFDM block diagram.

However OFDM system suffers from serious problem of high PAPR. In OFDM system, output is superposition of
multiple sub-carriers. In this case, some instantaneous power output might increase greatly and become far higher than
the mean power of system. To transmit signals with such high PAPR, it requires power amplifiers with very high power
scope. These kinds of amplifiers are very expensive and have low efficiency. If the peak power is too high, it could be
out of the scope of thelinear power amplifier. This gives rise to non-linear distortion which changes the superposition
of the signal spectrum resulting in performance degradation. If no measure is taken to reduce the high PAPR, MIMO-
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OFDM system could face serious restriction for practical applications [1]-[4]. Therefore, reducing the PAPR is of
practical interest. Many PAPR reduction methods have been proposed. Some methods are designed based on
employing redundancy, such as coding [4], [5], selective mapping with explicit or implicit side information [6], [3], [5],
or tone reservation. An apparent effect of using redundancy for PAPR reduction is the reduced transmission rate. PAPR
reduction may also be achieved by using extended signal constellation, such as tone injection.

PAPR can be described by its complementary cumulative distribution function (CCDF). In this probabilistic
approach, certain schemes have been proposed by researchers. An effective PAPR reduction technique should be given
the best trade-off between the capacity of PAPR reduction and transmission power, data rate loss, implementation
complexity and Bit-Error-Ratio (BER) performance etc.

In this paper, firstly the distribution of PAPR based on the characteristics of the OFDM signals are investigated then
typical PAPR reduction techniques are analysed. The remainder of this paper is organized as follows. In section II,
some basics about PAPR problem in OFDM is given. Section Ill describes different PAPR reduction techniques.
Section 1V contains the comparison of different PAPR reduction techniques. Section V contains the conclusion.

11.PAPR PROBLEM IN OFDM

OFDM signal exhibits a very high PAPR, which is due to the summation of sinc waves and non-constant envelope.
Therefore, RF power amplifiers have to be operated in a very large linear region [7]. Otherwise, the signal peaks get
into non-linear region causing signal distortion. This signal distortion introduces inter modulation among the
subcarriers and out-of-band radiation [5]. PAPR is a very important situation in the communication system because it
has big effects on the transmitted signal. Low PAPR makes the transmit power amplifier works efficiently, on the other
hand, the high PAPR makes the signal peaks move into the non-linear region of the RF power amplifier which reduces
the efficiency of the RF power amplifier. In addition, high PAPR requires a high-resolution DAC at the transmitter,
high-resolution analog to digital converter (ADC) at the receiver [5]. Any non-linearity in the signal will cause
distortion such as inter-carrier interference (ICI) and inter symbol interference (I1SI).

PAPR of OFDM signal is given by,

Ppeak max [|xn]?
P = 10log10 = M

PAPR = ——
Paverage E[Ixn|?]

Where Ppeak represents peak output power, Paverage means average output power. E - denotes the expected

value; Xn represents the transmitted OFDM signals. For an OFDM system with N sub-carriers, the peak power of
received signals is N times the average power when phase values are the same. The PAPR of baseband signal will

reach its theoretical maximum at (dB) =10log N.

The Cumulative Distribution Function (CDF) is used to measure the efficiency of any PAPR reduction technique.
Normally, the Complementary CDF (CCDF) is used instead of CDF, which helps us to measure the probability that the
PAPR of a certain data block exceeds the given threshold [2]. By implementing the Central Limit Theorem for a
multicarrier signal with a large number of sub-carriers, the real and imaginary part of the time domain signals have a
mean of zero and a variance of 0.5 and thus follow a Gaussian distribution. So Rayleigh distribution is followed for the
amplitude of the multicarrier signal, where as a central chi-square distribution with two degrees of freedom is followed
for the power distribution of the system.

Furthermore, the coordination packet is assumed to be small enough to be transmitted within slot duration. Instead of a
common control channel, FHS provides a diversity to be able to find a vacant channel that can be used to transmit and
receive the coordination packet. If a hop of FHS, i.e., a channel, is used by the primary system, the other hops of FHS
can be tried to be used to coordinate. This can allow the nodes to use K channels to coordinate with each other rather
than a single control channel. Whenever any two nodes are within their communication radius, they are assumed to
meet with each other and they are called as contacted. In order to announce its existence, each node periodically
broadcasts a beacon message to its contacts using FHS. Whenever a hop of FHS, i.e., a channel, is vacant, each node is
assumed to receive the beacon messages from their contacts that are transiently in its communication radius.
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111. PAPR REDUCTION TECHNIQUES

Over the years, different solutions have been proposed to combat this high PAPR problem. The first solution, in the
history of OFDM, was proposed by Greenstein, about ten years after the discovery, although addressing the same basic
issue; these solutions differ greatly in the specific approach taken. Furthermore, different researchers do not entirely
agree on the impact of the high signal peaks on the system performance. Several PAPR reduction techniques have been
proposed in the literature. These techniques are divided into two groups - signal scrambling techniques and signal
distortion techniques. Here, we are discussing about these two techniques.

a) Signal Scrambling Techniques:
e Block Coding Techniques
e Block Coding Scheme with Error Correction
e  Selected Mapping (SLM)
e  Partial Transmit Sequence (PTS)
o Interleaving Technique
e Tone Reservation (TR)
e Tone Injection (TI)
b) Signal Distortion Techniques:
e  Peak Windowing
e Envelope Scaling
e Peak Reduction Carrier
e Clipping and Filtering

Signal Scrambling Techniques:

The fundamental principle of these techniques is to scramble each OFDM signal with different scrambling sequences
and select one which has the smallest PAPR value for transmission. Apparently, this technique does not guarantee
reduction of PAPR value below to a certain threshold, but it can reduce the appearance probability of high PAPR to a
great extent. This type of approach includes Selective Mapping (SLM) and Partial Transmit Sequences (PTS). SLM
method applies scrambling rotation to all sub-carriers independently while PTS method only takes scrambling to part of
the sub-carriers.

e SLM:

In SLM technique, whole set of signal represent the same signal but most favorable signal is chosen related to PAPR
transmitted. The side information must be transmitted with the chosen signal. This technique is probabilistic based,
which will not remove the peaks but prevent it from frequently generation. This scheme is very reliable but has drawback
that is side information must be transmitted along with chosen signal. The SLM-OFDM transmitter is depicted in fig.
3.1
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Fig 3.1: Block diagram of SLM technique.

e PTS:

Partial transmit sequence is also one of the Probabilistic based technique. Main idea of this scheme is data block
divide into non overlapping sub block with independent rotation factor. This rotation factor generates time domain data
with lowest amplitude. This is modified technique of SLM scheme and gives better performance than SLM. Because of
differential modulation, no needs to transmit the side information. The PTS-OFDM transmitter is depicted in fig. 3.2
with the hint that one PTS can always be left unrotated.
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Fig 3.2: Block diagram of PTS technique

e Linear block codes:

This technique also known as standard array of linear block codes. In this scheme distinct U signal is
transmitted along with transmitted sequence. U distinct signal is usually constructed using proper co—set words. Using
scrambling codes, no needs to transmit side information and received signal can be easily decoded. Main thing is that to
select standard array of codes to reduce the PAPR. This technique transmits the signal with minimum PAPR using
scrambling code. This technique has better performance than SLM technique.

e Interleaving

In this technique, threshold mechanism is used which also reduces the complexity. Adaptive interleaving is to
establish an early terminating threshold. So the searching process is terminated when the value of PAPR reaches below
the threshold value. This technique is less complex than PTS.
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e Tone Reservation (TR)

The main idea of this method is to keep a small set of tones for PAPR reduction. This can be originated as a convex
problem and this problem can be solved accurately. Tone reservation method is based on adding a data block and time
domain signal. A data block is dependent time domain signal to the original multicarrier signal to minimize the high
peak. This time domain signal can be calculated simply at the transmitter of system and stripped off at the receiver. The
amount of PAPR reduction depends on some factors such as number of reserved tones, amount of complexity, location
of the reserved tones and allowed power on reserved tones This method explains an additive scheme for minimizing
PAPR in the multicarrier communication system. It shows that reserving a small fraction of tones leads to large
minimization in PAPR ever using with simple algorithm at the transmitter of the system without any additional
complexity at the receiver end. Here, N is the small number of tones, reserving tones for PAPR reduction may present a
non-negligible fraction of the available bandwidth and resulting in a reduction in data rate. The advantage of TR method
is that it is less complex, no side information and also no additional operation is required at the receiver of the system.

e Tone Injection :

This method is generally used as an additive method for PAPR reduction. Using this method data rate loss is very
less. This method uses the set of active constellation point for an original constellation point to reduce the PAPR. In this
unit, all original constellations are mapped on the several equivalent constellation points & this extra points freedom can
be easily used to reduce the PAPR. This method is popularly used as the tone injection method because of the newly
applying points into basic constellation for the new points for larger constellation. Main thing is injecting tone of
appropriate phase and frequency in OFDM symbol. Main demerits are that transmission of side information is necessary
at the receiver side.

Signal distortion techniques:

e  Peak windowing:

Here peak windowing technique is very similar to the clipping technique but it will give better performance with
adding some self-interference and increasing in the BER (bit error rate). Due to this, out band radiation is also increased.
In this method we multiply different windows with large signal peaks like Gaussian shaped window, cosine, Kaiser and
Hamming window. OFDM signal is multiplied with several of these windows; the resulting spectrum is a convolution of
the original OFDM spectrum with the spectrum of the applied window. Means the windows should be narrow as
possible. By using this technique, PAPR can be reducing to 4db of each subcarrier.

e Clipping & Filtering:

Clipping & Filtering techniques is mostly effective techniques to reduce the high PAPR in OFDM system. Here
clipping is the nonlinear process which increase the band noise distortion, also increase in the bit error rate decreases the
spectral efficiency. When this technique is used with filtering, it gives better performance. Filtering after clipping will
reduce out of band radiation. This technique will reduce the PAPR without spectrum expansion. Here if the OFDM
signal is over sampled then the scheme of correction is suitable with the clipping so that each subcarrier generated with
the interference. In this scheme, each signal must be oversampled by factor of four. This scheme is more compatible with
the PSK modulation scheme.

e Envelope scaling :

This technique is related to scaling means before OFDM signals sent to the IFFT, all subcarriers are scaled the input
envelope. In this technique, 256 subcarriers are used so all subcarriers will remains equal. Main idea is that the input
envelopes in some sub carriers are scaled to achieve the smallest amount of PAPR at the output of the IFFT. Here
receiver does not need any side information at the receiver end for decoding. This scheme is suitable for the PSK
modulation. When it is applied with the QAM high degradation is occurred in the BER.
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IV. COMPARISON OF DIFFERENT TECHNIQUES

Table 4.1 shows the comparison of different PAPR reduction techniques.
TABLE 4.1
COMPARISON OF DIFFERRENT PAPR REDUCTION TECHNIQUES

Name of Schemes Name of parameters
Distortion Power Data
less increases rate
loss
Clipping and No No No
Filtering
Coding Yes No Yes
Partial Transmit Yes No Yes
Sequence(PTS)
Selective Yes No Yes
Mapping (SLM)
Interleaving Yes No Yes
Tone Reservation Yes Yes Yes
(TR)
Tone Yes Yes No
Injection(TI)

V. CONCLUSION

OFDM is a very attractive technique for wireless communications due to its spectrum efficiency and channel

robustness. One of the serious drawbacks of OFDM systems is that the composite transmit signal can exhibit a very high
PAPR, when the input sequences are highly correlated. In this paper, several important aspects of OFDM PAPR
reduction are described as well as mathematical analysis is provided. This paper describes the different PAPR reduction
techniques. All described techniques are used to reduce the PAPR in OFDM system. All techniques are different in their
way, and using each technique, PAPR will be reduced at certain level.
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